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DESCRIPTION

ETHYLENE-VINYL ALCOHOL COPOLYMER COMPOSITION, MULTIAYER

STRUCTURE PRODUCED BY USING THE COMPOSITION, AND HD-WATER

STERILIZABLE PACKAGE

TECHNICAL FIELD
[0001] The presentdisclosure relatestoan ethylen
alcohol copolymer composition (wherein an ethylene-
alcohol copolymer is hereinafter referred to simply

resin”) and, more specifically, to an EVOH resin co
havinganexcellentadhesive property with respect

surface. The present disclosure further relates to

multilayer structure produced by using the EVOH res

composition, and to a hot-water sterilizable packag

BACKGROUND ART
[0002] EVOH resin is a thermoplastic resin prepared
saponifying an ethylene-vinyl ester copolymer, whic
copolymer of ethylene and a vinyl ester monomer. E
is excellent in transparency, gas barrier property
oxygenbarrierproperty),solventresistance,oilr
mechanical strength, and the like.

Incidentally, metal products to be used for variou

pipingmaterialsandcivilengineeringconstruction
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are liable to corrode when being exposed in air, gr ound and
sea unless their surfaces are subjected to anticorr osion
treatment. Therefore,the surface ofsuchametal productis

generally coated with a polyolefin or other resin.

[0003] However,polyolefinandthelike problematic allyhave
higher oxygen permeability. Therefore, the surface of the
metalproductisliabletobeoxidizedwithoxygen penetrating
through a coating layer to corrode over time or in a high

temperature environment.

To cope with this, it is proposed that an

ethylene-vinylalcohol copolymerexcellentin oxyge nbarrier
property is used as the resin for coating the metal product.
Further, it is proposed to impart the metal product with a
specific surface geometry in order to increase the adhesive
strength between the surface of the metal product a nd the
coating layer of the ethylene-vinyl alcohol copolym er (see,

for example, PTL 1).

RELATED ART DOCUMENT
PATENT DOCUMENT

[0004] PTL 1:JP-A-2012-206318

SUMMARY OF INVENTION
[0005] TheartdisclosedinPTL1needsasurfacer oughening

processsuchasablastingprocessorametalspray ingprocess
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forrougheningthe surface ofthe metal product. T

disadvantageous with the need for such a metal proc

process and, in addition, is problematically inappl
a case in which the surface of the metal productis
to have metallic luster.

[0006]

composition which has an excellent adhesive propert

respecttoametalsurfacewithoutanylimitationt

geometryofthemetalsurface,amultilayerstructu

by using the EVOH resin composition, and a hot-wate

sterilizable package.
[0007] In view of the foregoing, the inventors cond
intensive studies and, as a result, found that the
canbe solved by an EVOH resin compositionthatcon

to 100 ppm of an iron compound on a metal basis bas
weight of thee EVOH resin composition and 1 to 100
phosphoric acid compound (B) on a phosphorus basis
the weight of the EVOH resin composition.

[0008] According to a first inventive aspect, there
provided an EVOHresincompositionthat contains: (
resin; (B) a phosphoric acid compound; and an iron
wherein the iron compound is presentin a proportio

to 100 ppm on a metal basis based on the weight of

resin composition; wherein the phosphoric acid comp

ispresentinaproportionof1to100ppmonapho
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based on the weight of the EVOH resin composition.
[0009] According to a second inventive aspect, ther
providedamultilayerstructurethatincludesalam
including at least a layer containing the EVOH resi
composition of the first inventive aspect and a lay
containing a metal component as a main component.
According to a third inventive aspect, there is
provided a hot-water sterilizable package that incl
multilayer structure of the second inventive aspect
[0010] TheinventiveEVOHresincompositionhasan
adhesive property with respect to a metal surface a
therefore, can be advantageously used as a surface
material for coating various pipes for supplying oi
water, andthe like, and metal productsforcivile

construction materials.

DESCRIPTION OF EMBODIMENTS

[0011] Thepresentdisclosurewillhereinafterbed

in detail by way of preferred embodiments thereof.

it should be understood that these preferred embodi
illustrative of the disclosure but not limitative o
disclosure.

[0012] TheinventiveEVOHresincompositioncontain
resin(A)asamaincomponent,aspecificproportio
compound, and a specific proportion of a phosphoric
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compound (B).
These components will hereinafter be described in
detail.

[0013] [EVOH resin (A)]

TheEVOHresin(A)tobeusedinthepresentdiscl osure
is generally a water-insoluble thermoplastic resin prepared
by saponifying an ethylene-vinyl ester copolymer, w hichisa

copolymer of ethylene and a vinyl ester monomer.
Vinyl acetate is typically used as the vinyl ester
monomer for economy.

Known polymerization methods such as a solution

polymerization method, a suspension polymerization method,
and an emulsion polymerization method may be used f or the
polymerization. A solution polymerization method u sing
methanol as a solvent is generally used. The resul ting
ethylene-vinyl ester copolymer may be saponified by a known
method.

The EVOH resin thus prepared mainly contains an
ethylene structuralunitandavinylalcohol struct uralunit,
and further contains a very small amount of a vinyl ester

structural unit that remains unsaponified.

[0014] Atypicalexampleofthevinylestermonomer isvinyl

acetate, which is easily commercially available and ensures
a higher impurity treatment efficiency in the produ ction
process. Other examples of the vinyl ester monomer include

5
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aliphaticvinylesterssuchasvinylformate,vinyl propionate,
vinyl valerate, vinyl butyrate, vinyl isobutyrate, vinyl
pivalate, vinyl caprate, vinyl laurate, vinyl stear ate, and
vinyl versatate, and aromatic vinyl esters such as vinyl
benzoate. The aliphatic vinyl esters typically hav e3to20
carbon atoms, preferably 4 to 10 carbon atoms, part icularly
preferably4to7carbonatoms. Thesevinylesters maybeused
alone or, as required, a plurality of vinyl esters may be
selected from these vinyl esters to be used in comb ination.

[0015] The EVOH resin (A) typically has an ethylene

structural unit content of 20 to 60 mol %, preferab ly 25 to
50 mol %, particularly preferably 25 to 35 mol %, w hich may
be controlled by adjusting the pressure of ethylene in the
copolymerizationofthevinylestermonomerandeth ylene. If
the ethylene structural unit contentis excessively low, the
EVOH resin tends to be poorer in high-humidity gas barrier
property and melt formability. If the ethylene str uctural
unitcontentis excessively high, onthe other hand ,the EVOH

resin tends to be poorer in gas barrier property.
The ethylene content may be measured in conformity

with 1ISO14663.

[0016] The EVOH resin (A) typically has a vinyl est er
saponificationdegree of90to 100mol %, preferabl y95t0100
mol %, particularly preferably 99 to 100 mol %, whi ch may be
controlledbyadjustingtheamountofasaponificat ioncatalyst

6
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(typically, an alkaline catalyst such as sodium hyd
the temperature and the period for the saponificati
ethylene-vinylestercopolymer. Ifthesaponificat

is excessively low, the EVOH resin tends to be poor

barrier property, heat stability, and moisture resi

The saponification degree of the EVOH resin may be

measured in conformity with JIS K6726 (by using a s
prepared by homogenously dissolving the EVOH resin
water/methanol solvent).
[0017] TheEVOHresin(A)typicallyhasameltflow
of 0.5t0 100 g/10 minutes, preferably 1 to 50 g/10
further preferably 3 to 35 g/10 minutes, particular
preferably 8 to 15 g/10 minutes (as measured at 210
load of 2160 g). If the MFR is excessively great,
resintendsto be unstable in afilmforming proces
MFRisexcessivelysmall,theEVOHresintendstoh
viscosity, resulting in difficulty in melt extrusio

The MFR is an index of the polymerization degree o
the EVOH resin, and may be controlled by adjusting
of a polymerization initiator and the amount ofa s
the copolymerization ofethylene andthevinyleste
[0018] TheEVOHresin(A)tobeusedinthepresent
may further contain a structural unitderived from

followingcomonomersinaproportionthatdoes not

effects of the present disclosure (e.g., in a propo
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not greater than 10 mol %).

The comonomers include: olefins such as propylene,
1-buteneandisobutene,hydroxyl-containing a-olefinssuchas
3-buten-1-ol, 3-butene-1,2-diol, 4-penten-1-ol, and
5-hexene-1,2-diol, and esterification products, acy lation
products,andotherderivativesoftheseolefins;h ydroxyalkyl
vinylidenes such as 2-methylenepropane-1,3-diol and
3-methylenepentane-1,5-diol; hydroxyalkyl vinyliden e

diacetates such as 1,3-diacetoxy-2-methylenepropane :

1,3-dipropionyloxy-2-methylenepropane, and
1,3-dibutyroyloxy-2-methylenepropane;unsaturateda cidssuch
asacrylicacid,methacrylicacid,crotonicacid, anhydrous)
phthalic acid, (anhydrous) maleic acid, and (anhydr ous)
itaconic acid, and salts and C1 to C18 monoalkyl an d dialkyl
esters of these unsaturated acids; acrylamide compo unds such

as acrylamide, Ci to c18 N-alkylacrylamides,

N,N-dimethylacrylamide, 2-acrylamidopropanesulfonic acid,
andsaltsthereof,andacrylamidopropyldimethylamin eandacid
salts and quaternary salts thereof; methacrylamide compounds
such as methacrylamide, C1 to C18 N-alkylmethacryla mides,
N,N-dimethylmethacrylamide,2-methacrylamidopropane sulfonic
acid, and salts thereof, and
methacrylamidopropyldimethylamine and acid salts an d

quaternary  salts  thereof,  N-vinylamides such as

N-vinylpyrrolidone, N-vinylformamide and N-vinylace tamide;

8
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cyanated vinyl compounds such as acrylonitrile and

methacrylonitrile; vinyletherssuchasC1toC18a

ethers, hydroxyalkyl vinyl ethers and alkoxyalkyl v
ethers; halogenated vinyl compounds such as vinyl ¢
vinylidene chloride, vinylfluoride, vinylidene flu

vinyl bromide; vinylsilanes such as trimethoxyvinyl
halogenated allyl compounds such as allyl acetate a
chloride; allyl alcohol compounds such as allyl alc
dimethoxyallyl alcohol;
trimethyl-(3-acrylamido-3-dimethylpropyl)-ammonium

and acrylamido-2-methylpropanesulfonic acid, which
used alone or in combination.

[0019] A post-modified EVOH resin such as an uretha
acetalized, cyanoethylated, or oxyalkylenated EVOH

be used as the EVOH resin.

[0020] Particularly, the EVOH resin prepared by the
copolymerization with any of the hydroxyl-containin
a-olefins is preferred for excellent secondary forma

An EVOH resin having a 1,2-diol structure at its si

is particularly preferred.

[0021] TheEVOHresin(A)tobeusedinthepresent

may be a mixture of differentEVOHresins. TheseE

may have different saponification degrees and diffe
polymerization degrees, and contain different comon

components.
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[0022] The inventive EVOH resin composition contain
EVOH resin (A) as the main component, a specific pr

of the iron compound, and a specific proportion of
phosphoric acid compound (B).

[0023] [Iron Compound]

The iron compound should be presentin a proportio
of 0.01 to 100 ppm, preferably 0.1 to 90 ppm, parti
preferably 1 to 80 ppm, further preferably 3 to 70
especially preferably 10 to 50 ppm, on a metal basi
the weight of the EVOH resin composition.

Iftheproportionoftheironcompoundisexcessiv
small,theEVOHresincompositiontendstohavean
adhesive property with respect to the metal surface
proportionoftheironcompoundisexcessivelygrea
resin composition is liable to be colored, resultin
problem during use.
[0024] Theproportionoftheironcompoundmaybed
by treating the EVOH resin composition with an acid
dilutesulfuricacidorchloricacid,addingpurew
resulting solution to a predetermined volume to pre
sample solution, and analyzing the sample solution
absorption spectrometry.
[0025] Examplesoftheironcompoundtobe containe

EVOH resin composition include ferric oxide, ferros

oxide, ferrous chloride, ferric chloride, ferrous h

10

s the
oportion

the

cularly

ppm,

sbasedon

ely

insufficient

. Ifthe
t,theEVOH

gina

etermined
such as

atertothe
pare a

by atomic

dinthe
oferric

ydroxide,



10

15

20

25

Finalized Mirror Translation
Client ref.F16-69; Our ref. 1661-US,EP,SG

ferric hydroxide, ferrous oxide, iron sulfate, and
phosphate, which may be each present in the form of
salt,inanionizedformorintheformofacomple
withtheresinorotherligandsinthe EVOHresinc
[0026] In the present disclosure, exemplary methods
producing an EVOH resin composition containing a sp
amountoftheironcompoundinclude:(i)amethodt
thestepsofaddingtheironcompoundtoahomogene
(water/alcohol solution or the like) of the EVOH re
extruding the resulting solution into a strand form
solidification liquid, cutting the resulting strand
pellets,anddryingthe pelletsinaprocessforpr
EVOHresin(A);(iilamethodthatincludestheste

pellets of the EVOH resin (A) in contact with an aq
solution of the iron compound to introduce the iron
intothepelletsoftheEVOHTresin(A),anddrying
pellets;(iilamethodthatincludesthestepsof

pellets of the EVOH resin (A) and the iron compound
melt-kneading the resulting mixture; and (iv) a met
includesthestepsofaddingapredeterminedamount
compound to a melt of the EVOH resin (A), and melt-

the resulting mixture.

Particularly, the method (ii) is preferred because

theEVOHresincompositionproducedbythemethod(

moreremarkable effectsofthe presentdisclosurew
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need for an additional production step.
[0027] The pelletsto be produced by the method (i)
pelletstobeusedinthemethods (ii)and (iii)yma

for example, a spherical shape, a cylindrical shape
shape, an elongated cubic shape, or the like. The
typically each have a generally spherical shape (ru
shape) or a cylindrical shape. The spherical pelle
typically each have a diameter of 1 to 6 mm and a h

1to 6 mm, preferably a diameterof 2to5 mmand a

2 to 5 mm, and the cylindrical pellets typically ea

bottom face diameter of 1 to 6 mm and a length of 1
preferably a bottom face diameter of 2 to 5 mm and
of2to5mm, foreasy handlingthereofasaformin

[0028] Theironcompoundtobeusedinthemethods

and (iv) is preferably a water-soluble iron compoun
Examplesofthewater-solubleironcompoundinclude
(inorganic acid salts and the like) such as ferric
ferrosoferric oxide, ferrous chloride, ferric chlor
ferrous hydroxide, ferric hydroxide, ferrous oxide,
sulfate,ironsulfide,ironnitrate,andironphosp

may be each presentinthe formofasalt,inanio
orintheformofacomplexcoordinatedwiththere

ligands in the EVOH resin (A).

[0029]

Usable as the aqueous solution of the iron ¢

in the method (ii) are an aqueous solution of any o
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water-soluble iron compounds out of the aforementio ned iron
compounds, and an agueous solution that contains ir on ions
leached out of a steel material immersed in water ¢ ontaining
a chemical agent. In this case, the proportion of the iron
compound (iron ions) in the EVOH resin (A) may be c ontrolled
byadjustingtheconcentrationoftheironcompound (ironions)

in the aqueous solution in which the EVOH resin pel lets are
immersed, the immersion temperature, the immersion period,
and/orthelike. Theimmersionperiodistypically 0.5t048
hours, preferably1to36hours,andtheimmersion temperature
is typically 10 °Cto 40 °C, preferably 20 °Cto 35 °C.

The pellets are separated from the aqueous solutio n
byaknownmethod,anddriedbyaknowndryingmeth od. Various
drying methods are usable forthe drying, and examp les ofthe
drying methods include a stationary drying method a nd a
fluidized drying method, which may be used alone or in
combination.

[0030] [Phosphoric Acid Compound (B)]

Examplesofthe phosphoricacidcompound(B)inclu de
salts and esters of phosphoric acid, phosphorous ac id, and
hypophosphorous acid. Particularly, phosphates suc h as a
primary phosphate, a secondary phosphate, and a ter tiary
phosphatearepreferred. Exemplarycationicmoieti esinclude
alkalimetalssuchassodium,potassiumandlithium ,andalkali

earth metals such as magnesium, calcium and barium.

13
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Particularly, sodium and potassium are preferred.
preferredexamplesofthephosphoricacidcompound

sodiumdihydrogenphosphate, potassiumdihydrogenp

disodium hydrogen phosphate, and dipotassium hydrog

phosphate.

[0031] The proportion of the phosphoric acid compou
to be contained in the inventive EVOH resin composi
preferably 1to 100 ppm, particularly preferably 3
especially preferably5to80ppm,onaphosphorus
ontheweightoftheEVOHresincomposition. Ifth

ofthe phosphoricacid compound (B) isexcessively

EVOH resin composition is liable to have an insuffi
adhesive property with respect to the metal surface
proportion ofthe phosphoricacidcompound (B)ise
great,ontheotherhand, aproductformedfromthe
composition is liable to suffer from gelation and f

[0032] The proportion of the phosphoric acid compou
isdeterminedinconformitywithJISK0102(2008)by

the EVOH resin composition with the use of nitric a
sulfuric acid, analyzing the decomposed product by
molybdenum blue absorption photometry, and converti
resulting measurement value to a phosphorus content
the EVOH resin composition pellets.

[0033] [EVOH Resin Composition]

Specific
(B)include
hosphate,

en

nd (B)
tion is
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basisbased
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Exemplary methods for producing the inventive EVOH
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resincompositioninclude:(
of adding a predetermined amount of the phosphoric
compoundtoahomogeneoussolution(water/alcohols
the like) of the EVOH resin (A) produced as contain
predetermined proportion of the iron compound by th
aforementioned production method, extruding the res
solutionintoastrandforminasolidificationliq
the resulting strands into pellets, and drying the
( B) a method that includes the steps of keeping the p
oftheEVOHresin(A)producedascontainingthepr
proportion of the iron compound by the aforemention
production method in contact with an agueous soluti
phosphoricacidcompound (B)tointroducethe phosp
compound(B)inapredeterminedproportionintothe
(A), and drying the resulting pellets; (
includesthestepsofdry-blendingthepelletsoft
(A)producedascontainingthepredeterminedpropor
iron compound by the aforementioned production meth
predeterminedamountofthe phosphoricacidcompoun
melt-kneading the resulting mixture; and (
includes the steps of adding a predetermined amount
phosphoric acid compound (B) to a meltof the EVOH
and melt-kneading the resulting mixture.
Particularly,themethod(

EVOHresincompositionproducedbythemethod(

15

ao)amethodthatincludesthesteps

acid
olutionor

ing the

ulting
uid,cutting
pellets;
ellets
edetermined
ed
onofthe
horicacid

EVOHresin

y) a method that

heEVOHresin

tionofthe
od and a

d(B),and

0) a method that

of the

resin(A),

B)ispreferredbecausethe

B)ensuresmore



10

15

20

25

Finalized Mirror Translation
Client ref.F16-69; Our ref. 1661-US,EP,SG

remarkable effects ofthe presentdisclosure withou
for an additional production step.
Thestepofintroducingthe phosphoricacid compou
(B) into the EVOH resin (A) may be performed simult
with the step of introducing the iron compound into
resin (A), andthis methodis preferred for simplif
theproductionmethod. Morespecifically,thepell
EVOHresin(A)areimmersedinanaqueous solution
the iron compound and the phosphoric acid compound
kept in contact with the aqueous solution, whereby
compound and the phosphoric acid compound (B) are i
intothe pellets ofthe EVOHresin (A) as desired.
resulting pelletsare dried. Thus, pellets ofthe
EVOH resin composition are produced.
[0034] The inventive EVOH resin composition typical
a water content of 0.01 to 0.5 wt.%, preferably 0.0
wt.%, particularlypreferably0.1t00.3wt.%. The
composition pellets are typically subjected to a kn
forming process. If the water content is excessive
the EVOH resin compositionisliable to be foamed i
formingprocess. Ifthewatercontentisexcessive
EVOHresincompositionisliable to bethermallyde
to excessive drying.
[0035] Inthe presentdisclosure, the water content

EVOH resin composition is measured and calculated i
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following manner.

The weight (W

measured by an electronic balance, and the EVOH res

composition is dried at 150
and cooled for 30 minutes in adesiccator. Then,t

(W,) oftheresulting pelletsismeasured. The water
oftheEVOHresincompositioniscalculatedfromth
expression:

x 100

Water content (wt.%) = [(W 1-W 2)/W 4]

[0036] In the aforementioned manner, the inventive
resin composition is produced.
[0037] The inventive EVOH resin composition may fur
containadditivesthatare generallyaddedtothe E
as long as the effects of the present disclosure ar
impaired.
[0038] The inventive EVOH resin composition thus pr
isusedasacoating materialfor coatingasurface
product. The inventive EVOH resin composition prev
corrosion of the metal surface due to the oxygen ga
property of the EVOH resin, and has an excellent ad
property with respect to the metal surface.

The surface of the metal product may be coated wit
the inventive EVOH resin composition by a known met

Exemplary methods for the coating include: a method

includesthe steps of melting the EVOH resin compos
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spreading the resulting EVOH resin composition melt
metal surface; a method thatincludes the steps of

the EVOHresincomposition, applyingtheresulting
composition powder onto the metal surface, and heat
fusingtheEVOHresincompositionpowderonthemet
and a method that includes the steps of dissolving
resin composition in a solvent, spraying or applyin
resultingsolutiononthemetalsurfaceorimmersin
product in the solution, and drying off the solvent
[0039] Usableasamaterialforthemetalproducta
metals. Examples of the metals include iron, vario
stainless-steel materials, aluminum, copper, zinc,
titanium, silver, zirconium, cobalt, chromium, moly
tungsten, manganese and gold, and alloys of these m
[0040] Further,theinventive EVOHresincompositio
excellentadhesive propertywithrespecttoafilm

a metal component as a main component. The film co
the metal component as the main component typically

the metal componentin a proportion of notless tha
preferably not less than 50 wt.%, on a metal basis

the weight ofthe film. Examples ofthe filminclu
deposition film produced by evaporating any of
aforementioned metals on a surface of a thermoplast

film,atransparentgasbarrierflmmadeofareac

of aluminum oxide particles and a phosphorus compou

18
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disclosed in W0O2011/122036, and an organic/inorgani ¢ hybrid
gasbarrierfilmformedfromavinylalcoholresin andametal
compound such as an alkoxide or an oxide of any of the

aforementioned metals by a sol-gel method.

[0041] The inventive EVOH resin composition is usef ul for
a multilayer structure including any of the aforeme ntioned
films. A multilayer structure having a laminate un it
includingatleastalayercontainingtheinventive EVOHresin
compositionandthefilmcontainingthemetalcompo nentasthe
main componentis excellentininterlayer adhesive force and
gasbarrierproperty. Themultilayerstructureis usefulfor

a food package and a pharmaceutical product package

Particularly, the multilayer structure is useful fo ra
hot-water sterilizable package that is otherwise i able to
suffer from reduction in interlayer adhesive force during a

hot-water sterilization process.

EXAMPLES

[0042] Thepresentdisclosurewillhereinafterbed escribed
more specifically by way of examples thereof. Howe ver, it
shouldbeunderstoodthatthepresentdisclosurebe notlimited

to the examples within the scope of the present dis closure.

In the following examples, “parts” means “parts by
weight” unless otherwise specified.

[0043] <Example 1>

19
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Pellets of an EVOH resin (A) having an ethylene

structural unit content of 44 mol %, a saponificati
0f99.6 mol %, an MFR of 12 g/10 minutes (as measur
with a load of 2160 g) and a water content of 55 wt
immersed in an aqueous solution containing 30 ppm o
compound(ironions)onametalbasisand74ppmof

acid (B) on a phosphorus basis. This aqueous solut
preparedbyimmersinganironplateinwater. Ther
resulting pellets were dried to awater content of

than 0.3 wt.%. Thus, EVOH resin composition pellet
produced,whichcontained40ppmoftheironcompou
basis and 46 ppm of the phosphoric acid (B) on a ph

basis.

The proportion of the iron compound present in the

EVOH resin composition pellets was measured inthe
manner. After 10 ml of dilute sulfuric acid was ad

g of the EVOH resin composition pellets thus produc
resultingmixturewasheatedat250
Then, the mixture was further heated onan electric
2 hours, and then heated at 700
4hours. Aftertheresultingsamplewastransferre
electric furnace to the electric stove, 2 ml of hyd
acidand 3to4 mlofdistilled water were added to
andboiled. Theresultingsamplewasputinameas

anddilutedwithdistilledwater. Then,asamples
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prepared was analyzed by an atomic spectrophotomete r(Z-2300
available from Hitachi, Ltd.)

[0044] Theproportionofthe phosphoricacid (B) pr esentin
the EVOH resin composition pellets was measured in the
following manner. After the EVOH resin composition pellets
weretreatedwithnitricacidandsulfuricacid, th eresulting
product was analyzed by the molybdenum blue absorpt ion
photometry. More specifically, 10 ml of 60 wt.% ni tricacid
aqueous solution and 2 ml of 96 wt.% sulfuric acid aqueous
solutionwereaddedtolgoftheEVOHresincompos itionpellets,

and the resulting mixture was heated by a gas burne r until
emanationofwhitefumeofsulfuricacid. Then,10 mlofpure
waterand 1 mlofa36wt.% hydrochloricacidaqueo ussolution
wereaddedtotheresultingsample,andtheresulti ngsolution
was diluted to a volume of 100 ml. Thereafter, one droplet
of p-nitrophenol was added as an indicator to 40 ml of the
resulting sample solution, and a 25 wt.% sodium hyd roxide
aqueous solution was added dropwise to the sample s olution
until the sample solution turned yellow to be neutr alized.
Further, 2 ml of an aqueous solution containing 24 mg of
ascorbic acid and 20 mg of hexaammonium heptamolybd ate
tetrahydratewasaddedtotheresultingsamplesolu tion,which

wasinturndilutedtoavolumeofl100mIiwithpure

the resulting sample solution was allowed to stand

40°C for 15 minutes. The absorbance of the sample sol
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was measured at875nm, and the phosphoricacid con centration
of the solution was determined based on the absorba nce of a
standard sample. The phosphoric acid concentration was
finally convertedtothe phosphorus content (ppm)o ftheEVOH
resin composition pellets.
[0045] Subsequently, 6.57 to 6.77 mg of an EVOH res in
composition(sample)wascutoutoftheEVOHresin composition
pelletsproducedinthe aforementionedmanner,and crushedby
ahandpress. Then,thecrushedEVOHresincomposi tionsample
was sandwiched between two aluminum plates (plates of pure
aluminum A1050P each having a width of 3 cm, a leng th of 10
cmandathickness of0.3mm) ata position spaced 1.5cmfrom
a longitudinal edge and spaced 1.5 cm from a widthw ise edge,
andthenheat-pressed at atemperature of 230 °Catapressure
of 3.06 kg/cm 2 for a press period of 30 seconds (with a
preheatingperiodof3minutesandacoolingperiod oflminute)
byaheatpress. Thus,thealuminumplatesandthe EVOHTresin
composition sample were bonded to each other.

The aluminum plates were separated from each other
at a position spaced 1.5 cm from the EVOH resin com position
sandwiching position toward the center, and pulled away from
each other at a pulling speed of 300 mm/minute by m eans of
AUTOGRAPH AGS-H available from Shimadzu Corporation . Then,
the peeling strength (adhesive force) between the E VOH resin
composition sample and the aluminum plates was dete rmined as
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anaverageoftensileforcevaluesobserveduntild elamination.
The results are shown in Table 1.
[0046] <Example 2>

An EVOH resin composition was produced in

substantiallythesamemannerasinExamplel1,exce ptthatthe
ironcompoundwascontainedinaproportionof6pp monametal
basisandthephosphoricacid(B)wascontainedin aproportion

of 74 ppm on a phosphorus basis inthe aqueous solu tionto be
used for the immersion of the pellets of the EVOH r esin (A).
Then, the EVOH resin composition was evaluated in t he same
mannerasinExample1l. TheEVOHresincomposition contained

5 ppm of the iron compound on a metal basisand 51 ppm of the

phosphoric acid (B) on a phosphorus basis.
The results are shown in Table 1.
[0047] <Comparative Example 1>

An EVOH resin composition was produced in

substantiallythesamemannerasinExamplel1,exce ptthatthe
ironcompoundwascontainedinaproportionof6pp monametal
basis and the phosphoric acid (B) was not contained in the
agueous solution to be used for the immersion of th e pellets
ofthe EVOH resin (A). Then, the EVOH resin compos ition was
evaluatedinthesame mannerasin Example1. The EVOHresin
composition contained 5 ppm of the iron compound on a metal
basisandOppmofthephosphoricacid(B)onapho sphorusbasis.

The results are shown in Table 1.
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[0048] Table 1

| Comparative

Example 1 Example 2
Example 1

Proportion (ppm) ofiron compound
(on metal basis) 40 S
Proportion (ppm) of phosphoric
acid (B) (on phosphorus basis) 46 0
Adhesive force (N) with respect
to aluminum plates 121 69
[0049] As apparent from the results for Examples 1 and 2,
the EVOH resin compositions of Examples 1 and 2 in which the
proportions of the iron compound and the phosphoric acid (B)

fallwithintherangesspecifiedbythepresentdis
hadahigheradhesiveforcewithrespecttothealu
Incontrast,theEVOHresincompositionofComparat
linwhichthe proportion ofthe phosphoricacid (B
had a significantly lower adhesive force.

[0050] Whilespecificformsoftheembodimentsoft
disclosure have been shown in the aforementioned in
examples, the inventive examples are merely illustr
the disclosure but not limitative of the disclosure
contemplated that various modifications apparent to
skilled in the art could be made within the scope o
disclosure.

[0051]

TheinventiveEVOHresincompositionhasan

adhesive property with respect to the metal surface
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therefore, can be advantageously used as a surface coating
material for coating various pipes for supplying oi I, gas,
water, andthe like, and metal productsforcivile ngineering

construction materials.
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CLAIMS:
1. An ethylene-vinyl alcohol copolymer composition
comprising:
(A) an ethylene-vinyl alcohol copolymer;
(B) a phosphoric acid compound; and
an iron compound;
whereintheironcompoundis presentinaproportio n
of 0.01 to 100 ppm on a metal basis based on weight of the

ethylene-vinyl alcohol copolymer composition; and

wherein the phosphoric acid compound (B) is present

in a proportion of 1 to 100 ppm on a phosphorus bas is based
onweightoftheethylene-vinylalcoholcopolymerc omposition.
2. The ethylene-vinyl alcohol copolymer composition
accordingtoclaim1,whereinthephosphoricacidc ompound(B)

is at least one of phosphoric acid and a phosphate.

3. A multilayer structure comprising a laminate uni t
including at least a layer comprising the ethylene- vinyl
alcohol copolymer composition according to claim 1 or2,and

a layer comprising a metal component as a main comp onent.

4. A hot-water sterilizable package that comprises the

multilayer structure according to claim 3.
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