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DESCRIPTION

ETHYLENE-VINYL ALCOHOL COPOLYMER RESIN COMPOSITIONAND

MULTILAYER STRUCTURE

TECHNICAL FIELD

[0001] The presentdisclosure relatesto an ethylen
alcoholcopolymerresincomposition. More specific
present disclosure relates to an ethylene-vinyl alc
copolymer resin composition excellentin heat stabi
higher temperature as well as gas barrier property,

multilayerstructure producedbyusingtheresinco

BACKGROUND ART

[0002] Ethylene-vinyl alcohol copolymers (hereinaft
sometimes abbreviated as “EVOH”), particularly, sap
ethylene-vinyl acetate copolymers, are excellent in
barrier property, mechanical strength, and other pr
and,therefore,arewidelyusedforfilms,sheets,

fibers and other various applications.

Saponified ethylene-vinyl acetate copolymers are

produced by copolymerizing ethylene and vinyl aceta
removing unreacted vinyl acetate, and saponifying t
resulting ethylene-vinyl acetate copolymer.

[0003] A variety of products are formed from such a
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by melt-forming processes such as extrusion and inj

molding. In the melt forming of the EVOH, the melt

ection

forming

temperature is high, typically 200 °C or higher. Therefore,

the EVOH is susceptible to thermal degradation, so
resulting formed product is liable to have a poorer

with fisheyes and gel-like objects (spots).

[0004] An exemplary method for suppressing the ther

degradation of the EVOH at a higher temperature is
in which the total content of a carboxylic acid uni
lactoneringunitatpolymerterminalsoftheEVOH

to not higher than 0.12 mol % based on the total co
anethylene unit,avinylalcoholunit,andavinyl

of the EVOH (see, for example, PTL 1).

RELATED ART DOCUMENT
PATENT DOCUMENT

[0005] PTL 1: WO2004/092234

SUMMARY

[0006] TheartdisclosedinPTL1providesacertai
degradation-suppressing effect, but the effect is n
satisfactorily proved because films sampled after a

50 hours were evaluated for occurrence of gel-like

therein by visual inspection. With recent technolo

advancement, the EVOH requires further improvement.
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example, there is a demand for an EVOH that is exce
thermal decomposition suppressing effect even at a
temperatureandisfreefromodoremanationandcol

if being processed at the higher temperature.

[0007] Inorderto meetthe demand, the present dis
providesanEVOHresincompositionthatisexcellen
stability and thermal decomposition suppressing eff

at a higher temperature and is free from odor emana
colorationevenifbeing processedatthe higherte
andprovidesamultilayerstructureproducedbyusi

resin composition.

[0008] In view of the foregoing, the inventors cond
intensive studies and, as a result, found thatan E
compositionthatcontainsanEVOHhavingalactone
greater than a carboxylic acid content in its termi
structures, andfurther contains alimited smallam

least one component selected from the group consist
cinnamic acid component, a lubricant, a boron compo
aconjugatedpolyenecompound(hereinaftersometime
to collectively as “thermally stabilizing substance
serveasaningredientthatis excellentinthermal

and free from odor emanation and coloration even if
processed at a higher temperature.

[0009] Accordingtoafirstaspectofthepresentd

thereis provided an EVOH resincompositionthatco

3

llent in
higher

orationeven

closure
tinthermal

ecteven

tion and

mperature,

ngtheEVOH

ucted
VOH resin
ringcontent
nal
ountofat
ing of a
und, and
sreferred
") can
stability

being

isclosure,

ntains:an



10

15

20

25

Finalized Mirror Translation
Client ref.F17-25; Our ref.1733-EP,SG

EVOH; and at least one component (thermally stabili zing
substance) selected from the group consisting of:

(A) notgreaterthan500ppmofacinnamicacidcom ponent
based on the weight of the resin composition;

(B) not greater than 300 ppm of alubricant based o nthe

weight of the resin composition;

(©) notgreaterthan400ppmofaboroncompoundon aboron

basis based on the weight of the resin composition; and

(D) not greater than 800 ppm of a conjugated polyen e

compound based on the weight of the resin compositi on,
whereintheratio(Y/Z)ofalactoneringcontent (Y)

tothesum(Z)ofacarboxylicacidcontent(X)and thelactone

ring content (Y) present in terminal structures of the EVOH

is not less than 55 mol %.

[0010] Accordingtoasecondaspectofthepresent disclosure,
thereisprovidedamultilayerstructurethatinclu desatleast
one layer comprising the EVOH resin composition.

[0011] In the EVOH resin composition of the present

disclosure, the EVOH has a lactone ring content rat io (Y/Z)
of not less than 55 mol % with respect to the sum ( Z) of the
carboxylic acid content (X) and the lactone ring co ntent (Y)
in the EVOH terminal structures. In addition, the resin
composition contains a limited proportion of the sp ecific
thermally stabilizing substance. Withthisarrange ment, the
EVOH is excellent in high-temperature thermal stabi lity, so

4
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that the EVOH resin composition is free from odor e manation
andcolorationevenifbeingprocessedatahigher temperature.
[0012] Wherethesum (Z)ofthe carboxylicacidcon tent (X)
and the lactone ring content (Y) is 0.01 to 0.3 mol % based
onthetotalamountofthe monomerunits ofthe EVO H,the EVOH
is particularly excellent in thermal stability.
[0013] Wherethelactoneringcontent(Y)is0.01t 00.3mol%
based on the total amount of the monomer units of t he EVOH,
the EVOH is further superior in thermal stability.
[0014] Wherethe carboxylicacid content(X)is0.0 1t00.3
mol % based on the total amount of the monomer unit s of the
EVOH, the EVOH is even more superior in thermal sta bility.
[0015] The multilayer structure of the present disc losure
has at least one layer comprising the EVOH resin co mposition
of the present disclosure excellent in thermal stab ility.
Therefore, the multilayer structure is excellent in thermal
stability, andisadvantageousinthatthe quality thereofis
less liable to be thermally influenced.
BRIEF DESCRIPTION OF DRAWINGS
[0016] FIG.lisatypical !H-NMRchartofanEVOHinaDMSO-D6
solvent.

FIG.2isatypical 'H-NMRchartoftheEVOHinaheavy

water/ethanol-D6 solvent.
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DESCRIPTION OF EMBODIMENTS

[0017] Embodiments of the present disclosure will

hereinafter be described in detail. Itshould beu nderstood
that the present disclosure be not limited to the f ollowing
embodiments.

[0018] According to a first feature, the EVOH resin

composition of the present disclosure contains the EVOH that
hasalactoneringcontentratio(Y/Z)ofnotless than55mol%
withrespecttothe sum (Z) ofthe carboxylicacid content(X)
andthelactoneringcontent(Y)intheEVOHtermin alstructures.
Accordingtoasecondfeature,theresincompositio ncontains
a limited proportion of the specific thermally stab ilizing
substance (at least one component selected from the group
consisting ofthe cinnamicacid component, the lubr icant,the
boron compound, and the conjugated polyene compound ).

[0019] More specifically, the lactone ring is chemi cally
more stable than the carboxylic acid group and, acc ordingly,
islesssusceptibletoadecompositionreactiondur ingheating.
Therefore, the lactone ring supposedly ensures furt her
superior thermal stability than the carboxylic acid group at

a higher temperature.

In the present disclosure, where the cinnamic acid

component is used in a limited amount as the therma Iy
stabilizing substance, the lactone ring more effect ively
provides the high-temperature thermal stabilization effect

6
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for the following reason. The cinnamic acid compon entisa
kindofacid,whichsupposedlypromotesacrosslink ingreaction.
Therefore,itisconsideredthatthecrosslinkingr eactionand
the decomposition reaction of the lactone ring duri ng the
heating are competitively balanced in the presence of the
cinnamic acid component in the EVOH resin compositi on.
Therefore theEVOHresincompositionofthepresen tdisclosure
containing the cinnamic acid componentis supposed| y further
superior in high-temperature thermal stability, bec ause the
decomposition reaction of the lactone ring at the h igher
temperatureisfurthersuppressed. However itwas foundthat,
ifthe amount ofthe cinnamic acid componentis eve nslightly
greater than the aforementioned limited amount, the resin
composition conversely has poorer high-temperature thermal
stability because the decomposition reaction and th e
crosslinking reaction are unbalanced and the cinnam ic acid
component significantly promotes the crosslinking r eaction.
Therefore,theproportionofthecinnamicacidcomp onentshould
benotgreaterthan500ppm(“ppm”isbasedonweig ht,andthis
definition also applies to the following descriptio n).
[0020] Inthepresentdisclosure,wherethelubrica ntisused
in a limited amount as the thermally stabilizing su bstance,

the lactone ring more effectively provides the
high-temperature thermal stabilization effect for t he

following reason. The lubricant is conventionally used to

7
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ensure proper formability of a resin material. How
isconsideredthat, whenthe lubricantis exposedt
temperature, a limited amount of a decomposition pr
generated and attacks the lactone ring structure of

to decompose the lactone ring. Therefore, it was c

that, even if the lactone ring content is higher th
carboxylicacidcontentinthe EVOH, thepresenceo
amount of the lubricant makes it difficult to provi
high-temperature thermal stabilization effect. In
presentdisclosure,therefore,theproportionofth

is controlled to notgreater than 300 ppm withina
doesnotimpairthe formability ofthe EVOHresinc

to suppress the decomposition reaction of the lacto
therebyallowingthelactoneringtosufficientlyp
high-temperature thermal stabilization effect.

[0021] Inthe presentdisclosure, where the boronc

is used in a limited amount as the thermally stabil
substance, the lactone ring more effectively provid
high-temperature thermal stabilization effect for t
followingreason. Theboroncompoundisconvention
usedforaresinmaterial. Iftheresincompositio

a greater amount of the boron compound, however, th
ring experiences a reverse equilibrium reaction to
decomposed into a carboxylic acid and an alcohol, a

interaction between the alcohol and the boron compo
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liable to inhibit restoration of the lactone ring f
decomposition. Therefore,itisconsideredthatth
amountoftheboroncompoundconsequentlyreducest
ring content of the

resin composition to impair the

high-temperature thermal stability. In the present
disclosure, therefore, the proportion of the boron

is controlled to not greater than 400 ppm on aboro

suppress the decomposition reaction of the lactone
therebyallowingthelactoneringtosufficientlyp
high-temperature thermal stabilization effect.

[0022] In the present disclosure, where the conjuga
polyene compoundisusedinalimited amountasthe
stabilizing substance, the lactone ring more effect
provides the high-temperature thermal stabilization

for the following reason. The conjugated polyene s

ofthe conjugated polyene compoundfunctionstotra
generatedduringheatingatahighertemperature.

it is considered that the conjugated polyene compou
contributes to the high-temperature thermal stabili

effect of the lactone ring. However, it was found

the amount of the conjugated polyene compound is ex
great,gel-likeobjectsoccurringintheresindue

stagnation of the resin during extrusion are liable

coloredatthehighertemperature. Inthepresent

therefore, the proportion of the conjugated polyene
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is controlled to not greater than 800 ppm to suppre
coloration of the gel-like objects to a practically
nonproblematic level during the heating at the high
temperature and to allow the lactone ring to suffic
provide the high-temperature thermal stabilization

[0023] TheEVOHresincompositionofthepresentdi

will hereinafter be described.

ss the

er
iently
effect.

sclosure

The EVOH to be used for the EVOH resin composition

of the present disclosure is typically a resin prep
copolymerizing ethylene and a vinyl ester monomer,
saponifying the resulting copolymer, or a water-ins
thermoplasticresingenerallyreferredtoasaneth

alcohol copolymer or a saponified ethylene-vinyl es
copolymer. A known polymerization method such as s
polymerization method, suspension polymerization me
emulsion polymerization method may be utilized
polymerization for the preparation ofthe EVOH. In

a solution polymerization method using a lower alco

as methanol or ethanol as a solvent, particularly p
usingmethanolasasolvent,isutilized. Thesapo
oftheresultingethylene-vinylestercopolymermay

by a known method.

ared by
and then
oluble
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In general, the EVOH mainly contains an ethylene

structural unit and a vinyl alcohol structural unit

further contains a small amount of a vinyl ester st
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unit left unsaponified as required.
[0024] Vinyl acetate is typically used as the vinyl
monomer, because it is easily commercially availabl
ensures a higher impurity treatment efficiency in t
preparation. Other examples of the vinyl ester mon
include aliphatic vinyl esters such as vinyl format
propionate,vinylvalerate,vinylbutyrate,vinyli
vinylpivalate,vinylcaprate,vinyllaurate, vinyl

and vinyl versatate, and aromatic vinyl esters such
benzoate. Thealiphaticvinylesterstypicallyhav
numberof3to 20, preferably4to10, particularly

4to 7. These vinyl esters may be typically each u

or, as required, a plurality of vinyl esters may be

from these vinyl esters to be used in combination.
[0025] The EVOH typically has an ethylene structura
contentof20to60mol%,preferably25to50mol

preferably 25 to 35 mol %, as measured in conformit
ISO14663. If the ethylene structural unit content
excessivelylow, the EVOHtendstobe poorerin hig

gas barrier property and melt formability for gas b
applications. If the ethylene structural unit cont
excessivelyhigh,ontheotherhand,theEVOHtends
in gas barrier property.

[0026]

The saponification degree of the vinyl

componentinthe EVOHistypically90to 100 mol %,
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95 to 100 mol %, particularly preferably 99 to 100

measured in conformity with JIS K6726 (with the use

solution obtained by homogenously dissolving the EV
water/methanol solvent). If the saponification deg
excessively low, the EVOH tends to be poorer in gas
property, thermal stability, humidity resistance, a
like.

[0027] Further,theEVOHTtypicallyhasameltflow
of 0.5to 100 g/10 minutes, preferably 1 to 50 g/10
particularly preferably 2 to 35 g/10 minutes, as me
210°Cwithaloadof2160g. Ifthe MFRs excessively
the EVOH tendsto have unstable film formability.
isexcessivelylow,the EVOHtendstohaveanexces
viscosity, making melt extrusion difficult.

[0028] TheEVOHmayfurthercontainastructuralun
from any of the following comonomers in an amount (
greaterthan 10mol %) thatdoes notimpairthe eff

present disclosure.

[0029] The comonomers include: olefins such as prop

1-butene, and isobutene; hydroxyl-containing

as2-propen-1-ol,3-buten-1-ol,4-penten-1-ol,5-he
3,4-dihydroxy-1-butene, and
derivatives including esterification products of th
hydroxyl-containing
(e.g., 3,4-diacetoxy-1-butene, and the like), and a

12
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products of these hydroxyl-containing a-olefins such as
2,3-diacetoxy-1-allyloxypropane,

2-acetoxy-1-allyloxy-3-hydroxypropane,
3-acetoxy-1-allyloxy-2-hydroxypropane, glycerin mon ovinyl
ether, and glycerin monoisopropenyl ether; hydroxya Ikyl
vinylidenes such as 2-methylenepropane-1,3-diol and
3-methylenepentane-1,5-diol; vinylidene diacetates such as

1,3-diacetoxy-2-methylenepropane,

1,3-dipropionyloxy-2-methylenepropane, and
1,3-dibutyronyloxy-2-methylenepropane; unsaturated acids
suchasacrylicacid,methacrylicacid,crotonicac id,phthalic
acid (anhydride), maleic acid (anhydride), and itac onicacid
(anhydride), salts of these unsaturated acids, and monoalkyl
anddialkyl esters ofthese unsaturated acidshavin gacarbon
number of 1 to 18; acrylamide compounds such as acr ylamide,
N-alkyl acrylamides having a carbon number of 1 to 18,
N,N-dimethyl acrylamide, 2-acrylamidopropane sulfon ic acid
anditssalts,andacrylamidopropyldimethylaminean ditsacid
salts and quaternary salts; methacrylamide compound ssuchas
methacrylamide, N-alkyl methacrylamides having a ca rbon

number of 1 to 18, N,N-dimethyl methacrylamide,

2-methacrylamidopropane sulfonic acid and its salts , and
methacrylamidopropyldimethylamine and its acid salt s and
quaternary salts; N-vinylamides such as N-vinylpyrr olidone,
N-vinylformamide, and N-vinylacetamide; vinyl cyana tes such

13
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as acrylonitrile and methacrylonitrile; vinyl ether ssuchas
alkylvinylethers,hydroxyalkylvinylethers,and alkoxyalkyl
vinyl ethers having a carbon number of 1 to 18; hal ogenated
vinyl compounds such as vinyl chloride, vinylidene chloride,
vinyl fluoride, vinylidene fluoride, and vinyl brom ide;
vinylsilanes such as trimethoxyvinylsilane; allyl a cetate,
halogenatedallylcompoundssuchasallylchloride, andallyl
alcohol compounds such as allyl alcohol and dimetho xyallyl
alcohol; and
trimethyl(3-acrylamido-3-dimethylpropyl)Jammonium ch loride
and acrylamido-2-methylpropane sulfonic acid. Thes e may be
used alone or in combination.

[0030] A post-modified EVOH such as an urethanized,
acetalized,cyanoethylatedoroxyalkylenatedEVOHmM aybeused
as the EVOH of the present disclosure.

[0031] Particularly, an EVOH prepared by copolymeri zation
with a hydroxyl-containing a-olefin is preferred because of

its excellent secondary formability, and an EVOH co ntaining
a primary hydroxyl group in its side chain is prefe rred.
Particularly,anEVOH havinga1,2-diol structurei nitsside
chain is preferred.

[0032] The EVOH having the 1,2-diol structure in it s side
chain contains a 1,2-diol structural unitin its si de chain.
An EVOH containing a structural unit represented by the

following structural formula (1) is most preferred.

14
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- (D

Particularly, where the EVOH contains the 1,

structural unit, the content of the 1,2-diol struct

is typically 0.1 to 20 mol %, preferably 0.5 to 15

particularly preferably 1 to 10 mol %.

[0035]

Ingeneral,the EVOHcontainsthelactoneri

carboxylic acid group present in its terminal struc

According to the first feature, as previously descr

EVOH to be used forthe EVOH resin composition of t

disclosure hasalactonering contentratio (Y/Z) o

than 55 mol % with respect to the sum (Z) of the ca

acid content (X) and the lactone ring content (Y) i

terminal structures.

[0036]

Inthepresentdisclosure thelactonering

inagreateramountthanthe carboxylicacidgroup

terminal

structures.

Thus,

the EVOH

is excellent i

high-temperature thermal stability, and is free fro

emanationandcolorationevenifbeingprocessedat

temperature.
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[0037] Inthe presentdisclosure, the lactone ring

ratio (Y/Z) is preferably not less than 55 mol %, m
preferably 56 to 90 mol %, particularly preferably
mol%,especiallypreferably58to70mol%,furthe

60 to 70 mol %, for the high-temperature thermal st
Ifthe contentratio (Y/Z) is excessively low, the

to be poorer in thermal stability. If the content
excessively high, the EVOH tends to be poorerinad

an adhesive resin layer when being used for a multi
structure.
[0038] In the present disclosure, the sum (Z) of th
carboxylic acid content (X) and the lactone ring co
intheEVOHterminalstructuresispreferably0.01

more preferably0.03t00.28 mol %, stillmore pref

to 0.25 mol %, especially preferably 0.1 to 0.24 mo
particularlypreferably0.17t00.23mol %, basedo
amountofthemonomerunitsofthe EVOHforthermal
Ifthesum(Z)isexcessivelysmall,theEVOHtends

in adhesion to the adhesive resin layer when being
themultilayerstructure. Ifthesum(Z)isexcess

the EVOH tends to be poorer in thermal stability.

[0039] The monomer units herein include an ethylene
represented by the following structural formula (2)

alcohol unitrepresented by the following structura

(3), a vinyl acetate unit represented by the follow

16
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structuralformula(4),andothercopolymerizedmon
andthetotalamountofthemonomerunitsmeansthe
amount of these monomer units.

[0040]

P S
I—O——T
Ir—QO——I

~1

- (2)

5
[0041]
H H
(L
\ | | )
Y OH - (3
[0042]
H H
AR
\ | | /
H (@]
ot
H——-(ll—-—H
|L - (4)

10 [0043] The carboxylic acid content (X) is preferabl
to 0.3 mol % for thermal stability, particularly pr

17
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0.02t00.25mol%,morepreferably0.03to0.2mol
preferably 0.05t0 0.1 mol %, particularly preferab
0.08 mol %, based on the total amount of the monome
the EVOH. Ifthe carboxylic acid content (X)is ex
low, the EVOH tends to be poorer in adhesion to the
resinlayerwhenbeingusedforthe multilayerstru

the carboxylic acid content (X)isexcessively high
tends to be poorer in thermal stability.

[0044] The lactone ring content (Y) is preferably 0
0.3mol%forthermal stability, particularly prefe

to 0.25 mol %, more preferably 0.03 to 0.2 mol %, e
preferably0.05t00.15mol %, particularly prefera
0.15 mol %, based on the total amount of the monome
theEVOH. Ifthelactoneringcontent(Y)isexces

the EVOHtendsto be poorerinadhesionto the adhe
layer when being used for the multilayer structure.
lactone ring content (Y) is excessively high, the E

to be poorer in thermal stability.

[0045] The carboxylic acid content (X), the lactone
content (Y) and the lactone ring content ratio (Y/Z
determined by NMR measurement. The carboxylic acid
hereinincludescarboxylicacidgroupsandcarboxyl

groups, and the carboxylic acid content (X) means t

contentofthe carboxylicacid groupsandthe carbo

salt groups.
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The NMR measurement is performed in the following
manner.
<Measurement Conditions>
Apparatus: Bruker’'s AVANCE Il
Measurement frequency: 400 MHz
Solvent:Heavywater/ethanol-D6(havingaheavywat er/ethanol
weight ratio of 35/65), and DMSO (dimethyl sulfoxid e)-D6
Polymer concentration: 5 wt.%
Measurementtemperatures:70 °Cforheavywater/ethanol-D6,and
50°C for DMSO-D6
Integration number: 16
Pulse recurrence time: 4 seconds
Sample rotation speed: 20 Hz
Additive: Trifluoroacetic acid
[0046] <Analysis Method>
(1-1) Measurement of Terminal Methyl Amount

The terminal methyl amount is calculated based on

'H-NMR measurement (measurement with DMSO-D6 at 50 °C). More
specifically, the terminal methyl amount is calcula ted from
thefollowingexpression(Ex.1)byusinganintegr ationvalue
(I me-1)0fapeakappearingbetween0.7and0.95ppmfor terminal
methyl, anintegrationvalue(l cHo) Of peaksappearing between

0.95 and 1.85 ppm for non-terminal methylene (a tot
integrationvalueofpeaksformethyleneintheeth yleneunit,

the vinyl alcohol unit, and the vinyl acetate unit) , an

19
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integration value (I oac) Of a peak appearing between 1.9 and
2 ppm for terminal methyl in the vinyl acetate unit ,and an
integrationvalue( cn of peaksappearingbetween3.1and4.3
ppm for methine in the vinyl alcohol unit as shown inachart
of FIG. 1.
[0047] Terminal methyl amount (mol %)
=(1 metB)(1 mer/3)+(  oad3)+ cH
I cuz2 Xl cr2 X(I 0ad3)-2 X(I me-1/3)}4] ..... (Ex. 1)
[0048] (1-2)MeasurementofCarboxylic Acid Content (X)and
Lactone Ring Content (Y)

The contents of the carboxylic acid group and the
lactoneringpresentatpolymerterminalsarecalcu latedbased
ontheterminalmethylamount(mol%)obtainedint heitem(1-1)

and 'H-NMR measurement (measurement with a heavy

water/ethanol-D6 solvent at 70 °C). More specifically, the
carboxylicacidcontent(X)(mol%)andthelactone ringcontent
(Y)(mol%)arecalculatedfromthefollowingexpre ssions(Ex.
2) and (Ex. 3), respectively, by using an integrati on value
(I me2) of apeak appearing between 0.7 and 1 ppm for ter minal
methyl, anintegration value (I x) ofapeak appearing between

2.15 and 2.32 ppm, and an integration value (I v) of a peak
appearing between 2.5and 2.7 ppm as showninacha rtof FIG.

2.

[0049]

Carboxylic acid content (X) (mol %)

20
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= Terminal methyl amount (mol %) x (I %/2)/(1
[0050]
Lactone ring content (Y) (mol %)
= Terminal methyl amount (mol %) x (I v/2)/(1
[0051] (1-3)CalculationofLactoneRingContentRa
with respect to Sum (Z) of Carboxylic Acid Content
Lactone Ring Content (Y) in Terminal Structures

The lactone ring content ratio (Y/Z) is calculated
fromthefollowing expression (Ex.4)basedonthe
acid content (X) and the lactone ring content (Y) c
above.
[0052]

Lactoneringcontentratio(Y/Z)(mol%)wit

to sum (Z) of carboxylic acid content (X) and lacto

content (Y) (mol %) = {Y/(X+Y)} x 100
..... (Ex. 4)
[0053] InanEVOHproductionprocessincludingasa

step[l]of saponifyingthe ethylene-vinylesterco
provideanEVOHintermediateproduct,achemicaltr
[lIJofchemicallytreatingtheEVOHintermediatep
achemicaltreatmentliquid,andadryingstep[lll

the chemically treated EVOH intermediate product, e
methods for controlling the lactone ring content ra

to not less than 55 mol% with respect to the sum (Z
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carboxylic acid content (X) and the lactone ring co

in the EVOH terminal structures in the present disc

include: (1) amethodinwhichahigherdryingtemp
employedinthedryingstep[lIl];(2)amethodin

drying period is employed in the drying step [lll])
amethodinwhichachemical treatmentliquid havin
carboxylicacidconcentrationisusedasthechemic
liquidinthechemicaltreatmentstep|[ll]. These

to (3) may be used alone or in combination.
[0054] Particularly,intheproductionprocessincl

saponifying step [I] of saponifying the ethylene-vi

copolymer to provide the EVOH intermediate product,

chemical treatment step [lI] of chemically treating
intermediate product with the chemical treatment i
the drying step [lI1] of drying the chemically trea
intermediateproduct,thecarboxylicacidconcentra
chemicaltreatmentliquidispreferablycontrolled

level in the following manner in the method (3).
specifically, it is preferred, for the high-tempera
thermalstability,thatacarboxylicacidandacar
metalsaltareusedincombinationaschemicaltrea

for the chemical treatment liquid, that the carboxy
concentration of the chemical treatmentliquidisc

at a higher level, and that the weight-based concen

ratiobetweenthe carboxylicacid concentrationand
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ionconcentrationofthecarboxylicacidmetalsalt
acid concentration/metalion concentration) is cont
not less than 3.7.

[0055] The EVOH production process to be employed i
present disclosure will hereinafter be described in

[0056] Inthesaponifyingstep[l],theethylene-vi
copolymerpreparedbythecopolymerizationofethyl

vinylestermonomerissaponifiedbyagenerallykn

At this stage, the saponified ethylene-vinyl ester

copolymer (EVOH intermediate product) may be pellet

the resulting pellets may be subjected to the chemi
treatmentstep [IlJand the drying step[lll]to be

below.
[0057]
pelletization of the EVOH intermediate product. Ex
methods for the pelletization include: a hot cuttin
includingthestepsofextrudingtheEVOHintermedi
inameltedstatefromanextrusionhead, cuttingt

EVOH intermediate product in a melted state, and co
solidifying the resulting pieces of the extruded EV
intermediateproductintopellets;andastrandcut

including the steps of extruding a resin solution o

of the EVOH intermediate product (EVOH hydrous comp
into a solidification bath, cooling and solidifying

extruded EVOHintermediate product,andcuttingthe

23
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EVOH strands.
[0058] The shape of the pellets generally depends u
pellet production method, and may be any of various
includingcylindricalshape,sphericalshape,rugby
shape, cubic shape, square prism shape, irregular s
thelike. Thesize ofthe pelletsmaybe properly

by the diameter of the nozzle of the extruderto be
numberofcutterblades,therotationspeedofthe

and the like.

[0059] In the chemical treatment step [ll], the EVO
intermediate productis chemically treated with the

treatment liquid containing the chemical treatment
ThisstepisperformedtoimparttheEVOHwithther

and adhesiveness. Various compounds are usable as
chemical treatment agents, and examples of the comp
includecarboxylicacidsandinorganicacidssucha

acid, and esters and metal salts of the carboxylic

the inorganic acids. These compounds are generally
inwater. Thechemicaltreatmentliquidisanaque

containing any of these compounds.

[0060] Specificexamplesofthe carboxylicacidsto
asthechemicaltreatmentagentsincludeaceticaci
acid, butyricacid,andstearicacid. Forthermal

C1to C4 aliphatic carboxylic acids are preferred,

C4 aliphatic monovalent carboxylic acids are more p
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Particularly, acetic acid is preferred. Examples o
inorganic acids include carbonic acid and sulfuric
additiontophosphoricacid. However,thechemical
agentsexcludethelubricant,theboricacidcompou

conjugated polyene compound to be used in the prese
disclosure.

[0061] Examples of the metal salts of the carboxyli
andtheinorganicacidsinclude salts of alkalimet

of alkali earth metals, and salts of d-block metals
fourth period of the Periodic Table. Examples oft
metals include sodium and potassium. Examples oft
earth metals include calcium and magnesium. Exampl
d-block metals of the fourth period of the Periodic
include titanium, manganese, copper, cobalt, and zi
alkalimetalsaltsarepreferred,andthesodiumsa
potassium salts are particularly preferred.

[0062] Examplesofthecarboxylicacid metalsalts
alkali metal salts of the carboxylic acids includin

metal acetates such as sodium acetate and potassium
alkali metal propionates such as sodium propionate
potassiumpropionate,andalkalimetalstearatessu

stearate and potassiumstearate; andalkaliearthm

ofthe carboxylicacidsincludingalkaliearthmeta

such as magnesium acetate and calcium acetate, alka

metal propionates such as magnesium propionate and
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propionate,andalkaliearthmetalstearatessucha
stearate and calcium stearate.

[0063] Examples of the inorganic acid metal saltsi

alkali metal salts of the inorganic acids including

metal phosphates such as sodium phosphate and potas
phosphate;andalkaliearthmetalsaltsoftheinor

including alkali earth metal phosphates such as mag
phosphate and calcium phosphate. The phosphates he
include hydrogenphosphates. These metal salts may

alone or in combination.

[0064] Forthe thermal stability, the carboxylic ac
the metal salts of the carboxylic acids are preferr
chemical treatment agents. Further, the carboxylic
the metal salts ofthe carboxylicacids, theinorga

and the metal salts of the inorganic acids are pref
the chemical treatment agents. More specifically,
acid, the metal acetates and the phosphates are pre
[0065] In order to uniformly and speedily incorpora

of the aforementioned compounds as the chemical tre
agentstotheEVOHintermediateproduct,theEVOHi
productpreferably hasawatercontentof20to80

the EVOH intermediate product is treated in contact
chemicaltreatmentliquid, the contentofthe compo

adjusted by controlling the concentration of the co

theaqueoussolution,theperiodofthecontacttre

26
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temperature for the contact treatment, the stirring

the contact treatment, and the water content of the
intermediate product to be treated.

[0066] Inthechemicaltreatmentstep[ll],thewei
concentration ratio of the carboxylic acid concentr
the metalion concentration ofthe carboxylicacid

in the chemical treatment liquid
concentration/metalionconcentration)ispreferabl
than 3.7, particularly preferably not less than 13,
preferably notlessthan 22, further preferably not

25, especially preferably not less than 30, for the

high-temperature thermal stability. If the ratio i
excessively low, the EVOH tends to be poorer in the
stability. The upper limit of the ratio is typical

preferably 50.

[0067] The chemical treatment step [lI] of chemical
treating the EVOH intermediate product with the che
treatmentliquidmaybeasingle-stagechemicaltre
inwhichachemicaltreatmentliquidcontainingthe
acidinahigherconcentrationisused,ormaybea

chemical treatment step in which a plurality of che
treatmentliquidscontainingthe carboxylicacidin
concentrations are used. The expression “the weigh

concentration ratio of the carboxylic acid concentr

the metalion concentration ofthe carboxylicacid

27

(carboxylic acid

speedin

EVOH

ght-based
ation to

metal salt

ynotless
more

lessthan

rmal

ly 100,

ly
mical
atmentstep
carboxylic
multi-stage
mical
different
t-based
ation to

metal salt



10

15

20

25

Finalized Mirror

Translation

Client ref.F17-25; Our ref.1733-EP,SG

in the chemical treatment liquid (carboxylic
concentration/metalion concentration) is notless
inthechemicaltreatmentstep[lljmeansthatthe
concentration ratio of the carboxylic acid concentr

the metalion concentration ofthe carboxylicacid
(carboxylic acid concentration/metal ion concentrat
notlessthan 3.7 inthe chemicaltreatmentliquid

the carboxylicacidinthehigherconcentrationfor
single-stage chemical treatment step. The above ex
also means that the weight-based concentration rati
carboxylic acid concentration to the metalion conc

of the carboxylic acid metal salt (carboxylic
concentration/metal ion concentration) is not less
inachemicaltreatmentliquid containingthe carbo

inthe highest concentration among the plurality of
treatmentliquidsforuseinthemulti-stagechemic

step as will be described later.

[0068] For efficient production of the EVOH excelle
thermalstability,the multi-stage chemicaltreatme
preferredinwhichthepluralchemicaltreatmentli

different carboxylic acid concentrations are used f
respective chemical treatments. The multi-stage ch
treatment step for the chemical treatment step [lI]
chemically treating the EVOH intermediate product w

chemicaltreatmentliquidisperformedinthefollo
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First,thepluralchemicaltreatmentliquidshaving
carboxylicacid concentrations are prepared. Then,
intermediate productischemicallytreatedonmulti

by using the plural chemical treatment liquids for
respective chemical treatments in the multi-stage c
treatmentstep. Inthiscase,theweight-basedcon

ratio of the carboxylic acid concentration to the m
concentration of the carboxylic acid metal salt (ca
acidconcentration/metalionconcentration)ispref

less than 3.7 in the chemical treatment liquid havi
highest carboxylic acid concentration among the plu
chemical treatment liquids.

[0069] In the present disclosure, the carboxylic ac
concentration ofthe chemical treatment liquidis p

1 to 50,000 ppm, particularly preferably 10 to 10,0
especially preferably 400 to 5,000 ppm. The metal
concentrationofthe carboxylicacid metalsaltis
1t050,000ppm, particularly preferably10t0 10,0

treatment efficiency and costs.

[0070] Inthepresentdisclosure,theterm“carboxy
concentration”meanstheconcentrationofthecarbo
contained as the chemical treatment agent in the ch
treatment liquid. Where acetic acid is contained a

carboxylic acid, for example, the

concentration means the concentration of acetic aci
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chemical treatmentliquid. Further, the term “the
concentration of the carboxylic acid metal salt” me
concentration of metalions ofthe carboxylicacid

contained as the chemical treatment agent in the ch
treatment liquid. Where sodium acetate is containe
chemical treatment liquid, for example, the metal i
concentration of the carboxylic acid metal salt mea
concentration of sodium ions. Where carboxylic aci
carboxylic acid metal salt are used in combination
chemical treatment agents, carboxyl ions contained
carboxylic acid metal salt are not counted in the c
acidconcentration. Whereaceticacidandsodiuma
usedincombinationasthe chemicaltreatmentagent

ions contained in sodium acetate are not counted in
carboxylic acid concentration.

[0071] Inthe chemical treatment step [ll], the tre
temperatureistypically10
more preferably 20
excessively low, it will be difficult to incorporat
predetermined amount of an acid or an acid saltint
intermediate product. If the treatment temperature
excessivelyhigh,itwillbedifficulttohandleth

resulting in disadvantageous production.

[0072] Inthe chemical treatment step [ll], the tre

period is typically not shorter than 1 hour, prefer
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to48 hours, more preferably 2to 24 hours. Ifthe treatment
period is excessively short, the EVOH intermediate product
tends to suffer from uneven color and/or poorer the rmal
stability. Ifthe treatmentperiod is excessively long, the

EVOH intermediate product tends to be colored.

[0073] Inthedryingstep(lll],thechemicallytre atedeVOH
intermediateproductisdried. Forthedryingcond itions,the
dryingtemperatureispreferably80 °Cto150 °C,morepreferably
90°Cto140 °C,particularly preferably 100 °Cto130 °C. Ifthe
dryingtemperatureisexcessivelylow,thedryingp eriodtends
tobeprolonged. Ifthedryingtemperatureisexce ssivelyhigh,
theEVOHintermediateproducttendstobecolored. Thedrying
periodispreferablynotshorterthan3hours,more preferably
notshorterthan5hours, particularly preferablyn otshorter
than8hours. Ifthedryingperiodisexcessively short, the
EVOH intermediate product tends to be insufficientl y dried.
Theupperlimitofthedryingperiodistypically 1 ,000hours.
[0074] Variousdrying processes are usable for the drying.
Exemplarydryingprocessesincludeafluidizeddryi ngprocess
inwhichthechemically-treatedsubstantially-pelle tizedEVOH
intermediate productisdriedwhile beingagitated andspread
mechanically or by hot air, and a stationary drying process
inwhichthechemically-treatedsubstantially-pelle tizedEVOH
intermediate productisdried withoutdynamic motio nssuchas
the agitation and the spreading. Exemplary dryers for the

31
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fluidized drying process include drum/groove type a
dryer, round pipe dryer, rotary dryer, fluid bed dr
vibrating fluid bed dryer, and conical rotor type d
Exemplary dryers for the stationary drying process
non-material-movingtypedryerssuchasbatchboxt
and material-moving type dryers such as band dryer,
dryer, and vertical dryer. Thefluidized drying pr

the stationary drying process may be used in combin
the drying. In the present disclosure, it is prefe
perform the fluidized drying process and thenthe s
drying process for suppression of fusion sticking o

chemically treated EVOH intermediate product.

[0075] The drying process will be described in grea

detail.

Inthe fluidized drying process, airoraninertg
(e.g.,nitrogengas, heliumgas,argongasorthel
as a heating gas. The temperature of the heating g

properly selected from a range of 40

the volatile content of the chemically treated EVOH

intermediate product. Inconsideration ofthe fact
chemically treated EVOH intermediate product is lia
suffer from the fusion sticking at a higher tempera

temperatureoftheheatinggasispreferably40

preferably40 °Cto90 °C. Further theflowspeedoftheheating

gas in the dryer is preferably 0.7 to 10 m/second,
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preferably 0.7 to 5 m/second, particularly 1 to 3 m

If the flow speed is excessively low, the chemicall
EVOH intermediate productis liable to sufferfrom
sticking. Iftheflowspeedisexcessivelyhigh,o

hand, the chemically treated EVOH intermediate prod
liabletobechippedorbrokenintoparticles. The

the fluidized drying process depends upon the amoun
chemicallytreated EVOHintermediate producttobe

is typically 5 minutes to 36 hours, preferably 10 m

24 hours. After the chemically treated EVOH interm
productissubjectedtothefluidizeddryingproces
aforementionedconditions,the EVOH preferablyhas
content of 5 to 60 wt.%, more preferably 10 to 55 w
the volatile content is excessively high, the chemi
treatedEVOHintermediateproductisliabletosuff
fusion sticking in the subsequent stationary drying

An excessively low volatile content is not industri
preferredbecauseofagreaterenergyloss. Inthe
drying process, thevolatile contentis preferably
notlessthan5wt.%,morepreferably10to45wt.%
withthevolatilecontentbeforetheprocess. Ift
inthevolatile contentisexcessively small, minut

are liable to occur in a product melt-formed from t
intermediate product.

[0076] After the chemically treated EOVH intermedia
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productisdriedundertheaforementionedcondition
intermediate product preferably has a water content
to 5 wt.%, particularly preferably 0.01 to 2 wt.%,
preferably0.1tolwt.%. Ifthewatercontentis

low, the EVOH tendsto be poorerinlong-runformab
thewatercontentisexcessivelyhigh,theEVOHten

from foaming in the extrusion.

[0077] ThechemicallytreatedEVOHintermediatepro
prepared typically has a melt flow rate (MFR) of 0.
g/10minutes, particularly preferably0.5t050g/1
morepreferably1to30g/10minutes(asmeasureda
aloadof2160g). Ifthe meltflowrate isexcess
itwillbedifficulttoextrudetheEVOHduetoah

in the extruder during the extrusion. If the melt

is excessively high, a product formed from the EVOH
aheat-stretchingprocesstendstobepoorerinapp

gas barrier property.

s,theEVOH
0f0.001
more
excessively
ility. If

dstosuffer

ductthus
1to 100
Ominutes,
t210 °Cwith
ively low,
ighertorque
flow rate
through

earanceand

The MFR of the EVOH intermediate product may be

controlledbycontrollingthepolymerizationdegree
intermediate product or by adding a crosslinking ag

plasticizer to the EVOH intermediate product.

[0078] According to the second feature, the EVOH re

compositionofthepresentdisclosureistheresin
thatcontainsthe EVOH preparedinthe aforemention

and further contains at least one component selecte
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thermallystabilizingsubstancefromthegroupcons
(A) notgreaterthan500ppmofthecinnamicacidc
based on the weight of the resin composition;
(B) not greater than 300 ppm of the lubricant based
the weight of the resin composition;
(©) not greater than 400 ppm of the boron compound
boron basis based onthe weight of the resin compos
(D) not greater than 800 ppm of the conjugated poly
compound based on the weight of the resin compositi
[0079] <<(A) Use of Cinnamic Acid Component as Ther
Stabilizing Substance>>
Theuseofthecinnamicacidcomponentasthether
stabilizing substance in the present disclosure wil
described.
Thecinnamicacidcomponentcontentisnothigher
500 ppm based onthe weight of the overallresinco
Itisparticularly effective thatthe cinnamicacid
contentis very low. Ifthe cinnamic acid componen
ishigherthan500ppm,thethermalstabilityofth
composition cannot be improved, but is conversely |
bedeteriorated. Thecinnamicacidcomponentconte
preferably not higher than 450 ppm, particularly pr
nothigherthan400ppm. Thelowerlimitoftheci
component content is typically 5 ppm, preferably 10

particularly preferably 50 ppm. If the cinnamic ac
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component content is excessively low, the thermal s tability
improving effect of the cinnamic acid component ten ds to be
insufficient.

[0080] The cinnamic acid component content is based onthe
weight of the EVOH resin composition that is an EVO H resin
composition as a final product containing the cinna mic acid
component or containing the cinnamic acid component and

optional additives.
[0081] Exemplary methods for incorporating the spec ific
amount of the cinnamic acid component to the EVOH r esin

composition include: (1) a method in which the EVOH

intermediateproduct(pellets)preparedsoastoha vealactone
ringcontentratio(Y/Z)ofnotlessthan55mol% withrespect
tothesum(Z)ofthecarboxylicacidcontent(X)a ndthelactone

ring content (Y) in the EVOH terminal structures is immersed

inasolution (e.g.,anaqueous solution,amethano I solution

or the like) containing the cinnamic acid component , Whereby
the cinnamic acid component is incorporated to the EVOH
intermediateproduct;(2) amethodinwhichtheci nnamicacid
componentisaddedtotheEVOHintermediateproduct (pellets),
andtheresultingmixtureismeltedinanextruder orthelike;

(3) amethod in which the cinnamic acid componenti saddedin

a powdery form or in a solution form directly to th e EVOH
intermediate product (pellets) and mixed with the E VOH
intermediate product; and (4) a method in which the cinnamic
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acid component is incorporated to an ethylene-vinyl ester
copolymer solution before the saponification of the EVOH.
[0082] Examples of the cinnamic acid component to b e used
inthe presentdisclosureincludecinnamicacid,an dcinnamic
acidderivativessuchascinnamicalcohol,cinnamic acidesters,
and cinnamic acid salts, among which cinnamic acid is most

preferably used.

[0083] The cinnamic acid component content of the ¢ innamic
acid-containing EVOH resin composition of the prese nt
disclosure is measured, for example, through the fo llowing
procedure by liquid chromatography mass spectrometr y
(LC/MS/MS). Inthefollowingprocedure,cinnamica cidisused

as the cinnamic acid component by way of example. Where a
cinnamicacidderivative(e.g.,acinnamicacidsal t)isused,

the measurement may be performed by the same proced ure.
[0084] <Determination of Cinnamic Acid Component Co ntent>

[Preparation of Standard Solutions]

Cinnamic acid (10.89 mg) is weighed in a 10-mL

measuringflask, and dissolved inmethanolto provi deal0-mL
solution (standard stock solution having a concentr ation of
1,089 pg/mL). Then,thestandardstocksolutionthusprep ared
is diluted with methanol to provide mixed standard solutions
respectivelyhavingconcentrationsof0.109 pg/mL,0.218  pg/mL,

0.545 pg/mL, 1.09 pg/mL,and 2.18 pg/mL. A calibrationline

ispreparedbyperformingtheLC/MS/MSanalysison thesemixed
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standard solutions.

[0085] [Preparation of Sample Solution]

() After pellets (1 g) of the EVOH resin compositi on of
thepresentdisclosureareweighedinalO-mLmeasu ringflask,

9 mL of methanol is added to the flask.

(2) Theresultingsolutionisultrasonicallytreate dfor
120 minutes, and cooled to a room temperature (25 °C).
(3) Methanolis added to this solutionto a volume of10

mL (sample solution (1)).
(4) Then,1mLofthesamplesolution(l)isputin al0-mL
measuring flask, and diluted with methanol to a vol ume of 10

mL (sample solution (11)).

(5) The sample solution (I) or the sample solution ()}
isfilteredbyaPTFEfilter(0.45 pm),andtheresultingliquid
is used as a measurement solution for the LC/MS/MS analysis.

The detection concentration of cinnamic acid is
calculatedbasedonapeakareavaluedetectedbyt heLC/MS/MS
analysis and the calibration line prepared by using the
standard solutions.

[0086] [LC/MS/MS Measurement Conditions]
LC system: LC-20A (available from Shimadzu Corporat ion)

Mass spectrometer: AP14000 (AB/MDS Sciex)

Analysis column: Scherzo SM-C18 (3.0 x75mm,3 um)
Column temperature: 45 °C
Mobile phase: A. 10 mmol/L ammonium acetate agueous solution
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B. Methanol

Time program: 0.0 to 5.0 minutes B (%) = 30% to 95 %
5.0 to 10.0 minutes B (%) = 95%
10.1 to 15.0 minutes B (%) = 30%

Flow rate: 0.4 mL/minute

Switch valve: 2.0 to 6.0 minutes  to MS

Injection amount: 5 pL

lonization: ESI method

Detection: Negative ion detection (SRM method)

lon monitoring: Q1 = 147.0 to Q3 = 102.9 (CE: -15 e V)

[0087] In order to significantly enhance the therma I

stabilityimproving effectofthe cinnamicacidcom ponent, it
isparticularly preferredthatthelactoneringcon tentratio
(Y/Z)withrespecttothesum(Z)ofthecarboxylic acidcontent
(X) and the lactone ring content (Y) in the EVOH te rminal
structuresisnotlessthan63mol%inthepresent disclosure.
Thisissupposedlybecause,withahigherlactoner ingcontent
ratio,thecrosslinkingreactionbythecinnamicac idcomponent
andthedecompositionreactionofthelactonering atahigher

temperature can be more easily balanced.
[0088] <<(B) Use of Lubricant as Thermally Stabiliz ing
Substance>>
Next, the use of the lubricant as the thermally
stabilizing substance in the present disclosure wil | be

described.

39



10

15

20

25

Finalized Mirror Translation
Client ref.F17-25; Our ref.1733-EP,SG

Thelubricantcontentisnothigherthan300ppmb
on the weight of the overall resin composition. It
importantto limitthe lubricantcontentto avery
If the lubricant content is higher than 300 ppm, th
stability of the EVOH resin composition is converse
tobedeteriorated. Thelubricantcontentismore
not higher than 250 ppm, particularly preferably no
than 200 ppm. The lower limit of the lubricant con
typically 5 ppm, preferably 10 ppm, particularly pr
50ppm. Ifthelubricantcontentisexcessivelylo
resin composition is liable to have poorer formabil
[0089] The lubricant contentis based on the weight
EVOH resin composition that is an EVOH resin compos
a final product containing the lubricant or contain
lubricant and optional additives.

[0090] Exemplarymethodsforincorporatingthelubr
the EVOH resin compositioninclude: (1) amethodin
EVOH intermediate product (pellets) having a lacton
contentratio (Y/Z) of notless than 55 mol % with

the sum(Z) ofthe carboxylicacidcontent(X)and

ring content(Y)inthe EVOHterminal structuresis

and the lubricant is added directly to the EVOH int
product (pellets) and uniformly dry-blended with th

intermediate product (pellets), whereby the lubrica

incorporatedtothepellets;(2)amethodinwhich
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is dispersed in a water/methanol solution of the EV OH
intermediate producttobetherebyincorporatedint otheEVOH
intermediate product; and (3) a method in which the EVOH
intermediate productandthelubricantare melt-kne adedbyan
extruderorthelike and theresulting mixtureis p elletized.

Of these methods, the method (1) in which the lubri cant is
uniformly dry-blended with the EVOH intermediate pr oduct

(pellets) is particularly preferred.

[0091] Examples of the lubricantto be used in the present
disclosure include: higher fatty acids such as laur ic acid,
myristicacid, palmiticacid, stearicacid, behenic acid,and
oleic acid; metal salts of the higher fatty acids s uch as
aluminum salts, calcium salts, zinc salts, magnesiu m salts,
andbariumsaltsofthehigherfattyacids;esters ofthehigher
fatty acids such as methyl esters, isopropyl esters , butyl
esters,andoctylestersofthehigherfattyacids; andamides
ofthehigherfattyacidsincludingsaturatedhighe rfattyacid
amides such as stearamide and behenamide, unsaturat ed higher
fatty acid amides such as oleamide and erucamide, a nd
bis-higherfattyacidamidessuchasethylenebis-s tearamide,
ethylene bis-oleamide, ethylene bis-erucamide, and ethylene
bis-lauramide. Other examples of the lubricant inc lude:
low-molecular-weight polyolefins such as
low-molecular-weight polyethylenes and low-molecula r-weight
polypropylenes each havingamolecularweightofab out500to
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about 10,000, and acid modification products of the
low-molecular-weightpolyolefins;and higheralcoho
oligomers,andfluorinatedethyleneresins. These

alone or in combination. Of the above compounds fo

the lubricant, the higher fatty acids are preferred
extrusionstabilityand commercialavailability. T

fatty acids typically each have a carbon number of
preferably 12 to 23, particularly preferably 15 to

molecule thereof. Of the above compounds for use a
lubricant,thehigherfattyacidstypicallyeachha

of 1to 5, preferably 1 to 3, particularly preferab

from the viewpoint of the extrusion stability and t
commercial availability. Here,thevalence meanst
ofstructuresderivedfromahigherfattyacidino

of the compound to be used as the lubricant. Where
bis-stearamide is used as the lubricant, for exampl
structureseachderived fromaC18higherfatty aci

are contained in a molecule of the bis-stearamide a
therefore, the bis-stearamide is regarded as having

fatty acid valence of 2. Of these, the higher fatt

the metal salts of the higher fatty acids, the este

higher fatty acids, and the amides of the higher fa

are preferred, and the metal salts of the higher fa

and the amides of the higher fatty acids are partic

preferred. Further,theamidesofthehigherfatty
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more preferred for the extrusion stability.
[0092] The lubricant may be in any form, e.g., soli
(powdery form, particulate form, flake form or the

semisolid form, liquid form, paste form, solution f

emulsion form (aqueous dispersion form) or the like

Particularly, the powdery lubricant is preferred.
powderylubricanttypically has a particle diameter
100 pm, preferably 1 to 75
50 pm.
[0093] The lubricant content of the lubricant-conta
EVOHresincompositionofthepresentdisclosureis
for example, by the following method.
<Determination of Lubricant Content>

Where the lubricant is added to the EVOH pellets t
adheretosurfacesoftheEVOHpellets,theamount
lubricantmayberegardedasthelubricantcontent.
lubricantis contained within the EVOH resin compos
the lubricant is a higher fatty acid amide, for exa
lubricantcontentofthe EVOHresincompositionis
by measuring the total nitrogen amount of the EVOH
composition by means of a total trace nitrogen anal
converting the total nitrogen amount into the lubri
content.
[0094]

In order to significantly enhance the therma

stabilityimprovingeffectofthelubricant,itis
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preferred that the lactone ring content (Y) is not less than
0.1 mol % in the EVOH terminal structures in the pr esent
disclosure. Thisissupposedlybecause,withahig herlactone
ringcontent theinfluenceofatraceamountofa decomposition
product of the lubricant is relatively reduced at a higher
temperature.

[0095] <<(C)UseofBoronCompoundasThermally Sta bilizing
Substance>>

Next, the use of the boron compound asthe thermal ly
stabilizing substance in the present disclosure wil | be
described.

Theboroncompoundcontentisnothigherthan400 ppm
on a boron basis based on the weight of the overall resin
composition. It is important to limit the boron co mpound
content to a very low level. If the boron compound content
ishigherthan400ppm,theEVOHresincomposition isconversely
liable to have poorer thermal stability. The boron compound

content is more preferably not higher than 300 ppm,

particularly preferably not higher than 200 ppm. T he lower
limit of the boron compound content is typically 5 ppm,
preferably 10 ppm, particularly preferably 50 ppm. If the
boron compound content is excessively low, the ther mal
stability improving effect of the boron compound te nds to be
insufficient.

[0096] An exemplary method for incorporating the bo ron
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compound to the EVOH resin compositionis to incorp

boron compound to the EVOH intermediate product in
production of the EVOH resin composition from the E
intermediate product. More specifically,the boron
isincorporatedtothe EVOHintermediate productby

boron compound such as boric acid or a boric acid m

to the chemical treatment liquid to be used in the

treatment step [Il]. The amount of the boron compo
incorporatedtothe EVOHintermediate productmayb

bythe boroncompoundconcentration ofthe chemical

liquid, the period and the temperature for the cont
treatment of the EVOH intermediate product with the
treatmentliquid,andthe numberoftimesofrepeti

contact treatment.

[0097] Examples of the boron compound include, ina

to boric acid, sodium borates (sodium metaborate, s
diborate, sodium tetraborate, sodium pentaborate, s
hexaborate, sodium octaborate, and the like), potas
tetraborat

borates (potassium metaborate, potassium

potassium pentaborate, potassium hexaborate, potass
octaborate,andthelike),lithiumborates(lithium

lithium tetraborate, lithium pentaborate, and the |
calcium borate, barium borates (barium orthoborate,
metaborate,bariumdiborate,bariumtetraborate,an

magnesiumborates(magnesiumorthoborate,magnesium
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magnesium metaborate, trimagnesium tetraborate,
pentamagnesiumtetraborate, and the like), manganes eborates
(manganese (I) borate, manganese metaborate, mangan ese
tetraborate,andthelike), cobaltborate, zincbor ates(zinc
tetraborate, zinc metaborate, and the like), cadmiu m borates
(cadmium orthoborate, cadmium tetraborate, and the like),
silverborates(silvermetaborate,silvertetrabora te,andthe
like),copperborates(copper(ll)borate,copperm etaborate,
copper tetraborate, and the like), nickel borates ( nickel
orthoborate, nickel diborate, nickel tetraborate, n ickel
octaborate,andthelike),aluminumpotassiumborat e,ammonium
borates (ammoniummetaborate,ammoniumtetraborate, ammonium
pentaborate,ammoniumoctaborate,andthelike),le adborates
(lead metaborate, lead hexaborate, and the like), b ismuth
borate, and boric acid salt minerals such as borax, kernite,
inyoite, kotoite, suanite,andszaibelyite,amongw hichborax
and boric acid are preferred. These may be used al oneorin
combination.

[0098] Where the chemical treatment liquid containi ng the
boron compound is used, the treatment temperature i n the
chemical treatment step [II] depends upon the boron compound
contentofthe EVOH resin compositionto be finally produced,
but is typically 10 °Ct0100 °C, preferably 15 °Cto80 °C, more

preferably 20 °C to 60 °C. If the treatment temperature is

excessively low, it will be difficult to incorporat e the
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predetermined amount of the acid or its salt to the
intermediate product.
temperaturetendstoresultindisadvantageousprod

a difficulty in handling the solution.

[0099] Where the chemical treatment liquid containi
boron compound is used, the treatment period in the
treatment step [ll] depends upon the boron compound
of the EVOH resin composition to be finally produce
typically notshorterthan 1 hour, preferably 1.5 h
hours,morepreferably2to24hours. Ifthetreat

is excessively short, the EVOH intermediate product
sufferfromuneven coloror poorerthermal stabilit
treatment period is excessively long, the EVOH inte
product tends to be colored.

[0100] Theboroncontentis based onthe weight of
resincomposition,whichisanEVOHresincompositi
productcontaining the boroncompound or containing
compound and optional additives.

[0101] Themostpreferredmethodforproducingthe
composition of the present disclosure is to immerse
intermediate productin the boron compound-containi
(e.g.,theaqueoussolution,themethanolsolution

inthe EVOH intermediate productchemicaltreatment
asdescribedabove. Otherexemplarymethodsinclud

inwhichthe boroncompound-containingliquidissp

a7
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theEVOHintermediateproductcontainingnoboronc
theincorporationoftheboroncompound;andameth

the boron compound is added to the EVOH intermediat
containing no boron compound and the resulting mixt
melted in an extruder. These methods may be used i
combination to control the boron compound content o
finally provided EVOH resin composition within an i
range.

[0102] The boron-containing EVOH resin composition
produced by incorporating the boron compound to an
material or an EVOH resin composition before the pr

of the EVOH intermediate product (pellets). Where
incorporation of the boron compound precedes the pr
oftheEVOHintermediate product(pellets),however

easy to control the boron compound content of the f
provided EVOH resin composition to not higher than
Therefore, the method in which the EVOH intermediat
(pellets) is first prepared and then the boron comp
incorporated to the EVOH intermediate product as de

above is generally employed.

ompoundfor
odinwhich
e product

ure is

f the

ntended

may be

EVOH

eparation
the
eparation
,itisnot
inally
400 ppm.
e product
ound is

scribed

[0103] The boron compound content of the EVOH resin

composition of the present disclosure may be determ
example, in the following manner.

<Determination of Boron Compound Content>

ined, for

The EVOH resin composition is decomposed together
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with concentrated nitric acid by a microwave decomp
method. Then,theresultingsolutionisdilutedwi
watertoapredetermined volumetoprepare asample
and the boron amount of the boron compound containe
samplesolutionismeasuredbymeansofaninductiv
plasma emission spectrometer (ICP-AES).
[0104] <<(D)UseofConjugatedPolyeneCompoundas
Stabilizing Substance>>
Next, the use of the conjugated polyene compound a
thethermallystabilizingsubstanceinthe present
will be described.
Theconjugatedpolyenecompoundcontentisnothig
than 800 ppm based on the weight of the overall res
composition. Where the conjugated polyene compound
is very low, radicals generated during heating at a
temperature are effectively trapped. If the conjug
polyene compound contentis higherthan 800 ppm, ho
gel-like objects occurring due to the long-term sta
product are liable to be significantly colored, res
guality reduction due to the coloration. Therefore
conjugated polyene compound content is more prefera
higher than 700 ppm, particularly preferably not hi
500 ppm. The lower limit of the conjugated polyene

content is typically 5 ppm, preferably 50 ppm, part

preferably 150 ppm for excellent post-heating color
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suppressing effect.
[0105] The conjugated polyene compound contentisb
theweightoftheEVOHresincomposition,whichis
composition as a final product containing the conju
polyenecompoundorcontainingtheconjugatedpolye

and optional additives.

[0106]
composition containing the predetermined amount of
conjugated polyene compound include: (1) a method i
powder of the conjugated polyene compound is added

to the EVOH intermediate product (pellets) having a
ringcontentratio(Y/Z)ofnotlessthan55mol%
tothesum(Z)ofthecarboxylicacidcontent(X)a

ring content (Y) in the EVOH terminal structures, a

with the EVOH intermediate product by shaking; (2)

in which the conjugated polyene compound is added a
polymerization inhibitor to the unsaponified ethyle
estercopolymerafterthepolymerizationreaction;

inwhich the EVOH intermediate product (pellets) is
inasolution (e.g.,anaqueous solution,amethano

or the like) containing the conjugated polyene comp
infiltrate the conjugated polyene compound into the
intermediateproduct;and(4)amethodinwhichthe

polyene compound is added to the EVOH intermediate

(pellets) and the resulting mixture is melted in an
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orthelike. Ofthese,themethod(2)inwhichthe
polyene compound is added as the polymerization inh
the unsaponified ethylene-vinyl ester copolymer aft
polymerization reaction is preferred.

[0107] The conjugated polyene compound to be used i
present disclosure is a compound containing so-call
conjugated double bonds, i.e., having a structure s
carbon-carbondoublebondsandcarbon-carbonsingle
alternately connected to each other and the number
carbon-carbon double bonds is two or more. The con
polyene compound may be a conjugated diene compound
structure such that two carbon-carbon double bonds
carbon-carbon single bond are alternately connected

other, a conjugated triene compound having a struct

that three carbon-carbon double bonds and two carbo
single bonds are alternately connected to each othe
conjugated polyene compoundhavingastructuresuch

than three carbon-carbon double bonds and more than
carbon-carbon single bonds are alternately connecte

other.
[0108] However, aconjugated polyene compound havin
or more conjugated carbon-carbon double bonds is co
thataproductformedfromanEVOHresincompositio

such a conjugated polyene compound is liable to be

Therefore,aconjugated polyene compoundhavingsev
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conjugated carbon-carbon double bonds is preferred. The
conjugated polyene compound may have a structure su ch that
plural sets of conjugated double bonds each includi ng two or
morecarbon-carbondoublebondsarepresentinanu nconjugated
state initsmolecule. Tungoil containingthree c onjugated
trienes in its molecule is also an example of the ¢ onjugated

polyene compound.
[0109] Examplesoftheconjugatedpolyenecompound include:

conjugated diene compounds, such as isoprene,

2,3-dimethyl-1,3-butadiene, 2,3-diethyl-1,3-butadie ne,
2-t-butyl-1,3-butadiene, 1,3-pentadiene,
2,3-dimethyl-1,3-pentadiene, 2,4-dimethyl-1,3-penta diene,
3,4-dimethyl-1,3-pentadiene, 3-ethyl-1,3-pentadiene ,
2-methyl-1,3-pentadiene, 3-methyl-1,3-pentadiene,
4-methyl-1,3-pentadiene,  1,3-hexadiene, 2,4-hexadie ne,
2,5-dimethyl-2,4-hexadiene, 1,3-octadiene,
1,3-cyclopentadiene, 1,3-cyclohexadiene,
1-phenyl-1,3-butadiene, 1,4-diphenyl-1,3-butadiene,
1-methoxy-1,3-butadiene, 2-methoxy-1,3-butadiene,
1-ethoxy-1,3-butadiene, 2-ethoxy-1,3-butadiene,
2-nitro-1,3-butadiene, chloroprene, 1-chloro-1,3-bu tadiene,
1-bromo-1,3-butadiene, 2-bromo-1,3-butadiene, fulve ne,
tropone,ocimene,phellandrene,myrcene,farnesene, cembrene,
sorbicacidcompounds(sorbicacid,sorbicacidest ers,sorbic
acid salts, and the like), ascorbic acid compounds (ascorbic
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acid,ascorbicacidesters,ascorbicacidmetalsal ts,andthe
like), and abietic acid, each having a conjugated s tructure
containing two carbon-carbon double bonds; conjugat edtriene
compounds, such as 1,3,5-hexatriene,
2,4,6-octatriene-1-carboxylic acid, eleostearic aci d, tung
oil, and cholecalciferol, each having a conjugated structure
containing three carbon-carbon double bonds; conjug ated
polyene compounds, such as cyclooctatetraene,
2,4,6,8-decatetraene-1-carboxylic  acid, retinol, an d
retinoic acid, each having a conjugated structure c ontaining
fourormorecarbon-carbondoublebonds;andterpen ecompounds.
Ofthese, 1,3-pentadiene, myrcene, and farnesene ea chhavea
pluralityofstereoisomers,whichareallusable. Twoormore
of these conjugated polyene compounds may be used i n
combination.

[0110] Oftheseconjugatedpolyenecompounds,thec onjugated
polyenecompoundshavingacarboxylgroupareprefe rredbecause

of their higher water affinity, and the cyclic conj ugated
polyene compounds havingacarboxylgroupare more preferred.
Particularly, the sorbic acid compounds are preferr ed, and

sorbic acid is particularly preferred.

[0111] The conjugated polyene compound typically ha s a
molecular weight of 30 to 500, preferably 50 to 400 ,
particularly preferably 100 to 300, for productivit y and

handlingease. Theconjugatedpolyenecompoundtyp icallyhas
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4 to 30 carbon atoms, preferably 4 to 20 carbon ato
particularly preferably 4to 10 carbonatoms, init

for productivity and handling ease.

[0112] The conjugated polyene compound content of t
resin composition is determined, for example, by ex
theconjugatedpolyenecompoundfromtheEVOHresin

with the use of a solvent, measuring the amount of
conjugated polyene compound contained in the result
extraction solvent by liquid chromatography, and co

the conjugated polyene compound amount to the conju
polyene compound content.

[0113] In order to significantly enhance the therma
stabilityimprovingeffectoftheconjugatedpolyen

it is particularly preferred that the lactone ring

ratio (Y/Z)withrespecttothe sum(Z) ofthecarb

content (X) and the lactone ring content (Y) in the
terminal structures is not less than 62 mol % in th

disclosure. Thisissupposedlybecause,withahig

ring content ratio, the conjugated polyene structur
conjugated polyene compound provides the radical tr
effect on the decomposition reaction of the lactone
ahighertemperature. Thus,itisconsideredthat

low conjugated polyene compound content is signific
contributable to the thermal stability.

[0114] Thecinnamicacidcomponent,thelubricant,
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compound,andtheconjugatedpolyenecompoundmayb
or in combination as the thermally stabilizing subs

the EVOH resin composition of the present disclosur
[0115] As long as the object of the present disclos

not impaired, the EVOH resin composition of the pre
disclosuremaycontaininorganicsalt(e.g.,hydrot

the like), plasticizer (e.g., aliphatic polyhydric

such as ethylene glycol, glycerin or hexanediol), o
absorber[e.g.,inorganicoxygenabsorbersuchasr

powder, reduced iron powder containing a water-abso
substance, an electrolyte or the like, aluminum pow
potassium sulfite or photo-catalytic titanium oxide
compound oxygen absorber such as polyvalent phenol
(e.g.,hydroquinone, gallic acid, hydroxyl-containi
aldehyde resin or the like), coordination compound

by coordination-bonding a nitrogen-containing compo
transition metal (e.g., bis-salicylaldehyde-imine c
tetraethylenepentamine cobalt, cobalt-Schiff base ¢
porphyrins, macrocyclic polyamine
polyethyleneimine-cobalt complex or the like), reac
product obtained by reaction between an amino acid
hydroxyl-containing reductive substance, or triphen
compound; or polymer oxygen absorber such as coordi
compound

obtained by

nitrogen-containing resin and a transition metal (e
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combination of MXD nylon and cobalt), blend of a te
hydrogen-containing resin and a transition metal (e
combination of polypropylene and cobalt), blend of
unsaturated carbon-carbon bond-containing resin and
transition metal (e.g., combination of polybutadien
cobalt),photo-oxidationdegradativeresin(e.g.,p
anthraquinonepolymer(e.g.polyvinylanthraquinone
containing any of these blends and a photo initiato
(benzophenone orthelike), peroxide scavenger (com
availableantioxidantorthelike)ordeodorant(ac
or the like)], thermal stabilizer, photo stabilizer
absorber, colorant, antistatic agent, surfactant (e
lubricant),antibacterialagent,antiblockingagent
agent,filler(e.g.,inorganicfillerorthelike),
otherresin(e.g.,polyolefin,polyamideorthelik
compounds may be used alone or in combination.
[0116] TheEVOHresincompositionofthe presentdi
may be prepared in various forms, e.g., in a pellet
apowderyformorinaliquidform,foruseasafo
for various products. The EVOH resin composition o
presentdisclosureispreferably preparedaspellet
forming to more advantageously provide the effect o
present disclosure.

The EVOHresincomposition ofthe presentdisclosu

may be mixed with a resin other than the EVOH to be
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the EVOH resincomposition ofthe presentdisclosur

resultingresincompositionalsofallswithinthec

the EVOH resin composition of the present disclosur

ExemplaryproductstobeformedfromtheEVOHresin
ofthe presentdisclosure for practical application
asingle-layerfiimformedbyusingtheEVOHresin
ofthepresentdisclosure ,andamultilayerstructu
atleastonelayerformedby usingthe EVOHresinc
of the present disclosure.

[0117]

The multilayer structure will hereinafter

described.

For production of the multilayer structure of the

present disclosure, the layer formed by using the E
composition of the present disclosure is laminated
otherbase material(athermoplasticresinorthel
orbothsidesthereof. Exemplarylaminatingmethod

a laminating method in which the other base materia
melt-extruded onto afilm or a sheet formed by usin

resin composition of the present disclosure; a lami
method in which the EVOH resin composition of the p
disclosure or the like is melt-extruded onto the ot
material; a method inwhich the EVOH resincomposit
presentdisclosureandtheotherbasematerialare
andamethodinwhichafilmorasheet(layer)for

the EVOH resin composition of the present disclosur
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other base material (layer) are dry-laminated toget her with
the use of aknown adhesive agent such as of organi ctitanium
compound, isocyanate compound, polyester compound o r
polyurethane compound. The meltformingtemperatur eforthe
meltextrusionis generally selected fromarange o f150 °Cto
300°C.

[0118] Specificexamplesoftheotherbasematerial include:
olefin homopolymers and copolymers including polyet hylenes
such as linear low-density polyethylenes, low-densi ty
polyethylenes, very-low-density polyethylenes,
medium-densitypolyethylenes,andhigh-densitypoly ethylenes,
ethylene-vinyl acetate copolymers, ionomers,

ethylene-propylene (block or random) copolymers,
ethylene-acrylic  acid  copolymers, ethylene-acrylate

copolymers, polypropylenes, propylene- a-olefin (C4 to C20
a-olefin) copolymers, polybutenes, and polypentenes, and
polyolefin resins in a broader sense such as obtain ed by
graft-modifying any of these olefin homopolymers an d
copolymers with an unsaturated carboxylic acid or a n
unsaturated carboxylic acid ester; and polyester re sins,
polyamideresins(including polyamide copolymers), polyvinyl
chlorides, polyvinylidene chlorides, acryl resins,
polystyreneresins,vinylesterresins,polyestere lastomers,
polyurethane elastomers, chlorinated polyethylenes,

chlorinated  polypropylenes, aromatic and aliphatic
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polyketones, polyalcohols obtained by reduction of these
polymers,andeEVOHsotherthantheEVOHtobeused inthepresent
disclosure. From the viewpoint of the practicality and the
physical properties (particularly, the strength) of the
multilayer structure, the polyolefin resins, the po lyamide
resins, the polystyrene resins, and the polyester r esins are
preferred. Further, the polypropylenes, the
ethylene-propylene (block or random) copolymers, th e
polyamide resins, the polyethylenes, the ethylene-v inyl

acetate  copolymers, the polystyrenes, polyethylene
terephthalates(PET),andpolyethylenenaphthalates (PEN)are

preferably used.

[0119] Where a product, such as a film or a sheet, formed
by usingthe EVOH resincomposition ofthe present disclosure
isextrusion-coatedwiththeotherbasematerial,o rwherethe
film or the sheet formed by using the EVOH resin co mposition
of the present disclosure and a film, a sheet or th e like of
the other base material are laminated together with the use
of the adhesive agent, usable examples of the base material
other than the thermoplastic resins described above include
paper, metal foil, uniaxially or biaxially stretche d plastic
film or sheet, film or sheet on which an inorganic compound
isvapor-deposited,wovenfabric,nonwovenfabric, metalfiber

material and wood material.

[0120] Wherelayersa(al,a2,...)formedbyusing theEVOH
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resincomposition ofthe presentdisclosure andlay

b2, ...) of the other base material (e.g., the ther
resin)arelaminatedtogethertoproduceamultilay
havinganinnermostlayer a, the layered configurat

multilayer structure ofthe presentdisclosureisn

to a double layer structure a/b (which means an inn
layer/outerlayerstructure,andthisdefinitional

to the following description), but may be any combi

these layers, e.g., a/b/a, al/a2/b, a/bl/b2, al/bl/
al/bl/b2/a2/b2/bl, or the like. Where the multilay
structurefurtherincludesaregrindlayerRformed

containing atleastthe EVOH resincomposition oft
disclosure and the thermoplastic resin, the layered
configurationofthemultilayerstructuremaybe,f
a/R/b,a/R/a/b,a/b/R/a/R/b,a/b/a/R/alb,a/b/R/a/R

the like.
[0121] In the aforementioned layered configuration,
required, an adhesive resin layer may be provided b
layers. Various adhesive resins are usable as an a
resinfortheadhesiveresinlayer. Examplesofth
resinforprovidingahighlystretchablemultilayer
includeolefinpolymersmodifiedascontainingaca

by chemically bonding an unsaturated carboxylic aci

anhydride to the olefin polymers (the aforementione

polyolefinresinsinabroadersense)byanadditio
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a graft reaction or the like.
[0122] Specific preferred examples of the modified

polymers containing the hydroxyl groupinclude poly

olefin

ethylenes

graft-modified with maleic anhydride, polypropylene

graft-modified with maleic anhydride, ethylene-prop ylene
(block or random) copolymers graft-modified with ma leic
anhydride,ethylene-ethylacrylatecopolymersgraft -modified
with maleic anhydride, and ethylene-vinyl acetate c opolymers
graft-modified withmaleicanhydride, whichmaybe usedalone
orincombinationasamixture. Inthiscase,the proportion
of the unsaturated carboxylic acid or its anhydride to be
containedinsuchamodifiedolefinpolymerispref erably0.001
to 3 wt.%, more preferably 0.01 to 1 wt.%, particul arly
preferably 0.03 to 0.5 wt.%. If the modification d egree of
such a modification product is excessively low, the
adhesivenesstendsto be poorer. If the modificati ondegree
isexcessivelyhigh,ontheotherhand,acrosslink ingreaction
tends to occur, thereby reducing the formability.

[0123] Further, the adhesive resin may be blended w ith the
EVOH ofthe EVOH resin compositionofthe presentd isclosure,

the other EVOH, a rubber/elastomer component such a

polyisobutyleneorethylenepropylenerubber,orth

eresinfor

the layer b. Particularly, the adhesiveness can be

advantageously improved by blending a polyolefin re

different from the base polyolefin resin for the ad
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resin.

[0124] The thicknesses of the respective layers of

multilayerstructurecannotbeunconditionallyspec
depend upon the layered configuration, the type of
b, the use purpose, the shape of the formed product
required physical properties. The thickness of the
is typically selected fromarange of 5to 500

10 to 200
selectedfromarangeof10t05,000
pm. The thickness of the adhesive resin layer is ty
selected from a range of 5 to 400
about 150  pm.

[0125] The multilayer structure may be used as it i
various forms. Itis preferredto performaheats
process on the multilayer structure for improvement
physical properties of the multilayer structure. T
“heat stretching process” herein means a process in
thermally uniformly heated laminate in the form of

sheet or a parison is uniformly formed into a cup,

tube orafilmwiththeuseofachuck,aplug,av
acompressedairforce,blowingmeans,orotherfor

The stretching process may be a uniaxial stretching
orabiaxialstretchingprocess. Thestretchingra
laminate is preferably as high as possible for phys

properties. This makes it possible to produce stre
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formed products excellent in gas barrier property w ithout
pinholes, cracking, uneven stretching, uneven thick ness,
delamination (interlayer separation), and the like which may

otherwise occur during the stretching.

[0126] Otherexemplarymethodsforstretchingthem ultilayer
structure include roll stretching method, tenter st retching
method, tubular stretching method, stretch-blowing method,
and vacuum pressure forming method each having a hi gher
stretching ratio. A simultaneous biaxial stretchin g method
orasequential biaxial stretchingmethod maybeem ployed for
the biaxial stretching process. The stretching tem perature
isselectedfromarangeof60 °Ctol170 °C,preferablyabout80 °C

toaboutl60  °C. ltisalsopreferredtoperformaheat-setting

process after the completion of the stretching proc ess. The
heat-setting process may be performed by known mean s. The
heat-setting may be achieved by heat-treating the s tretched

film at 80 °Cto 170 °C, preferably 100 °Cto 160 °C,forabout?2
to about 600 seconds while keeping the stretched fi Im in
tension.

[0127] Where the multilayer structure is wused for

heat-shrink packaging applications for raw meat, pr ocessed
meat, cheese or the like, the multilayer structure not
subjectedtothe heat-settingprocessafterthe str etchingis
used as a productfilm, and the raw meat, the proce ssed meat,
the cheese or the like is wrapped with the film, wh ichisin
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turn heat-treated at 50 °Cto 130

forabout2toabout300secondstobetherebyheat
tight packaging.

[0128] The multilayer structure thus produced may b
inanydesiredform. Exemplaryformsincludefilm,

and profile extrusion product. As required, the mu
structuremaybesubjectedtoheattreatment,cooli

rolling process, printing process, dry laminating p
solution or melt coating process, bag making proces
drawing process, box making process, tube making pr
splitting process, or the like.

[0129] Cups, trays, tubes, and other containers pro
fromthemultilayerstructure,andbagsandcapspr

the stretched film formed from the multilayer struc
usefulaspackagingmaterialsforpackagingfoods,

pharmaceutical products, cosmetics, industrial chem

detergents, agricultural chemicals, fuels, and the

EXAMPLES

[0130] Embodiments of the present disclosure
hereinafterbe described more specificallybyway o
thereofemployingdifferentthermallystabilizings
However, it should be understood that the embodimen
presentdisclosurebenotlimitedtotheseexamples

scope of the present disclosure.
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Inthe followingexamples, “parts”“%”and “ppm” a re
based on weight, and “mol %” is based on mol.
Physical properties and quantities were determined
in the following manner.
[0131] (1)QuantitativeAnalysisofEVOHTerminalS tructures
(NMR Method)
<Measurement Conditions>
Apparatus: Bruker's AVANCE IlI
Measurement frequency: 400 MHz
Solvent:Heavywater/ethanol-D6(havingaheavywat er/ethanol
weight ratio of 35/65), and DMSO-D6
Polymer concentration: 5 %
Measurementtemperatures:70 °Cforheavywater/ethanol-D6,and
50°C for DMSO-D6
Integration number: 16
Pulse recurrence time: 4 seconds
Sample rotation speed: 20 Hz
Additive: Trifluoroacetic acid
[0132] <Analysis Method>
(1-1) Measurement of Terminal Methyl Amount

The terminal methyl amount was calculated based on

'H-NMR measurement (measurement with DMSO-D6 at 50 °C) (witha
chemical shiftdetermined withrespectto apeakap pearing at
2.50ppmforDMSO). Theterminalmethylamountwas calculated

fromthefollowing expression (Ex. 1) byusingani ntegration
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value (I  we-1) forterminal methyl between 0.7 and 0.95 ppm, an
integration value (I ch2) for non-terminal methylene between
0.95and 1.85ppm (atotalintegration value forme thylenein
theethyleneunit,thevinylalcoholunit,andthe vinylacetate
unit), an integration value (| oag) for terminal methyl in the
vinyl acetate unit between 1.9 and 2 ppm, and anin tegration
value (I ¢y formethine inthe vinyl alcohol unit between 3.1
and4.3ppmasshowninachartofFIG.1. Here,t heintegration
values(l  wme1),(I  cH),(I  oad,and(l  cywereintegrationvalues
ofpeaksattributabletotheterminalmethyl,then on-terminal
methylene, the terminal methylinthevinyl acetate unit,and
the methine in the vinyl alcohol unit, respectively
[0133]
Terminal methyl amount (mol %)
=(1 wmeaB)[(I wmea/3)+(I oad3)Fl cn
I cuzr2 Xl cr2 X(I 0ad3)-2 X(I me-1/3)}4] ..... (Ex. 1)
[0134] (1-2)MeasurementofCarboxylic Acid Content (X)and
Lactone Ring Content (Y)

The amounts of the carboxylic acid group and the
lactoneringpresentinpolymerterminalswerecalc ulatedbased

on 'H-NMR measurement (measurement with a heavy

water/ethanol-D6 solvent at 70 °C) (with a chemical shift
determined with respectto a peak appearing at0 pp mfor TMS)
by using the terminal methyl amount (mol %) obtaine din the
item (1-1).
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More specifically, the carboxylic acid content (X)
(mol%)andthelactoneringcontent(Y)(mol%)we recalculated

from the following expressions (Ex. 2) and (Ex. 3),

respectively, by using an integration value (I ve-2) Of a peak
appearing between 0.7 and 1 ppm for terminal methyl , an
integration value (I x) of a peak appearing between 2.15 and

2.32 ppm and an integration value (I y) of a peak appearing
between 2.5and 2.7 ppm as shown in achart of FIG. 2. Here,
theintegrationvalues (I me-2), (I x),and(l y)wereintegration
values of peaks attributable to the terminal methyl , the
carboxylic acid group, and the terminal lactone rin g,

respectively.
[0135]

Carboxylic acid content (X) (mol %)

= Terminal methyl amount (mol %) (I x/2)I(I  wme2/3)

[0136]

Lactone ring content (Y) (mol %)

= Terminal methyl amount (mol %) (1 vI2)I(I wme2/3)

..... (Ex. 3)

[0137] (1-3)CalculationofLactoneRingContentRa tio(Y/Z)
with respect to Sum (Z) of Carboxylic Acid Content (X) and

Lactone Ring Content (Y) in Terminal Structures
The lactone ring content ratio (Y/Z) was calculate d

fromthefollowing expression (Ex.4)basedonthe carboxylic
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acid content (X) and the lactone ring content (Y) ¢ alculated
above.

Ifthecalculationsareimpossibleduetothepres ence
of additives, impurities and the like other than th e EVOH, a
sample cleaning process or the like may be performe d. The
sample cleaning process is performed, for example, by the
following method. More specifically, a sample is
freeze-crushed, and the crushed sample is immersed in water
to be ultrasonically cleaned. Then, the resulting sampleis
filtered, and the filtration residue is dried. The NMR
measurement is performed on the dried filtration re sidue.
[0138] Lactoneringcontentratio(Y/Z)(mol%)wit hrespect
to sum (Z) of carboxylic acid content (X) and lacto ne ring
content (Y)
= {Y/(X+Y)} x 100 ..... (Ex. 4)

[0139] (2) Cinnamic Acid Content (ppm) (Liquid
Chromatography Mass Spectrometry (LC/MS/MS))
[0140] [Preparation of Standard Solutions]

Cinnamic acid (10.89 mg) was weighed in a 10-mL
measuringflask, and dissolvedinmethanolto provi deal0-mL
solution (standard stock solution having a concentr ation of
1,089 pg/mL). Then,thestandardstocksolutionthusprep ared
was dilutedwithmethanoltoprovide mixed standard solutions
respectivelyhavingconcentrationsof0.109 pg/mL,0.218  pg/mL,

0.545 pg/mL, 1.09 pg/mL,and 2.18
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waspreparedbyperformingtheLC/MS/MSanalysison thesemixed
standard solutions.

[0141] [Preparation of Sample Solution]

(2) After pellets (1 g) of the EVOH resin compositi onof
thepresentdisclosurewereweighedinalO-mLmeas uringflask,

9 mL of methanol was added to the flask.

(2) Theresultingsolutionwasultrasonicallytreat edfor
120 minutes, and cooled to a room temperature (25 °C).
(3) Methanol was added to this solution to a volume of

10 mL (sample solution (1)).
(4) Then, 1 mL of the sample solution (I) was put i na
10-mL measuring flask, and diluted with methanol to avolume

of 10 mL (sample solution (I1)).

(5) The sample solution (I) or the sample solution (D)}
was filtered by a PTFE filter (0.45 pm), and the resulting

liquid was used as a measurement solution for the L C/MS/MS
analysis.

The detection concentration of cinnamic acid was
calculatedbasedonapeakareavaluedetectedbyt heLC/MS/MS
analysis and the calibration line prepared by using the
standard solutions.

[0142] [LC/MS/MS Measurement Conditions]

LC system: LC-20A (available from Shimadzu Corporat ion)
Mass spectrometer: AP14000 (AB/MDS Sciex)

Analysis column: Scherzo SM-C18 (3.0 x75mm,3 um)
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Column temperature: 45 °C

Mobile phase: A. 10 mmol/L ammonium acetate aqueous solution
B. Methanol

Time program: 0.0 to 5.0 minutes B (%) = 30% to 95 %

5.0 to 10.0 minutes B (%) = 95%
10.1 to 15.0 minutes B (%) = 30%
Flow rate: 0.4 mL/minute
Switch valve: 2.0 to 6.0 minutes  to MS
Injection amount: 5 pL
lonization: ESI method
Detection: Negative ion detection (SRM method)
lon monitoring: Q1 = 147.0 to Q3 = 102.9 (CE: -15 e V)
[0143] (3) Lubricant Content (ppm)
Theamountoftheaddedlubricantwasregardedas the
lubricant content.
[0144] (4) Boron Compound Content (ppm)

The EVOH resin composition was decomposed together

with concentrated nitric acid by a microwave decomp osition
method. Then, the resulting solution was diluted w ith
purified water to a predetermined volume to prepare asample
solution,andtheboronamountoftheboroncompoun dcontained
inthesamplesolutionwas measuredbymeansofan inductively

coupled plasma emission spectrometer (ICP-AES).
[0145] (5)SorbicAcidContent(ConjugatedPolyene Content)

(ppm) (Liquid Chromatography Mass Spectrometry)
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First, 8 mL of an extraction solvent having a

methanol/watervolumeratio of methanol/water=1/1

to 1gofthe EVOHresincomposition. Theresultin

was ultrasonically treated still atatemperature o
1hour,wherebysorbicacidwasextractedfromthe

resulting solution was cooled, and then diluted wit
extraction solvent to a volume of 10 mL. The resul
solution was filtered, and then analyzed by a liqui
chromatograph/UV spectrophotometer, whereby the amo
sorbic acid contained in the solution was determine
sorbicacidamountwas converted intothe sorbicac

of the EVOH resin composition.

[HPLC Measurement Conditions]

LC system: AGILENT 1260/1290 (available from Agilen

Technologies, Inc.)

Detector: AGILENT 1260 infinity diode array detecto

(available from Agilent Technologies, Inc.)

wasadded
gsolution
f20 °Cfor
resin. The
h the

ting

unt of
d. The

id content

Column: CADENZA CD-C18 (100 x 3.0 mm, 3 pum) (available from

Imtakt Corporation

Column Temperature: 40 °C

Mobile phase A: Aqueous solutioncontaining 0.05%f
and 5 vol.% acetonitrile

Mobile phase B: Aqueoussolutioncontaining 0.05%f
and 95 vol.% acetonitrile

Time program: 0.0 to 5.0 minutes B (%) = 30%
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5.0 to 8.0 minutes B (%) = 30% to 50%
8.0 to 10.0 minutes B (%) = 50%
10.0 to 13.0 minutes B (%) = 50% to 30%
13.0 to 15.0 minutes B (%) = 30%

Flow rate: 0.2 mL/minute

UV detection wavelength: 190 to 400 nm

Quantitative wavelength: 262 nm

[0146] (6) Evaluation for Thermal Stability

The thermal stability was measured by using 5 mg o f
the EVOH resin composition by means of a thermograv imetric
analyzer(PYRIS1TGAavailablefromPerkinElmerC orporation).
The EVOH resin composition was evaluated for the th ermal
stability based on a temperature at which the weigh t of the
EVOHresincompositionwasreducedto95%oftheor iginalweight.
Themeasurementwasperformedatatemperature elev ationrate
of 10 °C/minute within a temperature range of 30 °Cto550 °Cat
a gas flow rate of 20 mL/minute in a nitrogen atmos phere by
the TGA.

[0147] (7) Evaluation for Post-Heating Coloration D egree

The EVOH resin composition was evaluated for
post-heating coloration degree by means of a visual analyzer
(IRISavailablefromAlfaM.O.S.JapanK.K.). The evaluation
was based on the percentage (%) of an area thermall y colored
to a typical color (R232, G216, B168) when the EVOH resin
composition was heated at 240 °C for 10 minutes.
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[0148] <<(A) Use of Cinnamic Acid Component as Ther
Stabilizing Substance>>
[Example 1]

A water/methanol mixed solution (having
water/methanol weight ratio of 35/65 and an EVOH re
concentration of 40%) of an ethylene-vinyl alcohol
havinganethylenecontentof32mol%,asaponific
0f99.5mol%,andanMFR of 12 g/10 minutes (measu
with aload of 2160 g)) was prepared as a solution
intermediateproduct,whichwasinturnextrudedin
form in a water bath containing cold water. The re
strands were solidified, and then cut by a cutter,
cylindrical pellets of the EVOH intermediate produc
a water content of 100 parts based on 100 parts of
intermediate product) were produced.

[0149] Subsequently,the EVOH intermediate product

werefedintoanaqueoussolutioncontaining350pp

mally

sin

copolymer
ationdegree

redat210 °C
of an EVOH
toastrand

sulting

whereby
t (having

the EVOH

pellets

mofacetic

acid, 370 ppm of sodium acetate, 15 ppm of calcium

dihydrogenphosphate,and 57 ppm ofboricacid, and

30°C to 35 °C for 1 hour. Then, this stirring process was
performed five times by changing the aqueous soluti
(first-stage chemical treatment step). The weight-
concentration ratio of the carboxylic acid concentr

the metalion concentration ofthe carboxylicacid

in the aqueous solution used in the first-stage che
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treatment step (carboxylic acid concentration/metal ion
concentration) was 3.0.

[0150] Then,theresultingeVOHintermediateproduc tpellets
werefedintoanaqueoussolutioncontaining 700 pp mofacetic
acid, 370 ppm of sodium acetate, 15 ppm of calcium
dihydrogenphosphate,and 57 ppm ofboricacid, and stirred at

30°Cto 35 °C for 4 hours, whereby the acetic acid content of

the EVOH intermediate product pellets was adjusted

(second-stage chemical treatment step). The weight -based
concentration ratio of the carboxylic acid concentr ation to
the metalion concentration ofthe carboxylicacid metalsalt

in the aqueous solution used in the second-stage ch emical
treatment step (carboxylic acid concentration/metal ion
concentration) was 6.7. The resulting EVOH interme diate
product pellets were dried at 121 °C for 10 hours.

[0151] Subsequently,anethanolsolutioncontaining 0.125%
cinnamic acid was sprayed over the dried EVOH inter mediate
productpellets (eachhavingadiameterof2.3mma ndalength
of 2.4 mm) so that the resulting pellets had a cinn amic acid
content of 200 ppm on a weight basis. Thus, an EVO H resin
composition of the present disclosure was produced. The
measurement results for the EVOH resin composition thus

produced are shown below in Table 1.
[0152] [Example 2]

An EVOH resin composition was produced in
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substantiallythesamemannerasinExample1,exce ptthatthe
drying temperature in the EVOH intermediate product pellet
drying stepwas changed from 121 °Cto150 °C. The measurement
resultsfortheEVOHresincompositionthusproduce dareshown

below in Table 1.
[0153] [Example 3]

An EVOH resin composition was produced in

substantiallythesamemannerasinExample1,exce ptthatthe
amount of acetic acid contained in the aqueous solu tionused

in the second-stage chemical treatment step was cha nged to
3,500 ppm and the weight-based concentration ratio of the
carboxylic acid concentration to the metalion conc entration
ofthecarboxylicacidmetalsaltintheaqueousso lutionused
inthe second-stage chemical treatment step (carbox ylicacid
concentration/metal ion concentration) was 33.7. T he
measurement results for the EVOH resin composition thus

produced are shown below in Table 1.
[0154] [Example 4]

An EVOH resin composition was produced in

substantiallythesamemannerasinExample1,exce ptthatthe
amount of acetic acid contained in the aqueous solu tionused
in the second-stage chemical treatment step was cha nged to
3,500 ppm, that the weight-based concentration rati o of the
carboxylic acid concentration to the metalion conc entration
ofthecarboxylicacidmetalsaltintheaqueousso lutionused
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inthe second-stage chemical treatment step (carbox ylicacid
concentration/metalionconcentration)was33.7,an dthatthe
drying temperature in the drying step was changed f rom121 °C

to 150 °C. The measurement results for the EVOH resin
composition thus produced are shown below in Table 1.
[0155] [Comparative Example 1]

An EVOH resin composition was produced in

substantiallythesamemannerasinExample1,exce ptthatthe
amount of acetic acid contained in the aqueous solu tionused
inthesecond-stagechemicaltreatmentstepwascha ngedto350
ppm, that the weight-based concentration ratio of t he
carboxylic acid concentration to the metalion conc entration
ofthecarboxylicacidmetalsaltintheaqueousso lutionused
inthe second-stage chemical treatment step (carbox ylicacid
concentration/metalion concentration) was 3.4, and thatthe
drying temperature in the drying step was changed f rom121 °C

to 118 °C. The measurement results for the EVOH resin
composition thus produced are shown below in Table 1.
[0156] [Comparative Example 2]

An EVOH resin composition was produced in

substantiallythesamemannerasinExample1,exce ptthatthe
cinnamic acid content was changed from 200 ppm to 6 00 ppmon
a weight basis. The measurement results for the EV OH resin
composition thus produced are shown below in Table 1.
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[0157] Table 1

Example | Example | Example | Example | Comparative Comparative

1 2 3 4 Example 1 Example 2

Carboxylic acid content (X) (mol %) 0.08 .08 0.08 0.09 0.11 0.08
Lactone ring content (Y) (mol %) 0.13 0.12 014 01 4 0.12 0.13
Lactonering contentratio (Y/Z) (mol %) 62 61 64 62 52 62
Cinnamic acid content (ppm) 200 200 200 200 200 600
Thermal stability ( °C) 364 363 370 363 340 353
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[0158] The above results indicate that Examples, wh ich
satisfy the requirements of the present disclosure for the
lactone ring content ratio (Y/Z) with respectto th esum (2)
ofthecarboxylicacidcontent(X)andthelactone ringcontent
(Y)inthe EVOH terminal structures andfor thecin namicacid
content,areexcellentinhigh-temperaturethermal stability.
Ontheotherhand,ComparativeExamplel,whichdoe snotsatisfy

the requirement for the lactone ring content ratio (Y/Z) and
Comparative Example 2, whichdoesnotsatisfyther equirement
for the cinnamic acid content, are both poorer in t hermal
stability. Inthe evaluation for the thermal stabi lity, the
thermal stability temperature is 363 °Cto370 °CinExamplesl
to4,340 °CinComparative Example1,and 353 °CinComparative
Example 2. Differences in thermal stability temper ature
between Examples and Comparative Examples are about 10 °Cto
about 30 °C. The differences not less than 10 °C at higher
temperatures are significant from the viewpoint of reaction
kinetics, because the oxidative degradation and the thermal
decompositionoftheresinoccurduetochemicalre actionsand,

in general, the reaction rates of the chemical reac tions are
exponentially increased with the temperature increa se.
[0159] <<(B) Use of Lubricant as Thermally Stabiliz ing
Substance>>

[0160] [Example 5]

A water/methanol mixed solution (having a
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water/methanol weight ratio of 35/65 and an EVOH re sin
concentration of 40%) of an ethylene-vinyl alcohol copolymer
intermediate product having an ethylene content of 32 mol %,
a saponification degree of 99.5 mol %, and an MFR o f12g/10
minutes(measuredat210 °Cwithaloadof2160g)wasprepared.
Then,theEVOHintermediateproductsolutionwasex trudedinto

a strand form in a water bath containing cold water . The
resulting strands were solidified, and then cut by acutter,
wherebycylindricalEVOHintermediateproductpelle ts(having

a water content of 100 parts based on 100 parts of the EVOH

intermediate product) were produced.

[0161] Subsequently,the EVOH intermediate product pellets
werefedintoanaqueoussolutioncontaining350pp mofacetic
acid, 370 ppm of sodium acetate, 15 ppm of calcium
dihydrogenphosphate,and 57 ppm ofboricacid, and stirred at

30°C to 35 °C for 1 hour. Then, this stirring process was

performed five times by changing the aqueous soluti on
(first-stage chemical treatment step). The weight- based
concentration ratio of the carboxylic acid concentr ation to
the metalion concentration ofthe carboxylicacid metal salt

in the agueous solution used in the first-stage che mical
treatment step (carboxylic acid concentration/metal ion

concentration) was 3.0.
[0162] Then,theresultingEVOHintermediateproduc tpellets

werefedintoanagueoussolutioncontaining2,450 ppmofacetic
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acid, 370 ppm of sodium acetate, 15 ppm of calcium
dihydrogenphosphate,and57 ppm ofboricacid, and stirred at

30°Cto 35 °C for4 hours, whereby the acetic acid content of

the EVOH intermediate product pellets was adjusted

(second-stage chemical treatment step). The weight -based
concentration ratio of the carboxylic acid concentr ation to
the metalion concentration ofthe carboxylicacid metal salt
in the aqueous solution used in the second-stage ch emical
treatment step (carboxylic acid concentration/metal ion

concentration) was 23.6.

[0163] AftertheresultingEVOHintermediateproduc tpellets
were dried at 121 °C for 10 hours, a lubricant (ethylene
bisstearamide) was uniformly dry-blended withthed ried EVOH
intermediate product pellets (each having a diamete rof2.3
mmandalengthof2.4mm)sothattheEVOHinterme diateproduct
pellets had a lubricant contentof 100 ppm on awei ghtbasis.
Thus, a lubricant-containing EVOH resin composition of the
presentdisclosurewasproduced. Themeasurementr esultsfor
the EVOH resin composition thus produced are shown below in
Table 2.

[0164] [Example 6]

An EVOH resin composition was produced in

substantiallythesamemannerasinExample5,exce ptthatthe
drying temperature in the EVOH intermediate product pellet
drying stepwas changedfrom 121 °Cto150 °C. The measurement
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resultsforthe EVOHresincompositionthusproduce dareshown
below in Table 2.
[0165] [Example 7]

An EVOH resin composition was produced in

substantiallythesamemannerasinExample5,exce ptthatthe
amount of acetic acid contained in the aqueous solu tionused

in the second-stage chemical treatment step was cha nged to
3,500 ppm and the weight-based concentration ratio of the
carboxylic acid concentration to the metalion conc entration
ofthecarboxylicacidmetalsaltintheaqueousso lutionused
inthe second-stage chemical treatment step (carbox ylicacid
concentration/metal ion concentration) was 33.7. T he
measurement results for the EVOH resin composition thus

produced are shown below in Table 2.
[0166] [Example 8]

An EVOH resin composition was produced in

substantiallythesamemannerasinExample5,exce ptthatthe
amount of acetic acid contained in the aqueous solu tionused

in the second-stage chemical treatment step was cha nged to
3,500 ppm, that the weight-based concentration rati o of the
carboxylic acid concentration to the metalion conc entration
ofthecarboxylicacidmetalsaltintheaqueousso lutionused
inthe second-stage chemical treatment step (carbox ylicacid
concentration/metalionconcentration)was33.7,an dthatthe
drying temperature in the drying step was changed f rom121 °C
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to 150 °C. The measurement results for the EVOH resin
composition thus produced are shown below in Table 2.
[0167] [Comparative Example 3]

An EVOH resin composition was produced in

substantiallythesamemannerasinExample5,exce ptthatthe
amount of acetic acid contained in the aqueous solu tionused
inthesecond-stagechemicaltreatmentstepwascha ngedto350
ppm, that the weight-based concentration ratio of t he
carboxylic acid concentration to the metalion conc entration
ofthecarboxylicacidmetalsaltintheaqueousso lutionused
inthe second-stage chemical treatment step (carbox ylicacid
concentration/metal ion concentration) was 3.4, and thatthe
drying temperature in the drying step was changed f rom121 °C

to 118 °C. The measurement results for the EVOH resin
composition thus produced are shown below in Table 2.
[0168] [Comparative Example 4]

An EVOH resin composition was produced in

substantiallythesamemannerasinExample6,exce ptthatthe
lubricantcontentwaschangedfrom100ppmto400p pmonaweight
basis. ThemeasurementresultsfortheEVOHresin composition

thus produced are shown below in Table 2.
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[0169] Table 2

Example | Example | Example | Example | Comparative Comparative

5 6 7 8 Example 3 Example 4

Carboxylic acid content (X) (mol %) 0.08 Q.08 0.08 0.09 0.11 0.08
Lactone ring content (Y) (mol %) 0.13 0.12 014 01 4 0.12 0.12
Lactonering contentratio (Y/Z) (mol %) 62 61 64 62 52 61
Lubricant content (ppm) 100 100 100 100 100 400
Thermal stability ( °C) 362 362 365 369 343 357
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[0170] The above results indicate that Examples, wh
satisfy the requirements of the present disclosure
lactone ring content ratio (Y/Z) with respectto th
ofthecarboxylicacidcontent(X)andthelactone

(Y) in the EVOH terminal structures and for the lub
content,areexcellentinhigh-temperaturethermal
Ontheotherhand,ComparativeExample3,whichdoe

the requirementforthe lactonering contentratio
Comparative Example 4, whichdoesnotsatisfyther

for the lubricant content, are both poorer in therm
stability.

[0171] In the evaluation for the thermal stability,

thermal stability temperature is 362 °Cto 369
t08,343 °CinComparative Example 3,and 357
Example 4. Differences in thermal stability temper
betweenExamplesandComparativeExamplesareabout
26°C, which seem to be apparently small.
evaluationoftheresincompositionsforthetherma
was performed on a much smaller scale than in pract
applications. Therefore,theevaluationshowsthat
compositionsofExamplesaresufficiently superior

stability in practical applications. More specific
where aresincompositionisusedinanextruderin

applications, the resin inevitably stagnates in an

a feeding block, a die, and other mechanical struct
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portions of the extruder. The stagnating resinis liable to

be exposed to conditions that are much severer than the
aforementioned evaluation conditions. Therefore, i tis
considered that the differences between Examples an d
Comparative Examples in the evaluation are signific antly

enhanced in the practical applications.

[0172] <<(C)UseofBoronCompoundasThermally Sta bilizing
Substance>>

[Example 9]

A water/methanol mixed solution (having a

water/methanol weight ratio of 35/65 and an EVOH re sin
concentration of 40%) of an ethylene-vinyl alcohol copolymer
intermediate product having an ethylene content of 32 mol %,
a saponification degree of 99.5 mol %, and an MFR o f12g/10
minutes(measuredat210 °Cwithaloadof2160g)wasprepared.
Then,theEVOHintermediate productwasextrudedin toastrand
form in a water bath containing cold water. The re sulting
strands were solidified, and then cut by a cutter, whereby
cylindricalEVOHintermediate productpellets (havi ngawater
contentofl0Opartsbasedon100partsoftheEVOH intermediate

product) were produced.

[0173] AftertheEVOHintermediate productpellets werefed
into an aqueous solution containing 350 ppm of acet ic acid,
370 ppm of sodium acetate, 15 ppm of calcium

dihydrogenphosphate,and 57 ppm ofboricacid, and stirred at
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30°Cto35 °Cforlhour,theaqueoussolutionwasdrained. Th
theaqueoussolutionpreparedintheaforementioned
fedovertheresulting EVOH intermediate productpe

stirred and drained in the aforementioned manner.
stirringprocesswasrepeatedlyperformeduntilthe

content of the EVOH intermediate product pellets fe
arangeof100to200ppmonaboronbasis(first-s
treatmentstep). Theweight-basedconcentrationra
carboxylic acid concentration to the metalion conc
ofthecarboxylicacidmetalsaltintheaqueousso

in the first-stage chemical treatment step (carboxy
concentration/metal ion concentration) was 3.0.

[0174] Then, the boron compound-incorporated
intermediate product pellets thus produced were fed
agueous solution containing 700 ppm of acetic acid,
ofsodiumacetate, 15 ppmofcalciumdihydrogenphos

57 ppm of boric acid, and stirred at 30 °Cto 35

whereby the acetic acid contentand the boric acid

en,
mannerwas
llets,and
This
boricacid
Il within
tagechemical
tioofthe
entration
lutionused

lic acid

EVOH
into an
370 ppm
phate,and

°Cfor4hours,

contentof

the EVOH intermediate product pellets were adjusted

(second-stage chemical treatment step). The weight
concentration ratio of the carboxylic acid concentr

the metalion concentration ofthe carboxylicacid

in the aqueous solution used in the second-stage ch
treatment step (carboxylic acid concentration/metal

concentration) was 6.7.
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[0175] The resulting (undried) EVOH intermediate pr oduct
pelletsweredriedat121 °Cfor10hours. Thus,anEVOHresin
compositionofthepresentdisclosurewasproduced (intheform

of pellets each having a diameter of 2.3 mm and a | ength of
2.4 mm). The measurement results for the EVOH resi n
composition thus produced are shown below in Table 3.

[0176] [Example 10]

An EVOH resin composition was produced in

substantiallythesamemannerasinExample9,exce ptthatthe
amount of acetic acid contained in the aqueous solu tionused
intheaceticacidamountadjustingstep(second-st agechemical
treatmentstep) was changedto 1,400 ppmandthe we ight-based
concentration ratio of the carboxylic acid concentr ation to
the metalion concentration ofthe carboxylicacid metal salt

in the aqueous solution used in the second-stage ch emical
treatment step (carboxylic acid concentration/metal ion
concentration)was13.5. Themeasurementresultsf ortheEVOH
resin composition thus produced are shown below in Table 3.

[0177] [Comparative Example 5]

An EVOH resin composition was produced in

substantiallythesamemannerasinExample9,exce ptthatthe
amount of acetic acid contained in the aqueous solu tionused
inthesecond-stagechemicaltreatmentstepwascha ngedto350
ppm, that the weight-based concentration ratio of t he
carboxylic acid concentration to the metalion conc entration
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ofthecarboxylicacidmetalsaltintheaqueousso lutionused
inthe second-stage chemical treatment step (carbox ylicacid
concentration/metalion concentration) was 3.4, and thatthe
drying temperature in the drying step was changed t 0118 °C.
The measurement results for the EVOH resin composit ion thus

produced are shown below in Table 3.
[0178] [Comparative Example 6]

An EVOH resin composition was produced in

substantiallythesamemannerasinExample9,exce ptthatthe

amount of boric acid contained in the aqueous solut ion used
inthesecond-stagechemicaltreatmentstepwascha ngedto550
ppm. The measurementresults forthe EVOH resin co mposition

thus produced are shown below in Table 3.
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[0179] Table 3

Example Example Comparative Comparative

9 10 Example 5 Example 6

Carboxylic acid content (X) (mol %) 0.09 0.08 0.11 0.09
Lactone ring content (Y) (mol %) 0.12 0.12 0.12 0.1 2
Lactone ring content ratio (Y/Z) (mol %) 57 60 52 5 7
Boron compound content (on boron basis) (ppm) 149 167 149 473
Thermal stability ( °C) 361 363 343 358
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[0180] The above results indicate that Examples, wh

satisfy the requirements of the present disclosure
lactone ring content ratio (Y/Z) with respectto th
ofthecarboxylicacidcontent(X)andthelactone
(Y)intheEVOHterminalstructuresandforthebor
content,areexcellentinhigh-temperaturethermal
Ontheotherhand,ComparativeExample5,whichdoe
the requirementforthe lactonering contentratio
Comparative Example 6, whichdoesnotsatisfyther
for the boron compound content, are both poorer in
stability.

[0181] In the evaluation for the thermal stability,
thermal stability temperature is 361

9 and 10, respectively, 343

358°C in Comparative Example 6. Differences in thermal

stability temperature between Examples and Comparat

ich
for the
esum (2)
ringcontent
oncompound
stability.
snotsatisfy
(Y/Z),and
equirement

thermal

the

°Cand 363 °Cin Examples

°C in Comparative Example 5, and

ive

Examplesare3 °Cto20 °C, which seem to be apparently small.

However, the evaluation of the resin compositions f

thermal stability was performed on a much smaller s

in practical applications. Therefore, the evaluati

that the resin compositions of Examples are suffici

superior in thermal stability in practical applicat
More specifically, where a resin composition is use
extruder in practical applications, the resin inevi

stagnates in an adapter, a feeding block, a die, an
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mechanical structural portions of the extruder. Th e
stagnating resin is liable to be exposed to conditi ons that
aremuchsevererthantheaforementionedevaluation conditions.
Therefore, it is considered that the differences be tween
Examples and Comparative Examples in the evaluation are
significantly enhanced in the practical application S.

[0182] <<(D)UseofConjugatedPolyeneCompoundas Thermally

Stabilizing Substance>>
[Example 11]

After polymerization of ethylene and vinyl acetate ,

a methanol solution containing sorbic acid as a con jugated
polyene compound in a proportion shown below in Tab le 4 was
added to a methanol paste of the resulting ethylene -vinyl
acetate copolymer resin.  Then, the resulting sorbi c
acid-containing resin paste was subjected to saponi fication,
wherebyanEVOHintermediateproducthavinganethy lenecontent

of 32mol %, asaponification degree 0f 99.5mol %, andanMFR
of 12 g/10 minutes (measured at 210 °C with a load of 2160 g)

was prepared. Then, the EVOH intermediate product was
dissolved in a water/methanol mixed solution (havin g a
water/methanolweightratioof35/65),andtheresu ItingEVOH

intermediate product solution (having an EVOH resin

concentrationof40%)wasextrudedintoastrandfo rminawater
bath containing cold water. The resulting strands were
solidified,andthencutbyacutter,wherebycylin dricalEVOH
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intermediate product pellets (having a water conten t of 100
partsbasedon100partsoftheEVOHintermediatep roduct)were

produced.

[0183] Subsequently,the EVOH intermediate product pellets
werefedintoanaqueoussolutioncontaining350pp mofacetic

acid, 370 ppm of sodium acetate, 15 ppm of calcium

dihydrogenphosphate,and57 ppm ofboricacid, and stirred at

30°C to 35 °C for 1 hour. Then, this stirring process was

performed five times by changing the aqueous soluti on
(first-stage chemical treatment step). The weight- based
concentration ratio of the carboxylic acid concentr ation to
the metalion concentration ofthe carboxylicacid metalsalt

in the agueous solution used in the first-stage che mical
treatment step (carboxylic acid concentration/metal ion

concentration) was 3.0.

[0184] Then,theresultingEVOHintermediateproduc tpellets
werefedintoanagueoussolutioncontaining2,450 ppmofacetic
acid, 370 ppm of sodium acetate, 15 ppm of calcium
dihydrogenphosphate,and 57 ppm ofboricacid, and stirred at

30°Cto 35 °C for 4 hours, whereby the acetic acid content of

the EVOH intermediate product pellets was adjusted

(second-stage chemical treatment step). The weight -based
concentration ratio of the carboxylic acid concentr ation to
the metalion concentration ofthe carboxylicacid metalsalt
in the aqueous solution used in the second-stage ch emical
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treatment step (carboxylic acid concentration/metal ion
concentration) was 23.6.

[0185] TheresultingEVOHintermediate productpell etswere

driedat121 °Cfor 10 hours. Thus,an EVOH resin composition

ofthe presentdisclosurewasproduced(intheform ofpellets
eachhavingadiameterof2.3mmandalengthof 2. 4mm). The
measurement results for the EVOH resin composition thus

produced are shown below in Table 4.
[0186] [Example 12]

An EVOH resin composition was produced in

substantially the same manner as in Example 11, exc ept that
the sorbic acid content of the EVOH resin compositi on was
adjusted as shownbelowin Table 4and the dryingt emperature
intheEVOHintermediateproductpelletdryingstep waschanged

to 150 °C. The measurement results for the EVOH resin
composition thus produced are shown below in Table 4,
[0187] [Example 13]

An EVOH resin composition was produced in

substantially the same manner as in Example 11, exc ept that
the sorbic acid content of the EVOH resin compositi on was
adjusted as shown belowin Table 4, thatthe amount of acetic
acidcontainedintheaqueoussolutionusedinthe second-stage
chemicaltreatmentstepwaschangedto3,500ppm,a ndthatthe
weight-based concentration ratio of the carboxylic acid
concentrationtothemetalionconcentrationofthe carboxylic
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acidmetalsaltintheaqueoussolutionusedinthe second-stage
chemicaltreatmentstep (carboxylicacid concentrat ion/metal
ionconcentration)was33.7. Themeasurementresul tsforthe
EVOH resincomposition thus produced are shown belo winTable
4.

[0188] [Example 14]

An EVOH resin composition was produced in

substantially the same manner as in Example 11, exc ept that
the sorbic acid content of the EVOH resin compositi on was
adjusted as shown belowin Table 4, thatthe amount of acetic
acidcontainedintheaqueoussolutionusedinthe second-stage
chemical treatment step was changed to 3,500 ppm, t hat the
weight-based concentration ratio of the carboxylic acid
concentrationtothemetalionconcentrationofthe carboxylic
acidmetalsaltintheaqueoussolutionusedinthe second-stage
chemicaltreatmentstep (carboxylicacid concentrat ion/metal
ion concentration) was 33.7, and that the drying te mperature
intheEVOHintermediateproductpelletdryingstep waschanged

to 150 °C. The measurement results for the EVOH resin
composition thus produced are shown below in Table 4.
[0189] [Comparative Example 7]

An EVOH resin composition was produced in

substantially the same manner as in Example 11, exc ept that
the sorbic acid content of the EVOH resin compositi on was
adjusted as shown belowin Table 4, thatthe amount of acetic
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acidcontainedintheagueoussolutionusedinthe second-stage
chemical treatment step was changed to 350 ppm, tha t the
weight-based concentration ratio of the carboxylic acid
concentrationtothemetalionconcentrationofthe carboxylic
acidmetalsaltintheaqueoussolutionusedinthe second-stage
chemicaltreatmentstep (carboxylicacid concentrat ion/metal
ion concentration) was 3.4, and that the drying tem perature
intheEVOHintermediateproductpelletdryingstep waschanged

to 118 °C. The measurement results for the EVOH resin
composition thus produced are shown below in Table 4,
[0190] [Comparative Example 8]

An EVOH resin composition was produced in

substantially the same manner as in Example 13, exc ept that
the sorbic acid content of the EVOH resin compositi on was
adjusted as shown below in Table 4. The measuremen tresults

for the EVOH resin composition thus produced are sh own below
in Table 4.
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[0191] Table 4

Example | Example | Example | Example | Comparative Comparative

11 12 13 14 Example 7 Example 8

Carboxylic acid content (X) (mol %) 0.08 Q.08 0.08 0.09 0.11 0.08
Lactone ring content (Y) (mol %) 0.13 0.12 014 01 4 0.12 0.14
Lactonering contentratio (Y/Z) (mol %) 62 61 64 62 52 64
Sorbic acid content (ppm) 210 140 220 140 180 1000
Thermal stability ( °C) 363 362 363 363 332 361
Post-heating colorization degree (%) 0 23 0 14 0 60.1
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[0192] The above results indicate that Examples, wh

satisfy the requirements of the present disclosure
lactone ring content ratio (Y/Z) with respectto th
ofthecarboxylicacidcontent(X)andthelactone

(Y) in the EVOH terminal structures and for the sor
content(conjugated polyene compound content), are
in high-temperature thermal stability, and complete
substantially free from the post-heating coloration
otherhand, Comparative Example 7, whichdoesnots
requirementforthelactoneringcontentratio(Y/Z

in thermal stability, and Comparative Example 8, wh
not satisfy the requirement for the sorbic acid con
suffers from post-heating coloration. Inthe evalu

the thermal stability, the thermal stability temper
362°Cto 363 °CinExamples11to 14, and 332

Example 7. Differences in thermal stability temper

between Examplesand Comparative Example are about

differences not less than 30
significant from the viewpoint of reaction kinetics
theoxidativedegradationandthethermaldecomposi
resin occur due to chemical reactions and, in gener
reaction rates of the chemical reactions are expone
increased with the temperature increase.

[0193] Whilespecificformsoftheembodimentsoft

disclosurehavebeenshownintheaforementionedex
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examples are merely illustrative of the disclosure
limitativeofthedisclosure. Itiscontemplatedt
modifications apparent to those skilled in the art
made within the scope of the disclosure.

[0194] TheEVOHresincompositionofthe presentdi
containsthe EVOHinwhichthelactoneringcontent
respect to the sum of the carboxylic acid content a
lactoneringcontentisadjustedwithinthepredete

and further contains a limited proportion of the sp
thermally stabilizing substance. Therefore, the EV
composition is excellent in high-temperature
decomposition suppressing effect and thermal stabil
is free from odor emanation and coloration even if
processedatahighertemperature. TheEVOHTresin
ofthepresentdisclosurecanbeformedintocups,

and other containers, and the stretched film formed
EVOHresincompositioncanbeformedintobagsand

packaging materials can be widely used for packagin

beverages, pharmaceutical products, cosmetics, indu

chemicals,detergents,agriculturalchemicals,fuel

like.
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CLAIMS:
1. An  ethylene-vinyl alcohol copolymer resin
composition comprising:

an ethylene-vinyl alcohol copolymer; and

at least one component selected from the group

consisting of:

(A) notgreaterthan500ppmofacinnamicacidcom ponent

based on a weight of the resin composition;

(B) not greater than 300 ppm of alubricantbased o nthe

weight of the resin composition;

(©) notgreaterthan400ppmofaboroncompoundon aboron

basis based on the weight of the resin composition; and

(D) not greater than 800 ppm of a conjugated polyen

compound based on the weight of the resin compositi on,
wherein aratio (Y/Z) of a lactone ring content (Y )

toasum (Z) of a carboxylic acid content (X) and t he lactone

ring content (Y) present in terminal structures of the

ethylene-vinyl alcohol copolymer is not less than 5 5 mol %.

2. The ethylene-vinyl alcohol copolymer resin

composition according to claim 1, wherein the sum ( Z) ofthe

carboxylic acid content (X) and the lactone ring co ntent (Y)

is 0.01 to 0.3 mol % based on a total amount of the monomer

units of the EVOH.
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3. The ethylene-vinyl alcohol copolymer
compositionaccordingtoclaimlor2,whereinthe

content (Y)is 0.01 to 0.3 mol % based on the total

the monomer units of the ethylene-vinyl alcohol cop

4. The ethylene-vinyl alcohol copolymer
compositionaccordingtoanyoneofclaims1to3,
carboxylic acid content (X) is 0.01to 0.3 mol % ba
totalamountofthemonomerunitsoftheethylene-v
copolymer.

5. Amultilayerstructure comprisingatleastonel
comprising the ethylene-vinyl alcohol copolymer

composition according to any one of claims 1 to 4.
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