DESCRIPTION

RESIN COMPOSITION, METHOD FOR PRODUCTION THEREOF AND MULTILAYERED
STRUCTURE

[TECHNICAL FIELD]

[0001]

The present invention relates to a resin composition, a method
for production thereof and a multilayered structure including a layer
obtained from the resin composition.

[BACKGROUND ART]

[0002]

Ethylene-vinyl alcohol copolymers (hereinafter, may be also
referred to as “EVQOH”) are superior in oxygen barrier properties,
transparency, o0il resistance, antistatic properties, mechanical
strength and the like, and thus have been widely used as various types
of wrapping materials such as films, sheets, containers, etc.

[0003]

These materials such as films are usually formed by a melt melding
method. Therefore, EVOH is expected to have superior appearance
characteristics in melt molding (being enabling molded products having
superior appearances without generation of gels and seeds (dirt under
paint), occurrence of coloring such as vellowing, and the like to be
obtained), long-runworkability (a property capable of obtaining a molded
product without generation of fish eyes, streaks, etc., due to no change
of physical properties such as viscosity, etc., if molded for a long
pericd of time), and the like. In addition, films, sheets and the like
are often formed with a multilayered structure having an EVOH layer for
the purpose of improving oxygen barrier properties and the like. When
such a multilayered structure is to be cbtained, a metal salt is often
contained in an EVOH composition in order to improve adhesiveness between
layers. However, it is known that when a metal salt is contained in an
EVOH composition, coloring such as yellowing is more likely to be caused,
and thus appearance characteristics are detericorated. Particularly in
an intended usage of sheet molding and the like, an edge part (trim)
of a sheet after a molded product was obtained is recovered and reused,
and there is a disadvantage that deterioration of the EVOH proceeds every
time reuse is repeated, and defects such as gels and seeds increase

whereby an appearance of a molded product is deteriorated.



[0004]

Under such circumstances, so as to improve these various
characteristics demanded for EVOH, particularly, appearance
characteristics, various types of methods in which acids such as
carboxylic acid and phosphoric acid, and metal salts such as alkali metal
salts and alkaline earth metal salts are contained in an appropriate
content in an EVOH composition have been proposed (see Japanese
Unexamined Patent Application, Publication Nos. S564-66262 and
2001-146539). The EVOH compositions obtained by these methods
reportedly enable the appearance characteristic and a lang-run
workability to be improved, and a molded article having a superior
appearance without gels, seeds or the like to be obtained.

[0005]

However, even these compositions cannot sufficiently prevent
occurrence of coloring such as vellowing in melt molding. Particularly,
when a multilayered structure is molded by co-extrusion with an EVOH
and other thermoplastic resin, melt molding may be carried out at a
comparatively high temperature over 200°C in accordance with a melting
temperature of the other resin. In the case in which melt molding is
carried out at such a comparatively high temperature, conventional EVOH
compositions have been disadvantagecous in that yellowing, etc. is likely
to occur. Furthermore, in co-extrusion of an EVOH with a thermoplastic
resin such as nylon or polyester, molding thereof requires a high
temperature, So that an EVOH is also exposed to a higher temperature
such as e.g., no lower than 2602C. Therefore, an EVOH has been required
which can prevent yellowing from occurring under such high temperatures.
[PRIOR ART DOCUMENTS]

[PATENT DOCUMENTS ]

[0006]

Patent Document 1: Japanese Unexamined Patent Application,
Publication No. S64-66262

Patent Document 2: Japanese Unexamined Patent Application,
Publication No. 2001-146539
[SUMMARY OF THE INVENTION]

[PROBLEMS TO BE SOLVED BY THE INVENTION]

[0007]

The present invention was made in view of the circumstances
described above, and an object of the present invention is to provide
an EVOH-containing resin composition having superior appearance

characteristics and long-run workability in melt molding and being



capable of inhibiting occurrence of vellowing, etc., in melt molding,
particularly in melt molding even at a high temperature of, for example,
no lower than 2602C, and to provide a multilayered structure molded from
the composition. A further object of the present invention is to provide
a method for producing the EVOH-containing resin composition.

[MEANS FOR SOLVING THE PROBLEMS]

[0008]

One aspect of the present invention made to solve the foregoing
problems provides a resin composition containing:

(A) an ethylene-vinyl alcohol copeolymer (hereinafter, may be also
referred to as “(A) component”):;

(B} a carboxylic acid and/or a carboxylate ion (hereinafter, may
be also referred te as “ (B} component”):; and

(C) a metal ion (hereinafter, may be also referred toc as “(C)
component”},
wherein

the carboxylic acid and/or the carboxylate ion (B) includes (B2}
a multivalent carboxylic acid and/or a multivalent carboxylate ion
(hereinafter, may be also referred to as *(B2) component”), and

the molar ratio (B2/C) of the multivalent carboxylic acid and the
multivalent carboxylate ion {B2) to the metal ion (C) is 0.002 or greater
and 2 or less.

[0009]

Since the resin composition of the present invention contains a
multivalent carboxylic acid and/or a multivalent carboxylate ion as the
component (B2) and a metal ion as the component (C), a multilayered
structure superior in interlayer adhesiveness can be obtained, and
further generation of gels, seeds or the like in melt molding can be
inhibited, thereby resulting in an achievement of superior appearance
characteristics and the long-run workability. Particularly, it is
considered that since the proportion of the metal ion as the component
(C), and the multivalent carboxylic acid and multivalent carboxylate
ion as the component (B2} contained falls within the above-described
range in the resin composition, the multivalent carboxylic acid and the
like are stably coordinated with the metal ion that is reportedly a cause
of vellowing, etc., thereby enabling an incorporation of the metal ion.
According to the resin composition, the multivalent carboxylic acid and
the like are stably present in a state of coordination with the metal
ion as described above, so that a catalytic function that the metal ion

has for reactions such as yellowing of the EVOH can be inhibited. As



& result, coloring such as yellowing can be inhibited in melt molding
not only at a usually employed temperature, for example, nc lower than
2002C, but also at a higher temperature, for example, nc lower than 2602C,

[0010]

The content of the component (B2} is preferably 0.01 umol/g or
greater and 20 umol/g or less. According to the resin composition, due
to the content of the component (B2) falling within the range, various
characteristics such as a high inhibition property against yellowing
in melt molding at a high temperature are enhanced.

[0011]

The component (B2) preferably has at least one type of functicnzal
group selected from the set consisting of a hydroxy group, an amine group
and a ketone group. In the case in which the component (B2}, i.e., the
miltivalent carboxylic acid and/or the multivalent carboxylate ion has
such functional groups, stability in a state where the component (B2)
is coordinated with the metal ion is enhanced, so that an inhibition
property of occurrence of coloring in melt molding of the resin
composition at a high temperature, and the like can be enhanced.

Of these functionzl groups, a hydroxy group is favorable in that,
for example, coordination strength with the metal ion can be adjusted
appropriately, and a multilayered structure superior in interliayer
adhesiveness is obtained whereas occurrence of coloring is inhibited.

[0012]

At least a palr of carboxyl groups in the compcnent (B2} are
preferably linked each other via a linking group having 1 or 2 carbon
atom{s). It is considered that the multivalent carboxylic acid and the
like can be coordinated in a sterically stable manner with respect to
one metal ion since at least a pair of carboxyl groups in the multivalent
carboxylic acid and/or the multivalent carboxylate ion in the component
(B2} ig arranged with such an interwval in the structure of the component
(R2}. Therefore, according to the resin composition, occurrence of
coloring such as yellowing in melt molding at a high temperature can
be further reduced. In addition, various characteristics such as the
appearance characteristic, the long-run workability, adhesiveness
between layers, etc. can be achieved in a well-balanced manner. It is
to be noted that a carboxyl group herein includes also a carboxylate
group in a carboxylate ion.

{0013]

The component (B2) preferably has at least three carboxyl groups.

Since a multivalent carboxylic acid and/or a multivalent carboxylate



ion having at least three carboxyl groups can be coordinated with a metal
ion in a more electrically and sterically stable and efficient manner,
variocus functions such as an inhibitory function of occurrence of
coloring in melt molding of the resin composition at a high temperature
can be improved.

[0014]

The content of the component {(C) is preferably 2.5 umol/g or
greater and 22 pmol/g or less. According to the resin composition, due
to the content of the metal ion as the component (C) falling within the
range, the appearance characteristics are improved, and further the
interlayer adhesiveness in molding a multilavered structure and the like
can be enhanced.

[0015]

The component (C) preferably includes (Cl) an alkali metal ion
(hereinafter, may be also referred to as “(Cl) component”}. Due to
including an alkali metal ion in the component (C), the appearance
characteristics are improved, and further the long-run workability, the
interlayer adhesiveness in molding a multilayered structure, and the
like are enhanced.

[0C161}

The content of the component (Cl) is preferably 2.5 pmol/g or
greater and 22 umel/g or less. In the resin composition, when the content
of the alkali metal ion as the component (Cl}) falls within the range,
the long-run workability and the interlaver adhesiveness when molded
into a multilayered structure can be well balanced at a higher level.

[0017]

The molar ratio {B2/C) of the component {B2)} to the component (Cl)
is preferably 0.002 or greater and 2 or less. According to the resin
composition, due to themolar ratioc of the component (Cl} to the component
(B2) falling within the range, further higher inhibitory potential
against coloring at a high temperature can be achieved whereas a balance
between the long-run workability and the interlayer adhesgiveness in
molding a multilayered structure is maintained.

[0018]

It is preferred that the component (C) also includes (C2) an
alkaline earth metal ion (hereinafter, alsc referred to as “(C2)
component”). When the component (C} in the resin composition includes
an alkaline earth metal ion, the appearance characteristic is improved,
and further generation of gels or seeds is inhibited even when the

multilayered structure including an EVOH layer is repeatedly recovered



and reused, thereby resulting in inhibition of deterioration of an
appearance of a molded product.

[0019]

The resin composition preferably further contains (D) a phosphate
compound (hereinafter, may be also referred to as * (D) component”) and
the content of the phosphate compound (D} is preferably 5 ppm or greater
and 500 ppm or less in a value of phosphate radical. When the resin
composition contains a phosgphate compound falling within the range,
thermal stability in melt molding is enhanced, whereby the appearance
characteristics, etc. can be further improved.

[0020]

The resin composition preferably further contains (E) a boron
compound (hereinafter, may be also referred to as “(E) component”) and
the content of the boron compound (E) is preferably 50 ppm or greater
and 2,000 ppm or less in a value of boron element. Also when the resin
composition containg the boron compound falling within the range, thermal
stability in melt molding is enhanced, thereby enabling further
improvement in the appearance characteristics, etc.

[0021]

The content of (Bl)} a monocarboxylic acid and a monccarboxylate
icn as the component (B) (hereinafter, may be also referred to as * (B1)
component”) is preferably lesgss than 2 ymol/g. When the content of the
monocarboxylic acid and the monocarboxylate ion as the component (Bl)
falls within the range, the appearance characteristics is improved, and
further generation of an odor in molding and/or of a molded product can
be inhibited.

[0022]

The component (B) also preferably further includes the
monocarboxylic acid and/or the monocarboxylate ion (Bl), and the content
of the monocarboxylic acid and the monocarboxylate ion (Bl) is no less
than 2 pmel/g. When the content of the monocarboxylic acid and the
monocarboxylate ion as the component (Bl) falls within the range,
adjustment of quantities of the component (B) and the component (C} is
facilitated inpreducing the resin composition, thereby enabling a stable
production.

[0023]

The resin composition can be suitably used in intended usage of
co-extrusion molding due to having superior appearance characteristics
and the long-run workability and can reduce occurrence of yellowing,

etc. particularly in melt molding at high temperatures.



[0024]

According to other aspect of the present invention, a method for
producing the resin composition includes:

a copolymerizing step in which ethylene and a vinyl ester are
copolymerized to obtain an ethylene-vinyl ester copolymer; and

a saponifying step in which the ethylene-vinyl ester copolymer
is saponified to obtain an ethylene-vinyl alcohol copolymer, and
the method further includes

a mixing step in which the ethylene-vinyl ester copolymer or the
ethylene vinyl alcohol copolymer is mixed with (B2’') a multivalent
carboxylic acid and/or a salt thereof (hereinafter, may be also referred
to as “(B2') component”), later than the copolymerizing step.

According to the method for producing the resin composition, a
resin composition with inhibited occurrence of yellowing, etc. in melt
molding can be obtained by carrying out mixing of the component (B2')
later than the copolymerizing step.

[C025]

The mixing step is preferably carried ocut in a system in which
the concentration of the vinyl ester is no greater than 1,000 ppm.
According to the method, yvellowing in melt molding of the obtained resin
compesition is inhibited, and further favorable color characteristics
of the resin composition per se can be attained.

[0026]

It is preferred that the method for preducing the resin composition
of the present invention further includes

an pelletizing step in which a water-containing pellet of an
ethylene-vinyl alcohol copolymer is obtained by an pelletizing operation
from a solution including the ethylene-vinyl alcohol copolymer obtained
in the saponifying step, and

a drying step in which the water-containing pellet is dried to
obtain a resin composition including an ethylene-vinyl alcohol
copolymer,
wherein the mixing step is carried out later than the pelletizing step.
Also according to the method, a resin composition accompanied by reduced
yvellowing in melt molding can be obtained effectively.

It is preferred that the mixing step is carried out between the
pelletizing step and the drying step by immersing the water-containing
pellet in a solution containing the component (B2‘). According to the

method, the component (B2’) can be efficiently mixed in the resin



composition, whereby a resin composition accompanied by inhibited
yvellowing in melt molding can be effectively produced.

[0027]

It is also preferred that the mixing step is carried cut in the
pelletizing step. According to the method, yellowing in melt molding
of the obtained resin composition is reduced, and further favorable celor
characteristics of the resin composition per se can be attained.

[0028]

The mixing step is preferably carried out in the saponifying step.
According to the method, yellowing is reduced in melt molding when the
resin composition of the present invention is obtained, and further
favorable color characteristics of the resin composition per se can be
attained.

[0029]

In another aspect of the present invention, a multilayered
structure is provided with at least one layer obtained from the
aforementioned resin composition. The multilayered structure of the
present invention has a superior appearance with inhibited occurrence
of coloring such as yellowing, gels, seeds, and the like since the
multilayered structure of the present invention is provided with a layer
obtained from the resin composition superior in the appearance
characteristics and the long-run workability as described above.
[EFFECTS OF THE INVENTION]

[0030]

As described above, the resin composition of the present invention
has superior appearance characteristics and the long-run workability
inmelt molding, and enables occurrence of yellowing etc., inmelt molding
to be inhibited particularly, even in melt molding at high temperatures
of, for example, no less than 2602C. In addition, provided that a resin
composition is produced according to the producing method of the present
invention, the effects described above can be surely obtained.
According to the resin composition of the present Invention, various
types of molded articles such as monolayered or multilayered films,
sheets, pipes, containers and fibers superior in the appearance
characteristics can be obtained.

[BRIEF DESCRIPTION OF THE DRAWINGS]

[0031]

Fig. 1 shows a schematic view illustrating a biaxial extruder used
in Example 57.

[DESCRIPTION OF EMBODIMENTS]



[0032]

Hereinafter, preferred modes for carrying out the invention will
be described in detail in the order of a resin composition, a producing
method and a multilayered structure.

{(Resin Composition)

The resin composition of the present invention contains (A) an
ethylene-vinyl alcochol copolymer, (B) a carboxylic acid and/or a
carboxylate ion and (C} a metal ion, and the component (B) includes (B2)
amultivalent carboxylic acid and/or amultivalent carboxylate ion. The
resin composition may contain (D} a phosphate compound and (E} a boron
compound as suitable components, and further may contain other optional
component. It is to be noted that in the resin composition, the
carboxylate ion as the component (B) may forma salt with a counter cation
such as the metal ion as the component (C), whereas the metal ion as
the component {C} may form a salt with a counter anion such as the
carboxylate ion as the component {(B). Hereinafter, each component will
be explained.

[0033]

( (A} EVOH)

{(A) EVOH is a principal component of the resin composition. The
EVOH (A} is a copolymer having an ethylene unit and a vinyl alcchol unit
as principal structural units. It is tobenoted that the EVOH may include
one type or a plurality of types of other structural units except for
the ethylene unit and the vinyl alcchel unit. The EVOH is typically
obtained by polymerizing ethylene and a vinyl ester, and saponifying
the resulting ethylene-vinyl ester copolymer.

[0034]

The lower limit of the ethylene content in the EVOH (i.e., the
proportion of the number of ethylene units with respect to the total
number of the monomer units in the EVOH} is preferably 20 mol %, more
preferably 22 mol % and further preferably 24 mol %. On the other hand,
the upper limit of the ethylene content in the EVOH is preferably 60
mol %, more preferably 55 mol % and further preferably 50 mol %. When
the ethylene content in the EVOH falls within the range, sufficient
appearance characteristics and the long-run workability can be achieved.
When the ethylene content in the EVOH is smaller than the lower limit,
for example, water resistance, hot water resistance and a gas barrier
property under a high humidity when molded into a multilayered structure
may be impaired, or melt moldability may be deteriorated. To the contrary,

when the ethylene content in the EVOH exceeds the upper limit, the gas



barrier property when molded into a multilayered structure may be
impaired.

[0035]

The lower limit of a degree of saponification of the EVOH (i.e.,
a proportion of the number of vinyl alcohol units with respect to the
total number of vinyl alcohol units and vinyl ester units in the EVOH)
is preferably 80 mol %, more preferably 95 mol % and further preferably
99 mol %. On the other hand, the upper limit of the degree of
saponification of the EVOH is preferably 100 mol % and more preferably
99.99 mol %¥. When the degree of saponification of the EVOH is less than
the lower limit, the gas barrier property when molded into a multilayered
structure may be impaired and coloring resistance may be unsatisfactory.

[o036]

The lower limit of the melt flow rate of the EVOH (in accordance
with JIS-K7210, a measured value at a temperature of 2102C, under a load
of 2160 g} isg preferably 0.1 g/10 min, more preferably 0.5 ¢g/10 min,
further preferably 1 g/10 min and particularly preferably 3 ¢g/10 min.
On the other hand, the upper limit of the melt flow rate in the EVOH
is preferably 200 g/10 min, more preferably 50 g/10 min, further
preferably 30 g/10 min, particularly preferably 15 g/10 min and further
particularly preferably 10 g/10 min. When the melt flow rate of the EVOH
falls within the range, the melt moldability of the obtained resin
composition is enhanced, thereby enabling an achievement more superior
appearance characteristics and long-run workability.

[0037]

((B) Carboxylic Acid and/or Carboxylate Ion)

The carboxylic acid and/or the carboxylate ion contained in the
resin composition is exemplified by (Bl) a monocarboxylic acid and/or
a monocarboxylate ion, and (B2} a multivalent carboxylic acid and/or
a multivalent carboxylate ion. The resin composition includes the
multivalent carboxylic acid and/or the multivalent carboxylate ion (B2)
as an essential component.

[0038]

((Bl) Monocarboxylic Acid and/or Monocarboxylate ion)

The monocarboxylic acid is a compound having one carboxyl group
in a molecule. Whereas, the monocarboxylate ion is obtained by
eliminating a proton in a carboxyl group of a monocarboxylic acid.

[0039]

The content of the monocarboxylic acid and the monocarboxylate

ion (B1l} is, in light of reducing an odor, preferably less than 2 umol/g,
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more preferably less than 1.5 pmol/g, further preferably less than 1.2
umel/g and particularly preferably less than 1.0 pmol/g with respect
to the total of the resin composition. When the content of the
monocarboxylic acid falls within the range, the odor of the resin
composition per se is reduced, and additiocnally the odor that is generated
inmelt molding of the resin composition is reduced, so that the operation
environment is improved. In addition, the odor that the molded product
has after melt molding is reduced, so that the multilayered structure
produced using the resin composition can be suitably used as a packaging
material for even contents such as cocked rice and drinking water having
a commercial value that is likely to be impaired particularly by
generation of the odor.

[00401]

In addition, the content of the monocarboxylic acid and the
monocarboxylate ion (Bl) is preferably no less than 2 ymol/g with respect
to the total of the resin composition in light of quality stability,
etc. In this case, the content of the component (El) is preferably no
less than 2.5 ptmel /g and more preferably no less than 3 pymol/g. The resin
composition having the content of the monocarboxylic acid and the
monocarboxylate ion falling within the range enables the quantities of
the component (B2) and the component (C) to be easily adjusted in
producing the resin composition and products having stable quality to
be easily obtained.

[0041]

The monocarkboxylic acid is not particularly limited, and examples
thereof include formic acid, acetic acid, propionic acid, lactic acid,
caproic acid, capric acid, acrylic acid, methacrylic acid, benzoic acid,
2-naphthoic acid, and the like. These monocarboxylic acids may have a
hydroxyl group or a halogen atom. In addition, the monocarboxylate ion
is exemplified by an ion obtained by eliminating a proton in a carboxyl
group in each of the monocarboxylic acids.

[0042]

The pKa of the monocarboxylic acid (including also the
monocarboxylic acid that gives the monocarboxylate ion} is preferably
no less than 3.5 and more preferably no less than 4 in light of an ability
of adjusting the pH of the composition and melt moldability. Examples
of the monocarboxylic acid include formic acid (pKa = 3.68), acetic acid
(pKa = 4.74}, propicnic acid (pKa = 4.85}, lactic acid (pKa = 4.80),
and the like, and acetic acid is preferable in light of easiness in

handling, etc.
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[0043]

((B2) Multivalent Carboxylic Acid and/or Multivalent Carboxylate
Ion)

The multivalent carboxylic acid contained in the resin compogition
of the present invention is a compound having at least two carboxyl groups
per molecule. It is to be noted that polymers are not included in the
multivalent carboxylic acid. In addition, the multivalent carboxylate
ion is obtained by eliminating at least one of protons in carboxyl groups
inamultivalent carboxylate acid. Due to containing the component (B2),
the pH in the composition can be controlled and generation of gels and
seeds in melt molding is reduced, and further occurrence of coloring
such as yellowing resulting from a metal ion in melt molding can be
reduced.

[c044]

In the resin composition, it is uncertain as to why the occurrence
of coloring such as vellowing can be inhibited due to including the
multivalent carboxylic acid and/or the multivalent carboxylate ion as
the component (B2} together with metal ion as the component (C) described
later; however, it is believed that the inhibition may result from, for
example, stable coordination of the multivalent carboxylic acid and the
like with the metal ion that is reportedly a cause of vellowing, etc.,
thereby enabling incorporation of the metal ion. It is considered that
the multivalent carboxylic acid and the like are present stably in the
state of coordination with the metal ion in such a manner, whereby a
catalytic function of the metal ion for a reaction such as vellowing
of the EVOH can be inhibited, and as a result, occurrence of coloring
such as vellowing also in melt molding at high temperatures can be
inhibited. It is to be noted that the metal ion and the multivalent
carboxylic acid, etc. are bonded by a comparatively weak interaction,
go that only a small influence can be made on the interlayer adhesiveness
in forming a multilayered structure; therefore, the resin composition
of the present invention can achieve superior interlayer adhesiveness
also in forming a multilayvered structure.

[0045]

The lower limit of the molar ratio (B2/C) of the content of the
multivalent carboxylic acid and the multivalent carboxylate ion as the
component (B2} (content in a dry resin composition) to the content of
the component (C) is defined as 0.002, preferably 0.005, more preferably
0.01, further preferably 0.1 and particularly preferably 0.2. On the

12



other hand, the upper limit of the molar ratio is defined as 2, preferably
1.4, more preferably 1 and further preferably 0.6.

[00486]

In the resin composition, when the ratio of content of the
multivalent carboxylic acid and the multivalent carboxylate ion as the
component (B2) to the content of the metal ion as the component (C) falls
within the range, it ig believed that the multivalent carboxylic acid
can be sufficiently and stably coordinated with the metal ion, whereby
coloring can be inhibited. The molar ratio of less than the lower limit
leads to failure in sufficient inhibition of the occurrence of yellowing,
etc. by an influence of the metal ion, due to the small amount of the
coordinated multivalent carboxylic acid. To the contrary, when the
molar ratio exceeds the upper limit, gels and seeds are likely to be
generated due to the presence of a free multivalent carboxylic acid that
cannot be coordinated with the metal ion, whereby the long-run
workability and the appearance characteristics are deteriorated, and
further there is a disadvantage that the coloring is rather enhanced.

[0047]

When the resin composition include (Cl) an alkali metal ion
described later in detail that is suitable as the component {(C), the
lower limit of the molar ratio (B2/Cl) of the component (B2} to the
component (Cl} is preferably 0.002, more preferably 0.005, still more
preferably 0.01, further preferably 0.1 and particularly preferably 0.2.
On the cther hand, the upper limit of the melar ratio is preferably 2,
more preferably 1.4, more preferably 1 and further preferably 0.6.
When the molar ratio of the component (B2} to the component (Cl) falls
within the range, a higher inhibitory potential of coloring at high
temperatures can be attained whereas the balance of the long-run
workability and the interlayer adhesiveness in molding the multilayered
structure is maintained.

[0048]

The lower limit of the specific content of the multivalent
carboxylic acid and the multivalent carboxylate ion as the component
(B2) is preferably 0.01 umol/g, more preferably 0.05 pmol/g, further
preferably 0.1 umol/g and particularly preferably 0.5 pymol/g. On the
other hand, the upper limit of the content is preferably 20 pmol/g, more
preferably 15 pmol/g, further preferably 10 pmol/g and particularly
preferably 6 pmol/g. When the content of themultivalent carboxylic acid
and the like as the component (B2} is less than the lower limit, an

inhibitory effect of coloring such as yellowing may be small. To the
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contrary when the content exceeds the upper limit, the appearance
characteristics may be impaired (e.g., gels and seeds are likely to be
generated) and the long-run workability may be deteriorated (e.g.,
viscosity is increased by heating for a long time of period).

[0049]

The multivalent carboxylic acid as the component (B2) is not
particularly limited as long as it has at least twe carboxyl groups per
molecule and examples thereof include

aliphatic dicarboxylic acids such as oxalic acid, malonic acid,
succinic acid, maleic acid, fumaric acid, malic acid, glutaric acid,
adipic acid and pimelic acid,

aromatic dicarboxylic acids such as phthalic acid, isophthalic
acid and terephthalic acid,

tricarboxylic acids such as citric acid, isccitric acid and
aconitic acid,

carboxylic acids having at least four carboxyl groups such as
1,2,3,4-butanetetracarboxylic acid and ethylenediaminetetraacetic
acid,

hydroxycarboxylic acids such as citrie acid, isocitric acid,
tartaric aci@, malic acid, mucic acid, tartronic acid and citramalic
acid,

ketocarboxylic acids such as oxalocacetic acid, mesoxalic acid,
2-ketoglutaric acid and 3-ketoglutaric acid,

amino acids such as glutamic acid, aspartic acid and 2-aminoadipic
acid, and the like. It is to be noted that the multivalent carboxylate
ion as the component (B2} is exemplified by anions of these multivalent
carboxylic acids.

[0050)

The component (B2) is preferably a multivalent carboxylic acid
and an anion thereof having at least one functional group selected from
the set consisting of a hydroxy group, an amine group and a ketone group.
In the case in which such a functional group is included, stability in
the state of coordination with the metal ion is enhanced, so that an
ability of inhibiting occurrence of coloring in melt molding at a hich
temperature is enhanced. Of these functional groups, a hydroxy group
igs more preferably included in light of appropriate adjustment of a
coordination strength with the metal ion, whereby a multilayered
structure superior in interlayer adhesiveness is obtained while

inhibiting the occurrence of coloring.
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[0051]

In the case where the multivalent carboxylic acid and the
multivalent carboxylate ion as the component (B2) have a hydroxy group,
the hydroxy group is preferably situated at an o-position with respect
to the carboxyl group. Such a multivalent carboxylic acid and
multivalent carboxylate ion have a structure in which an elimination
reaction of a water molecule is easily caused by an appropriate heating.
Such a multivalent carboxylic acid and the like are coordinated in the
vicinity of the metal ion, whereas a coordinate binding force thereof
can be weakened by an elimination reaction during heating inmelt molding,
and thus an ability of enhancing the interlayer adhesiveness by the alkali
metal ion can be sufficiently achieved. Therefore, such a multivalent
carboxylic acid and the like can maintain superior interlayer
adhesiveness whereas occurrence of c¢oloring resulting from the metal
ion is reduced. Examples of the multivalent carboxylic acid and the
multivalent carboxylate ion include citric acid, isocitric acid, malic
acid and the like, and anions thereof,

[0052)

In addition, the component (B2} is preferably a multivalent
carboxylic acid in which at least a pair of carboxyl groups are linked
each other via a linking group having 1 or 2 carbon atoms and an anion
thereof. In such a multivalent carboxylic acid and multivalent
carboxylate ion, one or a plurality of carboxyl groups can be coordinated
with one metal ion in a highly sterically stable manner; therefore, a
coordination state is considered to be stable as a complex. Thus,
coloring such as yellowing, etc. can be effectively suppressed, and other
various functions can be also achieved with a good balance. It is to
be noted that the linking group having 1 or 2 carbon atoms may include
aliphatic linking groups such as an alkanediyl group, an alkanetrivl
group and an alkenetriyl group, or aromatic linking groups such as a
1,2-benzenediyl group. Examples of such a type of multivalent
carboxylic acid and multivalent carboxylate ion include c¢itric acid,
isocitric acid, malic acid, tartaric acid, malonic acid, succinic acid,
itaconic acid, maleic acid, fumaric acid, tartronic acid, citramalic
acid, aconitic acid, aspartic acid, 1,2, 3,4-butanetetracarboxylic acid
and the like, and anions thereof.

[0053]

Furthermore, the component (B2) is preferably a multivalent
carboxylic aclid having at least three carboxyl groups like citric acid,

isocitric acid, 1,2,3,4-butanetetracarboxylic acid, ethylene diamine
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tetraacetic acid and the like, and anions thereof. It is considered that
due to using such a multivalent carboxylic acid and multivalent
carboxylate ion, a coordination state with the alkali metal ion has
electrically and sterically superior stability. As a result, superior
coloring reducing function is suggested to be achieved.

[0054]

((C) Metal Ion)

The metal ion as the component (C) may involve a single type of
metal or a plurality of types of metal. Due to including the metal ion
in the resin composition of the present invention, interlayer
adhesiveness can be enhanced in molding a multilayered structure, and
as a result, durability of the multilayered structure can be enhanced.
Although the reason why the metal ion enhances the interlayer
adhesiveness is not necessarily clear, 1t is considered that affinity
between hydroxy groups with one another in the EVOH is made higher between
layers by the presence of the metal ions. In addition, in the case in
which one of adjacent layers has a functional group capable of reacting
with a hydroxy group in the EVOH in a molecule, it is also considered
that the bond generation reaction is accelerated by the presence of the
metal ion, etc. The metal ion as the component (C) is exemplified by
the alkali metal ion {(Cl), the alkaline earth metal ion (C2), and other
transition metal ion, and the like.

[0055]

The lower limit of the content of the metal ion (content in a dry
resin composition} is preferably 2.5 umol/g, more preferably 3.5 pmol/g
and further preferably 4.5 umol/g. On the other hand, the upper limit
of the content is preferably 22 uymol/g, more preferably 16 pmol/g and
further preferably 10 ymol/g. When the content of the metal ion is less
than the lower limit, the interlayer adhesiveness ig decreased, whereby
durability when molded inte a multilavered structure may be decreased.
To the contrary, when the content of the metal ions exceeds the upper
limit, occurrence of coloring in the resin composition is less likely
to be reduced, whereby the appearance characteristics may be
deteriorated.

[0056]

The metal ion as the component {C} preferably includes the alkali
metal ion (Cl}. Examples of the alkali metal ion include ions such as
lithium, sodium, potassium, rubidium and cesium, and the ion of sodium
or potassium is more preferable in light of industrial availability.

When the component (C) includes the alkali metal ion, the long-run
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workability and interlaver adhesive strength in forming a multilayered
structure are enhanced.

[0057]

The alkali metal salt that gives the alkali metal ion as the
component (Cl) is not particularly limited, and is exemplified by
aliphatic carboxylate salts, aromatic carboxylate salts, phosphate
salts, and metal complexes, and the like, of such as lithium, scodium
and potassium. The alkali metal salt is, specifically, exemplified by
godium acetate, potassium acetate, sodium phosphate, lithium
phosphorate, sodium stearate, potassium stearate, sodium salts of
ethylenediaminetetraacetic acid, and the 1like. Of these, sodium acetate,
potassium acetate and sodium phosphate are particularly preferable in
light of availability.

[0058]

The Jower limit of the content of the alkali metal ion (Cl) (content
in a dry resin composition) is preferably 2.5 umol/g, more preferably
3.5 pmol/g and further preferably 4.5 pmol/g. On the other hand, the
upper limit of the content is preferably 22 umol/g, more preferably 16
umol /g and further 10 umol/g. When the content of the alkali metal ion
is less than the lower limit, the interlayer adhesiveness is decreased,
whereby durability when molded inte a multilayered structure may be
decreased. To the contrary, when the content of the alkali metal ions
exceeds the upper limit, occurrence of coloring in the resin composition
is less likely to be reduced, whereby the appearance characteristics
may be deteriorated.

[0059]

It is also preferred that the component (C) includes the alkaline
earth metal ion {C2}. Examples of the alkaline earth metal ion (C2)
include icns of beryllium, magnesium, calcium, strontium, karium and
the like, and ions of magnesium or calcium are more preferable in light
of industrial availability. when the component (C} includes the
alkaline earth metal ion (C2}, deterioration of the EVOH in repeated
reuse of a multilayered structure is inhibited, and an appearance of
a molded product is enhanced by a decrease of defects such as gels and
seeds.

[0060]

{{D) Phosphate Compound}

When the phosphate compound as the component (D) is contained in
the resin composition of the present invention, thermal stability of

the resin composition in melt molding can be enhanced. As a result,
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generation of gels and seeds is inhibited, thereby enabling improvement
of the appearance characteristics.

[0061]

The phosphate compound is not particularly limited and is
exemplified by various types of oxo acids of phosphorus such as phosphoric
acid and phosphorous acid, and salts thereof, and the like. The phosphate
salts may be contained in any forms such as a phosphate salt, a
monohydrogen phosphate salt or a dihydrogen phosphate salt, and the type
of counter cation thereof is not particularly limited, which is
preferably an alkali metal or an alkaline earth metal and more preferably
an alkali metal. Specifically, sodium dihydrogen phosphate, potassium
dihydrogen phosphate, disodium hydrogen phosphate or dipotassium
hydrogen phosphate is preferable in light of a large thermal stability
improving effect.

[G062]

The lower limit of the content of the phosphate compound (content
in a value of phosphate radical in a dry resin composition) is preferably
5 ppm and further preferably 8 ppm. On the other hand, the upper limit
of the content of the phosphate compound is preferably 500 ppm., more
preferably 200 ppm and further preferably 50 ppm. When the content of
the phosphate compound is less than the lower limit, the thermal stability
improving effect may not be sufficiently achieved. To the contrary, when
the content of the phosphate compound exceeds the upper limit, gels and
seeds may be likely to be generated in a molded product.

[0063]

((E} Boron Compound)

When the boron compound as the component (E} is contained in the
resin composition of the present invention, thermal stakility of the
resin composition in melt molding can be enhanced. As a result,
generation of gels and seeds is inhibited, thereby enabling improvement
of the appearance characteristics. Specifically, when the boron
compound is blended with the resin composition, it is believed that a
chelate compound is generated between the EVOH and the boron compound,
and use of such a resin composition enables improvement of thermal
stability and a mechanical properties compared with typical resin
compositions.

[0064]

The boren compound is not particularly limited and is exemplified
by boric acids, boric acid esters, borate salts, boron hydrates, and

the like. 8pecifically, the boric acids are exemplified by orthoboric
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acid (H;BO;), metaboric acid, tetraboric acid and the like; the boric
acid esters are exemplified by triethyl borate, trimethyl borate and
the like; and the borate salts are exemplified by alkali metal salts,
alkaline earth metal salts of the foregoing various types of boric acids,
borax, and the like. O©Of these, orthoboric acid is preferable.

[0065]

The lower limit of the content of the boron compound {content of
boron compound in a value of boron element in a dry resin composition)
is preferably 5 ppm, more preferably 10 ppm and further preferably 50
ppm. On the other hand, the upper limit of the content of the boron
compound is preferably 2,000 ppm, more preferably 1,000 ppm, further
preferably 500 ppm and particularly preferably 300 ppm. When the content
of the boron compound is less than the lower limit, an improving effect
of thermal stability by adding the boron compound may not be obtained.
To the contrary, when the content of the boron compound exceeds the upper
limit, gelation is likely to occur, leading to poor molding, and the
appearance characteristics may be deteriorated.

[0066]

{Other Additives, etc.)

To the resin composition of the present invention, a plasticizer,
a stabilizer, a surfactant, apigment, anultraviclet ray absorbing agent,
a slip agent, an antistatic agent, a drying agent, a crosslinking agent,
a filler, a reinforcing agent such as various types of fibers can be
also added in appropriate amounts, within the range not to impair the
effects of the present invention.

[0067]

In addition, a thermoplastic resin other than the EVOH can be also
blended in appropriate amounts, within the range not to impair the effects
of the present invention. As the thermoplastic resin, any of various
types of polyolefins (polyethylene, polypropylene, poly l-butene, poly
4-methyl-l-pentene, an ethylene-propylene copolymer, a copolymer of
ethylene and o-olefin having 4 or more carbon atems, & copolymer of
polyolefin and maleic anhydride, an ethylene-vinyl ester copolymer, an
ethylene-acrylic acid ester copolymer, or amodified polyolefin obtained
by ¢graft modification of these with an unsaturated carboxylic acid or
a derivative thereof, and the like), various types of nylons (nylon-6,
nylon-66, nylon-6/66 copolymers, and the like), polyvinyl chloride,
polyvinylidene chloride, polyester, polystyrene, polyacrylonitrile,
polyurethane, polyvacetal and a modified polyvinyl alcohol resin, and
the like may be used. When the thermoplastic resin other than the EVOH
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ig blended, the amount is preferably no greater than 50% by mass and
more preferably no greater than 10% by mass.

[0068]

(Resin Composition)

The lower limit of the melt flow rate (a value measured at a
temperature of 210°C, under a load of 2,160 g) of the resin composition
of the present invention is preferably 0.1 g/10 min, further preferably
0.5g/10min, particularly preferably 1 g/10 min and further particularly
preferably 3 g/10 min. On the other hand, the upper limit of the melt
flow rate of the resin composition is preferably 200 g/l0 min, more
preferably 50 g/10 min, further preferably 30 g/l10 min, particularly
preferably 15 g/10 min and further particularly preferably 10 g/10 min.
When the value of the melt flow rate of the resin composition fallg within
the range, melt moldability is enhanced, whereby more superior appearance
characteristics and the long-run workability can be achieved.

[0069]

The resin composition of the present invention is molded into
various types of molded articles such as filmsg, sheets, containers, pipes
and fibers by melt molding. These molded products can ke also ground
and molded again for the purpose of reuse. In addition, a f£ilm, a sheet,
a fiber, and the like can be subjected to monoaxial orientationor biaxial
orientation. As a melt molding process, extrusion molding, inflation
extrugion, blow molding, melt spinning, injection molding, and the like
can be employed.

[0070]

The melt temperature in melt molding carried out using the resin
composition of the present invention is preferably about 150 to 300°C.
Particularly,‘ in the resin composition of the present invention, the
proportion of the alkali metal ions (C), and the multivalent carboxylic
acid and multivalent carboxylate ion (B2) is adjusted as described above,
so that occurrence of coloring such as yellowing can be inhibited not
only in melt molding at a high temperature cof no less than 2002C, but
also in melt molding at a higher temperature of, for example, no less
than 2602C.

[0071]

{Method for Producing a Resin Composition)

The resin composition of the pregent invention can be effectively
obtained by a producing method including, for example,

a copolymerizing step in which ethylene and a vinyl ester are

copolymerized to obtain an ethylene-vinyl ester copolymer (step 1), and
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a saponifying step in which the ethylene-vinyl ester copolymer
ig saponified to obtain an ethylene-vinyl alcohol copolymer (step 2),
and further including

a mixing step in which the ethylene-vinyl ester copolymer or the
ethylene vinyl alcohol copolymer is mixed with (B2’') a multivalent
carboxylic acid and/or a salt thereof {step o), later than the
copolymerizing step.

According to the method for producing the resin composition,
mixing the component (B2') is carried out later than the copolymerizing
step, so that a resin composition in which occurrence of vellowing, etc.
in melt molding is inhibited can be cbtained. Hereinafter, each step
will be explained in detail.

[0072]

(Step 1)

The copolymerizing step includes copolymerization of ethyvlene and
a vinyl ester, and subsequently a procedure in which unreacted ethylene
and unreacted vinyl ester are removed to obtain an ethylene-vinyl ester
copolymer solution as needed. When the component (B2’) is added in the
copolymerizing step, the resin composition finally obtained is not
preferable in that an effect to inhibit coloring such as yellowing, i.e.,
an effect predominantly intended by the present invention, is hardly
achieved, or coloring may be rather enhanced.

[0073]

A copolymerization process of ethylene with the vinyl ester is
not particularly limited, and well-known methods such as, for example,
solution polymerization, suspension polymerization, emulsion
polymerization and bulk polymerization may be employed. Also, any of
a continuous system and a batchwise system may be employed.

[0074]

Examples of the vinyl ester used in polymerization include vinyl
formate, vinyl acetate, vinyl propionate, vinyl valerate, vinyl caprate,
vinyl laurate, vinyl stearate, vinyl benzeoate, vinyl pivalate and vinyl
versatate, and vinyl acetate is suitably used in light of industrial
availability and/or use of the same.

[0075]

In the polymerization described above, in addition to the
aforementioned components, a copolymerizable monomer as a
copolymerization component, for example, alkene; an unsaturated acid
such as acrylic acid, methacrylic acid, crotonic acid, maleic acid or

itaconic acid, or an anhydride, a salt, a mono- or dialkyl ester thereof,
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or the like; nitrile such as acrylonitrile or methacryionitrile; amide
such as acrylamide or methacrylamide; olefin sulfonic acid such as
vinylsulfonic acid, allylsulfonic acid or metaallylsulfonic acid, or
a gsalt thereof; an alkylvinyl ether, vinyl ketone, N-vinylpyrrolidone,
vinyl chloride, vinylidene chloride or the like may be also copolymerized
in a small amount.

[0076]

In addition, a vinylsilane compound may be included in an amount
of 0.0002 mol% or greater and 0.2 mol% or less as a copolymerization
component. Herein, the vinylsilane compound may include, for example,
vinyltrimethoxysilane, vinyltriethoxysilane,
vinyltri (B-methoxy-ethoxy)silane,
y-methacryloyloxypropylmethoxysilane or the like. O0Of these,
vinyltrimethoxysilane, or vinyltriethoxysilane is suitably used.

[C077]

The solvent used for polymerization is not particularly limited
as long as it is an organic solvent capable of dissolving ethylene, a
vinyl ester and the ethylene-vinyl ester copolymer. As such a solvent,
for example, an alcohol such as methanol, ethancl, propancl, n-butanol
or tert-butanol; dimethyl sulfoxide or the like may be used. Of these,
methanol is particularly preferable in light of ease in removal and
separation after the reaction.

[0078]

As the catalyst used for polymerization, for example, an
azonitrile-derived initiator such as 2,2-azobisiscbhbutyronitrile,
2,2-azobis- (2,4-dimethylvaleronitrile},
2,2-azobis- (4-methoxy-2, 4-dimethylvalercnitrile) or
2,2-azobis- (Z-cyclopropylpropionitrile); and organic peroxide-derived
initiators such as isobutyryl peroxide, cumyl peroxyneodecanoate,
diisopropyl peroxydicarbonate, di-n-propyl peroxydicarbonate, t-butyl
peroxyneodecancate, acetyl peroxide, lauroyl peroxide, benzoyl peroxide,
t-butyl hydroperoxide, or the like may be used.

[0079]

The polymerization temperature is preferably 20 to 902C and more
preferably 40 to 702C. The polymerization time is preferably 2 to 15
hrs and more preferably 3 to 11 hrs. The polymerization conversion is
preferably 10 to 90% and more preferably 30 to 80% with respect to the
vinyl ester charged. The content of the resin in the solution after the
polymerization is preferably 5 to 85% by mass and more preferably 20
to 70% by mass.
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[0080]

After the polymerization for a predetermined time of period or
after reaching a predetermined polymerization conversion, a
polymerization inhibitor is added as needed, and unreacted ethylene gas
is removed by evaporation, followed by removing an unreacted vinyl ester,
As a process of removing an unreacted vinyl ester, for example, a process
including continuously supplying the copolymer solution at a constant
rate through an upper part of a tower filled with Raschig ring, blowing
therein an organic solvent vapor such as methancol through a lower part
of the tower, distilling off mixed vapor of the organic solvent such
as methanol and unreacted vinyl ester through the top of the tower, and
taking out the copolymer solution from which the unreacted vinyl ester
was removed through the bottom of the tower, or the like may be employed.

[0081]

(Step 2)

Next, an alkali catalyst is added to the copolymer sclution, and
the copolymer is saponified. A saponification process may be either
continuous system, or a batchwise system. As the alkali catalyst, for
example, sodium hydroxide, potassium hydroxide, alkali metal alcoholate,
or the like may be used.

[0082]

Conditions of saponification may include, for example, in the case
of batchwise system: the concentration of the copolymer solution being’
10 to 50% by mass; the reaction temperature being 30 to 602C; the amount
of the catalyst used being 0.02 to 0.6 mol per mol of the vinyl ester
structural unit; and the saponification time being 1 to 6 hrs. In the
case of the continuous system, a process in which the saponification
reaction is carried out while efficiently removing a carboxylic acid
methyl ester, and the like generated along with the saponification
reaction using a conventionally well-known tower type reactor is
preferable in that the amount of the alkali catalyst used can be reduced,
whereas the reaction temperature is preferably 70 to 150%C and the amount
of the catalyst used is preferably 0.001 to 0.2 mol per mol of wvinyl
ester structural unit in order to carry out the reaction in the state
of a homogenous solution.

[0083])

Since the EVOH yielded after completing the saponification
reaction contains the alkali catalyst, byproduct salts such as sodium
acetate andpotassiumacetate, and other impurities, these arepreferably

removed by neutralizing and washing as needed. Here, when the EVOH after
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completing the saponification reaction is washed withwater that scarcely
contains metal ion, chloride ion and the like such as ion exchanged water,
sodium acetate, potassium acetate and the like may partly remain.

[ocs4j

(Step o (1)}

Later than the copolymerizing step, as the mixing step, the
ethylene-vinyl ester copolymer obtained in the copolymerizing step or
the ethylene vinyl alcohol copolymer obtained in the saponifving step
igsmixedwith themultivalent carboxylic acid and/or a salt thereof (B27) .

The multivalent carboxylic acid as the component (B2') is
exemplified by the multivalent carboxylic acid exemplified above as the
component (B2) of the resin composition. In addition, a salt of the
meltivalent carboxylic acid as the component (B2') is exemplified by
an alkali metal salt, an alkaline earth metal salt and the like of the
multivalent carboxylic acid.

For the mixing, a method such as, for example, (1) a method of
adding the component (B2') beforehand to a solutlon containing an
ethylene-vinyl ester copolymer to be subjected to the saponifying step,
(2) a method of adding the component (B2') during the saponification
reaction of the ethylene-vinyl ester copolymer in the saponifying step,
{3) a method of mixing with the component (B2'} after cbtaining the
ethylene-vinyl alcohol copolymer in the saponifying step, or the like
may be employed.

[C085]

According to the method for producing the resin composition of
the present invention, the mixing step is carried out later than the
copolymerizing step as described above, and the mixing step is more
preferably carried out in a system in which the concentration of the
vinyl ester is no greater than 1,000 ppm. When the component {B2') is
added to a system in which the concentration of the vinyl ester is greater
than 1,000 ppm, an inhibitory effect of coloring such as yellowing is
hardly achieved in the final resin composition, or coloring may be rather
enhanced.

[0086]

In the method for producing the resin composition of the present
invention, the mixing step is preferably carried out in the saponifying
step described above. Here, carrying out the mixing step in the
saponifying step is exemplified by methods such as (1) a method of adding
the component (B2') beforehand to the ethylene-vinyl ester copolymer
subjected to the saponifying step, (2} a method of adding the component
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(B2*} during the saponification reaction of the ethylene-vinyl ester
copolymer in the saponifyving step, and the like. When the mixing step
is carried out in the saponifying step, heat deterioration and the like
that the EVOH may be subjected to during the producing step after the
saponifying step are inhibited, whereby color characteristics is
improved in forming a resin composition.

[0087]

In the case in which the mixing step is carried out in the
saponifying step, the saponification reaction of the ethylene-vinyl
ester copeolymer is typically carried out in a state where the
ethylene-vinyl ester copolymer is dissclved in a solvent, so that the
component (B') is preferably added in the formof amultivalent carboxylic
acid dissolvable into the same solvent.

[0088]

In addition, after the saponification reaction is carried out in
the saponifying step as described above, neutralization of remaining
alkali catalyst is often executed, and the component (B2‘) can ke alsc
used as an acid used for the neutralization.

[0089]

It ispreferred that the method for producing the resin composition
of the present invention, in addition te the foregoing each step, further
includes

an pelletizing step in which a water-containing pellet of the
ethylene-vinyl alcohol copolymer is obtained by an pelletizing operation
from a sclution including the ethylene~vinyl alcochel copolymer obtained
in the saponifying step (step 3}, and

a drying step in which the water-containing pellet is dried to
obtain a resin composition including the ethylene-vinyl alcohol
copolymer (step 4), and
themixing step is carried out after thepelletizing step. Alsoaccerding
to the method, a resin composition with a reduced vellowing in melt
molding can be efficiently obtained.

[0090]

(Step 3)

In producing the EVOH, the ethylene-vinyl alcohol copolymer
obtained by saponifying the ethylene-vinyl ester copolymer by the
saponifying step is typically obtained in the form of a solution in which
the copolymer is dissolved in a solvent including the sclvent used in
the saponification reaction. In the solution, a catalyst such as alkali

used for the saponification reaction and sodium acetate that is generated
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as a byproduct, and the like are included, so that washing is carried
out in order to remove them. In order to facilitate the washing operation,
it is preferable that the ethylene-vinyl alcohcl copolymer solution
obtained in the saponifying step is pelletized to form a water-containing
pellet of the EVOH.

[0091]

The operation of the pelletizing for obtaining the
water-containing pellet of the EVOH from the sclution of the
ethylene-vinyl alcohol copolymer in the pelletizing step is not
particularly limited, and well-known methods may be used such as a method
in which a cylindrical water-containing pellet of the EVOH is obtained
by extruding the solution of the ethylene-vinyl alcchol copolymer into
a coagulating bath including a cooled poor solvent to give a strand form
followed by cooling and hardening and thereafter cutting using a strand
cutter, or a method in which an ellipsoidal (go-stone-like) to spherical
water-containing pellet of the EVOE is obtained by similarly extruding
the solution of the ethylene-vinyl alcohol copolymer into a ccagulating
bath, immediately followed by cutting using a rotating blade, etc.
Alternatively, a method in which a water-containing pellet of the EVOH
is obtained by bringing the solution of the ethylene-vinyl alcoheol
copolymer into contact with water vapor to previously give a
water-containing resin composition of the EVOH followed by cutting,
according to amethod described in Japanese Unexamined Patent Application,
Publication No. 2002-121290, or the like can be suitably used.

[0022]

The moisture content in the water-containing pellet of the EVOH
obtained by these methods is preferably 50 to 200% by mass, more
preferably 60 to 180% by mass and further preferably 70 to 150% by mass
on the basis of the dry weight of the EVOE.

[0093]

(Step 4)

The water-containing pellet of the EVOH obtained in the
pelletizing step is preferably formed into a pellet of thé resin
composition including the EVOH finally by drying in the drying step.
The moisture content of the resin composition pellet after drying is
preferably no greater than 1.0% by mass, more preferably no greater than
0.8% by mass and further preferably ne greater than 0.5% by mass with
respect to the total of the resin compositicn pellet for the purpose
of preventing molding troubles such as generation of a void by foaming

in a molding processing.
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[0094]

The method of drying the water-containing pellet of the EVOH is
not particularly limited and well-known variocus types of methods can
be used, and suitable examples of the methods include ventilation drying,
fluidized drying and the like. These drying methods may be used either
alone, or in combination of a plurality of the same, such as e.g.,
fluidized drying followed by ventilation drying. Drving treatment may
be carried out by any method with a continuous system or a batchwise
system. Whenapluralityof dryingmethods are carriedout in combination,
the continucus system or the batchwise system can be selected ad libitum
for each drying method. Drying at a low oxygen concentration or in an
oxygen-free state is also preferable in that deterioration of the resin
composition by oxygen during drying can be reduced.

[0095]

(Step o (2})

As a method of carrying out the mixing step after the pelletizing
step, & method such as (1) a method of bringing the water-containing
pellet of the EVOH into contact with a solution containing the component
(B2*'), or (2) amethod of melting and kneading the water-containingpellet
of the EVOH and the component (B2'} in an extruder is . suitably employed.
It is to be noted that in such a case, the component (Bl), the component
{(C} and other components (the component (D), the component (E}, etc.)
can be simultaneously mixed with the EVOH.

As a method of carrying out the mixing step after the pelletizing
step, a method of immersing the water-containing pellet in a solution
containing the component (B2‘) after the pelletizing step and before
the drying step is preferable. According to the method, the component
{(B2') can be efficiently mixed in the resin composition and a resin
composition with reduced yellowing in melt molding can be more
effectively produced.

[0096]

In the case in which the water-containing pellet of the EVCOH is
immersed in a solution including the component (B2'} and other components
as needed, the water-containing pellet used may have an arbitrary shape
such as powder, granular, spherical or cylindrical chip-shaped. Also,
for the operation, any of methods by a batchwise system and a continuous
system can be used. In the case in which the operation is carried out
by the batchwise system, the mass ratio (bath ratio) of the EVCOH in the
water~-containing pellet to a solution containing each component is

preferably no less than 3, more preferably no less than 10 and further
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preferably no less than 20. In the case in which the operation is carried
out by the continuous system, any of conventionally well-known tower
type apparatuses can be suitably used. Although the suitaeble range of
immersion time varies depending on the form of the water-containing
pellet, in the case in which the EVOH has a particulate shape with a
mean diameter of about 1 teo 10 mm, the immersion time is no less than
1 hour and preferably no less than 2 hrs.

[0097]

With respect to an immersion treatment in a solution, each
component to be contained in the resin composition may be Immersed
separately in a plurality of solutions in which each component is
dissolved alone, or the immersion treatment may be carried out at once
using a liquid in which a plurality of components are dissolved, and
the immersion treatment is preferably carried out with a solution
including all the components other than the EVOH in light of
simplification of steps.

[0098]

When the solution containing each component other than the EVOH
is obtained, the each component may be each independently dissolved in
a solvent, but also a solution in which some components each other form.
a salt can be used. The concentration of each component in the solution
is not particularly limited, and may be appropriately adjusted so that
the intended content of each component is obtained in the finally obtained
resin composition. The solvent of the solution is not particularly
limited, and water is preferable for a handling reason, etc.

[0099]

In addition, when the water-containing pellet of the EVOH and the
component {B2’)} are melted and kneaded in an extruder in the mixing step,
for example, a method described in Japanese Unexamined Patent Application,
Publication No. 2002-284811, etc., may be suitably employed.

[0100]

In the method for producing the resin composition of the present
invention, it is also preferred that the mixing step be carried out in
the pelletizing step described above. Thus mixing the component {(B82')
with the EVOH in the pelletizing step, enables the component (B2’) to
be homogeneously contained in the water-containing pellet of the EVOH.
Accordingly, in the case in which the component (B27) is contained in
the EVOH by immersing the water-containing pellet of the EVOH in a

solution including the component (B2’) later than the pelletizing step,
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there is an advantage that the immersion time can be shortened, and
further color characteristics is improved in forming a resin composition.

[0101]

(Multilayered Structure)

The multilayered structure of the present invention is a
multilayered structure provided with at least one layer cbtained from
the resin composition of the present invention. The layer structure of
the multilayered structure is not particularly limited; however,
provided that: a layer obtained from the resin composition of the present
invention is designated as E; a layer obtained from an adhesive resin
is designated as Ad; and a layer obtained from a thermoplastic resin
is designated as T, examples of the layer structure include T/E/T, E/A4Q/T,
T/A4/E/AA/T, and the 1ike. Each layer of these may be either a monoclayer,
or a multilayer.

[0102]

The method for producing the multilavered structure is not
particularxly limited. For example, a method of melt extruding a
thermoplastic resin onto a molded product obtained from the resin
composition of the present invention (film, sheet. etc.); a method of
coextruding the resin composition of the present invention and other
thermoplastic resin; a method of coinjecting the resin composition of
the present invention with a thermoplastic resin; a method of laminating
a mclded article formed from the resin composition of the present
invention and a film or a sheet of other base material using & well-known
adhesive such as an organic titanium compound, an isocyanate compound
or a polyester based compound; and the like may be exemplified.

[0103]

Among these methods, a method of coextruding the resin composition
of the present invention and other thermoplastic resin is preferably
used. The resin composition of the present invention is superior in
long-run workability and appearance characteristics, and in particular,
coloring is less likely to occur even if melted at a comparatively high
temperature. Therefore, even if the resin composition of the present
invention and other thermoplastic resin having a comparatively high
melting temperature are coextruded, a multilayered structure being
accompanied by suppressed occurrence of coloring such as yellowing, and
being superior in the appearance can be obtained.

[0104]

Examples of the thermoplastic resin used for other laver in the

multilayered structure include: homopolymers of an olefin or copolymers
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thereof such as linear lowdensity polyethylene, low density polyethylene,
medium density polyethylene, high density polyethylene, ethylene-vinyl
acetate copolymers, ethylene-propylene copolvmers, polypropylene, and
propylene-a-olefin copolymers (o-olefin having 4 to 20 carbon atoms),
polvbutene, polypentene; polyesters such as polyethylene terephthalate;
polvamides such as polyester elastomers, nylon-6, and nylon-6,6;
polystyrene, polyvinyl chloride, polyvinylidene chloride, acrylic
resins, vinyl ester based resins, polyurethane elastomers,
polycarbonate, chlorinated polyethylene, chlorinated polypropyvlene,
and the like. Of these, polypropvlene, polyethylene,
ethylene-propylene copeclymers, ethylene-vinyl acetate copolymers,
polyamides, polystyrene, polyesters are preferably used.

[0105]

The aforementioned adhesive resin is not particularly limited as
long as it has adhesiveness with the resin composition that includes
EVOH of the present invention and the thermoplastic resin, but adhesive
resins containing a carboxylic acid modified polvolefin are preferred.
As the carboxylic acid modified polyolefin, a carboxyl group-containing
modified olefin-derived polymer can be suitably used which is obtained
by allowing an ethylenic unsaturated carboxylic acid, an ester thereof
or an anhydride of the same to be chemically bonded (for example, addition
reaction, graft reaction, etc.) to an olefin-derived polymer. The
clefin-derived polymer as referred to herein means polyclefins such as
polyethylene (low pressure, middle pressure, high pressure), linear low
density polyethylene, polypropylene and polybutene, copolymers (for
example, ethylene-vinyl acetate copolymers, ethylene-ethyl acrylate
copolymers, ete.) of olefin and other monomer (vinyl ester, ungaturated
carboxylate ester, etc.). Among these, linear lowdensity peolyethylene,
ethylene-vinyl acetate copolymers (content of vinyl acetate being 5%
by magss to 55% by mass} and ethylene-ethyl acrylate copolymers {(content
of ethyl acrylate being 8% by mass to 35% by mass) are preferred, and
linear low density polvethylene and ethylene-vinyl acetate copolymers
are particularly preferred. As the ethylenic unsaturated carboxylic
acid, an ester thereof or an anhydride of the sane, ethylenic unsaturated
monocarboxylic acids, or esters thereof, ethylenic unsaturated
dicarboxylic acids, or mono- or diesters thereof, or anhydrides of the
same are exemplified, and of these, ethylenic unsaturated dicarboxylic
acid anhydrides are preferred. Specifically, maleic acid, fumaric acid,
itaconic acid, maleic anhydride, itaconic anhydride, maleic meonomethyl

ester, maleic monoethyl ester, maleic diethyl ester, fumaric monomethyl

30



ester and the like are included, and particularly, maleic anhydride is
suitable.

[0106]

The amount of addition or grafting {i.e., degree of modification)
of the ethylenic unsaturated carboxylic acid or an anhydride thereof
to the olefin-derived polymer is 0.0001 to 15% by mass and preferably
0.001 to 10% by mass with respect to the olefin-derived polymer. Aan
addition reaction and a grafting reaction of the ethylenic unsaturated
carboxylic acid or an anhydride thereof to the olefin-derived polvmer
can be carried out by, for example, a radical polymerization method,
etc. in the presence of a solvent (e.g., xylene, etc.}) and a catalyst
(peroxide, etc.). The melt flow rate (MFR) measured at 2102C of the
carboxylic acid-modified polvolefin obtained in such a manner is
preferably 0.2 to 30 g/10 min and further preferably 0.5 to 10 g/10 min.
These adhesive resins may be used either alone, or as a mixture of two
types or more thereof.

[0107]

Although the process for coextrusion of the resin composition of
the present invention and the thermoplastic resin, etc., is not
particularly limited, a multimanifold-merging T die method, a
feedblock-merging T die method, an inflation metheod, and the like may
be exemplified.

{0108]

By subjecting thus obtained coextrusion multilayered structure
to secondary processing, various types of molded articles (films, sheets,
tubes, bottles, etc.) can be obtained. The various types of melded
articles include, for example, articles as in the following:

(1) multilayer costretched sheets or £ilms obtained by stretching
amultilayered structure (sheet or £ilm, etc.) in an monoaxial or biaxial
direction, followed by subjecting to a heat treatment;

{2) multilayer rolled sheets or films obtained by rolling a
multilayered structure {(sheet or film, etc.):

{3} multilayer tray cup shaped containers obtained by subjecting
a multilayered structure (sheet or film, etc.) to a hot forming process
such as vacuum forming, air-pressure forming or vacuum air-pressure
forming; and

(4) bottles, cup shaped containers and the like obtained by stretch
blow molding or the like of a multilayered structure (pipe, etc.}.

[0109]

Note that the secondary processing is not limited to each process
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illustrated for obtaining the molded article described above, and for
exemple, any well-known secondary processing other than the
aforementioned processes such as blow molding may be used ad libitum.

{0110]

Since themultilayered structure has a layer obtained froman resin
composition that is superior in appearance characteristics and long-run
workability, it 1s accompanied by fewer fish eyes, gels and seeds (dirt
under paint) and less coloring such as yellowing and thus, for example,
can be suitably used as a food container and the like such as a deep

draw container, a cup shape container, and a bottle.

EXAMPLES

[0111]

Hereinafter, the present invention will be explained in detail
by way of Examples, but the present invention is not limited to these
Examples.

[0112]

In Examples/Comparative Examples described below, analyses and
evaluations of the resin composition, etc. were carried out by methods
shown below, respectively.

[0113]

{1} Measurement of Moisture Content of Water-containing EVOH
Pellet

The moisture content of the water-containing EVOH pellet was
measured using a Halogen Moisture Analyzer “HR73” manufactured by
Mettler-Toledo International Inc. under a conditions including a drying
temperature of 1802C, a drying time of 20 min, a sample quantity of about
10 g. The moisture content of the water-containing EVOH shown below is
expressed as % by mass on the basis of dry EVOH.

[0114]

{2} Ethylene Content and Degree of Saponification in (A} EVQOH

Dry EVOH pellet was ground by freeze grinding. Thus resulting
ground EVOH was sieved with a sieve having a nominal dimension of 1 mm
{according to normal sieve standard JIS-Z8801l). EVCH powder passed
through the sieve in an amount of 5 g was immersed in 100 g of ion exchanged
water, and the mixture was stirred at 85°C for 4 hrs, followed by an
operation of dewatering and drying repeated twice. Using thus cobtained

powder EVOH after washing, measurement of 'H-NMR was carried cut under
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the following measurement conditions, and the degree of saponification
was determined by the analysis method described below.

[0115]

Measurement Conditions

Name of apparatus: manufactured by JEOL Ltd., NMR spectrometer
*Lambda 5007

Observation frequency: 500 MH=z

Solvent: DMSO-d6

Polymer concentration: 4% by mass

Measurement temperature: 40°C and 95°C

Cumulated number: 600 times

Pulse delay time: 3.836 sec

Sample rotation speed: 10 to 12 Hz

Pulse width (90° pulse}: 6.75 usec

[D116]

Analysis Method

By the measurement at 40°C, a peak of hydrogen in water molecules
was found at around 3.3 ppm, which overlapped with a peak in the range
of 3.1 to 3.7 ppm among peaks of methine hydrogen of the vinyl alcohol
units of EVOH. On the other hand, when measured at 95°C, the overlapping
caused at 40°C could be obviated; however, a peak of hydrogen of the
hydroxyl groups of the vinyl alcohol units of EVOH was present at around
4 to 4.5 ppm, which overlapped with the range of 3.7 to 4 ppm of peaks
of methine hydrogen of vinyl alcohol units of EVOH. Accordingly, for
guantitative determination of methine hydrogen of vinyl alcohol units
of EVOH (3.1 to 4 ppm) , measurement data at 95°C were employed with respect
to the range of 3.1 to 3.7 ppm, and measurement data at 40°C were employed
with respect to the range of 3.7 to 4 ppm in order to avoid overlapping
with peaks of hydrogen of water or hydroxyl groups. Thus, the total
amount of the methine hydrogen was quantitatively determined in terms
of the total value of these measurements. Note that the peak of hydrogen
of water or hydroxyl group has been known to shift to a high magnetic
field side by elevating the measurement temperature. Therefore,
analyses were conducted as in the following using both measurement
results at 40°C and 95°C. From the spectrum obtained at 40°C as described
above, an integrated value (I;} of the peak of the chemical shift at 3.7
to 4 ppm, and an integrated value (I,) of the peak of the chemical shift
at 0.6 to 1.8 ppm were determined. On the other hand, from the spectrum
obtained at 95°C, an integrated value (I,) of the peak of the chemical

shift at 3.1 to 3.7 ppm, an integrated value (I;) of the peak of the
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chemical shift at 0.6 to 1.8 ppm, and an integrated value {I;) of the
peak of the chemical shift at 1.9 to 2.1 ppm were determined. In this
process, the peak of the chemical shift at 0.6 to 1.8 ppm principally
derives from methylene hydrogen, whereas the peak of the chemical shift
at 1.9 to 2.1 ppm derives from methyl hydrogen in unsaponified vinyl
acetate units. From these integrated values, the ethylene content and
the degree of saponification were calculated according to the following
formula.

[0117]

[numerical formula 1]

3I,T4~6T1T4+6T3I13+2151¢

E %) =
thylene content (mol %) 3T, T, 61,1718 TaTat6T,1s x 100

[0118]

[numerical formula 2]

11/12‘5'13/14

D t ificati 1%
egree of saponification [mol %) T1/T2t12/14+15/31,

x 100

[oi1e]

(3} Quantitative Determination of (Bl} Monocarboxylic Acid and
Monocarboxylate Ion, and (B2) Multivalent Carboxylic Acid and
Multivalent Carboxylate Ion

The dry EVOH pellet was ground by freeze grinding. The ground
EVOH obtained was sieved with a sieve having a nominal dimension of 1
mm (according to standard sieve specified in JIS-Z8801). The EVOH powder
in an amount of 10 g that passed through the sieve and 50 mL of ion exchanged
water were charged into a 100 mL Erlenmeyer flask equipped with a stopper,
then a cooling condenser was attached thereto, and themixture was stirred
at 95°C for 10 hrs, followed by extraction. Two mL of the resulting
extraction liquid was diluted with 8 mL of ion exchanged water. The
diluted extraction ligquid was subjected to guantitative analysis using
ion chromatography “IC7000" manufactured by Yokogawa Electric
Corporation to determine the amount of carboxylic acid and carboxylate
ion, whereby the amount of carboxylic acid and carboxylate ion was
calculated. It is to be noted that a calibration curve produced using
an aqueous acetate solution was used in quantification.

Ion chromatography measurement condition:
Column: “ICE-AS-1# manufactured by Dionex IonPac

Eluent: 1.0 mmol/L octanesulfonic acid solution
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Measurement temperature: 352C

Eluent flow rate: 1 mL/min

Amount of sample injected: 50 ul

[0120]

(4) Quantitative Determination of Metal Ion

The dry EVOH pellet was ground by freeze grinding. Thus cbhtained
EVOH powder in an amount of 10 g and 50 mL of ion exchanged water were
charged in a 100 mL stoppered Erlenmeyver flask equipped with a cooling
condenser, and the mixture was stirred at 95°C for 10 hrs to execute
heat extraction. Thus obtained extract in a volume of 2 mL was diluted
with 8 mL of ion exchanged water. Thus diluted extract was subjected
to a quantitative analysis using an ICP emission spectrophotometer
"Optima 4300 DV" manufactured by PerkinElmer Japan Co., Ltd., at each
observation wavelength shown below, whereby the amount of each metal
ion was quantitatively determined.

Na: 589.592 nm

K: 766.490 nm

Mg: 285.213 nm

Ca: 317.933 nm

[0121]

(5) Quantitative Determination of Phosphate Compound

The dry EVOH pellet was ground by freeze grinding. Thus obtained
EVCH powder in an amount of 1.0 g, 15 mL of concentrated nitric acid
and 4 mL of concentrated sulfuric acid were charged into a stoppered
100 mL Erlenmeyer flask equipped with a cooling condenser to execute
heat degradaticn at 200 to 230°C. Thus obtained seclution was diluted
to 50 mL with ion exchanged water in a volumetric flask. The solution
was subjected to a quantitative analysis using an ICP emission
spectrophotometer “Optima 4300 DV” manufactured by PerkinElmer Japan
Co., Ltd., at an observation wavelength of 214.914 nm, whereby the amount
of phosphorus element was quantitatively determined, and the amount of
phosphate compounds was calculated to give a value of phosphate radical.

[0122]

(6) Quantitative Determination of Boron Compound

A dry EVOH pellet provided as a sample in an amount of 50 mg was
completely combusted by an oxygen flask combustion method, and thus
resultant combusted ash deposition was dissolved in 10 mL of a 1 mol/L
agueous nitric acid solution. The solution was subjected to a
quantitative analysis using an ICP emission spectrophotometer “Optima

4300 DV* manufactured by PerkinElmer Japan Co., Ltd., at an observation
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wavelength of 249.667 nm, whereby the content of boron compounds was
obtained in a value of boron element.

[0123]

(7) Evaluation of Coloring Characteristic {Coloring Resistance)

Each dried EVOH pellet obtained in Examples and Comparative
Examples in an amount of 5 g was heated and melted at 220°C and 2602C
for 2 min in a heat compression press apparatus to produce disk-shaped
samples having a thickness of 2 mm. The state of coloring of the obtained
disk-shaped samples were visually confirmed and evaluated as in the
following.

A: hardly colored

B: slightly colored

C: colored (yellow)

D: intensely ccolored (kbrown)

[0124]

(8) Production of a Monolayer Film Using a Resin Composition

The obtained dry EVOH pellet was subjected to monolayer film
casting using a 20 mm extruder *D2020% manufactured by Toyo Seiki
Seisaku-sho, Ltd. (D {mm) = 20, L/D = 20, compression ratio = 2.0, screw:
full flighted) under the following condition to give a monolayer £ilm.

Extrusion temperature: 180/ 260/ 260/ 2602C (feeding zone/
compression zone/ metering zone/ die)

Screw rotation speed: 40 rpm

Qutput rate: 1.3 kg/hr

Chill roll temperature: 802C

Winding speed: 3.1 m/min

Film thickness: 20 um

[0125]

(9} Appearance Characteristic (Presence of Occurrence of
Yellowing)

The monolayer film produced by the method described above was
rolled up around a paper tube and the degree of coloring on the edge
of the film roll was evaluated visually as in the following.
Evaluation: criteria

A: no coloring

B: somewhat yellowing

C: yellowing

[0128]

(10} Long-Run Workability (Viscosity Stability)
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Change in torque when 60 g of the obtained dry EVOH pellet was
kneaded using Labo Plastmill (manufactured by Toyo Seiki Seisaku-sho,
Ltd. “20R200"; biaxial, counter rotating type} at 100 rpm and 260°C was
measured. The torque was measured after 5 min from the beginning of
kneading, and a time period was determined which was required until the
torque value reached 1.5 times the aforementioned torcue value after
5 min from the beginning. This time period being longer indicates less
change in the wviscosity, and more superior long-run workability.
Evaluation: criteria

A: 60 min or longer

B: 40 min or longer and shorter than 60 min

C: 20 min or longer and shorter than 40 min

[0127]

(11) Recyclability (Stability of Quality in Repeated Recovery and
Use)

Two kg of the obtained dry EVOH pellet was pelletized using a 20
mm extrudex *D2020* manufactured by Toyo Seiki Seisaku-sho, Ltd. (D (mm)
= 20, L/D = 20, compression ratio = 2.0, screw: full flighted) under
the follewing condition. BAn operation of pelletizing the obhtained EVOH
pellet again under f{he same conditions was repeated four times, and then
LDPE having a melt index of 1.0 ¢g/10 min (1902C, under a load of 2160
g) was charged to replace the EVOH resin in the extruder. Thereafter,
the screw cof the extruder was pulled off, and the state of the resin
stuck to the screw was visually confirmed and evaluated as in the
following.
<Pelletizing Condition>

Extrusion temperature: 180/ 210/ 21G/ 210¢C (feeding zone/
compression zone/ metering zone/ die)

Screw rotation speed: 40 rpm

Output rate: 1.3 kg/hr

Number of die holes: 2

Temperature of cooling water in coagulating bath: 302C
<Evaluation Criteria of State of the Stuck Resin>
Evaluation: criteria

A: the resin being slightly stuck to the screw or hardly found

B: the resin being stuck to the screw in a small amount

C: the resin being stuck to the screw in a large amount

D: the resin ceclored being stuck to the screw in a large amount

[0128]

{12) Adhesiveness
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Using the obtained dry EVOH pellet, linear low-density
polyethylene (LLDPE: ULTZEX 2022L, manufactured by Mitsui Chemicals,
Inc.) and an adhesive resin (Bondine TX8030, manufactured by SUMICA.
ATOCHEM Co. Ltd, hereinafter, may be abbreviated as *Ad”), 3 materials-5
layers multilayer films (LLDPE/ Ad/ EVCH/ Ad/ LLDPE = 50 um/ 10 um/ 10
um/ 10 um/ 50 pm) were obtained by the following method under the following
conditions. The obtained multilayer film was cut out into a size of 150
mm along a machine direction (MD} and 10 mm along a transverse direction
(TD) immediately after the multilaver film production. Thereaiter a
delamination strength between the EVOH layer and the Ad layer was
immediately measured by an autograph (DCS5-50M, manufactured by Shimadzu
Corporation) in a T-peel test method, and the evaluation was made
according to the delamination strength as in the following.
<Multilayer Film Production Conditions>

Extruder:

For EVOH: 20 mmp extruder for laboratory use, ME-type CO-EXT
{manufactured by Toyo Seiki Seisaku-sho, Ltd.)

For Ad : 25 mmgp extruder, P25-18AC (manufactured by Osaka
Seiki Kosaku K.K.)

For LLDPE: 32 mmop extruder, GF-32-A {(manufactured by
Research Laboratory of Plastics Technology.Co., Ltd.)

EVOH extrusion temperature: 175/ 210/ 220/ 2202C (feeding zone/
compression zone/ metering zone/ die)

Ad extrusion temperature: 100/ 160/ 220/ 2202C (feeding zone/
compression zone/ metering zone/ die)

LLDPE extrusion temperature: 150/ 200/ 210/ 2202C (feeding zone/
compression zohe/ metering zone/ die)

Die: coat hanger die with a width of 300 mm (manufactured by
Research Laboratory of Plastics Technology Co., Ltd.)
<Criteria of Evaluation of Adhesiveness>
Evaluation: criteria

A: no less than 500 g/15 mm

B: no less than 400 g/15 mm and less than 500 g/15 mm

C: no less than 300 g/15 mm and less than 400 g/15 mm

D: less than 300 g/15 mm

[0129]

<Synthesis Example 1> Synthesis of Water-Containing EVOH Pellet
{Polymerization of Ethylene-Vinyl Acetate Copolymer)

To a 250 L pressure reactor eguipped with a stirrer, a nitrogen

feed port, an ethylene feed port, an initiator addition port and a delay
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(consecutive addition) solution addition port were charged 83.0 kg of
vinyl acetate and 26.6 kg of methanol, and the temperature was elevated
to 60°C. Thereafter, the system was substituted with nitrogen by
nitrogen bubbling for 30 min. Next, ethylene was charged such that the
reactor pressure became 3.6 MPa. Ag an initiator,

2,2'-azobis (4-methoxy-2, 4~-dimethylvaleronitrile} (AMV) was dissolved
in methanol to prepare an initiator solution having a concentration of
2.5 g/L, and the solution was substituted with nitrogen by bubbling
nitrogen gas. After the internal temperature of the polymerization bath
was adjusted to 60°C, 362 mL of the initiator solution was injected to
initiate polymerization. During the polymerization, ethylene was
introduced to maintain the reactor pressure of 3.6 MPa and the
polymerization temperature of 60°C, and the initiator solution was
continuously added at 1,120 mL/hr using the aforementioned initiator
solution to perform polymerization. 5.0 hrs later, the polymerization
was stopped by cooling when the polymerization conversion reached 40%.
After the reactor was opened to remove ethylene, nitrogen gas was bubbled
to completely eliminate ethylene. Next, the resulting copolymer
sclution was continuously supplied through an upper part of a tower filled
with Raschig ring, and methanol vapor was blown through a lower part
of the tower. Mixed vapor of methanol and unreacted vinyl acetatemonomer
was allowed to outflow through the top of the tower, whereby a methanol
solution of an ethylene-vinyl acetate copolymer (EVAc) was obtained from
which unreacted vinyl acetate monomer had been removed through the bottom
of the tower.

[0130]

(saponification)

To thus obtained EVAc solution was added methanol to adjust a
concentration of 15% by mass. To 253.4 kg of thus prepared methancl
solution of EVAc (38 kg of EVAc in the solution) was added 76.6 L of
an alkali solution (10% by mass NaOH solution in methanol, molar ratio
(MR) relative to vinyl acetate units in EVAc: 0.4} and the mixture was
stirred at 60°C for 4 hrs to carry out saponification of EVAc. After
6 hrs from starting the reaction, the reaction liguid was neutralized
by adding 9.2 kg of acetic acidand 60 L of water to terminate the reaction.

01311}

(Washing)

The neutralized reaction liguid was transferred from the reactor
to ametal drum, and left to stand at room temperature for 16 hrs, thereby

permitting cocling and hardening to give a cake form. Thereafter, liquid
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was removed from the resin in the cake formusing a centrifugal separator
(*H-130" manufactured by Kokusan Centrifuge Co., Ltd., number of
revolution: 1,200 rpm). Next, a step of washing the resin with water
was conducted for 10 hrs in which washing was carried out while
continuously supplying ion exchanged water to the central portion of
the centrifugal separator from above. The conductivity of the washing
liguid after 10 hrs from starting washing was 30 uS/cm (measured with
“CM-30ET"” manufactured by TOA Electronics Lid.).

[0132]

{Pelletizing)

The EVOH in the form of powder obtained in this manner was dried
using a dryer at 60°C for 48 hrs. The dry EVOH in the form of powder
in an amount of 20 kg was dissoclved in 43 L of a water/ methanol mixed
solvent (mass ratio: water/ methanol = 4/6) while stirring at 80°C for
12 hrs. Next, the stirring was stopped, and the temperature of the
dissolving vessel was lowered to 65°C. By leaving to stand for 5 hrs,
degassing of the water/ methanol solution of EVOH was carried out. Then,
the EVOH was extruded from a die plate provided with a circular opening
having a diameter of 3.5 mm into & water/ methanol mixed solution (mass
ratio: water/ methanol = 9/1) at 5°C to allow for coagulation to give
a strand form, and cut to obtain a water-containing EVOH pellet having
a diameter of about 4 mm and a length of about 5 mm.

[0133]

({Purification)

Thus obtained water-containing EVOH pellet in an amount of 40 kg
and 150 L of ion exchanged water were placed in a metal drum having a
height of 900 mm and an opening diameter ¢f 600 mm. An operatiocn of
washing at 25°C for 2 hrs while stirring, and dewatering the ligquid was
repeated twice. Next, 150 L of 1 g/L aguecus acetic acid solution was
added to 30 kg of the water-containing EVOH pellet, and an operation
of washing at 25°C for 2 hrs while stirring, and dewatering the liguid
was repeated twice. Furthermore, 150 L, of ion exchanged water was added
to 30 kg of the water-containing EVOH pellet, and an opefation of washing
at 25°C for 2 hrs while stirring, and dewatering the 1iquid was repeated
six times, whereby a water-containing EVOH pellet (w-EVOH-1) was obtained
from which impurities such as byproducts in the saponifying step had
been removed. The conductivity of the washing liquid after carrying out
the sixth washing was measured with “CM-30ET” manufactured by TOA

Electronics Lid., and as a result, the washing liquid was revealed to
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have a conductivity of 3 pS/cm. Thus resulting water-containing EVOH
pellet had a water content of 110% by mass.

[0134]

<Synthesis Example 2> Synthesis of Water-Containing EVOE Pellet

A methanol solution of the EVAc from which unreacted vinyl acetate
had been removed was obtained according to an operation similar to
Synthesis Example 1 except that: the amounts of vinyl acetate andmethanol
charged in polymerization of the ethylene-vinyl acetate copolymer were
changed to 85.2 kg and 32.3 kg, respectively; the pressure in the reaction
tank was changed to 2.9 MPa; the amount of the initiator solutien
{methanol solution of AMV having a concentration of 2.5 g/L} injected
upon initiation of the polymerization was changed to 310 mli; and the
amount of the initiator solution continuously added was changed to 950
mL/hr in Synthesis Example 1. The reaction time of the polymerization
reaction was 5 hrs and the polymerization conversion was 40%.

[0135]

Next, saponification and washing were carried out to obtain a
particulate EVOH according to an operation similar to Synthesis Example
1 except that the amount of the alkali solution added was changed to
78.9 L and the amount of acetic acid added for the neutralization was
changed to 9.5 kg.

[0136]

Furthermore, coagulation and washing were carried out to obtain
a water-containing EVOH pellet (w-EVOH-2) according to an operation
similar to Synthesis Example 1 except that the mass ratio of water/
methanol in the water/ methanol mixed solution used in dissolution of
the EVOH was changed to 50/50.

[0137]

<Synthesis Example 3> Synthesis of Water-Containing EVOH Pellet

A methanol solution of the EVAc from which unreacted vinyl acetate
had been removed was obtained according to an operation similar to
Synthesis Example 1 except that: the amounts of vinyl acetate and methanol
charged in polymerization of the ethylene-vinyl acetate copolymer were
changed to 76.7 kg and 11.0 kg, respectively; the pressure in the reaction
tank was changed to 5.5 MPa; the amount of the initiator soluticn
(methanol solution of AMV having a concentration of 2.5 g/L} injected
upon initiation of the polymerization was changed to 510 mi; and the
amount of the initiator solution continuously added was changed to 1,570
mL/hr in Synthesis Example 1. The reaction time of the polymerization

reaction was 5 hrs and the polymerization conversion was 40%.
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[0138]

Next, saponification and washing were carried out to obtain a
particulate EVOH according to an operation similar to Synthesis Example
1 except that the amount of the alkali solution added was changed to
70.4 I, and the amount of acetic acid added for the neutralization was
changed to 8.4 kg.

[0139]

Furthermore, coagulation and washing were carried out to obtain
a water-containing EVOH pellet {w-EVOH-3) according to an operation
similar to Synthesis Example 1 except that the mass ratio of water/
methanol in the water/ methanol mixed solution used in dissolution of
the EVOH was changed to 25/75.

[G140]

<Synthesis Example 4> Synthesis of Water-Containing EVOH Pellet

A methanol solution of the EVAc from which unreacted vinyl acetate
had been removed was obtained according to an operaticn similar to
Synthesis Example 1 except that: the amounts of vinyl acetate and methanol
charged in polymerization of the ethylene-vinyl acetate copolymer were
changed teo 102.0 kg and 17.7 kg, respectively; the pressure in the
reaction tank was changed to 2.9 MPa; the amount of the initiator solutien
{methanol solution of AMV having a concentration of 2.5 g/L) injected
upon initiation of the polymerization was changed to 280 mL; and the
amount of the initiator solution continucusly added was changed to 850
mL/hr in Synthesis Example 1. The reaction time of the polymerization
reaction was 5 hrs and the polymerization conversion was 40%.

{0141]

Next, saponification and washing were carried ocut to obtain a
particulate EVOH according to an operation similar to Synthesis Example
1 except that the amount of the alkali solution added was changed tol
80.1 L. and the amount of acetic acid added for the neutralization was
changed to 9.6 kg.

[0142]

Furthermore, coagulation and washing were carried out to obtain
a water-containing EVOH pellet {w-EVOH-4) according to an operation
similar to Synthesis Example 1 except that the mass ratio of water/
methanol in the water/ methanol mixed solution used in dissclution of
the EVOH was changed to 55/45.

[0143]

<Example 1>
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Into 94.5 L of an aqueocus solution prepared by dissolving each
component in water so as to give 0.05 g/L citric acid, 0.55 g/L trisodium
citrate, 0.015 g/L phosphoric acid and 0.20 g/L boric acid was charged
10.5 kg of the water-containing EVOH pellet (w-EVOH-1) obtained in
Synthesis Example 1, and the mixture was subjected to immersion at 252C
for 6 hrs with occasional stirring. The water-containing EVOE pellet
after the immersion was dewatered using centrifugal dehydrator, and then
dried in a hot-air dryer at 80=C for 3 hrs, followed by drying at 1202C
for 24 hrs to obtain a pellet of a dry EVOH resin composition {(EVOE-1).

f0144]

When EVOH~1 was analyzed for the ethylene content and the degree
of saponification according to the procedure described above, the
ethylene content (Et) was 32 mol % and the degree of saponification (DS)
was no less than 99.98 mol %. In addition, as a result of the analysis
according to the procedure described above, the EVOH-1 contained 2.6
pmol/g of citric acid and citrate ion as the multivalent carboxylic acid
and multivalent carboxylate ion (B2), 7.0 ymol/g of sodium ion as the
metal ion (C}, 10 ppm of the phosphate compound (D) in a value of phosphate
radical, and 156 ppm of the boron compound (E) in a value of boron element.
Evaluation of the EVOH-1 for each physical property according to the
procedure described above revealed the coloring characteristic decided
as “A" since coloring was hardly seen at both 220°C and 2602C, and the
appearance characteristic decided as “A* since celoring was not seen
on the edge of the film roll. In addition, the long-run workability was
decided as A" since even after 60 min the torgque value did not reach
one and a half times the torque value after 5 min, and the adhesiveness
was decided as “A” since the delamination strength was 510 ¢/15 mm.

[0145]

<Examples 2 to 31 and Comparative Examples 1 to 11>

The EVOH resin composition pellets (EVOH-2 to 31, and 34 to 44)
were obtained in a similar manner to Example 1 except that the type of
the water-containing EVOH pellet, and the type and amount of each compound
blended with the agueous solution were changed as shown in Table 1 and
Table 4. The obtained each EVOH resin composition was analyzed and
evaluated in a manner similar to Example 1. The results of the analysis
of the ethylene content, etc. are shown in Table 2 and Table 5, and the
results of the evaluation of the coloring resistance, etc. are shown
in Table 3 and Table 6.

[0146]

<Example 32>
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A water-containing EVOH pellet (w-EVOH-5) was obtained similarly
to Synthesis Example 1 except that 30 g of
"N, N’ -hexamethylenebis (3, 5-di~t-butyl-4-hydroxy-hydrocinnamamide) *
(Irganox 1098, manufactured by Ciba Specialty Chemicals) that is an
antioxidant was added when the EVOH was dissolved in the water/methanol
mixed solution in the pelletizing step in the Synthesis Example 1 and
thereafter purification was carried out according to an operation similar
to Example 1. Furthermore, a pellet of a dry EVOH resin composition
(EVOH-32) was obtained according to an operation similar to Example 1
except that w-EVOH-5 was used in place of w-EVOH-1.

[0147]

<Example 33>

A water-containing EVOH pellet (w-EVOH-6) was obtained similarly
to Example 32 except that the amount of
“N, N’ -hexamethylenebis (3, 5-di-t-butyl-4-hydroxy-hydrocinnamamide) #
added was changed to 5 g, followed by purification according teo an
operation similar to Example 32. Furthermore, a pellet of a dry EVOH
resin composition (EVOH-33) was obtained according to an operation
similar to Example 1 except that w-EVOH-6 was used in place of w-EVOH-1.

[0148]

The EVOE-32 and the EVOH-33 were analyzed and evaluated in a manner
similar to Example 1. The results of the analysis of the ethylene content,
etc. are shown in Table 2, and the results of evaluating coloring

resistance are together shown in Table 3.
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Example 13 w-EVOH-4 24 90,08 citric acid (D.Q3}/ trisadium citrate {0.58} D.00% 0.00 EVOH-12
Example 14 w~EVQH-3 44 5,98 citric acid [0.05]/ trisodium citrate (0.55) 0.030 0.2% EVOH-14
Example 15 w-EVOH-1 32 |8%.%98 malic acid {0.02}/ disodium malate (0.60) 0,015 0.2¢ EVOR-1%
Example 16 w-EVQH~1 3z |99.58 disodiun malate (0.51)/ sodium hydroxide (0.09) 0.01% 0.20 EVOH-16
Example 17 w-EVOH-2 27 99.98 dipotassium malate {0.34)/ potassium hydroxide (0.0G4) 0.0l2 0,12 EVOH~17
Example 18 w-EY¥OH-1 32 |39.%8 dipotasaium tartarate (0.641/ potassium hydroxide (0.003) 0.015 0.20 EVOH-1B
Example 1% w-EVOH-1 32 g99.98 tartaric acid (0.07)/ dipotassium tartarate (0.33) ©.015 0.20 EvoH-19
Example 20 w-EVGH-3 44 99.98 tartaric acid {0.55)/ dismedium cartarate (0.73) 0.015 0,29 EVOH-~20
Exampla 21 w-EVOH-1 32 }99.9% citric acid {0,031/ trisodium citrate {0.551 0.015 0.07 EVOH-21
Example 22 w=EVOH-1 32 |99.98 citric acid r0.0%)/ trisodium citrate {0.55) 0.015 0,00 EVOH-22
E¢ample 21 w=-EVOH-1 32 99.98 citrie acid {0.05}/ trisodium citrate (0.55%) Q.000 a.49 EVOH-23
Exarple 24 w-EVOH-1 3z 5. 98 citric acid {0.05!/ triscdium citrate (D.55) Q.000 0.00 EVOH-24
Example 2% w-EVOH-1 az 93,33 mucin acid {0.10)/ disodium mucinate (0,81} €.015 0.20 EVOH-25
Example 26 w-EVOH-1 3z 99,98 HBTCA [0.01)/ tetrasodium BTCAI0.51) 0,015 .20 EYOH-24§
Example 27 wrEVOH-1 32 95,98 3KGR [0.05)1/ disodium JIKGAI[O.61} 0.01% 0.20 EVOH~27
Example ZB w=EVOH-1 Az |59.98 malonic acid (0.08)/ digodium malonate {0.47) 0.015 0.20 EVOH-28
Example 2% w=EVOH-1 32 )949.83 succinlc acid {0.05)/ disodium succinate [0.B6) 0.015 0.20 EYOH=28
Example 30 w=EVOH=-1 a2 99.98 - Aap (0.10)/ discdium hsp (0.56) 0.015 Q.20 ENOH=30
Example 31 w=-EVOH-1 32 29.98 adipic agid (0.081/ disedium adipate (0.61) 0.015 Q.20 EVOH-31
Example 32 w-EVOH-5 32 |5R.98 citric acid {0.62}/ trisadium citrate {0.24) 0.015 d.z0 EVOH~32
Example 31 w=EVOH-& az 99.98 dizodiom malate (0.43)1/ aodium hydroxide (0.0041 0.915 0.20 EVOH-33

bTCA: 1,2, 3,4~butapetetracarbaxylic acid, 3KGA: 3-Ketoglutaric aclg, Asp: aspartic acid
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Type Type "l rype [“O***™%| polar ratic | prosphate| boran ;u:;:“:c?é
. radical | elemenr
mol *fmol ¥ nmel Sy umalfg umol /g ppmn ppm

example 1 | Evon-1| 32 |ov.ss| - - citrie acid 2.5 i 7.0 0371 10 156

Example 2 | Evon-2| 12 |es.ee| - - citric acid 15.0 | wa 4.0 1.857 10 156 3y
Example 3 | Evon-3| 32 [99.9se| - - eitric acid 7.4 Na 7.5 1.040 10 156 asn
Bxample 4 | EvoH-1} 32 |9es.98| - - citric acid o.4 Ha 5.2 0.077 10 156 80
Exarpla & | Evon-5| 32 [9s.ms| - - citric acid v.08 | e 4. 0.017 10 156 #30
Exarple 6 | EvoH-6| 32 |9s.e8| - - clizic acid 5.9 Ha | 17.5 0.337 10 156 8se
example 7 | gvod-7| 32 |es.es| - - citric acid 1.8 s | 1300 8.369 10 156 830
Example 8 |Evon-s| 32 [ev.se| - - citric acid 2.3 a 4.3 9.535 10 156 820
Example % | EVOH-9 az 93,98 - - citric acid 3.2 Ha .o 1.067 i0 156 890
Example 1o|Evon-10] 2z |s#s.08| - - citric acid 1.6 K 7.0 0.371 10 156 830
Exarple 11|Evon-11 3z |es.o8| - - citzic acid 14,1 K 2.5 1.484 10 156 850
Example 12|Evon-12| 32 |ss.s8| - - citzic asid 0.07 K 4.8 o.015 10 156 as0
Example 13|evon=13] 24 |99.98| - - citrie aeid 2.8 Na 7.4 0.351 5 ° [
Example 14 |evon-14] 44 [oes.08| - - eitric acid 2.4 Ha 7.0 3.371 20 227 1300
Example 15|evon-1s| 32 |9es.0s| - - walle acid 3.7 Ha 7.0 5.520 10 156 890
Exampls 16|evon-16] 22 [ss.88] - - mallc acid 3.0 we | 104 0.284 10 156 850
Exampla 17 |Evon-17[ 27 |ss.e| - - malic acid 3.8 K 5.0 5360 8 9% 550
Example 18 |evou-18] 12 |9s,09] - - tartaric acid 3.0 3 7.0 9.429 10 156 890
Example 1%|EVOH-19| 22 99.98 - - tartaric acid 2.3 K 3.6 0.639 10 156 B30
Example 20 |Evon-20] 44 [as.ea| - - tartaric acid 7.5 Ha 7.0 1,071 10 221 1300
example 21 )evon-z1 3z [es.ea| - - citzic acid 2.6 K 7.0 0,171 10 52 100
Example 22]Evon-2z| 32z fes.se| - - citzie acid 2.6 * 7.0 0372 10 o )
Example 23 |Evon-23| 32 [sa,es]| - - citzic asid 2.8 X 7.0 0,371 0 g4 2200
Exsnple 24)evon-24| 32 |s3.08| - - citric acid 2.6 X 7.0 0.311 o o 0
Example 25[Evon-28| 32 [99.08| - - muein neid 4.0 Ha 1.0 0.571 10 156 890
example 261Evon-26[ 32 [ss.ve| - - but“““;iﬂéi;yuc cid 1.8 Ha 7.0 9.287 10 156 890
Example 27{evon-27| 32 |es.esf - - I-kereglutaric acid 1.9 Ha 7.0 0,551 18 156 390
txample 28 |evon-28] 32 |o9.sel - - malonic acid 4.0 a 7.0 0.571 10 156 290
Example 29]EvoH-29| 32z |so.smf - - suceinic acid 1.0 Ha 7.0 0,571 10 155 130
Example 30 |EVOH-10| 32 92.%8 - - aspartic acid 4.2 Ma 7.0 0.614 10 156 890
txample 31|Evon-31] 32 [99.ea] - - edipic acid 4.1 Ha 7. 0,586 16 156 #90
Exampla 32|evon-1z| 3z |as.sa] - - citric acid 1.z a 3.0 1.400 10 156 290
trample 33|evon-33] 22 |9s.sa| - - malic acid 2.5 ¥a +.e 0.357 10 156 390




Coloring resistance Appearance Long-run Adhesivencas
220°C 26G°C characteristic| workability '
Exanplie 1 A A A A A
Example 2 A B B B A
Example 3 A A A A Y
Sxample 4 A A A A s
Sxample 5 B B B A A
Exanple € A B B a S
Example 7 A B A B A
Example 8 A A A 2 A
Example 2 3 A A B B
BErample 10 A A A A A
Example 11 A B B B A
Example 12 B B 5 A A
Example 13 A A 2 B I
Example 14 A A A A A
Example 15 A B A A A
Exanmple 16 A B A A A
Example 17 A B A A A
Example 18 n A A A A
Example 19 A B i A B
Example 20 A A % B b
Example 21 A A A B A
Example 22 A A A <} F:
Example 23 B A B A A
Example 24 B A B A A
Example 25 B A B Y A
Example 26 B B B B A
Example Z7 B B B A B
Example 28 B B B A 3
Example 28 B 3 B A B
Example 30 B 5 B F:y B
Example 31 B B B B B
Exemple 32 n A A A 2
Example 33 A B A A A
[01521]
[Table 4]
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Type and concentration of cemponent blended with agueous solutien

o 23 08
Wator-vontaining EVOR Carponylic acié/meral lons vhosphoric | Baric acid
mol mol Numbhars in parenthesis indicatina blended concentration {(unit: o/L} all g/l
Lomparative w-EVOH-1 3z foo.9m sodium acctate (0.191/ scdinm hydroxide {0.009) 5.01% 0,20 RYOH-34
Example 1
C?:?E;?Elze w=FVOH-1 3z 99, AR acetic acid (0.03)/ zodium acetane {N.52} 0.0L5 0.20 EV0ii-34
Comparallve weEVOH-1 3z | o99.98 sodiam acetate (0.06)/ sodium hydraxide (0.0121 G.015 G.20 EVOIl- 36
Example 3
C;":S:;‘]“:‘d’e W VOH~1 3z | a9.98 sodium lactate (0.11}/ sodium hydroxide (0.005) 0,015 n.20 EVOH-37
comparative w-EVOH-1 2 |os.08 sogium lactale (0.25}/ scdium hydraxide (2,008) 0.01% u.z20 ZVOE- 30
Frampie Y
Semparative W-EVOH-1 il 99,98 Bodium pyruvate (C.25}/ sodium hydroxide (0.009%) 5.01% .20 EVGH-39
Exanple 6
somparative 32 | 99.08 alanine (0.3701/ sodium hydroxide (9.009) 2.015 0.20 EVOH-4C
Example 7
C?mparat;ve w-BYQH-1 3z 99, 9R trisogdium citrare (0.001)/ sodium hvdroxide (0.014) ¢,y .20 EVOH-41
Lrample A
Comparative weEVOR-1 32 199,98 cilric acid (3.74)/ trisodium citrate {0.55) 6,015 D.20 EVOH-42
Cxompla 0
Comparatlive -EVGH-1 32 | 99,98 tarlaric acid {0.27)/ disodium tartarate (0.12) 0.01% 0.20 EVON-¢ 3
Example i1
Comparetive w-EVOR-1 3z | 99.98 discdium tarzarate {0.013)/ sodinm hydroxide 10,066 0,015 5,20 EVOH-44

Lxampla 11
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(E1) 82) i) B21/ (C) () (F)
Content, in | Content in Content in
Et DS
- Ceontent Content Content a value of |a valuo of a value of
Type Type Type Melar ratio phosphate Loron bori id
radical elemant: © e
mol mol % umol /g umol/g umol/g ppm PPm PRMm
Comparative | puon 34| a2 [ 99.98 | aceric acid 2.5 - - Na 7.0 0.000 10 156 830
Examole 1
Comparative | cyon-35| 32 |99.98 | acetic acid | 7.5 - - Na 7.0 0.000 10 156 890
Example 2
Comparative | ouon-a6| 32 | 99.38 | acetic acia | 0.8 - - Na 7.0 0.000 10 156 890
Example 3
Comparative | pyou-371 32 | 89.98 | lactic acia 1.1 - - Ha 7.0 0.000 10 156 890
Example 4
Comparative y puon.ag) 32 | 99.98 | lactic acia | 2.5 - - Na 7.0 0.000 10 156 890
Example 5
COMPALALIVE | puon 39 32 | 99.98 | pyruvic acid| 2.5 - - Na 7.0 0.000 10 156 895
Example 6
comparative | poopant 32 | 89,98 alanine 2.5 - - Na 7.0 0.000 10 156 890
Erxample 7
Comparative | puon_g1| 3z | s9.00 - - citric acid | 9.005 Na 7.0 8.001 10 158 800
Example 8
Comparative | pyoy.az| 32 | 99.98 - - citric acid | 21.8 Na 7.0 2,129 10 158 B30
Example 9
Comparative | puou a3 32 | 9o.98 - - tartaric acid | 2.5 Na 1.1 2.273 10 156 890
Example 10
cowparative | pyny za| 32 | 99.98 - - tartaric acid| 0.06 | ma 3 0.0013 10 155 850

Example 11
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[0155]

<Example 34>

Into 94.5 L of an aqueous solution prepared by dissolving each
component in water so.as to give 0.24 g/L citric acid, 0.50 g/L magnesium
citrate hexahydrate (synthesized according to a method described in
Japanese Unexamined Patent Application, Publication No. 2004-51442),
0.015 g/L phosphoric acid and 0.20 ¢/L boric acid was placed 10.5 kg
of the water-containing EVCH pellet {(w-EVCOH-1) obtained in Synthesis
Example 1, and the mixture was subjected to immersion at 252C for 6 hrs
with occasional stirring. The water-containing EVOH pellet after the
immersion was deawatered using centrifugal dehydrator, and then dried
in a hot-air dryer at 802C for 3 hrs, followed by drying at 120°C for
24 hrs to obtain a pellet of a dry EVOH resin composition (EVOH-45).

{0156]

When EVOH-45 was analyzed for the ethylene content and the degree
of saponification according to the procedure described above, the
ethylene content was 32 mol % and the degree of saponification was no
less than 99.98mel %. Inadditioen, as a result of the analysis according
to the procedure described above, the EVOH-45 contained 3.2 umol/g of
citric acid and citrate ion as the multivalent carboxylic acid and
multivalent carboxylate ion (B2}, 2.9 umol/g of magnesium ion as the
metal ion (C), 10 ppm of the phosphate compound (D} in a value of phosphate
radical, and 156 ppm of the boron compound (E) in a value of boron element.

Evaluation of the EVOH-45 for each physical property according to the

50



procedure described above revealed the coloring characteristic decided
as “A" since coloring was hardly seen at both 2202¢C and 2602C, and the
appearance characteristic decided as “A* since coloring was not seen
on the edge of the filmroll. Inaddition, the recyclability was decided
as “A” since the resin stuck to the screw of the extruder was hardly
seen after repeated pelletizing, and the adhesiveness was decided as
*B” since the delamination strength was 460 g/15 mm.

[0157]

<Examples 35 to 45 and Comparative Examples 12 to 15>

The EVOH resin composition pellets (EVOH-46 to 60) were obtained
in a similar manner to Example 34 except that the type of the
water-containing EVOH pellet, and the type and amount of each compound
blended with the aqueous solution were changed as shown in Table 7. The
obtained each EVOE resin composition was analyzed and evaluated in a
manner similar to Example 34. The results of the analysis of the ethylene
content, etc. are shown in Table 8, and the results of the evaluation
of the coloring resistance, etc. are shown in Table 9.

[0158]

[Table 7}
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w-EVOH-1 32 99,98 dipotassium ta_rta:ate 10,64}/ potassium hydroxide {0,003) 2,018 0.20 EVOH-54
w-EFOI-1 32 99,908 tarraric acid (2.07)/ dipotassium tavtarate (0,39} G.015 .20 FYOH=3Y4
w-EVOH-3 44 90,93 tartaric acid (0.53)/ disodium tartarate (0.73} 0,015 0.33 FVOH-5E
w-EVQH~1 32 99, 88 caleium acetate [0.22)/7 caleiom hydroxide {D.GT76) f.0L5 0.20 EVOH=-57
w=RYCH-1 32 69,88 calcium citrate {0,001)/ valcium hydeoxide (0.02) 0.015 0.26 EVOE-58
w-iEYOH-1 32 g4, 54 eitric acid {3.3%)/ magnesium citrate (1.20) 0.015 0.23 EVOH-55%
Ww-EVOI-1 32 99.98 tartaric acid (0.00B)1/ calcium carbonate (0.163) 0.0 0.2¢ EVOH-60




32 99,498 - - rartaric acidg 2.5 Ca,K,Na a9.0 L.3pn EI 156 4y
2l 45.398 - - tartavic acid B.e La, K, Ha 9.0 0.956 90 1h6 870
3z 99,48 - - tartaric azid 2 [ 7.4 0,429 10 156 380
3z 95,90 - - tartaric acid T2 23 N 2,632 10 156 890
44 24,99 - - Tartaric acid I3 Na 7.0 1.071 iC iLh 2905
2 9%.98 |acetic acid - - - Ca L] 0.ann i0 156 390
32 N9y - - aitric acid 0. 00 Ca L) .00l 1o [543 390
3¢ 94, i - - citric acid 21.3 it 7.0 3,129 16 146 390
32 £3,93¢ - - tartaric acid 6. 06 Ca 23.n 0,001 1¢ 1he 390




Celoring resistance Appearance rec . _ .
29000 560°C characteristic yclability | Adhesiveness
Example 34 A B A A B
Example 35 A . B B B
Example 36 A B A A B
Exampie 37 A R A A K
Example 38 A B B A A
Example 33 A A A A A
Example 40 A A A A A
Example 41 A A A B A
Example 42 A A A A A
Example 43 A A A B IS
Example 44 A B A C B
Example 45 A A A B A
T ive

CEOEF:prlaeh 3 # © < B B
iﬁiﬁ;;ifﬁzf < 2 2 D B

[0161]

<Example 46>

Tnto 94.5 L of an aqueous sclution prepared by dissolving each
component in water so as to give 0.8 g/L acetic acid, 0.02 g/L citric
acid, 0.50 g¢g/L trisodium ¢itrate, 0.015 g/L phosphoric acid and 0.20
g/L boric acid was placed 10.5 kg of the water-containing EVOH pellet
(w-EVOH-1) obtained in Synthesis Example 1, and the mixture was subjected
to immersion at 25¢C for 6 hrs with occasional stirring. The
water-containing EVOH pellet after the immersion was dewatered using
centrifugal dehydrator, and then dried in a hot-air dryer at 80°C for
3 hrs, followed by drying at 1202C for 24 hrs to obtain a pellet of a
dry EVOH resin composition (EVOH-1).

[0162]

When EVOH-61 was analyzed for the ethylene content and the degree
of saponification according te the procedurs described above, the
ethylene content was 32 mol % and the degree of saponification was no
less than 99.98mol %. Inaddition, as a result of the analysis according

to the procedure described above, the EVOH-61 contained 16.7 pmol/g of
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acetate ion as the monocarboxylic acid and monocarboxylate ion (Bl1),
0.1 ymol/g of citric acid and citrate ion as the multivalent carboxylic
acid and multivalent carboxylate ion (B2}, 7.4 ymol/g of sodium ion as
the metal ion {C), 10 ppm of the phosphate compound (D) in a value of
phosphate radical, and 156 ppm of the boron compound (E} in a value cof
boron element. Evaluation of the EVOH-61 for each physical property
according to the procedure described above revealed the coloring
characteristic decided as “A“ since coloring was hardly seen at both
2202C and 2602C, and the appearance characteristic decided as “A“ since
coloring was not seen on the edge of the film roll. In addition, the
long-run workability was decided as “"A” since even after 60 min the torgque
value did not reach one and a half times the torque value after 5 min,
and the adhesgiveness was decided as “B” since the delamination strength
was 480 g/15 mm.

[0163]

<Examples 47 to 54 and Comparative Examples 16 to 19>

The EVOH resin composition pellets (EVOE-62 to 73) were obtained
in a similar manner to Example 46 except that the type of the
water-containing EVOH pellet, and the type and amount of each compound
blended with the agqueous solution were changed as shown in Table 10.
The obtained each EVOH resin composition was analyzed and evaluated in
a manner similar to Example 46. The results of the analysis of the
ethylene content, etc. are shown in Table 11, and the results of the
evaluation of the ceocloring resistance, etc. are shown in Table 12.

[0164]

[Table 10]
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[Table 11]
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[ZT eTdRL]

[99T0]

{Bl) {B2) (<) {B2)/ (C) (D) (E)
Content in|Content in Content im
Et 23] a value of|a valuc of
T t
Type Lontent Type Content Type content | ptar ratio phesphate boron a value of
s boric acid
radical clement
mel £ |mol & wrmol/yg umol/o umol/g ppm ppim ppm
Example 446 | EVOH-61 32 99.98 | acetic acid 16.7 citric acid o.o08 Na 7.39 0.0108 10 156 89g
Example 47 | BVOH-62 32 92.98 | acetic acid 16.7 citric acid 2.60 Na 7.29 0.3518 10 136 840
Example 48 [ EVOH-63 32 99.98 | acetic acid 16.7 citric acid 4.16 Ma 7.39 0.5625 10 156 850
Example 49 | EVOH-64 32 949.88 | acetic acid 16.7 adipic acid 2.60 Na 7.39 0.3518 10 156 890
Example 50 | EVOH-65 32 99.98 § acetic acid 16.7 Aconitic acid 2.60 Na 7.35 0.3318 10 158 Ba0
Example 51 | EVOH-66 3z 99,98 1 acetic acid 16.7 aspartic acid 2,60 Na 7.3% 0.3518 10 156 ga0
Exanmple 52 | BVOH-67 3z 498,98 | acetic acid 16.7 maleie acig 2.60 Na 7.38 0.3518 i0 156 590
Fxample 53 | EVOH-68 27 99.98 | acetic acid 16.7 citric acid 2.60 Na 7.39 0.3518 10 96 530
Example 34 | EVOH-69 44 99,98 | acezic acid 16.7 citric acid 2.40 Na 7.39 0.3518 10 227 1300
Comparative | gyor—yo| 32 |99.98 | acetic acid | 16.7 - - ¥a 7.39 - 10 156 890
Example 16
Compazative §oyou 91| 32 | 99.98 | acetic acie | 16.7 | citric acid | .01 Na 7,39 0.0014 10 156 890
Ezample 17
| Leamn
compazative §oyou 2| 32 Fev.ss | aceric acia | 16.7 citric acid | 7.81 Na 3.48 2.2443 10 156 890
Example 18
Comparativey puon-73| 32 [ 95.98 | acetic acia | 16.7 | citric acid | o.08 Na 13.48 0.0018 10 156 890
Example 12




Coloring resistance
Appearance Long-run adhesiveness

220°C 260°C |characteristic| workability *
Example 46 B 3 A A B
Example 47 B A A . A
Example 48 A a A A A
Example 48 B B B 3 B
Example 50 B B B A B
Example 51 B B B A B
Example 52 B B B A B
Example 53 B A A A A
Example 54 A A A A A
Conparative
Example 16 B ¢ ¢ A 5
C_‘omparatlve B c o A A
Example 17
Comparative
Example 18 B B A © c
Corn_pa{atlve c c o B A
Example 18

[Gl67]

<Example 55>

A water-containing EVOH pellet (w-EVOH-7} was obtained similarly
to Synthesis Example 1 except that 22 g of citric acid was further added
in neutralizing and stopping the reaction by adding acetic acid and water
in the saponifying step in the Synthesis Example 1 and thereafter washing,
pelletizing and purification were carried out according to an operation
similar to Example 1. Furthermore, a pellet of a dry EVOH resin
composition (EVOH-74) was obtained according to an operation similar
to Example 1 except that w-EVOH-7 was used in place of w-EVOH-1.

{0168]

<Example 56>

A water-containing EVOH pellet (w-EVOH-8) was obtained similarly
to Synthesis Example 1 except that 2 g of citric acid was added when
the EVOH was dissolved in the water/methanol mixed solution in the
pelletizing step in the Synthesis Example 1 and thereafter purification
was carried out according to an operation similar to Example 1.
Furthermore, a pellet of a dry EVOH resin composition (EVOH-75) was
obtained according to an operation similar to Example 1 except that
w-EVOH~8 was used in place of w-EVOH-1.

[0169]

<Example 57>

b8



The w-EVOH-1 obtained in Synthesis Example 1 was dried in a hot-air
dryver at 802C for 1 hour, whereby a water-containing EVOH pellet having
a moisture content of 50% by mass was obtained. The cobtained
water-containing EVOH pellet was charged into a biaxial extruder (details
shown below) at a rate of 10 kg/hr, then the temperature of the resin
in & discharge opening was adjusted to 1002C, and an aquecus solution
including 0.63 ¢/L citric acid, 6.74 g/L trisodium citrate, 0.11 g/L
phosphoric acid and 9.9 g/L boric acid was added at a rate of 0.6 L/hr
from a solution adding part at a tip part on the discharge opening side
shown in Fig. 1. The strand-shaped and melted water-containing EVOH
discharged from a dice was cut by a strand cutter to obtain a cylindrical
water-containing EVOH pellet (moisture content: 25% by mass}. The
obtained water-containing EVOH pellet was dried in a hot-air dryer at
802C for 1 hour, followed by consequently drying at 120°C for 24 hrs
to obtain a pellet of dry EVOH resin composition (EVOH-76).
<Detailed Specifications of Biaxial Extruder>

Screw Diameter: 30 mm

L/D: 45.5

Screw: fully intermeshing type in the same direction (detailed
configuration of screw being shown in Fig. 1)

Screw rotation speed: 300 rpm

Die: 3 mme, 5-holes strand die

Winding speed: 5 m/min

[0170]

<Example 58>

Awater-containing EVOH pellet (w-EVOH-9) was cbtained by carrying
out saponification, washing, pelletizing and purification according teo
an operation similar to Synthesis Example 1 except that 101 g of vinyl
acetate (400 ppm with respect to the methanol solution having a
concentration of 15% of EVAc) and 27 g of trisodium citrate were added
to the methancl solution having a concentration of 15% by mass of EVAc
used for the saponifying step, and that an alkali solution was added
after the mixture was stirred to permit homogenous dissolution in
Synthesis Example 1. Furthermore, a pellet of a dry EVOH resin
composition (EVOH-77) was obtained according to an operation similar
to Example 1 except that w-EVOH-9 was used in place of w-EVOH-1.

[0171]

<Example 59>

A water-containing EVOH pellet (w-EVOE-10) was obtained by

carrying out saponification, washing, pelletizing and purification

59



according to an operation similar to Example 57 except that the amount
of vinyl acetate added was changed to 152 g (600 ppm with respect to
the methanol solution having a concentration of 15% of EVAc) in Example
58. Furthermore, a pellet of the dry EVOH resin composition (EVOH-78}
was obtained according to an operation similar to Example 1 except that
w-EVOH-10 was used in place of w-EVOE-1.

[0172]

<Comparative Example 20>

A water-containing EVOH pellet {(w-EVOH-11) was obtained by
carrying out polymerization, saponification, washing, pelletizing and
purification according to an operation similar to Synthesis Example 1
except that 48 g of citric acid was further added when vinyl acetate
and methanol were charged into the reaction tank in the polymerization
step in Synthesis Example 1. Furthermore, a pellet of a dry EVOH resin
composition (EVOH-792) was obtained according to an operation similar
to Comparative Example 1 except that w-EVOH-11 was used in place of
w-EVOH-1.

[0173]

The dry EVOH resin composition pellets EVOH-74 to -79 obtained
in Examples 55 to 59 and Comparative Example 20 were analyzed and
evaluated in a manner similar to Example 1. The results of the analysis
of the ethylene content, etc. and the evaluation of coloring resistance,
etc. are shown in Table 13 and Table 14.

[0174]

[Table 13]
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[vT 219®BL]

[S4T0)

{B1) (B2) (C) {B2)/ (C) {D) {E}
Content in | Content in Content in
Et Ds
Content Content Content : a value of ja value of a value of
Type Type Type Molar ratio| phosphate boron . X
z boric acid
radical element
mol mol % pmol/g umol/g umol /g ppm ppm ppm
Example 55 |EVOH-74 32 99.98 - - citric acid 2.6 Na 7.0 0.3 10 156 890
Example 56 {EVOH-75 32 99.98 - - citric acid 2.6 Na 7.0 0.371 10 156 890
Example 57 |EVOH-T76 32 99.98 - - citric acid 2.6 Ma 7.0 0.371 10 156 890
Example 5B [EVOH-T77 32 99.98 - - citric acid 2.6 Ka 7.0 0,371 10 156 890
Example 59 |EVCH-78 32 99.98 - - citric acid 2.6 Na 7.0 0.371 i0 156 B90
Comparativelpyoy 79 32 | 99.968 |acetic acid| 2.5 |citric acia| <o0.01 Na 7.0 <0.001 10 156 890
Example 20




Colering resistance

Appearance

Long-run

Example 20

220°C 260°C |characteristic| workability | SOnesivensss
Example 55 A A A A a
Example 56 A A A B A
Example 57 A a A A A
Example 58 S A A A A
Example 59 B B B A A
Comparative C D c a N

[INDUSTRIAL APPLICABILITY]

[0176]

The EVOH resin composition of the present invention can be suitably

used as a material for various types of molded articles such as

monolayered or multilayered films, sheets, pipes, containers and fibers

superior in the appearance characteristics since the EVOH resin

composition of the present invention is superior in appearance

characteristics and long-run workability,
coloring such as yellowing to be inhibited even by melt molding at high

temperatures, particularly, for example, a high temperature of no less

than 2602C.

[EXPLANATION OF THE REFERENCE SYMBOLS]

[0177]

material supply part

. 4, 6

full flighted screw part

, 5 reverse flighted screw part

minor component adding part

temperature sensor

1
2
3
7 vent cylinder part
8
9
1

0 cylinder barrel

11 discharge opening

20 biaxial extruder
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CLAIMS

1. A resin ceomposition comprising:

(&) an ethylene-vinyl alcohol copolymer;

{B} at least one selected from the set consisting of a carboxylic
acid and a carboxylate ion; and

(C) a metal ion,
wherein

the component (B} comprises {B2) at least one selected from the
set consisting of a multivalent carboxylic acid and a multivalent
carboxylate ion, and

the molar ratio (B2/C) of the multivalent carboxylic acid and the
multivalent carboxylate ion (B2) to the metal ion {C) is 0.002 or greater

and 2 or less.

2. The resin composition according to claim 1, wherein the content

of the component (B2) is 0.01 pmeol/g or greater and 20 umecl/g or less.

3. The resin composition according to claim 1 or 2, wherein at least
a pair of carboxyl groups in the component (B2) are linked each other

via a linking group having 1 or 2 carbon atom(s).

4. The resin composition according to any one of claims 1 to 3, wherein
the content of the compecnent (C) is 2.5 umol/g or greater and 22 umol/g

or less.

5. The resin composition according to any one of claims 1 to 4, wherein

the component (C) comprises (Cl) an alkali metal ion.

6. The resin composition according to claim 5, wherein the content

of the component (Cl) is 2.5 pmel/g or greater and 22 umol/g or less.
7. The resin composition according to claim 5 or 6, wherein the molar
ratio (B2/Cl) of the component (B2) to the component (Cl) is 0.002 or

greater and 2 or less.

8. The resin composition according to any one of claims 1 to 7, wherein

the component (C) comprises (C2) an alkaline earth metal ion.
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9. The resin composition according to any one of claims 1 to 8, the
resin composition further comprising (D) a phosphate compound,
wherein the content of the phosphate compcund (D) is 5 ppm or greater

and 500 ppm or less in a value of phosphate radical.

10. The resin composition according to any one of claims 1 to 9, the
resin composition further comprising (E) a boron compound,
wherein the content of the boron compound (E} is 5 ppm or greater and

2,000 ppm or less in a value of boron element.

11. The resin compositicon according to any one of claims 1 to 10,
whereln the content of (Bl) a monocarboxylic acid and a monocarboxylate

ion as the component (B) is less than 2 umol/g.

12. The resin composition according to any one of claims 1 to 11, the
component (B) further comprising (Bl) at least one selected from the
set consisting of a monocarboxylic acid and a menocarboxylate ion,

wherein the content of the monocarboxylic acid and the monocarboxylate

ion (Bl) is no less than 2 umol/g.

13. The resin composition according to any one of claims 1 to 12, the

resin composition being for use in co-extrusion molding.

14. A method for producing the resin composition according to any one
of claims 1 to 13, the method comprising

a copolymerizing step in which ethylene and a vinyl ester are
copolymerized to obtain an ethylene-vinyl ester copolymer, and

a saponifying step in which the ethylene-vinyl ester copolymer
is saponified to obtain an ethylene-vinyl alcohol copolymer, and
the method further comprising

a mixing step in which the ethylene-vinyl ester copolymer or the
ethylens vinyl alcochol copolymer is mixed with (B2’) at least one of
a multivalent carboxylic acid and a salt thereof, later than the

copolymerizing step.
15. The method for producing the resin composition according to claim

14, wherein the mixing step i1s carried out in a system in which the

concentration of the vinyl ester is no greater than 1,000 ppm.
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16. The method for producing the resin composition according to claim
14 or 15, the method further comprising:

an pelletizing step in which a water-containing pellet of an
ethylene-vinyl alcohol copolymer is obtained by an pelletizing operation
froma solution comprising the ethylene-vinyl alcohol copolymer obtained
in the sapecnifying step; and

a drying step in which the water-containing pellet is dried to
obtain a resin compositicn comprising an ethylene-vinyl alcohol
copolymer,

wherein the mixing step is carried out after the pelletizing step.

17. The method for producing the resin composition according to claim
lé, wherein the mixing step is carried out between the pelletizing step
and the drying step by immersing the water—-containing pellet ina solution

containing the component (B2').

18. The methed for producing the resin composition according to claim

16, wherein the mixing step is carried out in the pelletizing step.

19. The method for producing the resin composition according to claim

14 or 15, wherein the mixing step is carried out in the saponifying step.

20. Amultilayered structure provided with at least one layer obtained

from the resin composition according to any one of claims 1 to 13.
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