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RESIN COMPOSITION, METHOD FOR PRODUCTION THEREOF AN MULTILAYERED

STRUCTURE

[TECHNICAL FIELD]

[0001]

The present invention relates to a resin compositi
for production thereof and a multilayered structure
obtained from the resin composition.
[BACKGROUND ART]

[0002]

Ethylene-vinyl alcohol copolymers (hereinafter, ma
referred to as “EVOH”) are superior in oxygen barri
transparency, oil resistance, antistatic properties
strength and the like, and thus have been widely us
of wrapping materials such as films, sheets, contai

[0003]

Thesematerialssuchasfilmsareusuallyformedb
method. Therefore, EVOH is expected to have superi
characteristicsin meltmolding (being enabling mol
superior appearances without generation of gels and
paint), occurrence of coloring such as yellowing, a
obtained),long-runworkability(apropertycapable
product withoutgenerationoffisheyes,streaks,
of physical properties such as viscosity, etc., if
period oftime), and the like. Inaddition, films,
are oftenformedwithamultilayered structure havi
the purpose of improving oxygen barrier properties
such amultilayered structure is to be obtained, a
containedinanEVOHcompositioninordertoimprov
layers. However, itis knownthatwhenametal sal
EVOHcomposition,coloringsuchasyellowingismor
andthusappearance characteristicsare deteriorate
an intended usage of sheet molding and the like, an
ofasheetafteramolded productwas obtainedisr
andthereisadisadvantagethatdeteriorationoft
time reuse is repeated, and defects such as gels an
whereby an appearance of a molded product is deteri
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[0004]

Under such circumstances, so as to improve these v
characteristics demanded for EVOH, particularly, ap
characteristics, various types of methods in which
carboxylicacidandphosphoricacid,andmetalsalt
salts and alkaline earth metal salts are contained
content in an EVOH composition have been proposed (
Unexamined Patent Application, Publication Nos. S64
2001-146539). The EVOH compositions obtained by th
reportedly enable the appearance characteristic and
workability to be improved, and a molded article ha
appearance without gels, seeds or the like to be ob

[0005]

However, even these compositions cannot sufficient
occurrenceofcoloringsuchasyellowinginmeltmo
when a multilayered structure is molded by co-extru
and other thermoplastic resin, melt molding may be
comparatively hightemperature over 200°C in accord
temperature of the other resin. In the case in whi
carriedoutatsuchacomparatively hightemperatur
compositionshavebeendisadvantageousinthatyell
tooccur. Furthermore,inco-extrusionofan EVOH
resin such as nylon or polyester, molding thereof r
temperature, so that an EVOH is also exposed to a h
suchase.g.,nolowerthan260°C. Therefore,anE
whichcanpreventyellowingfromoccurringundersu
[PRIOR ART DOCUMENTS]

[PATENT DOCUMENTS]

[0006]

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

Patent Document 2: Japanese Unexamined Patent Appl
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 circ
described above, and an object of the present inven
an EVOH-containing resin composition having superio
characteristics and long-run workability in melt mo
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capable of inhibiting occurrence of yellowing, etc.
particularlyinmeltmoldingevenatahightempera
nolowerthan260°C,andtoprovideamultilayered
thecomposition. Afurtherobjectofthepresenti
a method for producing the EVOH-containing resin co
[MEANS FOR SOLVING THE PROBLEMS]

[0008]

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

(A)anethylene-vinylalcoholcopolymer(hereinaft
referred to as “(A) component”);

(B)acarboxylicacid and/oracarboxylateion (he
be also referred to as “(B) component”); and

(C) a metal ion (hereinafter, may be also referred

component”),
wherein

the carboxylicacid and/orthe carboxylate ion (B)
a multivalent carboxylic acid and/or a multivalent
(hereinafter, may be also referred to as “(B2) comp

themolarratio (B2/C)ofthemultivalentcarboxyl
multivalentcarboxylateion(B2)tothemetalion(
and 2 or less.

[0009]

Since the resin composition of the present inventi
multivalentcarboxylicacidand/oramultivalentca
component (B2) and a metal ion as the component (C)
structure superior in interlayer adhesiveness can b
further generation of gels, seeds or the like in me
inhibited, thereby resulting in an achievement of s
characteristics and the long-run workability. Part
considered that since the proportion of the metal i
(C), and the multivalent carboxylic acid and multiv
ion as the component (B2) contained falls within th
rangeintheresincomposition,the multivalentcar
likearestablycoordinatedwiththemetalionthat
ofyellowing, etc.,therebyenablinganincorporati
Accordingtotheresincomposition, the multivalent
the like are stably present in a state of coordinat
ionasdescribed above, sothata catalytic functio
has for reactions such as yellowing of the EVOH can
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a result, coloring such as yellowing can be inhibit
notonly ata usually employed temperature, for exa
200°C,butalsoatahighertemperature,forexampl

[0010]

The content of the component (B2) is preferably 0.
greaterand 20
to the content of the component (B2) falling within
characteristics such as a high inhibition property
in melt molding at a high temperature are enhanced.

[0011]

Thecomponent(B2)preferablyhasatleastonetyp
groupselectedfromthesetconsistingofahydroxy
and aketone group. Inthe caseinwhichthe compo
multivalent carboxylic acid and/orthe multivalent
such functional groups, stability in a state where
is coordinated with the metal ion is enhanced, so t
property of occurrence of coloring in melt molding
composition at a high temperature, and the like can

Ofthesefunctionalgroups,ahydroxygroupisfav
for example, coordination strength with the metal i
appropriately, and a multilayered structure superio
adhesiveness is obtained whereas occurrence of colo

[0012]

At least a pair of carboxyl groups in the componen
preferably linked each other via a linking group ha
atom(s). Itisconsideredthatthe multivalentcar
like can be coordinated in a sterically stable mann
onemetalionsinceatleastapairofcarboxylgro
carboxylicacidand/orthemultivalentcarboxylate
(B2)isarrangedwithsuchanintervalinthe struc
(B2). Therefore, according to the resin compositio
coloring such as yellowing in melt molding at a hig
be further reduced. In addition, various character
appearance characteristic, the long-run workability
between layers, etc. can be achieved in awell-bala
to be noted that a carboxyl group herein includes a
group in a carboxylate ion.

[0013]

Thecomponent(B2)preferablyhasatleastthreec
Since a multivalent carboxylic acid and/or a multiv
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ionhavingatleastthreecarboxylgroupscanbeco
ioninamore electrically and sterically stable an
various functions such as an inhibitory function of
coloringinmeltmolding ofthe resincompositiona
can be improved.

[0014]

The content of the component (C) is preferably 2.5
greaterand 22
tothe content of the metalion as the component (C
range, the appearance characteristics are improved,
interlayeradhesivenessinmoldingamultilayereds
can be enhanced.

[0015]

The component (C) preferably includes (C1) an alka

(hereinafter, may be also referred to as “(C1) comp
including an alkali metal ion in the component (C),
characteristicsareimproved,andfurtherthelong-
interlayer adhesiveness in molding a multilayered s
like are enhanced.

[0016]

The content of the component (C1) is preferably 2.
greaterand22
of the alkali metal ion as the component (C1) falls
the long-run workability and the interlayer adhesiv
into a multilayered structure can be well balanced

[0017]

Themolarratio(B2/C)ofthecomponent(B2)toth
is preferably 0.002 or greater and 2 or less. Acco
composition,duetothemolarratioofthecomponen
(B2) falling within the range, further higher inhib
againstcoloringatahightemperaturecanbeachie
between the long-run workability and the interlayer
molding a multilayered structure is maintained.

[0018]

It is preferred that the component (C) also includ
alkaline earth metal ion (hereinafter, also referre
component”). Whenthe component (C)intheresinc
analkalineearthmetalion,theappearancecharact
and further generation of gels or seeds is inhibite
multilayered structureincludingan EVOH layerisr

umol/gorless. Intheresincomposition,whenthe
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and reused, thereby resulting in inhibition of dete
appearance of a molded product.

[0019]

Theresincompositionpreferablyfurthercontains
compound (hereinafter, may be also referredtoas*
thecontentofthe phosphatecompound(D)isprefer
and 500 ppm or less in a value of phosphate radical
composition contains a phosphate compound falling w
thermal stability in melt molding is enhanced, wher
characteristics, etc. can be further improved.

[0020]

The resin composition preferably further contains
compound (hereinafter, may be also referredtoas*
the content of the boron compound (E) is preferably
and 2,000 ppm orlessinavalue of boron element.
compositioncontainstheboroncompoundfallingwit
stability in melt molding is enhanced, thereby enab
improvement in the appearance characteristics, etc.

[0021]

The content of (B1) a monocarboxylic acid and amo
ionasthe component (B) (hereinafter, may be also
component”) is preferably less than 2
monocarboxylic acid and the monocarboxylate ion as
fallswithintherange,theappearancecharacterist
further generation of an odorin molding and/or of
be inhibited.

[0022]

The component (B) also preferably further includes

monocarboxylicacidand/orthemonocarboxylateion
of the monocarboxylic acid and the monocarboxylate
than 2
monocarboxylate ion as the component (B1) falls wit
adjustment of quantities of the component (B) and t
facilitatedinproducingtheresincomposition,the
production.

[0023]

The resin composition can be suitably used in inte
co-extrusionmolding duetohaving superiorappeara
and the long-run workability and can reduce occurre
etc. particularly in melt molding at high temperatu

umol/g. When the content of the monocarboxylic acid
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[0024]

Accordingto other aspect ofthe presentinvention
producing the resin composition includes:

a copolymerizing step in which ethylene and a viny
copolymerized to obtain an ethylene-vinyl ester cop

a saponifying step in which the ethylene-vinyl est
is saponified to obtain an ethylene-vinyl alcohol ¢
the method further includes

amixing step inwhich the ethylene-vinyl ester co
ethylene vinyl alcohol copolymer is mixed with (B2’
carboxylicacidand/orasaltthereof(hereinafter,
to as “(B2’) component”), later than the copolymeri

According to the method for producing the resin co
resin composition with inhibited occurrence of yell
molding can be obtained by carrying out mixing of t
later than the copolymerizing step.

[0025]

The mixing step is preferably carried out in a sys
the concentration of the vinyl ester is no greater
Accordingtothemethod, yellowinginmeltmolding
composition is inhibited, and further favorable col
of the resin composition per se can be attained.

[0026]

Itispreferredthatthemethodforproducingthe
of the present invention further includes

an pelletizing step in which a water-containing pe
ethylene-vinylalcoholcopolymerisobtainedbyan
fromasolutionincludingtheethylene-vinylalcoho
in the saponifying step, and

a drying step in which the water-containing pellet
obtain a resin composition including an ethylene-vi
copolymer,
whereinthe mixing stepis carried outlaterthant
Alsoaccordingtothemethod,aresincompositiona
yellowing in melt molding can be obtained effective

Itis preferred that the mixing step is carried ou
pelletizing step and the drying step by immersingt
pelletin a solution containing the component (B2)
method, the component (B2’) can be efficiently mixe
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composition, whereby a resin composition accompanie
yellowing in melt molding can be effectively produc

[0027]

Itis also preferred that the mixing step is carri
pelletizing step. According to the method, yellowi
oftheobtainedresincompositionisreduced,andf
characteristics of the resin composition per se can

[0028]

Themixingstepispreferablycarriedoutinthes
According to the method, yellowing is reduced in me
resin composition of the present invention is obtai
favorable color characteristics of the resin compos
attained.

[0029]

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

[0030]

Asdescribedabove,theresincompositionofthep
has superior appearance characteristics and the lon
inmeltmolding,andenablesoccurrenceofyellowin
tobeinhibitedparticularly, eveninmeltmolding
of,forexample,nolessthan260°C. Inaddition,
compositionisproducedaccordingtotheproducing
invention, the effects described above can be surel
According to the resin composition of the present i
types of molded articles such as monolayered or mul
sheets, pipes, containers and fibers superior in th
characteristics can be obtained.

[BRIEF DESCRIPTION OF THE DRAWINGS]

[0031]

Fig.1showsaschematicviewillustratingabiaxi
in Example 57.

[DESCRIPTION OF EMBODIMENTS]
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[0032]

Hereinafter, preferredmodesforcarryingoutthe
be describedindetail inthe order ofaresincomp
method and a multilayered structure.

(Resin Composition)

The resin composition of the present invention con
ethylene-vinyl alcohol copolymer, (B) a carboxylic
carboxylateionand(C)ametalion,andthecompon
amultivalentcarboxylicacidand/oramultivalent
resin composition may contain (D) a phosphate compo
compoundassuitablecomponents,andfurthermayco
component. It is to be noted that in the resin com
carboxylateionasthecomponent(B)mayformasal
such as the metal ion as the component (C), whereas
the component (C) may form a salt with a counter an
carboxylateionasthecomponent(B). Hereinafter,
be explained.

[0033]

((A) EVOH)

(A) EVOHisaprincipal componentofthe resincom
EVOH (A)isacopolymerhavinganethyleneunitand
asprincipalstructuralunits. Itistobenotedt
one type or a plurality of types of other structura
the ethylene unit and the vinyl alcohol unit. The
obtained by polymerizing ethylene and a vinyl ester
the resulting ethylene-vinyl ester copolymer.

[0034]

The lower limit of the ethylene content in the EVO
proportion of the number of ethylene units with res
number of the monomer units in the EVOH) is prefera
preferably 22 mol%andfurtherpreferably 24 mol %
the upper limit of the ethylene content in the EVOH
mol %, more preferably 55 mol % and further prefera
the ethylene content in the EVOH falls within the r
appearancecharacteristicsandthelong-runworkabi
When the ethylene contentin the EVOH is smaller th
for example, water resistance, hot water resistance
propertyunderahighhumiditywhenmoldedintoam
maybeimpaired,ormeltmoldabilitymaybedeterio
when the ethylene contentin the EVOH exceeds the u
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barrier property when molded into a multilayered st
impaired.

[0035]

Thelower limit of a degree of saponification of t
a proportion of the number of vinyl alcohol units w
total number of vinyl alcohol units and vinyl ester
is preferably 80 mol %, more preferably 95 mol%an
99 mol %. On the other hand, the upper limit of th
saponification of the EVOH is preferably 100 mol %
99.99mol%. Whenthe degree of saponification of
thelowerlimit,thegasbarrierpropertywhenmold
structuremaybeimpairedandcoloringresistancem

[0036]

The lower limit of the melt flow rate of the EVOH
withJIS-K7210,ameasuredvalueatatemperatureo
of 2160 g) is preferably 0.1 g/10 min, more prefera
further preferably 1 g/10 min and particularly pref
On the other hand, the upper limit of the melt flow
is preferably 200 g/10 min, more preferably 50 g/10
preferably30g/10min, particularly preferably 15
particularlypreferably10g/10min. Whenthemelt
falls within the range, the melt moldability of the
compositionisenhanced, thereby enablinganachiev
appearance characteristics and long-run workability

[0037]

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

The carboxylic acid and/or the carboxylate ion con

resin composition is exemplified by (B1) a monocarb
a monocarboxylate ion, and (B2) a multivalent carbo
a multivalent carboxylate ion. The resin compositi
multivalentcarboxylicacidand/orthemultivalent
as an essential component.

[0038]

((B1) Monocarboxylic Acid and/or Monocarboxylate i
The monocarboxylic acid is a compound having one ¢

in a molecule. Whereas, the monocarboxylate ion is
eliminating a proton in a carboxyl group of a monoc
[0039]

The content of the monocarboxylic acid and the mon

ion(Bl)is,inlightofreducinganodor, preferab

10
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more preferably lessthan 1.5
umol/g and particularly preferably less than 1.0

to the total of the resin composition. When the co
monocarboxylic acid falls within the range, the odo
compositionperseisreduced,andadditionallythe
inmeltmoldingoftheresincompositionisreduced
environmentisimproved. Inaddition,theodortha
has after melt molding is reduced, so that the mult
producedusingtheresincompositioncanbesuitabl
materialforevencontentssuchascookedriceand

a commercial value that is likely to be impaired pa
generation of the odor.

[0040]

In addition, the content of the monocarboxylic aci
monocarboxylateion(B1)ispreferablynolessthan
to the total of the resin composition in light of g
etc. Inthis case, the content of the component (B
lessthan2.5 umol/gandmorepreferablynolessthan3
composition having the content of the monocarboxyli
monocarboxylate ion falling within the range enable
the component (B2) and the component (C) to be easi
producing the resin composition and products having
be easily obtained.

[0041]

Themonocarboxylicacidisnotparticularlylimite
thereofinclude formic acid, acetic acid, propionic
caproicacid,capricacid,acrylicacid,methacryli
2-naphthoic acid, and the like. These monocarboxyl
hydroxylgrouporahalogenatom. Inaddition, the
isexemplified by anion obtained by eliminating a
group in each of the monocarboxylic acids.

[0042]

The pKa of the monocarboxylic acid (including also
monocarboxylic acid that gives the monocarboxylate
nolessthan3.5andmorepreferablynolessthan4
of adjusting the pH of the composition and melt mol
ofthemonocarboxylicacidincludeformicacid(pKa
(pKa = 4.74), propionic acid (pKa = 4.85), lactic a
and the like, and acetic acid is preferable in ligh
handling, etc.

11
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[0043]

((B2)MultivalentCarboxylicAcidand/orMultivale
lon)

Themultivalentcarboxylicacidcontainedinther
ofthepresentinventionisacompoundhavingatle
per molecule. Itisto be noted that polymers are
multivalentcarboxylicacid. Inaddition,the mult
ionisobtainedbyeliminatingatleastoneofprot
inamultivalentcarboxylateacid. Duetocontaini
the pH in the composition can be controlled and gen
seeds in melt molding is reduced, and further occur
such as yellowing resulting from a metal ion in mel
reduced.

[0044]

Intheresincomposition,itisuncertainastowh
of coloring such as yellowing can be inhibited due
multivalent carboxylic acid and/or the multivalent
thecomponent(B2)togetherwithmetalionasthec
later; however, itisbelievedthattheinhibition
example, stable coordinationofthe multivalentcar
like with the metal ion that is reportedly a cause
thereby enablingincorporation ofthe metalion. |
the multivalent carboxylic acid and the like are pr
state of coordination with the metal ion in such a
catalytic function of the metal ion for a reaction
of the EVOH can be inhibited, and as a result, occu
such as yellowing also in melt molding at high temp
inhibited. It is to be noted that the metal ion an
carboxylic acid, etc. are bonded by a comparatively
sothatonlyasmallinfluencecanbemadeonthei
in forming a multilayered structure; therefore, the
of the present invention can achieve superior inter
also in forming a multilayered structure.

[0045]

The lower limit of the molar ratio (B2/C) of the ¢
multivalent carboxylic acid and the multivalent car
component (B2) (content in a dry resin composition)
thecomponent(C)isdefinedas0.002, preferably0
0.01, further preferably 0.1 and particularly prefe

12
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otherhand,theupperlimitofthemolarratioisd
1.4, more preferably 1 and further preferably 0.6.

[0046]

In the resin composition, when the ratio of conten
multivalent carboxylic acid and the multivalent car
component(B2)tothecontentofthemetalionast
within the range, it is believed that the multivale
can be sufficiently and stably coordinated with the
coloringcanbeinhibited. Themolarratioofless
leadstofailureinsufficientinhibitionoftheoc
etc. by an influence of the metal ion, due to the s
coordinated multivalent carboxylic acid. To the co
molar ratio exceeds the upper limit, gels and seeds
generatedduetothepresenceofafreemultivalent
cannot be coordinated with the metal ion, whereby t
workability and the appearance characteristics are
further there is a disadvantage that the coloring i

[0047]

When the resin composition include (C1) an alkali
described later in detail that is suitable as the ¢
lower limit of the molar ratio (B2/C1) of the compo
component (C1) is preferably 0.002, more preferably
preferably0.01,furtherpreferably0.landparticu
On the other hand, the upper limit of the molar rat
more preferably 1.4, more preferably 1 and further
When the molar ratio of the component (B2) to the ¢
within the range, a higher inhibitory potential of
temperatures can be attained whereas the balance of
workabilityandtheinterlayeradhesivenessinmold
structure is maintained.

[0048]

The lower limit of the specific content of the mul
carboxylic acid and the multivalent carboxylate ion
(B2) is preferably 0.01
preferably 0.1 umol/g and particularly preferably 0.5
otherhand,theupperlimitofthe contentis prefe
preferably 15 umol/g, further preferably 10
preferably6
and the like as the component (B2) is less than the
inhibitory effect of coloring such as yellowing may
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contrary when the content exceeds the upper limit,
characteristics may be impaired (e.g., gels and see
generated) and the long-run workability may be dete
viscosity is increased by heating for a long time o

[0049]

The multivalent carboxylic acid as the component (
particularly limited aslong asithas atleasttwo
molecule and examples thereof include

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

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

tricarboxylic acids such as citric acid, isocitric
aconitic acid,

carboxylic acids having at least four carboxyl gro
1,2,3,4-butanetetracarboxylic acid and ethylenediam
acid,

hydroxycarboxylic acids such as citric acid, isoci
tartaric acid, malic acid, mucic acid, tartronic ac
acid,

ketocarboxylic acids such as oxaloacetic acid, mes
2-ketoglutaric acid and 3-ketoglutaric acid,

aminoacidssuchasglutamicacid,asparticacida
acid,andthelike. Itisto be noted thatthe mul
ionasthe component(B2)isexemplified by anions
carboxylic acids.

[0050]

The component (B2) is preferably a multivalent car
andananionthereofhavingatleastonefunctional
thesetconsistingofahydroxygroup,anaminogro
Inthe case in which such a functional group isinc
the state of coordination with the metal ion is enh
ability of inhibiting occurrence of coloring in mel
temperature is enhanced. Of these functional group
is more preferably included in light of appropriate
coordination strength with the metal ion, whereby a
structure superior in interlayer adhesiveness is ob
inhibiting the occurrence of coloring.
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[0051]

In the case where the multivalent carboxylic acid
multivalent carboxylateionasthe component(B2)h
the hydroxy group is preferably situated atan
to the carboxyl group. Such a multivalent carboxyl
multivalent carboxylate ion have a structure in whi
reactionofawatermoleculeiseasilycausedbyan
Such amultivalent carboxylic acid and the like are
vicinity of the metal ion, whereas a coordinate bin
canbeweakenedbyaneliminationreactionduringh
andthusanabilityofenhancingtheinterlayeradh
metal ion can be sufficiently achieved. Therefore,
carboxylic acid and the like can maintain superior
adhesiveness whereas occurrence of coloring resulti
ion is reduced. Examples of the multivalent carbox
multivalentcarboxylate ioninclude citricacid, is
acid and the like, and anions thereof.

[0052]

In addition, the component (B2) is preferably a mu
carboxylic acid in which at least a pair of carboxy
each other via alinking group having 1 or 2 carbon
thereof. In such a multivalent carboxylic acid and
carboxylateion,oneorapluralityofcarboxylgro
with one metal ion in a highly sterically stable ma
coordination state is considered to be stable as a
coloringsuchasyellowing,etc.canbeeffectively
various functions can be also achieved with a good
be noted that the linking group having 1 or 2 carbo
aliphatic linking groups such as an alkanediyl grou
group and an alkenetriyl group, or aromatic linking
1,2-benzenediyl group. Examples of such a type of
carboxylic acid and multivalent carboxylate ion inc
isocitricacid, malicacid, tartaricacid, malonic
itaconic acid, maleic acid, fumaric acid, tartronic
acid,aconiticacid,asparticacid, 1,2,3,4-butanet
and the like, and anions thereof.

[0053]

Furthermore, the component (B2) is preferably a mu
carboxylicacidhavingatleastthree carboxylgrou
isocitric acid, 1,2,3,4-butanetetracarboxylic acid,
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tetraaceticacidandthelike,andanionsthereof.

due to using such a multivalent carboxylic acid and
carboxylate ion, a coordination state with the alka
electrically and sterically superior stability. As
coloring reducing function is suggested to be achie

[0054]

((C) Metal lon)

The metal ion as the component (C) may involve a s
metal or a plurality oftypes of metal. Duetoinc
in the resin composition of the present invention,
adhesiveness can be enhanced in molding a multilaye
as aresult, durability of the multilayered structu
Although the reason why the metal ion enhances the
adhesiveness is not necessarily clear, it is consid
betweenhydroxygroupswithoneanotherintheEVOH
layers by the presence of the metal ions. In addit
whichone ofadjacentlayershasafunctionalgroup
with a hydroxy group in the EVOH in a molecule, it
thatthe bond generationreactionisaccelerated by
metal ion, etc. The metal ion as the component (C)
the alkalimetalion (C1), the alkaline earth metal
transition metal ion, and the like.

[0055]

Thelowerlimitofthe contentofthe metalion (c
resincomposition)ispreferably2.5
and further preferably 4.5
of the content is preferably 22
furtherpreferably 10
thanthelowerlimit,theinterlayeradhesivenessi
durability when molded into a multilayered structur
To the contrary, when the content of the metal ions
limit, occurrence of coloring in the resin composit
to be reduced, whereby the appearance characteristi
deteriorated.

[0056]

Themetalionasthecomponent(C) preferablyincl
metal ion (C1). Examples of the alkali metal ion i
lithium, sodium, potassium, rubidium and cesium, an
or potassium is more preferable in light of industr
When the component (C) includes the alkali metal io

16

umol/g, morepreferably 3.5

umol/g, more preferably 16

Our Ref. No. 11FP-0216/W0

Itisconsideredthat
multivalent
li metal ion has
aresult, superior
ved.

ingle type of
luding the metalion
interlayer
red structure, and
re can be enhanced.
interlayer
ered that affinity
ismadehigherbetween
ion, in the case in
capable ofreacting
is also considered
the presenceofthe
is exemplified by
ion(C2),and other

ontentinadry
umol/g

umol/g. Onthe other hand, the upper limit

pmol/g and

umol/g. Whenthe contentofthemetalionisless

sdecreased,whereby
emay bedecreased.
exceeds the upper
ion s less likely
cs may be

udesthealkali

ncludeions such as

dtheionof sodium
ial availability.
n, the long-run



workability andinterlayer adhesive strengthinfor
structure are enhanced.

[0057]

The alkali metal salt that gives the alkali metal
component (C1) is not particularly limited, and is
aliphatic carboxylate salts, aromatic carboxylate s
salts, and metal complexes, and the like, of such a
and potassium. The alkalimetal saltis, specifica
sodium acetate, potassium acetate, sodium phosphate
phosphorate, sodium stearate, potassium stearate, s
ethylenediaminetetraaceticacid,andthelike. Of
potassium acetate and sodium phosphate are particul
light of availability.

[0058]

Thelowerlimitofthecontentofthealkalimetal
in adry resin composition) is preferably 2.5
3.5 umol/g and further preferably 4.5
upper limit of the contentis preferably 22
umol/gand further 10
islessthanthelowerlimit,theinterlayeradhesi
whereby durability when molded into a multilayered
decreased. Tothe contrary, when the content of th
exceedstheupperlimit,occurrenceofcoloringin
is less likely to be reduced, whereby the appearanc
may be deteriorated.

[0059]

Itisalsopreferredthatthecomponent(C)includ
earth metal ion (C2). Examples of the alkaline ear
include ions of beryllium, magnesium, calcium, stro
the like, andions of magnesium or calcium are more
of industrial availability. When the component (C)
alkaline earth metal ion (C2), deterioration of the
reuse of a multilayered structure is inhibited, and
amolded product is enhanced by a decrease of defec
seeds.

[0060]

((D) Phosphate Compound)

Whenthe phosphate compoundasthe component (D)i
the resin composition of the present invention, the
the resin composition in melt molding can be enhanc
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generationofgelsandseedsisinhibited, thereby
of the appearance characteristics.

[0061]

The phosphate compound is not particularly limited
exemplifiedbyvarioustypesofoxoacidsofphosph
acidandphosphorousacid,andsaltsthereof,andt
salts may be contained in any forms such as a phosp
monohydrogenphosphatesaltoradihydrogenphospha
of counter cation thereof is not particularly limit
preferablyanalkalimetaloranalkalineearthmet
analkalimetal. Specifically,sodiumdihydrogenp
dihydrogen phosphate, disodium hydrogen phosphate o
hydrogen phosphate is preferableinlight of alarg
improving effect.

[0062]

Thelowerlimitofthe contentofthe phosphateco
inavalueofphosphateradicalinadryresincomp
5ppmand further preferably 8 ppm. Onthe otherh
of the content of the phosphate compound is prefera
preferably 200 ppm and further preferably 50 ppm.
thephosphatecompoundislessthanthelowerimit
improvingeffectmaynotbesufficientlyachieved.
the contentofthe phosphate compound exceedstheu
seeds may be likely to be generated in a molded pro

[0063]

((E) Boron Compound)

Whenthe boron compound asthe component (E) is co
resin composition of the present invention, thermal
resin composition in melt molding can be enhanced.
generationofgelsandseedsisinhibited, thereby
of the appearance characteristics. Specifically, w
compound is blended with the resin composition, it
chelate compound is generated between the EVOH and
and use of such a resin composition enables improve
stability and a mechanical properties compared with
compositions.

[0064]

Theboroncompoundisnotparticularlylimitedand
by boric acids, boric acid esters, borate salts, bo
the like. Specifically, the boric acids are exempl

18
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acid (H
acid esters are exemplified by triethyl borate, tri

3BQ), metaboric acid, tetraboric acid and the like; th

the like; and the borate salts are exemplified by a
alkalineearthmetalsaltsoftheforegoingvarious
borax, and the like. Of these, orthoboric acid is
[0065]
The lower limit of the content of the boron compou
boron compound in avalue of boron elementinadry
is preferably 5 ppm, more preferably 10 ppm and fur
ppm. On the other hand, the upper limit of the con
compound is preferably 2,000 ppm, more preferably 1
preferably500ppmandparticularlypreferably300
ofthe boroncompoundislessthanthe lower limit,
of thermal stability by adding the boron compound m
Tothecontrary,whenthecontentoftheboroncomp
limit, gelation is likely to occur, leading to poor
appearance characteristics may be deteriorated.
[0066]
(Other Additives, etc.)
Totheresincompositionofthepresentinvention,
astabilizer,asurfactant,apigment,anultraviol
aslipagent,anantistaticagent,adryingagent,
a filler, a reinforcing agent such as various types
also added in appropriate amounts, within the range
effects of the present invention.
[0067]
Inaddition,athermoplasticresinotherthanthe
blendedinappropriateamounts,withintherangeno
of the present invention. As the thermoplastic res
typesofpolyolefins (polyethylene, polypropylene,
4-methyl-1-pentene, an ethylene-propylene copolymer
ethylene and
polyolefinand maleicanhydride, an ethylene-vinyl
ethylene-acrylicacidestercopolymer,oramodifie
by graft modification of these with an unsaturated
aderivative thereof, and the like), various types
nylon-66, nylon-6/66 copolymers, and the like), pol
polyvinylidene chloride, polyester, polystyrene, po
polyurethane, polyacetal and a modified polyvinyl a
the like may be used. Whenthe thermoplasticresin
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is blended, the amount is preferably no greater tha
more preferably no greater than 10% by mass.

[0068]

(Resin Composition)

The lower limit of the melt flow rate (a value mea
temperature of 210°C, underaloadof2,160 g) oft
ofthe presentinventionis preferably 0.1g/10min
0.5g/10min,particularlypreferablylg/10minan
preferably 3 g/10 min. On the other hand, the uppe
flow rate of the resin composition is preferably 20
preferably 50 g/10 min, further preferably 30 g/10
preferably 15g/10minandfurther particularly pre
Whenthevalueofthemeltflowrateoftheresinc
therange,meltmoldabilityisenhanced wherebymo
characteristics and the long-run workability can be

[0069]

The resin composition of the present invention is
varioustypesofmoldedarticlessuchasfilms,she
and fibers by melt molding. These molded products
andmoldedagainforthepurposeofreuse. Inaddi
afiber,andthelikecanbesubjectedtomonoaxial
orientation. As a melt molding process, extrusion
extrusion, blowmolding, meltspinning,injectionm
can be employed.

[0070]

The melttemperaturein meltmolding carried outu
composition of the presentinvention is preferably
Particularly, in the resin composition of the prese
proportionofthe alkalimetalions (C),andthemu
acidandmultivalentcarboxylateion(B2)isadjust
so that occurrence of coloring such as yellowing ca
only in melt molding at a high temperature of no le
also in melt molding at a higher temperature of, fo
than 260°C.

[0071]

(Method for Producing a Resin Composition)

Theresincompositionofthepresentinventioncan
obtained by a producing method including, for examp

a copolymerizing step in which ethylene and a viny

copolymerizedtoobtainanethylene-vinylestercop
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a saponifying step in which the ethylene-vinyl est er copolymer
is saponified to obtain an ethylene-vinyl alcohol ¢ opolymer (step 2),
and further including

amixing stepinwhichthe ethylene-vinylester co polymerorthe
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 co mposition,
mixingthe component(B2")iscarriedoutlatertha nthe copolymerizing
step,sothataresincompositioninwhichoccurren ceofyellowing,etc.
in melt molding is inhibited can be obtained. Here inafter, each step
will be explained in detail.

[0072]

(Step 1)

Thecopolymerizingstepincludescopolymerization ofethyleneand
avinylester,andsubsequentlyaprocedureinwhic hunreactedethylene
andunreactedvinylesterareremovedtoobtainan ethylene-vinylester
copolymersolutionasneeded. Whenthe component ( B2’)isaddedinthe
copolymerizing step, the resin composition finally obtained is not
preferableinthataneffecttoinhibitcoloringsu chasyellowing,i.e.,
an effect predominantly intended by the present inv ention, 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 su chas, forexample,
solution polymerization, suspension polymerization, emulsion
polymerization and bulk polymerization may be emplo yed. Also, any of
a continuous system and a batchwise system may be e mployed.

[0074]

Examplesofthevinylesterusedin polymerization include vinyl
formate,vinylacetate,vinylpropionate,vinylval erate,vinylcaprate,
vinyllaurate, vinylstearate, vinylbenzoate, viny Ipivalateandvinyl
versatate, and vinyl acetate is suitably used in li ght of industrial
availability and/or use of the same.

[0075]

In the polymerization described above, in addition to the
aforementioned components, a copolymerizable monome rasa
copolymerization component, for example, alkene; an unsaturated acid
such as acrylic acid, methacrylic acid, crotonic ac id, maleic acid or
itaconicacid,orananhydride,asalt,amono-or dialkylesterthereof,
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orthe like; nitrile such as acrylonitrile or metha

such as acrylamide or methacrylamide; olefin sulfon
vinylsulfonic acid, allylsulfonic acid or metaallyl
asaltthereof; analkylvinylether, vinylketone,
vinylchloride,vinylidenechlorideorthelikemay

in a small amount.

[0076]

Inaddition, avinylsilane compound may be include
of 0.0002 mol% or greater and 0.2 mol% or less as a
component. Herein, the vinylsilane compound mayin
vinyltrimethoxysilane, vinyltriethoxysilane,
vinyltri( B-methoxy-ethoxy)silane,
yv-methacryloyloxypropylmethoxysilane or the like. O
vinyltrimethoxysilane, or vinyltriethoxysilane is s

[0077]

The solvent used for polymerization is not particu
as long as it is an organic solvent capable of diss
vinylesterandthe ethylene-vinylestercopolymer.
forexample, an alcohol such as methanol, ethanol,
ortert-butanol; dimethyl sulfoxide orthe like may
methanol is particularly preferable in light of eas
separation after the reaction.

[0078]

As the catalyst used for polymerization, for examp

azonitrile-derived initiator such as 2,2-azobisisob
2,2-azobis-(2,4-dimethylvaleronitrile),
2,2-azobis-(4-methoxy-2,4-dimethylvaleronitrile) or
2,2-azobis-(2-cyclopropylpropionitrile);andorgani
initiators such as isobutyryl peroxide, cumyl perox
diisopropyl peroxydicarbonate, di-n-propyl peroxydi
peroxyneodecanoate,acetylperoxide,lauroylperoxi
t-butyl hydroperoxide, or the like may be used.

[0079]

The polymerizationtemperature is preferably 20to
preferably 40 to 70°C. The polymerization time is
hrs and more preferably 3to 11 hrs. The polymeriz
preferably 10 to 90% and more preferably 30 to 80%
vinylestercharged. Thecontentoftheresinint
polymerization is preferably 5 to 85% by mass and m
to 70% by mass.
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[0080]

After the polymerization for a predetermined time
after reaching a predetermined polymerization conve
polymerizationinhibitorisaddedasneeded,andun
isremovedbyevaporation,followedbyremovingan
Asaprocessofremovinganunreactedvinylester,
including continuously supplying the copolymer solu
rate throughan upper partofatowerfilled withR
therein an organic solvent vapor such as methanol t
of the tower, distilling off mixed vapor of the org
asmethanoland unreactedvinylesterthroughthet
taking out the copolymer solution fromwhichthe un
wasremovedthroughthebottomofthetower,orthe

[0081]

(Step 2)

Next, analkali catalystis addedtothe copolymer
the copolymer is saponified. A saponification proc
continuous system, or a batchwise system. Asthe a
example,sodiumhydroxide,potassiumhydroxide,alk
or the like may be used.

[0082]

Conditionsofsaponificationmayinclude,forexam
of batchwise system: the concentration of the copol
10to50%bymass;thereactiontemperaturebeing 3
of the catalyst used being 0.02 to 0.6 mol per mol
structural unit; and the saponification time being
case of the continuous system, a process in which t
reaction is carried out while efficiently removing
methyl ester, and the like generated along with the
reaction using a conventionally well-known tower ty
preferableinthattheamountofthealkalicatalys
whereasthereactiontemperatureispreferably70t
of the catalyst used is preferably 0.001 to 0.2 mol
ester structural unitin order to carry out the rea
of a homogenous solution.

[0083]

Since the EVOH yielded after completing the saponi

reaction contains
acetateandpotassiumacetate,andotherimpurities
removedbyneutralizingandwashingasneeded. Her
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completingthesaponificationreactioniswashedwi
containsmetalion,chlorideionandthelikesuch
sodium acetate, potassium acetate and the like may

[0084]

(Step o (1))

Later than the copolymerizing step, as the mixing
ethylene-vinyl ester copolymer obtained in the copo
the ethylene vinyl alcohol copolymer obtained in th
ismixedwiththemultivalentcarboxylicacidand/o

The multivalent carboxylic acid as the component (
exemplifiedbythe multivalentcarboxylicacidexem
component (B2) of the resin composition. In additi
multivalent carboxylic acid as the component (B2)
an alkali metal salt, an alkaline earth metal salt
multivalent carboxylic acid.

For the mixing, a method such as, for example, (1)
adding the component (B2') beforehand to a solution
ethylene-vinylestercopolymertobe subjectedtot
(2) a method of adding the component (B2’) during t
reactionofthe ethylene-vinylestercopolymerint
(3) a method of mixing with the component (B2’) aft
ethylene-vinyl alcohol copolymer in the saponifying
may be employed.

[0085]

According to the method for producing the resin co
the present invention, the mixing step is carried o
copolymerizing step as described above, and the mix
preferably carried out in a system in which the con
vinyl ester is no greater than 1,000 ppm. When the
addedtoasysteminwhichtheconcentrationofthe
than 1,000 ppm, an inhibitory effect of coloring su
hardlyachievedinthefinalresincompaosition,or
enhanced.

[0086]

Inthe method for producing the resin composition
invention, the mixing stepis preferablycarried ou
step described above. Here, carrying out the mixin
saponifyingstepisexemplifiedbymethodssuchas
the component (B2’) beforehand to the ethylene-viny
subjectedtothe saponifying step, (2) amethod of
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addingthe component



(B2) during the saponification reaction of the eth
copolymer in the saponifying step, and the like. W
iscarried outinthe saponifying step, heatdeteri

that the EVOH may be subjected to during the produc
saponifying step are inhibited, whereby color chara
improved in forming a resin composition.

[0087]

In the case in which the mixing step is carried ou
saponifying step, the saponification reaction of th
ester copolymer is typically carried out in a state
ethylene-vinyl ester copolymer is dissolved in a so
component(B"ispreferablyaddedintheformofa
acid dissolvable into the same solvent.

[0088]

Inaddition, afterthe saponificationreactionis
the saponifying step as described above, neutraliza
alkali catalyst is often executed, and the componen
used as an acid used for the neutralization.

[0089]

Itispreferredthatthemethodforproducingthe
ofthepresentinvention,inadditiontotheforego
includes

an pelletizing step in which a water-containing pe
ethylene-vinylalcoholcopolymerisobtainedbyan
fromasolutionincludingtheethylene-vinylalcoho
in the saponifying step (step 3), and

a drying step in which the water-containing pellet
obtain a resin composition including the ethylene-v
copolymer (step 4), and
themixingstepiscarriedoutafterthepelletizin
to the method, a resin composition with a reduced y
molding can be efficiently obtained.

[0090]

(Step 3)

In producing the EVOH, the ethylene-vinyl alcohol
obtained by saponifying the ethylene-vinyl ester co
saponifyingstepistypicallyobtainedintheform
the copolymer is dissolved in a solvent including t
thesaponificationreaction. Inthesolution,aca
usedforthesaponificationreactionandsodiumace
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as a byproduct, and the like are included, so that
outinordertoremovethem. Inordertofacilitat

it is preferable that the ethylene-vinyl alcohol co
obtainedinthesaponifyingstepispelletizedtof
pellet of the EVOH.

[0091]

The operation of the pelletizing for obtaining the
water-containing pellet of the EVOH from the soluti
ethylene-vinyl alcohol copolymer in the pelletizing
particularlylimited,andwell-knownmethodsmaybe
inwhich a cylindrical water-containing pellet of t
by extruding the solution of the ethylene-vinyl alc
acoagulatingbathincludingacooledpoorsolvent
followed by coolingandhardeningandthereaftercu
cutter,oramethodinwhichanellipsoidal(go-sto
water-containing pellet ofthe EVOH is obtained by
thesolutionoftheethylene-vinylalcoholcopolyme
bath, immediately followed by cutting using a rotat
Alternatively, a method in which awater-containing
is obtained by bringing the solution of the ethylen
copolymer into contact with water vapor to previous
water-containing resin composition of the EVOH foll
accordingtoamethoddescribedinJapaneseUnexami
Publication No. 2002-121290, or the like can be sui

[0092]

The moisture content in the water-containing pelle
obtained by these methods is preferably 50 to 200%
preferably 60to 180% by mass and further preferabl
on the basis of the dry weight of the EVOH.

[0093]

(Step 4)

The water-containing pellet of the EVOH obtained i
pelletizing step is preferably formed into a pellet
composition including the EVOH finally by drying in
The moisture content of the resin composition pelle
preferablynogreaterthan1.0%bymass, moreprefe
0.8% by mass and further preferably no greater than
respect to the total of the resin composition pelle
of preventing molding troubles such as generation o
in a molding processing.
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[0094]

The method of drying the water-containing pellet o
not particularly limited and well-known various typ
beused,andsuitableexamplesofthemethodsinclu
fluidized dryingandthelike. Thesedryingmethod
alone, or in combination of a plurality of the same
fluidized drying followed by ventilationdrying. D
be carried out by any method with a continuous syst
system. Whenapluralityofdryingmethodsarecar
thecontinuoussystemorthebatchwisesystemcanb
for each drying method. Drying atalow oxygen con
oxygen-free stateisalsopreferableinthatdeteri
composition by oxygen during drying can be reduced.

[0095]

(Step  «(2))

Asamethod of carryingoutthe mixing step after
step, a method such as (1) a method of bringing the
pelletofthe EVOHintocontactwithasolutioncon
(B2"),0r(2)amethodofmeltingandkneadingthe
oftheEVOHandthe component(B2’)inanextruder
Itistobenotedthatinsuchacase, the componen
(C) and other components (the component (D), the co
can be simultaneously mixed with the EVOH.

Asamethod of carryingoutthe mixing step after
step, a method of immersing the water-containing pe
containing the component (B2’) after the pelletizin
the drying stepis preferable. Accordingtothe me
(B2") can be efficiently mixed in the resin composi
composition with reduced yellowing in melt molding
effectively produced.

[0096]

In the case in which the water-containing pellet o
immersedinasolutionincludingthecomponent(B2’
asneeded, thewater-containing pelletused mayhav
suchas powder, granular, spherical or cylindrical
fortheoperation,any ofmethodsbyabatchwisesy
system can be used. Inthe case in which the opera
by the batchwise system, the massratio (bathratio
water-containing pellet to a solution containing ea
preferably no less than 3, more preferably noless
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preferablynolessthan20. Inthecaseinwhicht

out by the continuous system, any of conventionally
type apparatuses can be suitably used. Althoughth
immersion time varies depending on the form of the
pellet, in the case in which the EVOH has a particu
mean diameter of about 1 to 10 mm, the immersion ti
1 hour and preferably no less than 2 hrs.

[0097]

With respect to an immersion treatment in a soluti
component to be contained in the resin composition
separately in a plurality of solutions in which eac
dissolved alone, or the immersion treatment may be
using a liquid in which a plurality of components a
the immersion treatment is preferably carried out w
including all the components other than the EVOH in
simplification of steps.

[0098]

When the solution containing each component other
is obtained, the each component may be each indepen
asolvent, butalso asolutioninwhich some compon
asaltcanbeused. Theconcentrationofeachcomp
is not particularly limited, and may be appropriate
theintendedcontentofeachcomponentisobtained
resin composition. The solvent of the solution is
limited, and water is preferable for a handling rea

[0099]

Inaddition,whenthewater-containing pelletoft
component(B2’)aremeltedandkneadedinanextrud
forexample,amethoddescribedinJapaneseUnexami
Publication No. 2002-284811, etc., may be suitably

[0100]

Inthe method for producing the resin composition
invention, itis also preferred that the mixing ste
the pelletizing step described above. Thus mixing
with the EVOH in the pelletizing step, enables the
be homogeneously contained in the water-containing
Accordingly, in the case in which the component (B2
the EVOH by immersing the water-containing pellet o
solutionincludingthecomponent(B2’)laterthant
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there is an advantage that the immersion time can b
furthercolorcharacteristicsisimprovedinformin

[0101]

(Multilayered Structure)

The multilayered structure of the present inventio
multilayered structure provided with at least one |
theresincomposition ofthe presentinvention. Th
the multilayered structure is not particularly limi
providedthat:alayerobtainedfromtheresincomp
invention is designated as E; a layer obtained from
is designated as Ad; and a layer obtained from a th
isdesignatedasT,examplesofthelayerstructure
T/Ad/E/Ad/T andthelike. Eachlayerofthesemay
or a multilayer.

[0102]

The method for producing the multilayered structur
particularly limited. For example, a method of mel
thermoplastic resin onto a molded product obtained
composition of the present invention (film, sheet.
coextruding the resin composition of the present in
thermoplastic resin; a method of coinjecting the re
thepresentinventionwithathermoplasticresin;a
a molded article formed from the resin composition
inventionandafilmorasheetofotherbasemater
adhesive such as an organic titanium compound, an i
or a polyester based compound; and the like may be

[0103]

Amongthesemethods,amethodofcoextrudingther
of the present invention and other thermoplastic re
used. The resin composition of the present inventi
long-runworkabilityandappearancecharacteristics
coloringislesslikelyto occurevenifmelted at
temperature. Therefore, even if the resin composit
invention and other thermoplastic resin having a co
melting temperature are coextruded, a multilayered
accompaniedbysuppressedoccurrence ofcoloringsu
being superior in the appearance can be obtained.

[0104]

Examples of the thermoplastic resin used for other
multilayeredstructureinclude:homopolymersofan
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thereofsuchaslinearlowdensitypolyethylene,lo
mediumdensitypolyethylene, highdensitypolyethyl
acetate copolymers, ethylene-propylene copolymers,
propylene-  «-olefin copolymers (
polybutene,polypentene;polyesterssuchaspolyeth
polyamides such as polyester elastomers, nylon-6, a
polystyrene, polyvinyl chloride, polyvinylidene chl
resins, vinyl ester based resins, polyurethane elas
polycarbonate, chlorinated polyethylene, chlorinate

and the like. Of these, polypropylene, polyethylen
ethylene-propylene copolymers, ethylene-vinyl aceta
polyamides, polystyrene, polyesters are preferably

[0105]

Theaforementioned adhesiveresinisnotparticula
long as it has adhesiveness with the resin composit
EVOH ofthe presentinventionandthethermoplastic
resins containing a carboxylicacid modified polyol
Asthecarboxylicacidmodifiedpolyolefin,acarbo
modified olefin-derived polymer can be suitably use
by allowing an ethylenic unsaturated carboxylic aci
orananhydrideofthesametobechemicallybonded
reaction, graft reaction, etc.) to an olefin-derive
olefin-derived polymer asreferred to herein means
polyethylene (lowpressure,middlepressure, highp
density polyethylene, polypropylene and polybutene,
example, ethylene-vinyl acetate copolymers, ethylen
copolymers, etc.)ofolefinandothermonomer (viny
carboxylateester,etc.). Amongtheselinearlow
ethylene-vinyl acetate copolymers (content of vinyl
by massto55% by mass)andethylene-ethylacrylate
of ethyl acrylate being 8% by mass to 35% by mass)
linear low density polyethylene and ethylene-vinyl
are particularly preferred. As the ethylenic unsat
acid,anesterthereoforananhydrideofthesame,
monocarboxylic acids, or esters thereof, ethylenic
dicarboxylic acids, or mono- or diesters thereof, o
same are exemplified, and ofthese, ethylenicunsat
acidanhydridesarepreferred. Specifically,malei
itaconicacid, maleicanhydride, itaconicanhydride
ester,maleicmonoethylester,maleicdiethylester
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esterandthelike are included, and particularly,
suitable.

[0106]

Theamountofadditionorgrafting(i.e.,degreeo
of the ethylenic unsaturated carboxylic acid or an
to the olefin-derived polymer is 0.0001 to 15% by m
0.001 to 10% by mass with respect to the olefin-der
addition reaction and a grafting reaction of the et
carboxylic acid or an anhydride thereof to the olef
can be carried out by, for example, a radical polym
etc. in the presence of a solvent (e.g., xylene, et
(peroxide, etc.). The melt flow rate (MFR) measure
carboxylic acid-modified polyolefin obtained in suc
preferably0.2t030g/10minandfurtherpreferabl
These adhesive resins may be used either alone, or
types or more thereof.

[0107]

Althoughthe processforcoextrusion oftheresin
the present invention and the thermoplastic resin,
particularly limited, a multimanifold-merging T die
feedblock-merging T die method, an inflation method
be exemplified.

[0108]

By subjecting thus obtained coextrusion multilayer
tosecondaryprocessing,varioustypesofmoldedar
tubes, bottles, etc.) can be obtained. The various
articles include, for example, articles as in the f

(2)multilayercostretchedsheetsorfilmsobtaine
amultilayeredstructure(sheetorfilm,etc.)ina
direction, followed by subjecting to a heat treatme

(2) multilayer rolled sheets or films obtained by
multilayered structure (sheet or film, etc.);

(3)multilayertray cup shapedcontainers obtained
amultilayered structure (sheetorfilm, etc.)toa
such as vacuum forming, air-pressure forming or vac
forming; and

(4)bottles,cupshapedcontainersandthelikeob
blow molding or the like of a multilayered structur

[0109]

Notethatthe secondaryprocessingisnotlimited
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illustrated for obtaining the molded article descri

example, any well-known secondary processing other

aforementioned processes such as blow molding may b
[0110]
Sincethemultilayeredstructurehasalayerobtai

compositionthatissuperiorinappearancecharacte

workability, itisaccompanied by fewerfish eyes,

under paint)andlesscoloring suchasyellowingan

can be suitably used as a food container and the li

draw container, a cup shape container, and a bottle

EXAMPLES

[0111]

Hereinafter, the present invention will be explain
by way of Examples, but the present invention is no
Examples.

[0112]

In Examples/Comparative Examples described below,
evaluations of the resin composition, etc. were car
shown below, respectively.

[0113]

(1) Measurement of Moisture Content of Water-conta
Pellet

The moisture content of the water-containing EVOH
measured using a Halogen Moisture Analyzer “HR73”
Mettler-ToledolInternationallnc.underacondition
temperatureof180°C,adryingtimeof20min,asa
10g. The moisture content of the water-containing
expressed as % by mass on the basis of dry EVOH.

[0114]

(2) Ethylene Content and Degree of Saponification

Dry EVOH pellet was ground by freeze grinding. Th
ground EVOH was sieved with a sieve having a nomina
(according to normal sieve standard JIS-Z8801). EV
throughthesieveinanamountofSgwasimmersed
water, and the mixture was stirred at 85°C for 4 hr
operationofdewateringanddryingrepeatedtwice.
powder EVOH after washing, measurement of
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thefollowing measurementconditions, andthe degre
was determined by the analysis method described bel
[0115]
Measurement Conditions

Name of apparatus: manufactured by JEOL Ltd., NMR

“Lambda 500"
Observation frequency: 500 MHz
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
[0116]
Analysis Method

Bythemeasurementat40°C,apeakofhydrogenin

was found at around 3.3 ppm, which overlapped with
of 3.1to 3.7 ppm among peaks of methine hydrogen o
unitsofEVOH. Ontheotherhand,whenmeasuredat
caused at 40°C could be obviated; however, a peak o
hydroxylgroupsofthevinylalcoholunitsof EVOH

4t0 4.5 ppm, which overlapped with the range of 3.

of methine hydrogen of vinyl alcohol units of EVOH.
guantitative determination of methine hydrogen of v
ofEVOH(3.1todppm),measurementdataatd5°Cwe
totherangeof3.1t03.7ppm,andmeasurementdat

with respectto the range of 3.7to4 ppmin order

with peaks of hydrogen of water or hydroxyl groups.
amount of the methine hydrogen was quantitatively d
ofthetotalvalueofthesemeasurements. Notetha

of water or hydroxyl group has been known to shift
field side by elevating the measurement temperature
analyses were conducted as in the following using b
resultsat40°Cand95°C.Fromthespectrumobtaine
above,anintegratedvalue(l
to4ppm,andanintegratedvalue (|
at0.6to1.8ppmweredetermined. Ontheotherha
obtained at 95°C, an integrated value (|

shift at 3.1 to 3.7 ppm, an integrated value (I
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chemical shift at 0.6 to 1.8 ppm, and an integrated value (| 5) Of the
peak of the chemical shiftat 1.9to0 2.1 ppmwere d etermined. Inthis
process, the peak of the chemical shift at 0.6 to 1 .8 ppm principally
derivesfrommethylene hydrogen, whereasthe peako fthe chemical shift
at 1.9 to 2.1 ppm derives from methyl hydrogen in u nsaponified vinyl
acetate units. Fromthese integrated values, thee thylene contentand
thedegree ofsaponificationwere calculatedaccord ingtothefollowing
formula.

[0117]

[numerical formula 1]

Fthyl - . 1 31,1461 14+61,13+21,15 1
3 7lene conten %) =
Y (mol %) 31,74161,1,7181,T.765,1, = 190

[0118]
[numerical formula 2]

Degree of saponification (mol %) = L1/12+ 15/ 14 x 100
I./I,+I3/T14+I5/314

[0119]

(3) Quantitative Determination of (B1) Monocarboxy lic Acid and
Monocarboxylate lon, and (B2) Multivalent Carboxyli ¢ Acid and
Multivalent Carboxylate lon

The dry EVOH pellet was ground by freeze grinding. The ground
EVOH obtained was sieved with a sieve having a nomi nal dimension of 1
mm(accordingtostandardsievespecifiedinJIS-Z8 801). TheEVOHpowder
inanamountoflOgthatpassedthroughthesieve and50mLofionexchanged
waterwerechargedintoalOOmLErlenmeyer flaskequippedwithastopper,
thenacoolingcondenserwasattachedthereto,and themixturewasstirred
at 95°C for 10 hrs, followed by extraction. Two mL of the resulting
extraction liquid was diluted with 8 mL of ion exch anged water. The
diluted extraction liquid was subjected to quantita tive analysis using
ion chromatography “IC7000” manufactured by Yokogaw a Electric
Corporationto determine the amount of carboxylic a cidand carboxylate
ion, whereby the amount of carboxylic acid and carb oxylate ion was
calculated. Itisto be noted that a calibration ¢ urve produced using
an aqueous acetate solution was used in quantificat ion.

lon chromatography measurement condition:
Column: “ICE-AS-1" manufactured by Dionex lonPac
Eluent: 1.0 mmol/L octanesulfonic acid solution
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Measurement temperature: 35°C

Eluent flow rate: 1 mL/min

Amount of sample injected: 50 uL

[0120]

(4) Quantitative Determination of Metal lon

ThedryEVOH pelletwasgroundbyfreezegrinding.
EVOH powder in an amount of 10 g and 50 mL of ion e
chargedina 100 mL stoppered Erlenmeyer flask equi
condenser, and the mixture was stirred at 95°C for
heatextraction. Thus obtained extractinavolume
with 8 mL of ion exchanged water. Thus diluted ext
to a quantitative analysis using an ICP emission sp
“Optima 4300 DV” manufactured by PerkinElmer Japan
observation wavelength shown below, whereby the amo
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 Compou

ThedryEVOH pelletwasgroundbyfreezegrinding.
EVOH powder in an amount of 1.0 g, 15 mL of concent
and 4 mL of concentrated sulfuric acid were charged
100 mL Erlenmeyer flask equipped with a cooling con
heat degradation at 200 to 230°C. Thus obtained so
to 50 mL with ion exchanged water in a volumetric f
was subjected to a quantitative analysis using an |
spectrophotometer “Optima 4300 DV” manufactured by
Co.,Ltd.,atanobservationwavelengthof214.914
of phosphorus elementwas quantitatively determined
phosphatecompoundswascalculatedtogiveavalue

[0122]

(6) Quantitative Determination of Boron Compound

Adry EVOH pellet provided as a sample inan amoun
completely combusted by an oxygen flask combustion
resultant combusted ash deposition was dissolved in
aqueous nitric acid solution. The solution was sub
guantitative analysis using an ICP emission spectro
4300DV”manufactured by PerkinElmerJapanCo.,Ltd
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wavelength of 249.667 nm, whereby the content of bo ron compounds was
obtained in a value of boron element.

[0123]

(7) Evaluation of Coloring Characteristic (Colorin g Resistance)

Each dried EVOH pellet obtained in Examples and Co mparative
Examples in an amount of 5 g was heated and melted at 220°C and 260°C
for2minin aheat compression press apparatus to produce disk-shaped
sampleshavingathicknessof2mm. Thestateofc oloringoftheobtained
disk-shaped samples were visually confirmed and eva luated as in the
following.

A: hardly colored

B: slightly colored

C: colored (yellow)

D: intensely colored (brown)

[0124]
(8) Production of a Monolayer Film Using a Resin C omposition
The obtained dry EVOH pellet was subjected to mono layer film
casting using a 20 mm extruder “D2020” manufactured by Toyo Seiki
Seisaku-sho,Ltd.(D(mm)=20,L/D=20,compressi onratio=2.0,screw:
full flighted) under the following condition to giv eamonolayerfilm.
Extrusion temperature: 180/ 260/ 260/ 260°C (feed ing zone/

compression zone/ metering zone/ die)
Screw rotation speed: 40 rpm
Output rate: 1.3 kg/hr
Chill roll temperature: 80°C
Winding speed: 3.1 m/min

Film thickness: 20 um

[0125]

(9) Appearance Characteristic (Presence of Occurre nce of
Yellowing)

The monolayer film produced by the method describe d above was
rolled up around a paper tube and the degree of col oring on the edge
of the film roll was evaluated visually as in the f ollowing.

Evaluation: criteria
A: no coloring
B: somewhat yellowing
C: yellowing
[0126]
(10) Long-Run Workability (Viscosity Stability)
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Change in torque when 60 g of the obtained dry EVO

kneaded using Labo Plastmill (manufactured by Toyo
Ltd.“20R200"; biaxial, counterrotatingtype) at1
measured. The torque was measured after 5 min from
kneading,andatime period was determinedwhichwa
torque value reached 1.5 times the aforementioned t
5minfromthebeginning. Thistime period beingl
change in the viscosity, and more superior long-run
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(StabilityofQualityinRepeat
Use)

Two kg of the obtained dry EVOH pellet was pelleti
mmextruder‘D2020"manufacturedbyToyoSeikiSeis
= 20, L/D = 20, compression ratio = 2.0, screw: ful
thefollowingcondition. Anoperationofpelletizi
pelletagainunderthesameconditionswasrepeated
LDPE having a melt index of 1.0 g/10 min (190°C, un
g) was charged to replace the EVOH resinin the ext
the screw of the extruder was pulled off, and the s
stuck to the screw was visually confirmed and evalu
following.
<Pelletizing Condition>

Extrusion temperature: 180/ 210/ 210/ 210°C (feedi

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:
<Evaluation Criteria of State of the Stuck Resin>
Evaluation: criteria
A: the resin being slightly stuck to the screw or
B: the resin being stuck to the screw in a small a
C: the resin being stuck to the screw in a large a
D: the resin colored being stuck to the screw ina
[0128]
(12) Adhesiveness
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Using the obtained dry EVOH pellet, linear low-den sity
polyethylene (LLDPE: ULTZEX 2022L, manufactured by Mitsui Chemicals,
Inc.) and an adhesive resin (Bondine TX8030, manufa ctured by SUMICA.
ATOCHEMCo .Ltd,hereinafter,maybeabbreviatedas “Ad"),3materials-5
layers multilayer films (LLDPE/ Ad/ EVOH/ Ad/ LLDPE =50 wpm/10 um/10
um/10 um/50 um)wereobtainedbythefollowingmethodunderthe following
conditions. Theobtained multilayerfilmwascuto utintoasizeof150
mmalongamachinedirection(MD)and 10mmalonga transversedirection
(TD) immediately after the multilayer film producti on. Thereafter a
delamination strength between the EVOH layer and th e Ad layer was
immediatelymeasuredbyanautograph(DCS-50M,manu facturedbyShimadzu
Corporation) in a T-peel test method, and the evalu ation was made
according to the delamination strength as in the fo llowing.

<Multilayer Film Production Conditions>
Extruder:
ForEVOH:20mm  gextruderforlaboratoryuse, ME-typeCO-EXT
(manufactured by Toyo Seiki Seisaku-sho, Ltd.)
For Ad:25mm e extruder, P25-18AC (manufactured by Osaka
Seiki Kosaku K.K.)
For LLDPE: 32 mm ¢ extruder, GF-32-A (manufactured by
Research Laboratory of Plastics Technology Co., Ltd J)
EVOH extrusiontemperature: 175/ 210/ 220/ 220°C ( feeding zone/
compression zone/ metering zone/ die)
Ad extrusion temperature: 100/ 160/ 220/ 220°C (fe eding zone/
compression zone/ metering zone/ die)
LLDPEextrusiontemperature: 150/200/210/220°C (feedingzone/
compression zone/ metering zone/ die)
Die: coat hanger die with a width of 300 mm (manuf actured by
Research Laboratory of Plastics Technology Co., Ltd J)
<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-Containin g EVOH Pellet
(Polymerization of Ethylene-Vinyl Acetate Copolymer )

To a 250 L pressure reactor equipped with a stirre r, anitrogen
feedport,anethylenefeedport,aninitiatoraddi tionportandadelay
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(consecutive addition) solution addition port were
vinylacetate and 26.6 kg of methanol, and the temp
to 60°C. Thereafter, the system was substituted wi
nitrogen bubbling for 30 min. Next, ethylenewasc
reactor pressure became 3.6 MPa. As an initiator,
2,2’-azobis(4-methoxy-2,4-dimethylvaleronitrile) (A
in methanolto prepare an initiator solution having
2.5 g/L, and the solution was substituted with nitr
nitrogengas. Aftertheinternaltemperatureofth
was adjusted to 60°C, 362 mL of the initiator solut
initiate polymerization. During the polymerization
introduced to maintain the reactor pressure of 3.6
polymerization temperature of 60°C, and the initiat
continuously added at 1,120 mL/hr using the aforeme
solutionto perform polymerization. 5.0 hrslater,
was stopped by cooling when the polymerization conv
Afterthereactorwasopenedtoremoveethylene,ni
to completely eliminate ethylene. Next, the result
solutionwascontinuouslysuppliedthroughanupper
with Raschig ring, and methanol vapor was blown thr
ofthetower. Mixedvaporofmethanolandunreacte
was allowedto outflow through the top of the tower
solutionofanethylene-vinylacetatecopolymer(EV
whichunreactedvinylacetatemonomerhadbeenremo
of the tower.

[0130]

(Saponification)

To thus obtained EVAc solution was added methanol

concentration of 15% by mass. To 253.4 kg of thus
solution of EVAc (38 kg of EVAc in the solution) wa
an alkali solution (10% by mass NaOH solutionin me
(MR) relative to vinyl acetate units in EVAc: 0.4)
stirred at 60°C for 4 hrs to carry out saponificati
6 hrs from starting the reaction, the reaction liqu
byadding9.2kgofaceticacidand60Lofwatert

[0131]

(Washing)

Theneutralizedreactionliquid wastransferredfr
toametaldrum,andlefttostandatroomtemperat
permittingcoolingandhardeningtogiveacakefor
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wasremovedfromtheresininthecakeformusinga
("H-130" manufactured by Kokusan Centrifuge Co., Lt
revolution: 1,200 rpm). Next, a step of washing th

was conducted for 10 hrs in which washing was catrri
continuously supplying ion exchanged water to the ¢
the centrifugal separator from above. The conducti
liquid after 10 hrs from starting washing was 30
“CM-30ET” manufactured by TOA Electronics Ltd.).

[0132]

(Pelletizing)

The EVOH in the form of powder obtained in this ma
using a dryer at 60°C for 48 hrs. The dry EVOH in
in an amount of 20 kg was dissolved in 43 L of awa
solvent (mass ratio: water/ methanol = 4/6) while s
12 hrs. Next, the stirring was stopped, and the te
dissolving vessel was lowered to 65°C. By leaving
degassingofthewater/methanolsolutionofEVOHw
the EVOHwas extruded from a die plate provided wit
having adiameter of 3.5 mminto awater/ methanol
ratio: water/ methanol = 9/1) at 5°C to allow for ¢
astrand form, and cut to obtain a water-containing
a diameter of about 4 mm and a length of about 5 mm

[0133]

(Purification)

Thus obtained water-containing EVOH pelletinana
and 150 L of ion exchanged water were placed inam
height of 900 mm and an opening diameter of 600 mm.
washing at 25°C for 2 hrs while stirring, and dewat
repeated twice. Next, 150 L of 1 g/L aqueous aceti
added to 30 kg of the water-containing EVOH pellet,
of washing at 25°C for 2 hrs while stirring, and de
wasrepeatedtwice. Furthermore,150Lofionexch
to30kgofthewater-containingEVOHpellet,anda
at25°Cfor2hrswhilestirring,anddewateringth
sixtimes,wherebyawater-containingeVOHpellet(
from which impurities such as byproducts in the sap
beenremoved. Theconductivityofthewashingliqu
the sixth washing was measured with “CM-30ET” manuf
Electronics Ltd., and as a result, the washing liqu
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have a conductivity of 3
pellet had a water content of 110% by mass.
[0134]
<Synthesis Example 2> Synthesis of Water-Containin
AmethanolsolutionoftheEVAcfromwhichunreact
had been removed was obtained according to an opera
SynthesisExamplelexceptthat:theamountsofvin
chargedin polymerization ofthe ethylene-vinylace
changedto85.2kgand32.3kg,respectively;thep
tank was changed to 2.9 MPa; the amount of the init
(methanol solution of AMV having a concentration of
upon initiation of the polymerization was changed t
amount of the initiator solution continuously added
mL/hrin Synthesis Example 1. The reactiontime of
reaction was 5 hrs and the polymerization conversio
[0135]
Next, saponification and washing were carried out
particulate EVOHaccordingtoanoperationsimilar
1 except that the amount of the alkali solution add
78.9 L and the amount of acetic acid added for the
changed to 9.5 kg.
[0136]
Furthermore, coagulation and washing were carried
a water-containing EVOH pellet (w-EVOH-2) according
similar to Synthesis Example 1 except that the mass
methanol in the water/ methanol mixed solution used
the EVOH was changed to 50/50.
[0137]
<Synthesis Example 3> Synthesis of Water-Containin
AmethanolsolutionoftheEVAcfromwhichunreact
had been removed was obtained according to an opera
SynthesisExamplelexceptthat:theamountsofvin
chargedinpolymerization ofthe ethylene-vinylace
changedto76.7kgand11.0kg,respectively;thep
tank was changed to 5.5 MPa; the amount of the init
(methanol solution of AMV having a concentration of
upon initiation of the polymerization was changed t
amountoftheinitiatorsolutioncontinuouslyadded
mL/hrin Synthesis Example 1. The reactiontime of
reaction was 5 hrs and the polymerization conversio
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[0138]

Next, saponification and washing were carried out
particulate EVOHaccordingtoanoperationsimilar
1 except that the amount of the alkali solution add
70.4 L and the amount of acetic acid added for the
changed to 8.4 kg.

[0139]

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

[0140]

<Synthesis Example 4> Synthesis of Water-Containin

AmethanolsolutionoftheEVAcfromwhichunreact
had been removed was obtained according to an opera
SynthesisExamplelexceptthat:theamountsofvin
chargedin polymerization ofthe ethylene-vinylace
changed to 102.0 kg and 17.7 kg, respectively; the
reactiontankwaschangedto2.9MPa;theamountof
(methanol solution of AMV having a concentration of
upon initiation of the polymerization was changed t
amount of the initiator solution continuously added
mL/hrin Synthesis Example 1. The reactiontime of
reaction was 5 hrs and the polymerization conversio

[0141]

Next, saponification and washing were carried out
particulate EVOHaccordingtoanoperationsimilar
1 except that the amount of the alkali solution add
80.1 L and the amount of acetic acid added for the
changed to 9.6 kg.

[0142]

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

[0143]

<Example 1>
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Into 94.5 L of an aqueous solution prepared by dis
componentinwatersoastogive0.05g/Lcitricac
citrate, 0.015 g/L phosphoric acid and 0.20 g/L bor
10.5 kg of the water-containing EVOH pellet (w-EVOH
Synthesis Example 1, and the mixture was subjected
for 6 hrs with occasional stirring. The water-cont
aftertheimmersionwasdewateredusingcentrifugal
driedinahot-airdryer at80°C for 3 hrs, followe
for24 hrstoobtain apelletofadry EVOHresinc

[0144]

When EVOH-1was analyzed for the ethylene content
of saponification according to the procedure descri
ethylenecontent(Et)was32mol%andthedegreeo
was no lessthan 99.98 mol %. In addition, asare
according to the procedure described above, the EVO
umol/gofcitricacidandcitrateionasthemultiva
and multivalent carboxylate ion (B2), 7.0
metalion(C),10ppmofthephosphatecompound(D)
radical,and156ppmaoftheboroncompound(E)ina
Evaluation of the EVOH-1 for each physical property
procedure describedaboverevealedthecoloringcha
as “A” since coloring was hardly seen at both 220°C
appearance characteristic decided as “A” since colo
ontheedgeofthefilmroll. Inaddition,thelon
decided as “A” since even after 60 min the torque v
oneanda halftimesthetorque value after 5 min,
was decided as “A” since the delamination strength

[0145]

<Examples 2 to 31 and Comparative Examples 1 to 11

The EVOH resin composition pellets (EVOH-2to 31,
were obtained in a similar manner to Example 1 exce
thewater-containingeVOHpellet,andthetypeand
blended with the agueous solution were changed as s
Table 4. The obtained each EVOH resin composition
evaluatedinamannersimilartoExamplel1. There
ofthe ethylene content, etc. are shownin Table 2
results of the evaluation of the coloring resistanc
in Table 3 and Table 6.

[0146]

<Example 32>
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Awater-containing EVOH pellet(w-EVOH-5)wasobta
to Synthesis Example 1 except that 30 g of
“N,N’-hexamethylenebis(3,5-di-t-butyl-4-hydroxy-hyd
(Irganox 1098, manufactured by Ciba Specialty Chemi
antioxidantwas addedwhenthe EVOHwasdissolvedi
mixed solution in the pelletizing step in the Synth
thereafterpurificationwascarriedoutaccordingt
to Example 1. Furthermore, a pellet of a dry EVOH
(EVOH-32) was obtained according to an operation si
except that w-EVOH-5 was used in place of w-EVOH-1.

[0147]

<Example 33>

Awater-containing EVOH pellet(w-EVOH-6)wasobta
to Example 32 except that the amount of
“N,N’-hexamethylenebis(3,5-di-t-butyl-4-hydroxy-hyd
added was changed to 5 g, followed by purification
operation similar to Example 32. Furthermore, a pe
resin composition (EVOH-33) was obtained according
similartoExample 1exceptthatw-EVOH-6wasused

[0148]

TheEVOH-32andtheEVOH-33wereanalyzedandeval
similartoExamplel. Theresultsoftheanalysis
etc. are shown in Table 2, and the results of evalu
resistance are together shown in Table 3.
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[Table 3]

46



Our Ref. No. 11FP-0216/W0

Celoring resistance Appearance Long-run ) L
220°C 260°C characteristic] workability EClI RS
Example 1 A A A A A
Exemple 2 A B B B A
Example 3 A A A A A
Example 4 A A A A A
Example 5 B B B n A
Example 6 A B B A A
Example 7 A B A A A
Example 8 A A A A A
Example 9 B A A A B
Example 10 A A A A A
Example 11 A B B B A
Example 12 B B B A A
Example 13 A A A B A
xample 14 A A A B A
Example 15 A B A A A
Example 16 A B A A A
Example 17 A B A A A
Example 18 A A A A A
Example 19 A B B A B
Example 20 A A A B A
Example 21 B A A B A
Example 22 A A A B A
Example 23 B A B A A
Example 24 B A B A A
Example 25 B A B A A
Example 26 B B B B A
Example 27 B B B A B
Exanmple 28 B B B A B
Example 29 B B B A B
Example 30 B B B A B
Example 31 B B B B B
Example 32 A A A A B
Example 33 A B A A A
[0152]
[Table 4]
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Coloring resistance ok Bl et 1 .
220°cC 260°C characteristic] workability Adhesiveness

e = | o : : :
Comparatix
= —
examote 3| ® : c A ;
Eeened IR K : :
Eaded IR : " :
Compararive
ovompre 1| D c c c
Comparative
ceampte 8 | ® : c » 2
“omparative
“enampre 5 | : : c i
vmpre 10| : E : P
C?mparatj,f{e 0 D c c "
Example 11

[0155]

<Example 34>

Into 94.5 L of an aqueous solution prepared by dis solving each

componentinwatersoastogive0.24g/Lcitricac

citrate hexahydrate (synthesized according to a met

Japanese Unexamined Patent Application, Publication
0.015 g/L phosphoric acid and 0.20 g/L boric acid w
of the water-containing EVOH pellet (w-EVOH-1) obta
Example 1, and the mixture was subjected toimmersi

with occasional stirring. The water-containing EVO

immersion was deawatered using centrifugal dehydrat

in a hot-air dryer at 80°C for 3 hrs, followed by d

24 hrs to obtain a pellet of a dry EVOH resin compo

[0156]

id,0.50g/Lmagnesium

WhenEVOH-45wasanalyzedforthe ethylenecontent

of saponification according to the procedure descri

ethylene content was 32 mol % and the degree of sap

lessthan99.98mol%. Inaddition,asaresultof
to the procedure described above, the EVOH-45 conta

citric acid and citrate ion as the multivalent carb

multivalent carboxylate ion (B2), 2.9

hod described in
No. 2004-91442),
as placed 10.5 kg
ined in Synthesis
onat25°Cfor6 hrs
H pellet after the
or, and then dried
rying at 120°C for
sition (EVOH-45).

andthedegree
bed above, the
onification was no

theanalysisaccording

ined3.2  umol/g of
oxylic acid and

pmol/g of magnesium ion as the

metalion(C),10ppmofthephosphatecompound(D)

radical,and156ppmoftheboroncompound(E)ina

Evaluation of the EVOH-45 for each physical propert

50

inavalueofphosphate

valueofboronelement.

y according to the




Our Ref. No. 11FP-0216/W0

proceduredescribedaboverevealedthecoloringcha racteristicdecided
as “A” since coloring was hardly seen at both 220°C and 260°C, and the
appearance characteristic decided as “A” since colo ring was not seen
ontheedgeofthefilmroll. Inaddition,therec yclabilitywasdecided

as “A” since the resin stuck to the screw of the ex truder was hardly
seen after repeated pelletizing, and the adhesivene ss 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 EVOHresin composition pellets (EVOH-46t0 60) were obtained
in a similar manner to Example 34 except that the t ype of the
water-containing EVOH pellet, and the type and amou nt of each compound
blendedwiththeaqueoussolutionwerechangedass howninTable7. The
obtained each EVOH resin composition was analyzed a nd evaluated in a
mannersimilartoExample34. Theresultsofthea nalysisoftheethylene
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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Our Ref. No. 11FP-0216/W0
=o_o N9 fes ovance Appearance Recyclability | Adhesiveness
220°C 260°C [characteristic T T

Example 34 A A A A B
Example 35 A A A B B
Example 36 A A A A B
Example 37 A A A A A
Example 38 A B B A A
Example 39 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 A
Example 44 A B A © B
Example 45 A A A B A
Comparativ
f xﬁf*ri laeL l3?2e B b “ B B
Comparativ
E?XTaE)mDJ e 11‘7%8 . ¢ ¢ £ B
T ———
xampre 14| © B B D ’

[0161]

<Example 46>

Into 94.5 L of an aqueous solution prepared by dis solving each

component in water so as to give 0.8 g/L acetic aci
acid, 0.50 g/L trisodium citrate, 0.015 g/L phospho
g/L boric acid was placed 10.5 kg of the water-cont
(w-EVOH-1)obtainedinSynthesisExamplel,andthe
to immersion at 25°C for 6 hrs with occasional stir
water-containing EVOH pellet after the immersion wa
centrifugal dehydrator, and then dried in a hot-air
3 hrs, followed by drying at 120°C for 24 hrs to ob
dry EVOH resin composition (EVOH-1).
[0162]
WhenEVOH-61wasanalyzedfortheethylene content
of saponification according to the procedure descri
ethylene content was 32 mol % and the degree of sap
lessthan99.98mol%. Inaddition,asaresultof
tothe procedure described above, the EVOH-61 conta

54

d, 0.02 g/L citric
ric acid and 0.20
aining EVOH pellet
mixturewassubjected

ring. The

s dewatered using
dryer at 80°C for
tain a pellet of a

andthedegree

bed above, the

onification was no

theanalysisaccording

ined16.7

umol/g of



acetate ion as the monocarboxylic acid and monocarb
0.1 umol/gofcitricacidandcitrateionasthe multiva
acid and multivalent carboxylate ion (B2), 7.4

the metal ion (C), 10 ppm of the phosphate compound
phosphate radical, and 156 ppm of the boron compoun
boron element. Evaluation of the EVOH-61 for each
according to the procedure described above revealed
characteristic decided as “A” since coloring was ha
220°Cand260°C, andthe appearance characteristic
coloring was not seen on the edge of the film roll.
long-runworkabilitywasdecidedas“A”sinceeven

value did not reach one and a half times the torque
andthe adhesivenesswasdecidedas“B”sincethed
was 480 g/15 mm.

Our Ref. No. 11FP-0216/W0

oxylate ion (B1),
lentcarboxylic
umol/g of sodiumion as
(D) in a value of
d (E) inavalue of
physical property
the coloring
rdly seen at both
decidedas“A”since
In addition, the
after60minthetorque
value after 5 min,
elaminationstrength

[0163]

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

The EVOH resincomposition pellets (EVOH-62t073) were obtained
in a similar manner to Example 46 except that the t ype of the
water-containing EVOH pellet, and the type and amou nt of each compound

blended with the aqueous solution were changed as s
The obtained each EVOH resin composition was analyz
a manner similar to Example 46. The results of the
ethylene content, etc. are shown in Table 11, and t
evaluation of the coloring resistance, etc. are sho
[0164]
[Table 10]
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hown in Table 10.
ed and evaluatedin
analysis of the
he results of the
wn in Table 12.
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Our Ref. No. 11FP-0216/W0
Coloring resistance Appearance Long-run Ao st venoes
220°C 260°C [characteristic] workability N e
Example 46 A B A A B
Example 47 A A A A A
Example 48 A A A A A
Example 49 B B B A B
Example 50 B B B A B
Example 51 B B B A B
Example 52 B B B A B
Example 53 A A A A A
Example 54 A A A A A
(‘on;;p I;; ;laet i lv6 e 3 c e A B
vompre 17| : : . :
cammpie 10| : . : c
xampre 15| © : : : .
[0167]
<Example 55>
Awater-containing EVOH pellet(w-EVOH-7)wasobta inedsimilarly

to SynthesisExample 1exceptthat22gofcitrica
inneutralizingandstoppingthereactionbyadding
inthesaponifyingstepintheSynthesisExamplel
pelletizingandpurificationwere carriedoutaccor
similar to Example 1. Furthermore, a pellet of a d
composition (EVOH-74) was obtained according to an
to Example 1 except that w-EVOH-7 was used in place

[0168]

<Example 56>

Awater-containing EVOH pellet(w-EVOH-8)wasobta
to Synthesis Example 1 except that 2 g of citric ac
the EVOH was dissolved in the water/methanol mixed
pelletizingstepinthe SynthesisExample 1andthe
was carried out according to an operation similar t
Furthermore, a pellet of a dry EVOH resin compositi
obtained according to an operation similar to Examp
w-EVOH-8 was used in place of w-EVOH-1.

[0169]

<Example 57>

58

cidwasfurtheradded
aceticacidandwater
andthereafterwashing,
dingtoanoperation
ry EVOH resin
operation similar
of w-EVOH-1.

inedsimilarly
id was added when
solution in the
reafterpurification
o Example 1.
on (EVOH-75) was
le 1 except that




Thew-EVOH-1obtainedinSynthesisExamplelwasd
dryerat80°Cfor 1 hour,whereby awater-containin
a moisture content of 50% by mass was obtained. Th
water-containingEVOHpelletwaschargedintoabia
shown below) at a rate of 10 kg/hr, then the temper
in a discharge opening was adjusted to 100°C, and a
including 0.63 g/L citric acid, 6.74 g/L trisodium
phosphoric acid and 9.9 g/L boric acid was added at
fromasolution adding partatatip partonthe di
shown in Fig. 1. The strand-shaped and melted wate
dischargedfromadicewascutbyastrandcuttert
water-containing EVOH pellet (moisture content: 25%
obtained water-containing EVOH pellet was dried in
80°C for 1 hour, followed by consequently drying at
to obtain a pellet of dry EVOH resin composition (E
<Detailed Specifications of Biaxial Extruder>

Screw Diameter: 30 mm

L/D: 45.5

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

Screw rotation speed: 300 rpm

Die: 3mm ¢, 5-holes strand die

Winding speed: 5 m/min

[0170]

<Example 58>

Awater-containingEVOHpellet(w-EVOH-9)wasobta
outsaponification, washing, pelletizingand purifi
an operation similar to Synthesis Example 1 except
acetate (400 ppm with respect to the methanol solut
concentration of 15% of EVAc) and 27 g of trisodium
to the methanol solution having a concentration of
used for the saponifying step, and that an alkali s
after the mixture was stirred to permit homogenous
Synthesis Example 1. Furthermore, a pellet of a dr
composition (EVOH-77) was obtained according to an
to Example 1 except that w-EVOH-9 was used in place

[0171]

<Example 59>

A water-containing EVOH pellet (w-EVOH-10) was obt
carrying out saponification, washing, pelletizing a

59
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riedinahot-air
gEVOH pellethaving
e obtained
xialextruder(details
ature of the resin
n agueous solution
citrate, 0.11 g/L
arate of 0.6 L/hr
scharge opening side
r-containing EVOH
oobtainacylindrical
by mass). The
a hot-air dryer at
120°C for 24 hrs
VOH-76).

on (detailed

inedbycarrying
cationaccordingto
that 101 g of vinyl
ion having a
citrate were added
15% by mass of EVAC
olution was added
dissolution in
y EVOH resin
operation similar
of w-EVOH-1.

ained by
nd purification
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according to an operation similar to Example 57 exc
of vinyl acetate added was changed to 152 g (600 pp
the methanol solution havingaconcentration of 15%
58. Furthermore, a pellet ofthe dry EVOH resin co
was obtainedaccordingtoan operationsimilarto E
w-EVOH-10 was used in place of w-EVOH-1.

[0172]

<Comparative Example 20>

A water-containing EVOH pellet (w-EVOH-11) was obt

carrying out polymerization, saponification, washin
purification according to an operation similarto S

except that 48 g of citric acid was further added w

and methanol were charged into the reaction tankin
stepin Synthesis Example 1. Furthermore, apellet
composition (EVOH-79) was obtained according to an
to Comparative Example 1 except that w-EVOH-11 was
w-EVOH-1.

[0173]

The dry EVOH resin composition pellets EVOH-74 to
in Examples 55 to 59 and Comparative Example 20 wer
evaluatedinamannersimilartoExamplel1. There
oftheethylenecontent,etc.andtheevaluationof
etc. are shown in Table 13 and Table 14.

[0174]

[Table 13]
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[Table 14]

[0175]
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Coloring resistance Bppearance Long-run N )
220°C 260°C jcharacteristic{ workability Adhesiveness

Example 55 A A A A A
Example 56 A A A A A
Example 57 A A A A A
Example 58 A A A A A
Example 59 B B B A A
Comparati
Ecjsg;prle 72‘706 ¢ b “ A A

[INDUSTRIAL APPLICABILITY]

[0176]

TheEVOHresincompositionofthepresentinventio
used as a material for various types of molded arti
monolayeredormultilayeredfilms,sheets, pipes,c
superior in the appearance characteristics since th
composition of the present invention is superior in
characteristics and long-run workability, and enabl
coloring such asyellowing to be inhibited even by
temperatures, particularly, forexample, ahightem
than 260°C.

[EXPLANATION OF THE REFERENCE SYMBOLS]

[0177]
1 material supply part
2,4,6 full flighted screw part
3,5 reverse flighted screw part
7 vent cylinder part
8 minor component adding part
9 temperature sensor
10 cylinder barrel

11 discharge opening
20 biaxial extruder
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CLAIMS

1. A resin composition comprising:

(A) an ethylene-vinyl alcohol copolymer;

(B)atleastoneselectedfromthe setconsisting
acid and a carboxylate ion; and

(C) a metal ion,
wherein

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

themolarratio (B2/C)ofthe multivalentcarboxyl
multivalentcarboxylateion(B2)tothemetalion(
and 2 or less.

2. The resin composition according to claim 1, wher
of the component (B2)is 0.01

3. The resin composition according to claim 1 or 2,
component (B2) has atleast one type of functional
thesetconsistingofahydroxygroup,anaminogro

4. Theresincompositionaccordingtoclaim3,wher
(B2) has a hydroxy group.

5. Theresincompositionaccordingtoanyoneofcl
atleastapairofcarboxylgroupsinthecomponent
other via a linking group having 1 or 2 carbon atom

6. Theresincompositionaccordingtoanyoneofcl
the component (B2) has at least three carboxyl grou

7. Theresincompositionaccordingtoanyoneofcl
the content ofthe component (C)is 2.5

or less.

8. Theresincompositionaccordingtoanyoneofcl
the component (C) comprises (C1) an alkali metal io

63

umol/g or greater and 20

pmol/gorgreaterand 22
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ofacarboxylic

cted from the
a multivalent

icacidandthe
C)is0.002orgreater

ein the content
umol/g or less.

wherein the
group selected from
upandaketonegroup.

einthecomponent

aimslto4,wherein
(B2)arelinkedeach

().

aims1to5,wherein
ps.

aimsl1to6,wherein
rmol/g

aimslto7,wherein
n.



9. The resin composition according to claim 8, wher

of the component (C1) is 2.5 umol/g or greater and 22

10.  Theresincompositionaccordingtoclaim8or9
ratio (B2/C1) of the component (B2) to the componen
greater and 2 or less.

11.  The resin composition according to any one of ¢

wherein the component (C) comprises (C2) an alkalin

12.  Theresincompositionaccordingtoanyoneofc
resin composition further comprising (D) a phosphat
wherein the content of the phosphate compound (D) i
and 500 ppm or less in a value of phosphate radical

13.  Theresincompositionaccordingtoanyoneofc
resin composition further comprising (E) a boron co
wherein the content of the boron compound (E) is 5
2,000 ppm or less in a value of boron element.

14.  The resin composition according to any one of ¢

whereinthe contentof(B1)amonocarboxylicacida

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

15.  Theresincompositionaccordingtoanyoneofc
component (B) further comprising (B1) at least one
set consisting of a monocarboxylic acid and a monoc
wherein the content of the monocarboxylic acid and

ion (B1) is no less than 2 umol/g.

16.  Theresincompositionaccordingtoanyoneofc
resin composition being for use in co-extrusion mol

17.  Amethodforproducingtheresincompositionac
of claims 1 to 16, the method comprising

a copolymerizing step in which ethylene and a viny

copolymerized to obtain an ethylene-vinyl ester cop

a saponifying step in which the ethylene-vinyl est

is saponified to obtain an ethylene-vinyl alcohol ¢
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einthe content
pmol/g or less.

,whereinthemolar
t(C1)is 0.002 or

laims 1 to 10,
e earth metal ion.

laims1to11,the
e compound,
s 5 ppm or greater

laims1to12,the
mpound,
ppm or greater and

laims 1 to 13,
ndamonocarboxylate

laims1to13,the

selected from the

arboxylate ion,
the monocarboxylate

laims1to15,the
ding.

cordingtoanyone

| ester are
olymer, and

er copolymer
opolymer, and



the method further comprising

amixing stepinwhichthe ethylene-vinylester co
ethylene vinyl alcohol copolymer is mixed with (B2’
a multivalent carboxylic acid and a salt thereof, |
copolymerizing step.

18.  Themethodforproducingtheresincomposition
17, wherein the mixing step is carried out in a sys
concentration of the vinyl ester is no greater than

19.  Themethodforproducingtheresincomposition
17 or 18, the method further comprising:

an pelletizing step in which a water-containing pe
ethylene-vinylalcoholcopolymerisobtainedbyan
fromasolutioncomprisingtheethylene-vinylalcoh
in the saponifying step; and

a drying step in which the water-containing pellet
obtain a resin composition comprising an ethylene-v
copolymer,
wherein the mixing step is carried out after the pe

20.  Themethodforproducingtheresincomposition
19,whereinthe mixing stepis carried outbetween
andthedryingstepbyimmersingthewater-containi
containing the component (B2').

21.  Themethodforproducingtheresincomposition
19, wherein the mixing step is carried out in the p

22.  Themethodforproducingtheresincomposition
170r18,whereinthemixingstepiscarriedoutin

23.  Amultilayeredstructureprovidedwithatleast
from the resin composition according to any one of
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polymerorthe
) at least one of
ater than the

accordingtoclaim
tem in which the
1,000 ppm.

accordingtoclaim
llet of an
pelletizingoperation

olcopolymerobtained

is dried to
inyl alcohol

lletizing step.
accordingtoclaim

the pelletizing step
ngpelletinasolution

accordingtoclaim

elletizing step.

accordingtoclaim
thesaponifyingstep.

onelayerobtained
claims 1 to 16.



