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(57) ABSTRACT 

The present invention is directed to a resin composition 
Superior in barrier properties and also Superior in flexibility, 
Secondary processability and interlayer adhesiveness. The 
present invention is also directed to an environmentally 
friendly method for producing a resin composition, the 
method releasing no carboxylic acid Such as acetic acid to 
the peripheral environment. The invention provides an 
EVOH resin composition (F) which has a content of an 
alkali metal salt (A), in terms of the alkali metal, of 0.1 to 
20 umol/g and a content of a carboxyl acid or its Salt (C), in 
terms of carboxylate radical, of 2 umol/g or less and which 
has an ethylene content of 5 to 60 mol % and a saponification 
degree of from 80 to 99 mol%. In addition, the invention 
provides a resin composition comprising the EVOH resin 
composition (F) and an EVOH having an ethylene content of 
5 to 60 mol % and a degree of saponification of 99.2 to 100 
mol %. 
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RESIN COMPOSITION AND METHOD FOR 
PRODUCING THE SAME 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to an ethylene-vinyl 
alcohol copolymer resin composition and more particularly 
relates to an ethylene-Vinyl alcohol copolymer resin com 
position having a degree of saponification of 80-99 mol%. 
In addition, it relates to a resin composition comprising the 
resin composition and another thermoplastic resin. More 
over, it relates to a method for producing those resin 
compositions and their applications. 
0003 2. Description of the Related Art 
0004. An ethylene-vinyl alcohol copolymer, which may 
henceforth be abbreviated as EVOH, is a useful macromo 
lecular material Superior in Oxygen barrier property, oil 
resistance, antistatic property and mechanical Strength and is 
in wide use as various types of packaging material Such as 
films, sheets and containers. Although EVOH pellets are 
molded into various molded articles by various methods, 
they are often melt-molded by, for example, extrusion 
molding or injection molding. However, in general, when 
molding an EVOH resin, it is necessary to Set the melting 
temperature to be 200° C. or higher. Therefore, EVOH 
containing no additives is liable to deteriorate when being 
melt molded and it accordingly may cause deterioration in 
product quality due to formation of fish eyes or hard Spots 
in products. In addition, it is necessary to add Some additives 
in order also to improve the interlayer adhesiveneSS when 
using it with other resins while laminating them. 
0005. In a pamphlet of WO 99/05213 (U.S. Pat. No. 
6,174.949), disclosed is an EVOH resin composition com 
prising a boron compound as an indispensable ingredient, 
acetic acid as an optional component, and at least one 
compound as an indispensable component Selected among 
acetic acid Salts and phosphoric acid compounds, the content 
of each component based on 100 parts by weight of EVOH 
being 0.001 to 1 part by weight in terms of boron for the 
boron compound, 0 to 0.05 part by weight for acetic acid, 
0.001 to 0.05 part by weight in terms of metal for the acetic 
acid salt, and 0.0005 to 0.05 part by weight in terms of 
phosphate radical for the phosphoric acid compound. This 
resin composition is reported to be an EVOH resin compo 
Sition having been improved in long-run workability, 
appearance and interlayer adhesiveness. The publication 
discloses that the purpose of the incorporation of the acetic 
acid Salt is to improve the long-run workability or the 
interlayer adhesiveness. 

0006 JP-A-164059/2001 (EP-A-1090953) discloses an 
EVOH resin composition which is characterized in that, 
when it is heated to melt, its MFR shows specific behavior 
and that it contains from 50 to 500 ppm of carboxylic acid 
having a molecular weight of less than 75, from 50 to 500 
ppm, in terms of metal element, of an alkali metal Salt, from 
10 to 120 ppm, in terms of metal element, of an alkaline 
earth metal salt, from 10 to 200 ppm, in terms of phosphate 
radical, of a phosphoric acid compound and from 50 to 2000 
ppm, in terms of boron element, of a boron compound. This 
resin composition is reported to be an EVOH resin compo 
Sition which is Superior in appearance and in long-run 
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workability at the time of its melt molding, less suffers 
yellowing when being recovered, and shows a Superior 
interlayer adhesiveness when being fabricated into a lami 
nate. In this invention, the alkali metal Salt and the boron 
compound are added for improving the interlayer adhesive 
neSS and for improving the long-run workability, respec 
tively. 
0007 As a typical method for producing pellets of EVOH 
containing the additives, a method in which hydrous EVOH 
pellets are contacted with an aqueous Solution containing the 
additives is disclosed. According to this method, it is easy to 
control the amounts of minor components contained in the 
EVOH pellets through an adjustment of the solution con 
centration and, therefore, it is possible to obtain pellets of 
Stable quality by contacting them with the aqueous Solution 
and then drying. 
0008 AS mentioned above, the addition of an alkali metal 
salt to an EVOH resin in order to improve the interlayer 
adhesiveneSS has been done conventionally. The alkali metal 
Salt is added typically in the form of an acetate. In many 
cases, acetic acid, which is not in the form of a Salt, is also 
added simultaneously. Such an EVOH resin composition 
containing an acetate radical, however, may emit an acetic 
acid smell. One of the main applications of EVOH resin 
compositions is food packaging containers. In the market, 
EVOH resin compositions emitting Smell as leSS as possible 
have been sought. In addition, EVOH resin compositions 
having a more improved melt Stability and a Superior 
long-run workability have been awaited. 
0009. On the other hand, in many cases where EVOH 
resin composition pellets are produced by contacting 
hydrous EVOH pellets with an aqueous Solution containing 
acetic acid or its Salt, acetic acid is released to the atmo 
Sphere when the hydrous pellets resulting from the contact 
are dried. Therefore, the Surrounding environment and the 
working environment may be adversely affected. 
0010. An EVOH having a low degree of saponification is 
Superior in flexibility to a normal EVOH, which is high in 
degree of Saponification. It therefore is employed for appli 
cations where much importance is attached to the flexibility 
than the gas barrier property. Especially, a resin composition 
resulting from incorporation of an EVOH having a low 
degree of Saponification into an EVOH having a high degree 
of Saponification is in wide use as a resin composition 
having good transparency and good Secondary processabil 
ity for thermoformed containers and So on. In the production 
of Such a resin composition comprising an EVOH having a 
low degree of Saponification, additives have been incorpo 
rated by the method mentioned above. Therefore, the prob 
lems with the above-mentioned conventional production 
methods have been left unsolved. 

SUMMARY OF THE INVENTION 

0011. The present invention was created for solving the 
above-mentioned problems. An object of the present inven 
tion is to provide an EVOH resin composition which is 
Superior in flexibility, Secondary processability and inter 
layer adhesiveness or a resin composition comprising the 
EVOH resin composition and another thermoplastic resin. 
Another object is to provide an environmentally friendly 
method for producing a resin composition, the method 
releasing no carboxylic acid Such as acetic acid to the 
peripheral environment. 
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0012. The above-mentioned objects can be achieved by 
providing an ethylene-Vinyl alcohol copolymer resin com 
position (F) which has a content of an alkali metal Salt (A), 
in terms of the alkali metal, of 0.1 to 20 limol/g and a content 
of a carboxyl acid or its Salt (C), in terms of carboxylate 
radical, of 2 umol/g or less and which has an ethylene 
content of 5 to 60 mol % and a saponification degree of from 
80 to 99 mol%. It is preferable that the ethylene content be 
47 to 60 mol%. It is also preferable that the alkali metal salt 
(A) be a potassium salt. In addition, it is also preferable that 
the content of an alkaline earth metal salt (E)be 0.25umol/g 
or less in terms of alkaline earth metal. Preferred embodi 
ments include molded articles comprising the ethylene-Vinyl 
alcohol copolymer resin composition (F), especially, a film, 
a blow molded container and a thermoformed container. 
Another preferable embodiment is a multilayer Structure 
which contains at least one layer comprising the ethylene 
vinyl alcohol copolymer resin composition (F). 
0013 The above-mentioned objects can also be achieved 
by providing a resin composition comprising: 1 to 99% by 
weight of an ethylene-Vinyl alcohol copolymer resin com 
position (F) having a content of an alkali metal Salt (A), in 
terms of the alkali metal, of 0.1 to 20 limol/g and a content 
of a carboxyl acid or its Salt (C), in terms of carboxylate 
radical, of 2 umol/g or leSS and also having an ethylene 
content of 5 to 60 mol % and a saponification degree of from 
80 to 99 mol %, and 1 to 99% by weight of another 
thermoplastic resin (G). It is preferable that the thermoplas 
tic resin (G) be an ethylene-vinyl alcohol copolymer having 
an ethylene content of 5 to 60 mol % and a degree of 
saponification of 99.2 to 100 mol%. Preferred embodiments 
include a molded article comprising the above-mentioned 
resin composition, especially, a film, a blow molded con 
tainer and a thermoformed container. A multilayer Structure 
which contains at least one layer comprising the above 
mentioned resin composition is also a preferred embodi 
ment. 

0.014. The above-mentioned objects can also be achieved 
by providing a method for producing an ethylene-Vinyl 
alcohol copolymer resin composition (F), wherein an eth 
ylene-Vinyl alcohol copolymer resin having an ethylene 
content of 5 to 60 mol % and a degree of Saponification of 
80 to 99 mol % is contacted with an aqueous solution 
containing an alkali metal Salt (A) and carbon dioxide gas. 
It is preferable that the ethylene content be 47 to 60 mol%. 
Preferred embodiments include a method for producing a 
molded article, especially a film, a blow molded container 
and a thermoformed container, by melt molding the ethyl 
ene-Vinyl alcohol copolymer resin composition (F). Another 
preferred embodiment is a method for producing a multi 
layer Structure, wherein the aforementioned ethylene-Vinyl 
alcohol copolymer resin composition (F) is laminated with 
a thermoplastic resin. 

0.015 Moreover, the above-mentioned objects can also be 
achieved by providing a method for producing a resin 
composition, wherein an ethylene-Vinyl alcohol copolymer 
resin having an ethylene content of 5 to 60 mol % and a 
degree of Saponification of 80 to 99 mol % is contacted with 
an aqueous Solution containing an alkali metal Salt (A) and 
carbon dioxide gas and then is melt kneaded with another 
thermoplastic resin(G). It is preferable that the thermoplastic 
resin (G) be an ethylene-Vinyl alcohol copolymer having an 
ethylene content of 5 to 60 mol % and a degree of Saponi 
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fication of 99.2 to 100 mol %. Preferred embodiments 
include a method for producing a molded article, especially 
a film, a blow molded container and a thermoformed con 
tainer, by melt molding the above-mentioned resin compo 
Sition. Another preferred embodiment is a method for pro 
ducing a multilayer Structure, wherein the above-mentioned 
resin composition is laminated with a thermoplastic resin. 
0016. The resin composition of the present invention is 
Superior in barrier properties and also Superior in flexibility, 
Secondary processability and interlayer adhesiveness. The 
method for producing a resin composition of the present 
invention is an environmentally friendly method which 
releases no carboxylic acid Such as acetic acid to the 
peripheral environment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0017 First, the method for producing the EVOH resin 
composition (F) of the present invention will be described. 
A preferred production method is a method in which an 
ethylene-Vinyl alcohol copolymer resin is contacted with an 
aqueous Solution containing an alkali metal Salt (A) and 
carbon dioxide gas. 
0018 To make an EVOH resin contain an additive such 
as an alkali metal Salt (A), conventionally employed is a 
method in which an EVOH is contacted with an aqueous 
solution containing these additives. The EVOH resin com 
position (F) of the present invention is characterized in that 
an EVOH is contacted with an aqueous Solution containing 
carbon dioxide gas as well as the additives. 
0019. In order to improve the interlayer adhesiveness in 
a multilayer Structure containing an EVOH resin composi 
tion (F) layer, it is desirable that the EVOH resin composi 
tion (F) contain an alkali metal Salt (A). Therefore, an 
EVOH resin is, in many cases, immersed in an aqueous 
Solution containing the alkali metal Salt (A), especially an 
acetic acid Salt of alkali metal. If, however, the Solution used 
for the immersion is alkaline, the stability at the time of melt 
molding often deteriorates. For eliminating this problem, an 
acid, especially a carboxylic acid typified by acetic acid, is 
further added in many cases. 
0020. However, if the content of carboxylate radical 
derived from carboxylic acid or its Salt is large, a resulting 
EVOH resin composition will often generate a carboxylic 
acid odor and may cause problems when being used for a 
food packaging application. In addition, there also is a 
problem in that a carboxylic acid is released during the 
drying conducted after the immersion in the aqueous Solu 
tion containing the additives. A method therefore has been 
awaited in which the alkali metal Salt (A) is contained and 
a content of a carboxylate radical is minimized but an 
aqueous Solution containing additives is not made alkaline. 
The EVOH resin composition (F) of the present invention 
can Solve this problem by making the aqueous Solution 
containing the alkali metal Salt (A) contain carbon dioxide 
gas instead using acetic acid. 
0021. The EVOH for use in the EVOH resin composition 
(F) of the present invention is preferably one obtained by 
Saponifying an ethylene-Vinyl ester copolymer. Particularly 
preferred is one obtained by Saponifying an ethylene-Vinyl 
acetate copolymer. The ethylene content is from 5 to 60 mol 
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%; this allows molded articles Superior in gas barrier prop 
erties and melt moldabilitiy to be obtained. If the ethylene 
content is less than 5 mol %, the flexiblity will become 
insufficient and also the melt moldability will become poor. 
If it exceeds 60 mol %, the gas barrier properties will 
become insufficient. The lower limit of the ethylene content 
is preferably 20 mol % or more, and more preferably 40 mol 
% or more. Moreover, for example, in the case of being used 
for applications where a high Secondary processability is 
required Such as deeply-drawn containers, it is particularly 
preferable that the ethylene content of EVOH be 47 to 60 
mol %. If the ethylene content is less than 47 mol %, the 
flexibility may become insufficient and therefore the deep 
drawability may get worse. On the other hand, the upper 
limit of the ethylene content is preferably 55 mol % or less. 
0022. The degree of saponification of the vinyl acetate 
moieties in the EVOH used in the EVOH resin composition 
(F) of the present invention is 80 to 99 mol%. In order to 
make a resin composition which has good gas barrier 
properties and also which is Superior in Secondary process 
ability such as thermoformability, it is preferable that the 
degree of saponification of EVOH be 80 to 99 mol%. If the 
degree of Saponification is less than 80 mol %, gas barrier 
properties become poor and thermoStability in the course of 
melt molding tends to get worse extremely. If the degree of 
saponification exceeds 99.0 mol %, the flexibility tends to 
deteriorate and, therefore, an EVOH layer becomes subject 
to cracks, pinholes and local variation in thickness espe 
cially in applications where high Secondary processability is 
required Such as deeply-drawn containers. The degree of 
saponification is more preferably 90 mol% or more, and still 
more preferably 95 mol % or more. On the other hand, the 
degree of Saponification is more preferably 98 mol % or less. 
0023. During the copolymerization of ethylene and vinyl 
acetate, other vinyl esters of fatty acids (e.g., vinyl propi 
onate, vinyl pivalate, etc.) may be used together. The EVOH 
may contain from 0.0002 to 0.2 mol % of a vinylsilane 
compound as a comonomer. The Vinylsilane compounds 
include, for example, Vinyltrimethoxysilane, VinyltriethoX 
ysilane, Vinyltri(B-methoxy-ethoxy)Silane and Y-methacry 
loxypropylmethoxysilane. Of these, Vinyltrimethoxysilane 
and vinyltriethoxysilane are Suitably employed. 
0024. The method of producing the EVOH for use in the 
invention is described concretely. The polymerization of 
ethylene and vinyl acetate is not restricted to Solution 
polymerization and may be any of Solution polymerization, 
Suspension polymerization, emulsion polymerization and 
bulk polymerization. These may be conducted either in 
continuous mode and in batch mode. The polymerization 
conditions used in Solution polymerization are as follows. 

0025 Solvent: Alcohols are preferred, but any other 
organic Solvents (e.g., dimethylsulfoxide) capable of 
dissolving ethylene, Vinyl acetate and ethylene-Vinyl 
acetate copolymerS may also be used. Alcohols 
uSable herein include methyl alcohol, ethyl alcohol, 
propyl alcohol, n-butyl alcohol and t-butyl alcohol. 
Especially preferred is methyl alcohol. 

0026 Catalyst: Usable are azonitrile-type initiators 
Such as 2,2-azobisisobutyronitrile, 2,2-azobis-(2,4- 
dimethylvaleronitrile), 2,2-azobis-(4-methyl-2,4- 
dimethylvaleronitrile), 2,2-azobis-(4-methoxy-2,4- 
dimethylvaleronitrile), and 2,2-azobis-(2- 
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cyclopropylpropionitrile); organic peroxide-type 
initiatorS Such as isobutyryl peroxide, cumyl peroxy 
neodecanoate, diisopropyl peroxycarbonate, di-n- 
propyl peroxydicarbonate, t-butyl peroxyneode 
canoate, lauroyl peroxide, benzoyl peroxide and 
t-butyl hydroperoxide. 

0027 Temperature: 20 to 90° C., preferably 40° C. 
to 70° C. 

0028 Time (average residence time in the case of 
continuous mode): 2 to 15 hours, preferably 3 to 11 
hours. 

0029 Degree of polymerization: 10 to 90%, prefer 
ably 30 to 80% based on the vinyl ester fed into the 
reactOr. 

0030) Resin content in the solution after polymer 
ization: 5 to 85%, preferably 20 to 70%. 

0031 Ethylene content in copolymers: Preferably 5 
to 60 mol %, more preferably 20 to 60 mol %, even 
most preferably 47 to 60 mol%. 

0032. In addition to ethylene and vinyl acetate, any other 
minor comonomers capable of copolymerizing with them 
may be present. The comonomers include, for example, 
C-olefins Such as propylene, isobutylene, C.-Octene and 
C-dodecene, 

0033 unsaturated acids such as acrylic acid, meth 
acrylic acid, crotonic acid, maleic acid and itaconic 
acid, and their anhydrides, Salts, or mono- or di-alkyl 
esters, 

0034 nitrites such as acrylonitrile and methacryloni 
trile; 

0035) 
0036 olefinsulfonic acids such as ethylenesulfonic 
acid, allylsulfonic acid and methallylsulfonic acid, and 
their Salts; 

0037 alkyl vinyl ethers, vinylketones, N-vinylpyrroli 
done, vinyl chloride and vinylidene chloride. 

amides Such as acrylamide and methacrylamide; 

0038 After the monomers have been polymerized for a 
predetermined period of time to give the intended copolymer 
having a predetermined degree of polymerization, a poly 
merization inhibitor may be added thereto, if desired. Then, 
the non-reacted ethylene gas is evaporated away, and the 
non-reacted vinyl acetate is purged away. To purge the 
non-reacted vinyl acetate from the ethylene-Vinyl acetate 
copolymer Solution after the removal of ethylene by evapo 
ration, for example, the copolymer Solution is continuously 
fed into a column filled with raschig rings at its higher part 
at a constant flow rate while a vapor of an organic Solvent 
Such as methanol or the like is jetted into the column at its 
lower part, whereby a mixed vapor of the organic Solvent 
Such as methanol or the like and the unreacted vinyl acetate 
is let out from the column through its top, and the copolymer 
Solution from which the unreacted vinyl acetate has been 
removed is taken out of the column through its bottom. 
0039. An alkali catalyst is added to the copolymer solu 
tion from which the unreacted Vinyl acetate has been 
removed, whereby the vinyl acetate moiety of the copolymer 
is Saponified. For this, employable is any of continuous or 
batchwise Saponification. The alkali catalyst includes, for 
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example, Sodium hydroxide, potassium hydroxide and alkali 
metal alcoholates. The Solvent for use in the Saponification 
is preferably methanol. The Saponification conditions are, 
for example, as follows, but it is possible to adjust the degree 
of Saponification through adjustment of the water content of 
the Saponification reaction Solution. In order to obtain an 
EVOH having a degree of saponification of 80 to 99 mol %, 
it is preferable to set the water content to 1000 to 20000 

0040 Concentration of copolymer Solution: 10 to 
50%. 

0041) Reaction temperature: 30 to 150° C. 
0042 Amount of catalyst to be used: 0.005 to 0.6 
equivalent (based on the vinyl acetate moiety). 

0043 Time (average residence time in the case of 
continuous mode): 10 minutes to 6 hours. 

0044 Generally, in continuous Saponification, a catalyst 
may be used in an amount Smaller than that in batchwise 
Saponification because in continuous Saponification the 
methyl acetate resulting from the Saponification can be 
removed more efficiently. Continuous Saponification needs 
to be carried out at higher temperatures for the purpose of 
preventing EVOH formed in the Saponification from form 
ing crystals. In continuous Saponification, therefore, it is 
preferable to use a reaction temperature and an amount of 
catalyst of the ranges shown below. Also in this case, it is 
possible to adjust the degree of Saponification through 
adjustment of the water content of the Saponification reac 
tion solution. In order to obtain an EVOH having a degree 
of Saponification of 80 to 99 mol %, it is preferable to set the 
water content to 1000 to 20000 ppm. 

0045 Reaction temperature: 70 to 150° C. 
0046) Amount of catalyst to be used: 0.005 to 0.1 
equivalent (based on the vinyl acetate moiety). 

0047 The degree of saponification after the saponifica 
tion reaction is 80 to 99 mol%. The degree of saponification 
can be varied in any desired manner by controlling the 
conditions for Saponification. 
0048. The method for producing EVOH pellets from an 
alcohol solution of the resulting EVOH after the saponifi 
cation is not particularly limited. Preferably, hydrous pellets 
are obtained by forming a Strand-like Solid from an alcoholic 
solution of EVOH in a coagulation bath and then cutting the 
strand. Before the forming of the strand, the EVOH con 
centration may be made higher than that at the time of the 
Saponification by concentrating the alcoholic Solution or, 
alternatively, a solution of EVOH in a water/alcohol mixture 
or a hydrous composition of EVOH may be prepared 
through a replacement of part or the whole of methanol by 
water. Hydrous pellets are obtained by extruding the result 
ing Solution or composition into water or into an aqueous 
alcohol Solution containing a Small amount of alcohol to 
form a Strand-like Solid and then cutting it. Alternatively, 
pellets can be produced by cutting the extrudate Still in a 
flowing State without making it form a Strand-like Solid, and 
then Solidifying it in the water. 
0049. The hydrous pellets obtained in the manner 
described above is porous. Therefore, it is easy to remove 
the Saponification catalyst residue by Washing with water. It 
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is also easy to add additives to the pellets or to dry the pellets 
after the removal. Such hydrous pellets preferably have a 
water content of 10 to 80% by weight because it will result 
in a great operational advantage. The water content is more 
preferably 20% by weight or more, and still more preferably 
30% by weight or more. It is more preferably 70% by weight 
or less. 

0050. The thus-obtained hydrous pellets usually contain a 
Saponification catalyst residue, namely an alkali metal Salt, 
e.g. Sodium acetate, which will cause a yellowing problem 
or the like. Therefore, it is desirable to remove the alkali 
metal Salt by Washing. The content of an alkali metal Salt in 
hydrous pellets before Washing is in general approximately 
from 100 to 10000 umol/g (per EVOH weight), in terms of 
alkali metal. The Washing method is not particularly 
restricted, but washing with water is preferred. The water 
used as a washing liquid herein may be an aqueous Solution 
of acid Such as acetic acid in order to remove alkali metal 
ions efficiently. It is also desirable to reduce the content of 
the Saponification catalyst residue efficiently by combining 
the Washing with water and the Washing with acid. 

0051. It is desirable to reduce the alkali metal content in 
hydrous pellets after the washing to 0 to 50 umol/g (per 
EVOH weight), in terms of alkali metal. The upper limit of 
the alkali metal content is more preferably 40 umol/g, more 
preferably 30 umol/g, and particularly preferably 20 umol/g. 
The Saponification catalyst residue is generally contained in 
the form of an alkali metal Salt of acetic acid. Therefore, 
making hydrous pellets after Washing have a Sufficiently 
reduced alkali metal content in advance makes it easy to 
obtain an EVOH composition having a reduced carboxylate 
radical content. 

0052 The method for washing the hydrous pellets is not 
particularly restricted. Any of a batchwise treatment vessel 
and a continuous treatment vessel may be employed. In 
particular, a method in which pellets are treated while being 
fed continuously in a column vessel is preferable from the 
viewpoint of productivity. 

0.053 For the EVOH resin composition (F) of the present 
invention, Suitably employed is a method for producing the 
EVOH resin composition (F) in which an EVOH resin is 
contacted with an aqueous Solution containing an alkali 
metal Salt (A) and carbon dioxide gas. In other words, the 
acqueous solution which an EVOH resin is contacted with is 
an aqueous Solution containing an alkali metal Salt (A) and 
carbon dioxide gas. 

0054 The amount of the carbon dioxide gas contained in 
the aqueous Solution is not particularly limited and may be 
adjusted appropriately. However, it is necessary to dissolve 
carbon dioxide gas in an amount more than the amount in 
which carbon dioxide gas contained in the air dissolves 
Spontaneously. The concentration of carbon dioxide gas (the 
Sum of free carbon dioxide and carbonic acid) in the aqueous 
solution is preferably 0.5 mmol/L or more, more preferably 
2 mmol/L or more, and still more preferably 10 mmol/L or 
more. In order to increase the solubility of carbon dioxide 
gas, the treatment may be conducted under elevated preSSure 
approximately from 1.5 to 10 atm. 
0055 When adopting a method of treating pellets by 
feeding them continuously by use of a continuous treatment 
vessel, especially, a column vessel, a too high carbon 
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dioxide gas concentration in the aqueous Solution may result 
in formation of bubbles around EVOH pellets to have some 
adverse effect on the Sedimentation property of resin. There 
fore, when Such a continuous treatment proceSS is applied, it 
is preferable in Some cases that the carbon dioxide gas 
concentration in an aqueous Solution be lower than the 
Saturated carbon dioxide gas concentration. In Such cases, 
the carbon dioxide gas concentration is Set at a value lower 
than the Saturated carbon dioxide gas concentration. It 
preferably is set to be not higher than 0.95 times the 
Saturated carbon dioxide gas concentration, and more pref 
erably is set to be not higher than 0.9 times the saturated 
carbon dioxide gas concentration. The concentration is 
determined depending also on the temperature of a treatment 
Solution and the pressure. On the other hand, when a batch 
treatment vessel is used, no Sedimentation property problem 
usually arises. However, the upper limit of the carbon 
dioxide gas concentration may be set in the same manner as 
continuous treatment vessels. 

0056. In the interest of securing interlayer adhesiveness 
and long-run workability, it is preferable that the aqueous 
Solution contain an alkali metal Salt (A). A preferred range 
of the content of the alkali metal salt (A) is influenced by the 
water content of hydrous pellets. In general, however, it is 
preferably 0.05 to 40 mmol/L. A more preferable lower limit 
of the content of the alkali metal Salt (A) in the aqueous 
solution is 0.1 mmol/L. A more preferable upper limit is 20 
mmol/L. AS described later, a desirable content of the alkali 
metal salt (A) in the EVOH resin composition (F) varies 
depending on the ethylene content of EVOH. It therefore is 
preferable to adjust the content of the alkali metal Salt (A) in 
the aqueous Solution in correspondence there with. 

0057 The cation of the alkali metal salt (A) is not 
specifically defined. The salt is selected from lithium salts, 
Sodium Salts, potassium Salts, rubidium Salts and cesium 
Salts. Among them, Sodium Salts and potassium Salts are 
preferable. Potassium salts are particularly preferable. The 
use of a potassium Salt can yield a resin composition 
Superior in both interlayer adhesiveness and long-run work 
ability. 

0.058 The anion of the alkali metal salt (A) is not also 
specifically defined. The alkali metal salt can be added in the 
form of carbonate, hydrogencarbonate, phosphate, hydro 
genphosphate, hydroxide, carboxylate or the like. Espe 
cially, it is preferable to add the Salt in the form of carbonate, 
hydrogencarbonate, hydrogenphosphate or hydroxide. 
Moreover, it is also preferable to add the alkali metal salt in 
the form of borate. However, in light of the purpose of the 
present invention to reduce the content of carboxylate radi 
cals, it is not preferable that the alkali metal Salt be a 
carboxylate. 

0059. In order to inhibit the sticking of deposits near a 
dielip at the time of melt-molding, the aqueous Solution may 
contain a boron compound (B). The concentration of the 
boron compound (B) in the aqueous Solution is preferably 
0.1 to 50 mmol/L in terms of boron element because this 
makes a dry resin composition pellets possible to contain an 
appropriate amount of boron compound (B). The lower limit 
of the concentration of the boron compound (B) is more 
preferably 0.5 mmol/L or more, and still more preferably 1 
mmol/L or more. The upper limit thereof is more preferably 
40 mmol/L or less, and still more preferably 30 mmol/L or 

Aug. 25, 2005 

less. If the concentration exceeds 50 mmol/L, the EVOH 
resin composition (F) is liable to gelation and the external 
appearance of molded articles may deteriorate. 
0060) Examples of the boron compound (B) for use in the 
preparation of the aqueous Solution include, but are not 
limited to, boric acids, boric acid esters, boric acid Salts and 
borohydrides. Specifically, the boric acids include orthobo 
ric acid, metaboric acid and tetraboric acid; the boric acid 
esters include triethyl borate and trimethyl borate; and the 
boric acid Salts include alkali metal Salts and alkaline earth 
Salts of boric acids Such as those mentioned above and 
borax. Among these compounds, preferred is orthoboric 
acid, which henceforth is Sometimes referred simply as boric 
acid. 

0061. In view of the object of the present invention, it is 
desirable that the aqueous Solution contain no carboxylic 
acid or its salt (C). It, however, should be noted that this does 
not exclude a case where a carboxylic acid or its Salt (C) 
remaining in the EVOH resin is eluted into the aqueous 
Solution to be contained therein. Moreover, a case where the 
aqueous Solution contains a carboxylic acid or its Salt (C) 
unless the effect of the present invention is adversely 
affected is not excluded as well. 

0062. In order to balance the long-run workability at the 
time of melt molding and the yellowing resistance, espe 
cially in high-temperature molding, and interlayer adhesive 
neSS, it is desirable for the aqueous Solution to contain a 
phosphoric acid compound (D). Containing the phosphoric 
acid compound (D) in an appropriate amount makes it 
possible to inhibit yellowing of molded articles and genera 
tion of gels and hard Spots when melt-molding the resulting 
EVOH resin composition (F). When adding a phosphoric 
acid compound (D), the upper limit of the concentration of 
the phosphoric acid compound (D) in the aqueous Solution, 
in terms of phosphate radical, is preferably 10 mmol/L, more 
preferably 5 mmol/L, still more preferably 3.5 mmol/L, and 
most preferably 2.5 mmol/L. On the other hand, when 
adding a phosphoric acid compound (D), the lower limit of 
the concentration of the phosphoric acid compound (D) in 
the aqueous Solution, in terms of phosphate radical, is 
preferably 0.01 mmol/L, more preferably 0.03 mmol/L, still 
more preferably 0.05 mmol/L, and most preferably 0.1 
mmol/L. 

0063 As the phosphoric acid compound (D) for use in 
the preparation of the aqueous Solution, inorganic phospho 
ric acid compounds are preferably employed. Examples of 
Such compounds include various acids, Such as phosphoric 
acid and phosphorous acid, and their Salts. Phosphoric acid 
Salts may be contained in any form of primary phosphate, 
Secondary phosphate and tertiary phosphate. The type of 
their cations are also particularly restricted, but alkali metal 
Salts are preferred. In particular, addition of a phosphoric 
acid compound (D) in the form of Sodium dihydrogenphos 
phate, potassium dihydrogenphosphate, disodium hydrogen 
phosphate or dipotassium hydrogenphosphate is preferred. 

0064. The aqueous solution may contain an alkaline earth 
metal Salt (E). However, it is inappropriate to add it in a large 
amount because alkaline earth metal Salts easily form a 
slightly soluble carbonate. If the content of the alkaline earth 
metal salt (E) is large, the EVOH resin composition (F) may 
get yellowed in the course of melt molding. The alkaline 
earth metal Salt (E) may optionally be added, but it is 
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preferable not to add the salt positively. When the alkaline 
earth metal salt (E) is added, its concentration in the aqueous 
solution is within the range of 0 to 0.2 mmol/L, more 
preferably 0.1 mmol/L or less, and still more preferably 0.05 
mmol/L or less, in terms of alkaline earth metal. 
0065. The type of the cation of the alkaline earth metal 
Salt (E) is not particularly restricted. Examples of the Salt 
include magnesium Salts, calcium Salts, barium Salts and 
Strontium Salts. Magnesium Salts and calcium Salts are 
preferred. The type of the anion of the alkaline earth metal 
Salt (E) is not also restricted particularly. The alkali metal 
Salt can be added in the form of carbonate, hydrogencar 
bonate, phosphate, hydrogenphosphate, hydroxide, carboxy 
late or the like. Especially, it is preferable to add the Salt in 
the form of carbonate, hydrogencarbonate, hydrogenphos 
phate or hydroxide. In general, many of the alkaline earth 
metal salts are hardly soluble in water, but their solubilities 
are increased by the presence of carbonate. However, in light 
of the purpose of the present invention to reduce the content 
of carboxylate radicals, it is not preferable that the alkali 
metal Salt be a carboxylate. 
0.066 The pH of the aqueous solution containing the 
additives and carbon dioxide gas is preferably 3.5 to 6.5. 
Making an aqueous Solution contain at least a certain 
amount of carbon dioxide gas permits the aqueous Solution 
to be as acidic as described above. The pH value is more 
preferably 3.8 or more and still more preferably 4 or more. 
The pH value is more preferably 6.3 or less, still more 
preferably 6.0 or less, and most preferably 5.8 or less. 
0067. The method for preparing the aqueous solution 
containing the additives and carbon dioxide gas is not 
particularly restricted. To the aqueous Solution in which 
carbon dioxide gas has been dissolved in advance, an 
additive such as alkali metal salt (A) may be added. On the 
contrary, to an aqueous Solution in which an additive Such as 
alkali metal Salt (A) has been dissolved in advance, carbon 
dioxide gas may be dissolved. Alternatively, the foregoing 
two types of aqueous Solutions prepared in advance may be 
mixed. 

0068. The method for contacting EVOH resin with the 
aqueous Solution is not particularly restricted, but a method 
in which the EVOH resin is immersed in the aqueous 
solution is desirable. The EVOH resin may have any shape 
during its immersion in the aqueous Solution, Such as 
powder, granule, Sphere and circular cylinder pellet. For 
example, it is preferable to contact hydrous EVOH pellets 
prepared in the matter described previously with the afore 
mentioned aqueous Solution. To immerse the hydrous pellets 
in the aqueous solution permits the EVOH resin pellets to 
contain an additive Such as the alkali metal salt (A) effi 
ciently and homogeneously. The water content of the 
hydrous pellets before the immersion in the aqueous Solution 
is preferably 10 to 80% by weight. The water content is more 
preferably 20% by weight or more, and still more preferably 
30% by weight or more. In addition, it is more preferably 
75% by weight or less, and still more preferably 70% by 
weight or less. 
0069. The temperature of the aqueous solution when it is 
contacted with EVOH resin is not particularly limited, but it 
is preferably 10 to 90° C. If the temperature is 10° C. or 
lower, it may take too much time to make the EVOH resin 
pellets to contain the additive Such as the alkali metal Salt 
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(A) homogeneously. If it exceeds 90° C., the saturation 
solubility of carbon dioxide gas will decrease and it will be 
difficult to make the Solution contain a Sufficient amount of 
carbon dioxide gas in Some cases. In addition, pellets may 
fuse and attach to each other. The temperature of the aqueous 
solution is more preferably 20° C. or higher, and still more 
preferably 30° C. or higher. In addition, it is more preferably 
85 C. or lower, and still more preferably 80 C. or lower. 
When the contact is conducted at a temperature of 70° C. or 
higher, the Solubility of carbonic acid becomes Small and, 
therefore, it is preferable to conduct the contact under 
preSSure almost at 1.5 to 10 atm. 
0070 The desirable range of the time for which EVOH 
resin is contacted with the aqueous Solution varies depend 
ing on the form of the EVOH resin. For pellets having a size 
approximately ranging from 1 to 10 mm, the time is pref 
erably 1 hour or longer, and Still more preferably 2 hours or 
longer. 

0071. The method for contacting EVOH resin with the 
aqueous Solution is not particularly restricted. It is permitted 
to contact the EVOH resin with water in advance and 
thereafter dissolve carbon dioxide gas or additives in water. 
However, a method in which an aqueous Solution prepared 
in advance by dissolving those ingredients is contacted with 
the EVOH resin because an EVOH resin composition (F) 
with a Stable quality which contains additives uniformly can 
be obtained. 

0072 Regarding the mode for contacting the EVOH resin 
with the aqueous Solution, any of a batch mode and a 
continuous mode may be adopted. In the continuous mode, 
a preferable examples is a method in which an EVOH resin 
is moved downward slowly in a column-type vessel and the 
resin is simultaneously contacted with an aqueous Solution 
which is fed continuously. 
0073. It is also permitted to prepare two or more aqueous 
Solutions and then carry out the contact in two or more times. 
For example, a method which comprises contacting first 
with an aqueous Solution containing an additive Such as an 
alkali metal salt (A) only and then contacting with an 
aqueous Solution containing carbon dioxide gas in addition 
to the additive Such as the alkali metal Salt (A) may also be 
adopted. 

0074 Moreover, another adoptable method is one com 
prising contacting an EVOH resin with an aqueous Solution 
containing carbon dioxide gas in addition to an additive Such 
as an alkali metal Salt (A) through immersion of the resin in 
the Solution and then charging the resin to an extruder 
followed by contacting, in the extruder, the resin with an 
aqueous Solution containing an alkali metal Salt (A), a boron 
compound (B), a phosphoric acid compound (D) or an 
alkaline earth metal Salt (E) and melt kneading the mixture. 
0075 EVOH resin, preferably EVOH resin pellets, is 
contacted with the aqueous Solution first, then dewatered if 
necessary, and thereafter is Subjected to a drying Step. The 
drying method is not particularly restricted. A hot air dryer 
or the like may be employed. The EVOH resin may also be 
dried while being melt-kneaded in an extruder with a vent. 
As a dryer, either a fluidized dryer or a Static dryer is 
available. Alternatively, these dryerS may be used in com 
bination. Preferred is a method comprising drying by the 
fluidized drying method first and Subsequently drying by the 
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Static drying method. The drying temperature is not particu 
larly limited, but a temperature from about 70 to 120° C. is 
generally employed. The temperature may be increased with 
the progreSS of the drying. The water content after the drying 
is generally 1% by weight or less, and preferably 0.5% by 
weight or less. Thus, dry pellets of the EVOH resin com 
position (F) are obtained. 
0.076. In the above-described method for producing the 
EVOH resin composition (F), a resin composition contain 
ing almost no carboxylate radical can be obtained. There 
fore, an environmentally friendly production method in 
which no carboxylic acid volatilizes in this drying Step and 
no carboxylic acid is released to the Surrounding can be 
provided. 

0077. The EVOH resin composition (F) to be preferably 
employed in the present invention is an EVOH resin com 
position (F) which has a content of an alkali metal Salt (A), 
in terms of the alkali metal, of 0.1 to 20 limol/g and a content 
of a carboxyl acid or its Salt (C), in terms of carboxylate 
radical, of 2 umol/g or less and which has an ethylene 
content of 5 to 60 mol % and a degree of Saponification of 
from 80 to 99 mol %. 

0078. This EVOH resin composition (F) is an EVOH 
resin composition (F) which releases less odor and which is 
Superior in long-run workability at the time of melt molding, 
flexibility and interlayer adhesiveness. The EVOH resin 
composition (F) is preferably a composition produced by the 
above-described production method, but it is not restricted 
to one produced by that method. 

0079. This EVOH resin composition (F) contains 0.1 to 
20 limol/g, in terms of alkali metal, of an alkali metal Salt 
(A). Containing the alkali metal Salt (A) improves the 
EVOH resin composition (F) itself in interlayer adhesive 
neSS, and yellowing resistance and long-run workability at 
the time of melting. When the content is less than 0.1 
tumol/g, the interlayer adhesiveness, both the yellowing 
resistance and the long-run workability at the time of 
melting are insufficient. If the content exceeds 20 umol/g, 
the yellowing resistance at the time of melting will be poor. 
The lower limit of the content of the alkali metal salt (A) is 
more preferably 0.3 umol/g or more, and Still more prefer 
ably 0.5 tumol/g or more. The upper limit of the content of 
the alkali metal Salt (A) is preferably 15 umol/g or less, more 
preferably 10 limol/g or less, and particularly preferably 8 
tumol/g or leSS. 

0080. It is preferable that the content of the alkali metal 
salt (A) and the ethylene content of the EVOH satisfy the 
following formula (1): 

0.95xexp(0.039xET)-2s as 0.95xexp(0.039xET)+2 (1) 

0081 whereina is the content (umol/g) of the alkali metal 
salt (A) in terms of alkali metal and ET is the ethylene 
content (mol%) of the ethylene-vinyl alcohol copolymer. 

0082) When the content of the alkali metal salt (A) is 
larger beyond the range provided by formula (1) above, the 
hue of the EVOH resin composition (F) may get worse. On 
the other hand, when the content is less beyond the range 
provided by formula (1) above, the long-run workability and 
the adhesiveness may be reduced. The two contents more 
preferably satisfy the following formula (1) and still more 
preferably satisfy the following formula (1"). 
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0.95xexp(0.039xET)-15s as 0.95xexp(0.039xET)+ 
1.5 (1) 

0.95xexp(0.039xET)-1s as 0.95xexp(0.039xET)+1 (1") 

0083) The EVOH resin composition (F) of the present 
invention has a content of carboxylic acid or its Salt (C), in 
terms of carboxylate radicals, of 2 umol/g or less. The 
content of carboxylic acid or its Salt (C) used herein indi 
cates the amount of carboxylate radicals extracted through 
an immersion treatment in water at 95 C. for 10 hours. 
Because most of the carboxylic acid and the salt thereof 
contained in an EVOH resin composition (F) are assumed to 
be extracted through the immersion treatment in water at 95 
C. for 10 hours, the measured value indicates a value 
corresponding to the total content of them. In other words, 
the EVOH resin composition (F) is a resin composition 
having an extremely Small content of a carboxylic acid and 
a salt thereof. The content of the carboxylate acid or its salt 
(C) is preferably 1.5 limol/g or less, more preferably 1 
tumol/g or less, and Still more preferably 0.5 limol/g or less. 

0084. The EVOH resin composition (F) to be employed 
in the present invention may further contain a boron com 
pound (B). The effect of the incorporation of the boron 
compound (B) and the kind thereof are the same as those 
described in the description of the method for producing the 
EVOH resin composition (F). The content of the boron 
compound (B) is preferably 1 to 200 umol/g in terms of 
boron element. It is more preferably 2 umol/g or more, and 
Still more preferably 3 umol/g or more. On the other hand, 
it is more preferably 150 umol/g or less, and Still more 
preferably 100 umol/g or less. 

0085 Moreover, it is preferable that the EVOH resin 
composition (F) contain a phosphoric acid compound (D) 
for balancing the long-run workability and yellowing resis 
tance at the time of melt molding, especially the yellowing 
resistance in high-temperature molding, and the interlayer 
adhesiveness. The effect of the incorporation of the phos 
phoric acid compound (D) and the kind thereof are the same 
as those described in the description of the method for 
producing the EVOH resin composition (F). The upper limit 
of the content of the phosphoric acid compound (D) is 
preferably 5 umol/g, more preferably 4 timol/g, Still more 
preferably 3 umol/g, and most preferably 1.5 limol/g or less. 
If too much phosphate radical is incorporated, the resin 
composition will lose thermal Stability and as a result may 
get liable to gelation. On the other hand, the lower limit of 
the content of the phosphoric acid compound (D), in terms 
of phosphate radical, is preferably 0.05 mol/g, more pref 
erably 0.1 umol/g, Still more preferably 0.15 timol/g, and 
most preferably 0.2 limol/g. 

0086). In this situation, it is preferable that in the EVOH 
resin composition (F) the ratio (a/d) of the content (a: 
almol/g) of the alkali metal Salt (A) in terms of alkali metal 
to the content (d: umol/g) of the phosphoric acid compound 
(D) in terms of phosphate radical be 2.4 to 50. This can result 
in a resin composition Superior in hue and thermal Stability 
at the time of melt molding. If the ratio (a/d) is less than 2.4, 
the resin composition will lose thermal Stability and as a 
result may get liable to gelation. On the other hand, if the 
ratio (a/d) exceeds 50, the hue may get worse and, in Some 
cases, the thermal stability will be adversely affected. The 
ratio (a/d) is more preferably not more than 40, and still 
more preferably not more than 30. 
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0087. The EVOH resin composition (F) may contain an 
alkaline earth metal salt (E). However, for inhibition of 
yellowing at the time of melt molding, the content thereof in 
terms of alkaline earth metal is preferably 0.25 umol/g or 
leSS. ParticularS regarding the incorporation of the alkaline 
earth metal Salt (E) are the same as those described in the 
description of the method for producing the EVOH resin 
composition (F). The content of the alkaline earth metal salt 
(E) is preferably not more than 0.25 umol/g, and more 
preferably not more than 0.1 limol/g in terms of alkaline 
earth metal. It is still more preferable that Substantially no 
alkaline earth metal Salt (E) be contained. 
0088 A desirable melt flow rate (MFR) (measured at 
190° C. under a load of 2160 g; when a melting point is 
around 190° C. or more, the measurements are carried out 
under 2160 g load at two or more temperatures not lower 
than the melting point. The results are plotted, in a Semilog 
graph, with reciprocals of absolute temperatures as abscissa 
against logarithms of MFRs as ordinate and the preferable 
MFR is represented by an extrapolation to 190° C) of the 
EVOH resin composition (F) of the present invention is 
preferably 0.1 to 200 g/10 min. The lower limit of MFR is 
more preferably not lower than 0.2 g/10 min, still more 
preferably not lower than 0.5 g/10 min, and most preferably 
not lower than 1 g/10 min. The upper limit of MFR is more 
preferably 50 g/10 min or lower, still more preferably 30 
g/10 minor lower, and most preferably 15 g/10 minor lower. 
The cases where the melt flow rate is low beyond these 
ranges are not preferred because the inside of an extruder 
during molding will be in a high torque condition and it will 
become difficult to melt kneading. The cases where the melt 
flow rate is high beyond those ranges are not preferred 
because the mechanical Strength of molded articles obtained 
by molding the EVOH resin composition (F) will be insuf 
ficient. 

0089. The thus obtained EVOH resin composition (F) of 
the present invention is preferably molded after being 
blended with another resin though it may be molded alone. 
A preferred embodiment of the present invention is a resin 
composition comprising 1 to 99% by weight of the EVOH 
resin composition (F) and 1 to 99% by weight of another 
thermoplastic resin (G). 

0090 The thermoplastic resin (G) to be blended with the 
EVOH resin composition (F) may be selected appropriately 
depending on the application and is not particularly 
restricted. Examples thereof include polyolefin (e.g. poly 
ethylene, polypropylene, poly-1-butene, poly-4-methyl-1- 
pentene, ethylene-propylene copolymer, copolymer of eth 
ylene and C-olefin of 4 or more carbon atoms, copolymer of 
polyolefin and maleic anhydride, ethylene-Vinyl acetate 
copolymer, ethylene-Vinyl alcohol copolymer, ethylene 
acrylic ester copolymer, and modified polyolefin obtained by 
graft modifying those polyolefins with unsaturated carboxy 
lic acid or its derivative), various types of nylon (e.g. Nylon 
6, Nylon 66 and Nylon 6/66 copolymer), polyvinyl chloride, 
polyvinylidene chloride, polyester, polystyrene, polyacry 
lonitrile, polyurethane, polyacetal and modified polyvinyl 
alcohol resin. 

0.091 In applications where importance is attached to gas 
barrier properties, Such as food packaging, it is preferable to 
use an ethylene-Vinyl alcohol copolymer among them. In a 
particularly preferable embodiment, the thermoplastic resin 
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(G) is an EVOH having an ethylene content of 5 to 60 mol 
% and a degree of saponification of 99.2 to 100 mol %. 
When incorporating such an EVOH having a high degree of 
saponification to the EVOH resin composition (F) of the 
present invention, it is possible to inhibit the reduction of 
transparency of EVOH while improving its flexibility and 
Secondary processability. 
0092. When the degree of saponification of the EVOH 
used as the thermoplastic resin (G) is less than 99.2 mol %, 
the gas barrier properties or melt Stability of a resulting resin 
composition may get worse. The degree of Saponification is 
more preferably 99.5 mol % or more, and still more pref 
erably 99.8 mol % or more. If the ethylene content of the 
EVOH to be used as the thermoplastic resin (G) is less than 
5 mol %, the melt moldability may be worse. If the ethylene 
content exceeds 60 mol %, the gas barrier properties may be 
insufficient. The lower limit of the ethylene content is 
preferably 15 mol % or more, and more preferably 20 mo% 
or more. On the other hand, the upper limit of the ethylene 
content is preferably 55 mol % or less, and more preferably 
50 mol % or less. 

0093. The resin composition of the present invention 
comprises 1 to 99% by weight of the EVOH resin compo 
sition (F) and 1 to 99% by weight of another thermoplastic 
resin (G). The incorporation proportions of the EVOH resin 
composition (F) and the thermoplastic resin (G) are adjusted 
depending on the purpose. The proportions are preferably 3 
to 97% by weight for the EVOH resin composition (F) and 
3 to 97% by weight for the thermoplastic resin (G). 
0094. When using an EVOH having an ethylene content 
of 5 to 60 mol % and a degree of Saponification of 99.2 to 
100 mol % as the thermoplastic resin (G), in order to 
improve the flexibility or Secondary processability of an 
EVOH having a high degree of Saponification while keeping 
its good gas barrier properties which the EVOH inherently 
has, it is preferable to use the EVOH having a high degree 
of Saponification as a main component. In this case, in order 
to obtain good barrier properties, it is preferable that the 
content of the EVOH resin composition (F) be 50% by 
weight or less, and more preferably 30% by weight or less. 
On the other hand, in order to clarify the effect of improving 
flexibility or Secondary processability, it is preferable that 
the content of the EVOH resin composition (F) be 5% by 
weight or more, and more preferably 10% by weight or 
more. In this situation, it is preferable that the remaining 
component be the aforementioned EVOH having a high 
degree of Saponification. 

0095 To the resin composition of the present invention, 
various additives Such as antioxidant, color agent, UV 
absorber, Slipping agent, antistatic agent, plasticizer, 
crosslinking agent Such as boric acid, inorganic filler and 
inorganic desiccant, and various resin Such as Superabsor 
bent polymer may be incorporated unless the effect obtained 
by the present invention is adversely affected. 
0096. The blending method for obtaining a resin compo 
sition by melt kneading the EVOH resin composition (F), 
the thermoplastic resin (G) and, in Some cases, the additive 
is not particularly restricted and any known method can be 
used. Particularly, in View of Simplicity and necessary cost 
of a process, preferred are melt kneading methods using a 
Single or twin Screw extruder (corotating or counterrotating), 
an intensive mixer, or a continuous intensive mixer. Above 
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all, generally used is a method in which the EVOH resin 
composition (F) and the thermoplastic resin (G) are dry 
blended, pelletized, for example, by a Single or twin Screw 
extruder, and dried. In order to make the dispersion State 
uniform, use of an extruder which can achieve a high degree 
of kneading during the kneading and pelletizing operations 
is preferred. The kneading temperature preferably ranges 
from 150 to 280 C. In order to prevent oxidization of a 
resulting resin composition, it is preferable that the hopper 
be sealed with nitrogen gas and that the extrusion be 
conducted at low temperature. A longer kneading time will 
lead to a better result, but a kneading time of from 0.1 to 20 
minutes is preferable in view of prevention of oxidization of 
a resin composition and production efficiency. 

0097. The thus obtained resin composition of the present 
invention is molded through melt molding into various types 
of molded articles Such as films, sheets, containers, pipes 
and fibers. As a method for melt molding, extrusion mold 
ing, inflation extrusion, blow molding, injection molding, 
melt Spinning and the like can be used. The molding 
temperature, which varies along with the melting point of 
the copolymer, is preferably about 150 to about 270° C. In 
an available procedure, the resin composition of the present 
invention is pelletized and then Subjected to molding. In 
another available procedure, the EVOH resin composition 
(F) and the thermoplastic resin (G) are dry blended and then 
Subjected directly to molding. It is also possible for these 
molded articles to be pulverized for the purpose of reuse and 
then be molded again. In addition, it is also possible to 
Subject a film, a sheet or fibers to Secondary processing by 
conducting their uni- or biaxial Stretching or thermoforming. 

0098. Molding methods will be described below. It 
should be noted that the resin composition of the present 
invention used herein encompasses both an EVOH resin 
composition (F) alone and a resin composition comprising 
an EVOH resin composition (F) and another thermoplastic 
resin (G). 
0099. The resin composition of the present invention may 
be used in the form of a molded article composed of a single 
layer only of the resin composition. However, it is also 
preferable to fabricate the resin composition into a multi 
layer Structure including at least one layer comprising the 
resin composition because the resin composition exhibits a 
Superior interlayer adhesiveness. The layer constitution of 
the multilayer structure may be, but is not limited to, X/T, 
T/X/T, X/Ad/T, T/Ad/X/Ad/T, T/Ad/X/T and T/Ad/T/Ad/ 
X/T where the resin composition of the present invention, an 
adhesive resin and another thermoplastic resin are repre 
sented by X, Ad and T, respectively. Each of the layers 
shown above may be a single layer or, in Some cases, may 
include multiple layers. 

0100. The method for producing the multilayer structure 
is not particularly restricted. Examples thereof include a 
method in which a thermoplastic resin is melt extruded on a 
molded article (film, sheet or the like) made of the resin 
composition of the present invention, a method in which the 
resin composition and another thermoplastic resin are coex 
truded on a Substrate of a thermoplastic resin or the like, a 
method in which a thermoplastic resin and the resin com 
position of the present invention are coextruded or coin 
jected, and a method in which a molded article obtained 
from the resin composition of the present invention and a 
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film or sheet made of another Substrate are laminated 
together using a known adhesive Such as organic titanium 
compound, an isocyanate compound, and a polyester com 
pound. Among these, a method of coextrusion or coinjection 
is preferable. 

0101 The method for coextrusion molding the composi 
tion of the present invention and a thermoplastic resin is not 
particularly restricted and preferable examples thereof 
include the multimanifold-merging T die method, the feed 
block-merging T die method and the inflation method. The 
method of coinjection is not also particularly restricted and 
conventional methods may be employed. 
0102) Examples of the thermoplastic resin to be 
employed for lamination with the resin composition of the 
present invention include homopolymers or copolymers of 
olefins Such as linear low-density polyethylene, low-density 
polyethylene, medium-density polyethylene, high-density 
polyethylene, ethylene-Vinyl acetate copolymers, ethylene 
Vinyl alcohol copolymers, ethylene-propylene copolymers, 
polypropylene, propylene-C-olefin copolymers (C-olefins 
having 4-20 carbon atoms), polybutene and polypentene, 
polyester Such as polyethylene terephthalate, polyester elas 
tomer, polyamide resin Such as nylon-6 and nylon-6,6, 
polystyrene, polyvinyl chloride, polyvinylidene chloride, 
acrylic resin, Vinyl ester resin, polyurethane elastomer, poly 
carbonate, chlorinated polyethylene and chlorinated 
polypropylene. 

0103) When the resin composition of the present inven 
tion and the thermoplastic resin are laminated, an adhesive 
resin may be used. AS the adhesive resin for Such a case is 
preferably an adhesive resin made of a carboxylic acid 
modified polyolefin. By the carboxylic acid-modified poly 
olefin used herein is meant a modified olefin-based polymer 
containing carboxyl groups which is obtained by chemically 
bonding an ethylenically unsaturated carboxylic acid or 
anhydride thereof to an olefin-based polymer (via, for 
example, addition reaction or graft reaction). The olefin 
based polymer used herein means polyolefin Such as poly 
ethylene (low pressure, medium pressure, high pressure), 
linear low-density polyethylene, polypropylene and poly 
butene, copolymers of olefin and a comonomer copolymer 
izable with the olefin (e.g. vinyl ester and unsaturated 
carboxylic acid ester) Such as ethylene-Vinyl acetate copoly 
merS and ethylene-ethyl acrylate ester copolymers. Among 
these, linear low-density polyethylene, ethylene-Vinyl 
acetate copolymers (having vinyl acetate content of 5 to 
55% by weight), ethylene-ethyl acrylate ester copolymers 
(having an ethyl acrylate ester content of 8 to 35% by 
weight) are preferable. Especially, linear low-density poly 
ethylene and ethylene-Vinyl acetate copolymers are prefer 
able. Examples of the ethylenically unsaturated carboxylic 
acid or anhydride thereof include ethylenically unsaturated 
monocarboxylic acid and its ester, ethylenically unsaturated 
dicarboxylic acid, its mono- or diester and its anhydride. 
Among these, anhydrides of ethylenically unsaturated dicar 
boxylic acids are preferable. Specific examples are maleic 
acid, fumaric acid, itaconic acid, maleic anhydride, itaconic 
anhydride, monomethyl maleate, monoethyl maleate, 
diethyl maleate and monomethyl fumarate. Above all, 
maleic anhydride is preferable. 

0104. The multilayer structure obtained in the manner 
mentioned above can be used as various types of molded 
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articles Such as packaging films and containers. Such 
molded articles can be employed Suitably as packaging films 
and various types of food packaging containerS Such as 
deep-drawn containers, cup-shaped containers and bottles 
because of their good appearance, Superior flexibility, con 
trolled generation of odor and Superior interlayer adhesive 
neSS. In addition to food packaging containers, they can be 
used for applications including fuel containers, fuel pipes, 
hot water circulation pipes for floor heating and wallpaper. 
0105. A preferred application of the resin composition of 
the present invention is a blow molded container. AS a 
method for blow molding, either extrusion blow molding or 
injection blow molding can be adopted. AS an extrusion 
blow molding method, a method in which a previously 
extruded pipe is cut, cooled, heated and then Subjected to 
blow molding is available. However, preferred is a method 
in which an extruded tubular molten parison is blow molded 
directly, namely a So-called direct blow molding method. 
Examples of an injection molding method include a method 
in which a bottomed parison is injection molded first and the 
parison is blow molded while being Still in a high tempera 
ture during the course of cooling and a method in which an 
injected bottomed parison is cooled, Subsequently heated 
again and then blow molded. In the practice of Such blow 
molding, when the blow molding was conventional long-run 
molding, resulting bottles Sometimes Suffered from hard 
spots, yellowing or Streaks. In contrast, the use of the resin 
composition of the present invention can inhibit the occur 
rence of these defects. In particular, when the die tempera 
ture in extrusion blow molding or the nozzle temperature in 
injection blow molding is 250 C. or higher, those problems 
are likely to arise and therefore the use of the resin compo 
sition of the present invention will offer a great benefit under 
Such conditions. 

0106 The blow molded container of the present inven 
tion may either consist of a Single layer made of the resin 
composition of the present invention or comprise a multi 
layer Structure having a layer of the resin composition and 
a layer of another thermoplastic resin. The resin composition 
is preferably fabricated into a multilayer Structure because of 
its Superior interlayer adhesiveness. Examples of the layer 
constitution of the multilayer Structure include, but not 
limited to, E/T, T/E/T, E/Ad/T, T/Ad/E/Ad/T and T/E/T/E/T 
where the resin composition, an adhesive resin and another 
thermoplastic resin are represented by E, Ad and T, respec 
tively. Each of the layerS shown above may be a single layer 
or, in Some cases, may include multiple layers. Regarding 
the thickness of each layer, the resin composition layerS and 
the adhesive resin layers are approximately 5 to 300 um 
thick each and the layers of another thermoplastic resin are 
approximately 20 to 5000 um thick. 

0107 As a method for producing a blow molded con 
tainer comprising Such a multilayer Structure, coextrusion 
blow molding and coinjection blow molding are Suitably 
employed. 

0108. One desirable example of the coextrusion blow 
molding method is So-called direct blow molding which 
comprises using a multilayer extrusion molding machine 
having at least two extruders, charging the resin composition 
of the present invention, another thermoplastic resin and, if 
necessary, an adhesive resin into Separate extruders, knead 
ing and melt extruding them Separately. Individual layers are 
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extruded to be united firmly together inside a multilayer 
parison forming die or outside the die just after their 
discharging to obtain a tubular multilayer parison, and then 
blow molding the parison in a molten State to obtain a 
multilayer container. In the case where coextrusion blow 
molding, especially, direct blow molding is employed, the 
another thermoplastic resin is not particularly restricted but 
is preferably polyolefin. Of polyolefin, polyethylene and 
polypropylene are Suitably employed. It is preferable that an 
adhesive resin layer be disposed between the layer of the 
resin composition of the present invention and the polyolefin 
layer. Preferable layer constitutions include E/Ad/T and 
T/Ad/E/Ad/T where the resin composition of the present 
invention, an adhesive resin and another thermoplastic resin 
(here, polyolefin) are represented by E, Ad and T, respec 
tively. 
0109 As a method of coinjection blow molding, prefer 
ably employed is a method in which a multilayer parixon is 
obtained by injection molding using a multilayer injection 
molding machine having at least two Screws and then the 
parison is blow molded while being cooled or the parison is 
cooled, Subsequently heated again and then blow molded. 
When the multilayer parison is blow molded, the parison is 
preferably Subjected to Stretch blow molding, especially, 
biaxial Stretch blow molding. In the case where coinjection 
blow molding is conducted, the another thermoplastic resin 
is not particularly restricted but is preferably polyester or 
polyamide. Especially, use of polyester typified by polyeth 
ylene terephthalate is preferable because a blow molded 
container Superior in Strength can be obtained by biaxial 
stretch blow molding. 
0110. In the coinjection blow molded container of the 
present invention, an adhesive resin layer may be disposed 
between the layer of the resin composition of the present 
invention and the layer of another thermoplastic resin. To the 
contrary, the layer of the resin composition of the present 
invention and the layer of another thermoplastic resin may 
also be contacted directly together. Preferable layer consti 
tutions include T/E/T, T/Ad/E/Ad/T and T/E/T/E/T where 
the resin composition, an adhesive resin and another ther 
moplastic resin (here, polyester or the like) are represented 
by E, Ad and T, respectively. Above all, a constitution 
composed only of a layer of the resin composition and a 
layer of another thermoplastic resin is preferred. Preferable 
examples are layer constitutions T/E/T and T/E/T/E/T. In 
other words, layer constitutions where layers of another 
thermoplastic resin, especially polyethylene terephthalate, 
are disposed on both sides of a layer of the resin composition 
are preferred. Also in the case where no adhesive resin layer 
is disposed between a layer of the resin composition and a 
layer of another thermoplastic resin, the coinjection blow 
molded container of the present invention has a Superior 
interlayer adhesiveness and therefore has a Superior impact 
delamination resistance. It is possible to inhibit the layer of 
the resin composition and the adjacent layer of another 
thermoplastic resin to delaminate from each other even 
when the coinjection blow molded container receives an 
impact or the like. 
0111 Because the resin composition of the present inven 
tion is Superior in Secondary processability, it is preferable 
to Subject a molded article obtained by melt molding to 
Secondary processing. Examples of the Secondary proceSS 
ing include a method of Stretching a film or a sheet uniaxi 



US 2005/0186374A1 

ally or biaxially, a method of thermoforming a film or a 
sheet, or a method of rolling a film or a sheet. In addition, 
a parison obtained by coinjection molding may be Subjected 
to blow molding. Particularly, it is preferable to use the resin 
composition for a multilayer film or for a thermoformed 
container, especially a deep-drawn container, obtained by 
Secondary processing of a sheet. In particular, in the case of 
a deeply-drawn, complicatedly-shaped container, it is pref 
erable to use a multilayer Structure having a layer of the resin 
composition of the present invention which is Superior in 
flexibility, Secondary processability and interlayer adhesive 
CSS. 

0112 Another preferable application of the resin compo 
Sition of the present invention is a thermoformed container. 
The thermoforming used herein means an operation of 
forming a film or a sheet into the shape of a mold after 
Softening it by heating. The forming method may be a 
method of forming a film or a sheet into the shape of a mold 
using vacuum or preSSure and also optionally using a plug 
(e.g. Straight forming, drape forming, air-slip forming, Snap 
back forming and plug-assist forming) and a method of press 
molding. The forming conditions Such as forming tempera 
ture, the degree of vacuum, the pressure for pressure form 
ing and forming Speed may be determined appropriately 
depending on the shape of a plug, the Shape of a mold and 
the properties of a film or sheet to be formed. The thermo 
formed container, Such as a cup or a tray, obtained by 
thermoforming in Such a way can be Suitably employed as 
various kinds of container, especially food packaging con 
tainer. 

EXAMPLES 

0113. The present invention will be described in more 
detail below with reference to Examples, but the invention 
is not limited to the Examples. Unless otherwise Specifically 
indicated, “%” and “part” are all by weight. In all cases, ion 
eXchange water was used as water. 

0114 (1) Quantitative Determination of Alkali Metal Salt 
(A) and Alkaline Earth Metal Salt (E) 
0115 Pellets of dry EVOH resin composition (F) were 
ground by freeze grinding. The resulting ground EVOH 
resin composition (F) was screened through a Sieve having 
a nominal dimension of 1 mm (in accordance with Test 
Sieve Standard JIS Z8801). Into a 100-mL Erlenmeyer flask 
with a ground stopper, 10 g of powder of the Screened 
EVOH resin composition (F) and 50 mL of 0.01N aqueous 
HCl Solution were placed. Then a cooling condenser was 
fitted to the flask and heat extraction were conducted under 
stirring at 95 C. for 10 hours. 2 mL of the resulting 
extraction Solution was diluted with 8 mL of ion exchange 
water. The diluted extraction Solution was quantitatively 
analyzed using an ion chromatography IC7000 manufac 
tured by Yokogawa Electric Corporation. Thus, the amounts 
of Naion, Kion, Mg ion and Caion were determined. For 
the quantitative determinations, calibration curves prepared 
by use of aqueous Sodium chloride Solution, aqueous potas 
sium chloride Solution, aqueous magnesium chloride Solu 
tion and aqueous calcium chloride Solution were used, 
respectively. Based on the thus-obtained amounts of Naion, 
Kion, Mg ion and Caion, the amounts of alkali metal Salts 
(A) and alkaline earth metal Salts (E) contained in the pellets 
of dry EVOH were determined in terms of metal elements. 
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0116 Ion Chromatography Measurement Conditions: 
0117 Column: ICS-C25 manufactured by 
Yokogawa Electric Corporation. 

0118 Eluant: Aqueous solution containing 5.0 mM 
of tartaric acid and 1.0 mM of 2,6-pyridinedicar 
boxylic acid. 

0119) Measuring temperature: 40° C. 

0120 Eluant flow rate: 1 mL/min 
0121 Amount of sample injected: 50 lull 

0122) (2) Quantitative Determination of Carboxylic Acid 
or its Salt (C) 
0123 Pellets of dry EVOH resin composition (F) were 
ground by freeze grinding. The resulting ground EVOH 
resin composition (F) was screened through a Sieve having 
a nominal dimension of 1 mm (in accordance with Test 
Sieve Standard JIS Z8801). Into a 100-mL Erlenmeyer flask 
with a ground stopper, 10 g of powder of the Screened 
EVOH resin composition (F) and 50 mL of ion exchange 
water were placed. Then a cooling condenser was fitted to 
the flask and extraction were conducted under stirring at 95 
C. for 10 hours. 2 mL of the resulting extraction solution was 
diluted with 8 mL of ion exchange water. The diluted 
extraction Solution was quantitatively analyzed using an ion 
chromatography IC7000 manufactured by Yokogawa Elec 
tric Corporation, whereby the amount of carboxylate 
(acetate) ion was determined. Thus, the amount of carboxy 
late radical was obtained. For the quantitative determination, 
a calibration curve prepared by use of aqueous acetic acid 
Solutions was used. 

0.124 Ion Chromatography Measurement Conditions: 
0125 Column: SCS5-252 
Yokogawa Electric Corporation. 

manufactured by 

(0126) Eluant: 0.1% aqueous phosphoric acid Solu 
tion 

0127. Measuring temperature: 40° C. 

0128 Eluant flow rate: 1 mL/min 
0129. Amount of sample injected: 50 lull 

0130 (3) Quantitative Determination of Phosphoric Acid 
Compound (D) 
0131) Pellets of dry EVOH resin composition (F) were 
ground by freeze grinding. The resulting ground EVOH 
resin composition (F) was screened through a Sieve having 
a nominal dimension of 1 mm (in accordance with Test 
Sieve Standard JIS Z8801). Into a 100-mL Erlenmeyer flask 
with a ground stopper, 10 g of powder of the Screened 
EVOH resin composition (F) and 50 mL of 0.01 Naqueous 
HCl Solution were placed. Then a cooling condenser was 
fitted to the flask and extraction were conducted under 
stirring at 95 C. for 4 hours. The resulting extraction 
Solution was quantitatively analyzed using an ion chroma 
tography IC7000 manufactured by Yokogawa Electric Cor 
poration, whereby the amount of phosphate ion was deter 
mined. Thus, the amount of phosphate radical was obtained. 
For the quantitative determination, a calibration curve pre 
pared by use of aqueous Sodium dihydrogen phosphate 
Solutions was used. 
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0132) Ion Chromatography Measurement Conditions: 
0133) Column: ICS-A23 manufactured 
Yokogawa Electric Corporation. 

by 

0.134 Eluant: Aqueous solution containing 2.5 mM 
of sodium carbonate and 1.0 mM of sodium hydro 
gencarbonate. 

0135). Measuring temperature: 40° C. 
0.136 Amount of sample injected: 50 lull 

0137 (4) Measurement of Degree of Saponification 
(NMR Method) 
0138) Dry EVOH pellets were ground by freeze milling. 
The resulting ground EVOH was screened through a sieve 
having a nominal dimension of 1 mm (in accordance with 
Test Sieve Standard JIS Z 8801). An operation cycle com 
posed of immersing the sieved 5 g of EVOH powder in 100 
g of ion exchange water, stirring at 85 C. for 4 hours, 
dewatering and drying was repeated twice. The resulting 
washed powdery EVOH was subjected to NMR measure 
ment under the measurement conditions shown below. The 
degree of Saponification was then determined by the analysis 
method provided below. 
0139 Measurement Conditions 

0140. Device: Superconducting nuclear magnetic 
resonance analyzer Lambda500 manufactured by 
JEOL 

0141) 
0142) 
0143) 
0144) 
0145) 
0146) 
0147) 
0148 Pulse width (90° pulse): 6.75 usec 

0149 Analysis Method 
0150. In the measurement at 40 C., a peak of hydrogen 
in a water molecule appeared near 3.3 ppm. This peak 
overlapped a 3.1 to 3.7 ppm part of the peak of the methine 
hydrogen in the vinyl alcohol units of EVOH. On the other 
hand, in the measurement at 95 C., the overlapping 
occurred at 40 C. was eliminated, but a peak existing near 
4 to 4.5 ppm of the hydrogens in the hydroxyl groups in 
vinyl alcohol units of EVOH overlapped a 3.7 to 4 ppm part 
of the peak of the methine hydrogen in vinyl alcohol units 
of EVOH. In the determination of the quantity of the 
methine hydrogens (3.1 to 4 ppm) in the vinyl alcohol units 
of EVOH, data measured at 95 C. were adopted for the 
region of 3.1 to 3.7 ppm and data measured at 40 C. were 
adopted for the region of 3.7 to 4 ppm for the purpose of 
avoidance of Overlap with the peaks of the hydrogen of 
water or a hydroxyl group. Thus, the total amount of the 
methine hydrogens are determined as the Sum of those data. 
It is known that the peak of hydrogen of water or a hydroxyl 
group shifts toward higher magnetic fields with increase in 
measurement temperature. 

Observation frequency: 500 MHz 
Solvent: DMSO-d6 

Polymer concentration: 4% by weight 

Measurement temperature: 40 C. and 95 C. 
Accumulation: 600 times 

Pulse delay time: 3.836 sec 
Sample rotation speed: 10 to 12 Hz 

12 
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0151. Therefore, analysis was done by use of both mea 
surements at 40 C. and 95 C. in the following manner. An 
integral (I) of the peaks at a chemical shift of 3.7 to 4 ppm 
and an integral (I) of the peaks at a chemical shift of 0.6 to 
1.8 ppm are determined from the spectrum measured at 40 
C. An integral (I) of the peaks at a chemical shift of 3.1 to 
3.7 ppm, an integral (I) of the peaks at a chemical shift of 
0.6 to 1.8 ppm, and an integral (Is) of the peaks at a chemical 
shift of 1.9 to 2.1 ppm are determined from the spectrum 
measured at 95 C. The peak of a chemical shift of 0.6 to 1.8 
ppm derives mainly from methylene hydrogens, whereas the 
peak of a chemical shift of 1.9 to 2.1 ppm derives from 
methyl hydrogens in the units of unsaponified vinyl acetate. 
Based on these integral values, a degree of Saponification 
was calculated according to the following formula: 

(If I2 + 13 f 4) x 100 Degree of saponification= - - 
gr p (If 2 + 3 (4) + (5 f 4) f3 

0152 (5) Measurement of Water Content of Hydrous 
EVOH Pellets 

0153. The water content of EVOH pellets were measured 
under conditions including a drying temperature of 180 C., 
a drying time of 20 minutes and a Sample weight of about 10 
gby means of a halogen moisture analyzer HR73 manufac 
tured by METTLER. 
0154 (6) Measurement of Carbon Dioxide Gas Concen 
tration 

O155 Using a portable pH and ion meter IM-22P manu 
factured by DKK-TOA Corp. connected to a carbon dioxide 
gas sensor (CE-2041), the carbon dioxide gas concentration 
in a Solution was measured. 

0156 (7) Single-Layer Film Formation Test 
O157 Pellets of a dry EVOH resin composition (F) or of 
a resin composition comprising a dry EVOH resin compo 
sition (F) and an EVOH having a high degree of saponifi 
cation were Subjected to a Single-layer film formation under 
the following conditions using a 20 mm extruder D2020 
manufactured by Toyo Seiki Seisaku-Sho., Ltd. (D (mm)=20, 
L/D=20, compression ratio=2.0, screw: fullflight). 

0158 Condition 1: Film formation at 220° C. 
0159) 
0160 
0161) 
0162 
0163) 
0164) 
0165) 

0166 Condition 2: Film formation at 250° C. 
0167 Extrusion temperature: C1/C2/C3/Die=175/ 
230/250/250° C. 

Extrusion temperature: 
C1/C2/C3/Die=175/200/220/220° C. 

Screw rotation speed: 40 rpm 
Discharge rate: 1.3 kg/hr 
Drawing roll temperature: 80 C. 
Drawing roll speed: 3.1 m/min 

Film thickness: 20 um 

0168 Screw rotation speed: 40 rpm 
0169 Discharge rate: 1.4 kg/hr 
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0170 Drawing roll temperature: 80° C. 
0171 Drawing roll speed: 3.1 m/min 

0172 Film thickness: 20 um 
0173 (7-a) Yellowing Resistance 
0.174 Each of the single-layer films prepared in the 
method described above was wound up around a paper 
board tube and it was checked visually for the degree of 
yellowing at its edge according to the following criteria. 
0175 Rating: Criterion 

0176 A. No yellowing 
0177 B: A little yellowing 
0178 C: Yellowing 

0179 (7-b) 48-Hour Long-Run Workability 
0180. In the film formation at 220 C., a film passed for 
48 hours Since the beginning of the Single-layer film forma 
tion was Sampled and the number of gel-like hard Spots 
having a visually recognizable size of about 100 um or more 
was counted. The number of hard Spots was converted into 
a number per 1.0 m and was judged as follows. 
0181 Rating: Criterion 

0182 A: Less than 20 hard spots 
0183 B: Not less than 20 but less than 40 hard spots 
0184 C. Not less than 40 but less than 60 hard spots 
0185. D: 60 or more hard spots 

0186 (7-C) 60-Hour Long-Run Workability 
0187. In the film formation at 220 C., a film passed for 
60 hours Since the beginning of the Single-layer film forma 
tion was Sampled and the number of gel-like hard Spots 
having a visually recognizable size of about 100 um or more 
was counted. The number of hard Spots was converted into 
a number per 1.0 m and was judged as follows. 
0188 Rating: Criterion 

0189 A. Less than 20 hard spots 
0190. B: Not less than 20 but less than 40 hard spots 
0191) C. Not less than 40 but less than 60 hard spots 
0192 D: 60 or more hard spots 

0193 (8) Evaluation of High-Temperature Yellowing 
0194 A2-mm thick disc-shaped sample was prepared by 
heat melting 5 g of pellets of a dry EVOH resin composition 
(F) or of a resin composition comprising a dry EVOH resin 
composition (F) and an EVOH having a high degree of 
Saponification by use of a heat compression preSS machine 
at 250 C. for 2 minutes. The sample was visually evaluated 
for its hue. 

0195 Rating: Criterion 
0196) A: Almost not yellowed. 
0197) B: Slight yellowed. 

0198 C: Yellowed. 
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0199 (9) Adhesive Strength Test 
0200. Using pellets of a dry EVOH resin composition (F) 
or of a resin composition comprising a dry EVOH resin 
composition (F) and an EVOH having a high degree of 
saponification, a linear low density polyethylene (LLDPE; 
manufactured by Mitsui Chemicals, Inc., Ultzex 2022L), 
and an adhesive resin (Tie; Bondine TX8030 manufactured 
by Sumika Atochem Co., Ltd.), a three-kind 5-layer multi 
layer film (LLDPE/Tie/resin composition/Tie/LLDPE=50u/ 
10u/10u/10u/50w) was obtained in the method described 
below. 

0201 Specifications of the extruder and the T die used in 
this test are as follows: 

0202) Extruder: 
0203 for resin composition: 20p extruder for labo 
ratory use ME CO-EXT (manufactured by Toyo 
Seiki Seisaku-Sho. Ltd.) 

0204 for Tie: 25p extruder P25-18AC (manufac 
tured by Osaka Seiki) 

0205 for LLDPE: 32d extruder GF-32-A (manufac 
tured by Research Laboratory of Plastics Technology 
Co., Ltd.) 

0206 Extrusion temperature of resin composition: 
0207 C1/C2/C3/die-175/210/220/220° C. 

0208 Tie extrusion temperature: 
0209 C1/C2/C3/die-100/160/220/220° C. 

0210 LLDPE extrusion temperature: 
0211) C1/C2/C3/die-150/200/210/220° C. 

0212 Talie: 300 mm wide coat hunger die (manu 
factured by Research Laboratory of Plastics Tech 
nology Co., Ltd.) 

0213 (9-a) Adhesive Strength Just After Film Formation 
0214. The multilayer film obtained was cut into a size 
150 mm along the MD and 10 mm along the TD just after 
the multilayer film formation and immediately was sub 
jected to T type peel Strength measurement by means of an 
Autograph (DCS-50M, manufactured by Shimadzu Corp.). 
In the measurement, the interlayer adhesive Strength 
between the Tie located on the chill roll side and the resin 
composition in the multiplayer film was measured. 
0215 (9-b) Adhesive Strength. After a Lapse of One Week 
Since the Film Formation 

0216) The above-prepared sample of a multilayer film 
150 mm long and 10 mm wide was left stand for one week 
in a steady temperature and humidity room controlled at 23 
C.-50% RH. In the constant temperature and humidity room 
controlled at 23° C.-50% RH, the T type peel strength 
measurement was carried out using the foregoing Sample. In 
the measurement, the interlayer adhesive Strength between 
the Tie located on the chill roll side and the resin compo 
Sition in the multilayer was measured. 
0217 (10) Odor Test 
0218 10 g of pellets of a dry EVOH resin composition 
(F) or of a resin composition comprising a dry EVOH resin 
composition (F) and an EVOH having a high degree of 
Saponification and 10 mL of ion exchange water were put in 
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a 100-mL glass vial, which was sealed with a lid. Then the 
vial was placed in a safe vent dryer (dryer) at 90° C. and heat 
extraction was conducted for 15 hours. Subsequently, the 
vial was left stand at room temperature for 30 minutes to be 
cooled. After the cooling, the lid of the vial was removed and 
the resulting extraction Solution was evaluated for its odor 
by five monitors according to the following criteria. 

0219 Rating: Criterion 

0220 A: No smell. 
0221 B: Slight smell. 

0222 C: Smell 

Example 1 

0223 Preparation and Evaluation of EVOH Resin Com 
position (F) 
0224. As a saponification reactor, a bubble cap tower 
having a diameter of 0.85 m and twenty plates was 
employed. From the top of the bubble cap tower, a solution 
of an ethylene-Vinyl alcohol copolymer (hereinafter referred 
to as EVAc) having an ethylene content of 51 mol % in 
methanol (EVAc concentration: 45% by weight) and a 
hydrous Solution of Sodium hydrogen in methanol (Sodium 
hydroxide concentration: 15% by weight, water content: 
5.8% by weight) were fed at rates of 1.3 t/hr and 50 kg/hr, 
respectively. The water content based on EVAc was about 
5000 ppm. Moreover, methanol vapor at 115 C. was blown 
into the tower from the tower bottom at a rate of 1.1 t/hr and 
methyl acetate formed as a by-product was distilled off from 
the tower top together with part of the methanol. At this 
time, the temperature and preSSure in the tower were 110 to 
115° C. and 5.5 kg/cm (about 0.54MPa), respectively, and 
the residence time of the raw materials in the tower was 
about 30 minutes. In this way, solution of an EVOH having 
a degree of Saponification of 96.0 mol % in methanol was 
obtained from the tower bottom. 

0225 Water-methanol mixed vapor was further blown to 
this Solution and water-methanol mixed vapor was distilled 
off. Thus, an EVOH solution (EVOH cencentration: 36% by 
weight) in methanol-water mixed solvent (methanol/water= 
9/1, weight ratio) was obtained. This solution was dis 
charged into a coagulation bath of methanol-water mixed 
solvent (methanol/water=10/90, weight ratio) at 5 C. 
through a die having a hole of 2 mm in diameter, thereby 
being solidified in strand form. This strand was cut with a 
cutter to yield pellets having a length of 2.5 to 3.5 mm. 

0226. An operation composed of charging 2.4 kg of the 
thus obtained hydrous pellets and 24 L of ion exchange 
water in a plastic container having a height of 400 mm and 
an opening diameter of 370 mm, washing at 25 C. for two 
hours while Stirring, and then dewatering was repeated 
twice. Then, an operation composed of adding 24 L of a 1 
g/L acqueous acetic acid Solution to 2.4 kg of the hydrous 
pellets, washing at 25 C. for two hours while stirring and 
then dewatering was repeated twice. Moreover, an operation 
composed of adding 24L of ion exchange water to 2.4 kg of 
the hydrous pellets, washing at 25 C. for two hours while 
Stirring and then dewatering was repeated Six times. The 
wash obtained after the Sixth washing was measured for its 
conductivity using a CM-30ET manufactured by DKK-TOA 
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Corporation. As a result, the wash had a conductivity of 3 
tuS/cm. The water content of the resulting EVOH pellets was 
60% by weight. 
0227 Next, 12 L of ion exchange water was charged into 
a plastic container having a height of 400 mm and an 
opening diameter of 370 mm. A Silicone tube (inner diam 
eter: 7 mm; outer diameter: 10 mm) was inserted into the ion 
eXchange water contained in the container and carbon diox 
ide gas was blown thereinto for 0.5 hour by bubbling at a 
rate of 1 L/min. The carbon dioxide gas was fed by use of 
a carbon dioxide gas cylinder (30 kg of liquefied carbon 
dioxide gas manufactured by Nippon Tansan Co., Ltd.) and 
a flow meter (Model RK-1600R manufactured by Kojima 
Instruments Inc.). In the water into which carbon dioxide gas 
had been blown, 3.24 g of potassium hydrogencarbonate and 
1.32 g of potassium dihydrogenphosphate were dissolved 
and blowing of carbon dioxide gas was continued for 
another one hour at a rate of 1 L/min. The treatment Solution 
had a potassium hydrogencarbonate content of 0.27 g/L and 
a potassium dihydrogenphosphate content of 0.11 g/L. The 
pH of the treatment solution after a 1-hour blowing of 
carbon dioxide gas was measured using a pH meter (MA235 
manufactured by METTLER). The treatment solution had a 
pH of 5.3. 
0228. While the blowing of carbon dioxide gas at a 
blowing rate of 1 L/min was continued, 1.4 kg of the 
water-containing pellets were charged into the treatment 
Solution and were Subjected to immersion and stirring at 25 
C. for four hours. During the period ranging from the 
beginning of the treatment to the end of the treatment, the pH 
of the treatment Solution was measured at every one-hour 
interval. The pH of the treatment solution was kept at 5.3 at 
all measurements with no fluctuations. The carbon dioxide 
gas concentration in the treatment Solution was analyzed to 
be 20 mmol/L. After a 4-hour immersion and stirring in the 
treatment Solution, the resulting pellets were dewatered 
immediately and then were subjected to hot-air drying at 80 
C. for 3 hours, then at 105 C. for 16 hours, yielding pellets 
of EVOH resin composition (F). 
0229. The alkali metal salt (A) contained in the resulting 
pellets of dry EVOH resin composition (F) was a potassium 
Salt and the content of the alkali metal Salt was 4.92 umol/g 
in terms of metal element. Regarding alkaline earth metal 
Salt (E), neither a magnesium Salt nor calcium Salt was 
detected and the content of alkaline earth metal Salt (E) was 
0 umol/g in terms of metal elements. The content of car 
boxylic acid or its Salt (C) was 0 umol/g in terms of acetate 
radical. The content of the phosphoric acid compound (D) 
was 0.80 umol/g in terms of phosphate radical. The MFR of 
the pellets of the dry EVOH resin composition (F) was 5.8 
g/10 min (at 190° C. under a load of 2160 g). 
0230. Using the above-mentioned pellets of the dry 
EVOH resin composition (F), a single-layer film was pre 
pared and then test of yellowing resistance and long-run 
workability were conducted in the procedures described 
previously. The yellowing resistance in the film formation at 
220 C. of this example was evaluated as being A. The 
yellowing resistance in the film formation at 250 C. was 
evaluated as being A. The 48-hour long-run workability and 
60-hour long-run workability were evaluated as being A and 
B, respectively. 
0231. Using the above-mentioned pellets of the dry 
EVOH resin composition (F), a high-temperature yellowing 
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property test was conducted in the procedure described 
previously, resulting in an A rating. Moreover, using the 
above-mentioned pellets of the dry EVOH resin composition 
(F), an odor test was conducted in the procedure described 
previously. None of the five monitors perceived a smell and 
therefore an A rating was provided. 

0232 Furthermore, using the above-mentioned pellets of 
the dry EVOH resin composition (F), an adhesive strength 
test was conducted in the procedure described previously. 
The adhesive strength immediately after the film formation 
was 600 g/15 mm and that after a lapse of one week since 
the film formation was 900 g/15 mm. In both measurements, 
favorable adhesive Strengths were obtained. 

Comparative Example 1 

0233 Water-containing pellets after washing which were 
obtained in the Same manner as Example 1 were immersed 
and Stirred in 12 L of an aqueous Solution containing 0.20 
g/L of acetic acid and 0.07 g/L of potassium hydrogenphos 
phate at 25 C. for four hours. Thereafter the pellets were 
dewatered and then were subjected to hot-air drying at 80 
C. for three hours and successively at 105 C. for 16 hours, 
yielding dry EVOH resin composition pellets. 

0234. The alkali metal salt (A) contained in the resulting 
dry EVOH resin composition pellets was potassium and the 
content of the alkali metal salt (A) was 0.57 umol/g in terms 
of metal element. Regarding alkaline earth metal Salt (E), 
neither a magnesium Salt nor calcium Salt was detected and 
the content of alkaline earth metal Salt (E) was 0 umol/g in 
terms of alkaline earth metal elements. The content of 
carboxylic acid or its Salt (C) was 3.2 umol/g in terms of 
acetate radical. The content of the phosphoric acid com 
pound (D) was 0.40 umol/g in terms of phosphate radical. 
The MFR of the dry EVOH resin composition pellets was 
5.8 g/10 min (at 190° C. under a load of 2160 g). 

0235 Using the above-mentioned dry EVOH resin com 
position pellets, a single-layer film was prepared and then 
test of yellowing resistance and long-run workability were 
conducted in the procedures described previously. The yel 
lowing resistance in the film formation at 220 C. of this 
comparative example was evaluated as being B. The yel 
lowing resistance in the film formation at 250 C. was 
evaluated as being B. The 48-hour long-run workability and 
60-hour long-run workability were evaluated as being A and 
B, respectively. 

0236. Using the above-mentioned dry EVOH resin com 
position pellets, a high-temperature yellowing property test 
was conducted in the procedure described previously, result 
ing in a B rating. Moreover, using the above-mentioned dry 
EVOH resin composition pellets, an odor test was conducted 
in the procedure described previously. All the five monitors 
perceived a Smell and therefore a C rating was provided. 

0237 Furthermore, using the above-mentioned dry 
EVOH resin composition pellets, an adhesive strength test 
was conducted in the procedure described previously. The 
adhesive Strength immediately after the film formation was 
230 g/15 mm and that after a lapse of one week since the film 
formation was 650 g/15 mm. 
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Example 2 
0238 Preparation and Evaluation of Resin Composition 
0239) 0.50 kg of pellets of the above-mentioned EVOH 
resin composition (F) obtained in Example 1 and 2.00 kg of 
an EVOH (degree of saponification: 99.9%) containing 3.4 
tumol/g, in terms of potassium element in weight, of a 
potassium Salt and 1.1 umol/g, in terms of phosphate radical, 
of a phosphorus compound and having an ethylene content 
of 32 mol % were dry blended, and then melt kneaded and 
pelletized by means of a twin screw extruder (manufactured 
by Toyo Seiki Seisaku-Sho., Ltd.), thereby yielding a resin 
composition. Melt molding conditions are shown below. 
Specifications of the twin Screw extruder (manufactured by 
Toyo Seiki Seisaku-Sho., Ltd.) 

0240 Type: twin screw extruder 
024.1 L/D: 25 
0242 Aperture: 26 mm) 
0243 Screw: co-rotational, completely engaging 
type 

0244) Die hole number: 2 holes (3 mm) 
0245) Kneading Conditions 

0246 Rotation speed: 150 rpm 
0247 Extrusion temperature: 
0248 C1/C2/C3/C4/C5/Die=180/200/220/220/ 
220/220° C. 

0249 Discharge rate: 2.3 kg/hr 
0250) Using the above-mentioned resin composition pel 
lets obtained by melt kneading, a single-layer film was 
prepared and then test of yellowing resistance and long-run 
workability were conducted in the procedures described 
previously. The yellowing resistance in the film formation at 
220 C. of this example was evaluated as being A. The 
yellowing resistance in the film formation at 250 C. was 
evaluated as being A. The 48-hour long-run workability and 
60-hour long-run workability were evaluated as being A and 
B, respectively. 
0251. Using the above-mentioned resin composition pel 
lets obtained by melt kneading, a high-temperature yellow 
ing property test was conducted in the procedure described 
previously, resulting in an A rating. Moreover, using the 
above-mentioned resin composition pellets, an odor test was 
conducted in the procedure described previously. None of 
the five monitors perceived a Smell and therefore an A rating 
was provided. 
0252) Furthermore, using the above-mentioned resin 
composition pellets obtained by melt kneading, an adhesive 
Strength test was conducted in the procedure described 
previously. The adhesive strength immediately after the film 
formation was 623 g/15 mm and that after a lapse of one 
week since the film formation was 751 g/15 mm. In both 
measurements, favorable adhesive Strengths were obtained. 

Comparative Example 2 
0253) In a manner similar to Example 2, 0.50 kg of pellets 
of the dry EVOH resin composition obtained in Compara 
tive Example 1 and 2.00 kg of an EVOH (degree of 
saponification: 99.9%) containing 3.4 umol/g, in terms of 
potassium element in weight, of a potassium Salt and 1.1 
tumol/g, in terms of phosphate radical, of a phosphorus 
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compound and having an ethylene content of 32 mol% were 
dry blended, and then melt kneaded and pelletized. 

0254 Using the above-mentioned resin composition pel 
lets obtained by melt kneading, a single-layer film was 
prepared and then test of yellowing resistance and long-run 
workability were conducted in the procedures described 
previously. The yellowing resistance in the film formation at 
220 C. of this comparative example was evaluated as being 
A. The yellowing resistance in the film formation at 250 C. 
was evaluated as being B. The 48-hour long-run workability 
and 60-hour long-run workability were evaluated as being A 
and B, respectively. 

0255 Using the above-mentioned resin composition pel 
lets obtained by melt kneading, a high-temperature yellow 
ing property test was conducted in the procedure described 
previously, resulting in an A rating. Moreover, using the 
above-mentioned resin composition pellets, an odor test was 
conducted in the procedure described previously. Three of 
the five monitors perceived a Smell and therefore a B rating 
was provided. 

0256 Furthermore, using the above-mentioned resin 
composition pellets obtained by melt kneading, an adhesive 
Strength test was conducted in the procedure described 
previously. The adhesive strength immediately after the film 
formation was 560 g/15 mm and that after a lapse of one 
week since the film formation was 716 g/15 mm. 

Example 3 

0257 Using a constitution including the pellets obtained 
in Example 2 as a resin composition layer, a linear low 
density polyethylene (LLDPE) resin (“ULTZEX 3520L” 
manufactured by Mitsui Chemicals, Inc.) as both outermost 
layers and “ADMER SF600” manufactured by Mitsui 
Chemicals, Inc. as an adhesive (AD) layer, a three-kind 
five-layer film for thermoforming (LLDPE/AD/resin com 
position/AD/LLDPE=40u/5u/2014/5u/401) having a total 
thickness of 110 um was obtained by means of a co-extruder 
having a T-die. 

0258 Coextrusion molding conditions are as follows. 

0259 Extruder: 
0260 for resin composition: 20p extruder for labo 
ratory use ME CO-EXT (manufactured by Toyo 
Seiki Seisaku-Sho. Ltd.) 

0261) for AD: 254 extruder P25-18AC (manufac 
tured by Osaka Seiki) 

0262 for LLDPE: 32d extruder GF-32-A (manufac 
tured by Research Laboratory of Plastics Technology 
Co., Ltd.) 

0263. Extrusion temperature of resin composition: 

0264 C1/C2/C3/die=175/210/220/220° C. 
0265 Extrusion temperature of AD: 

0266 C1/C2/C3/die=100/160/220/220° C. 
0267 LLDPE extrusion temperature: 

0268 C1/C2/C3/die-150/200/210/220° C. 
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0269 T die: 300 mm wide coat hunger die (manu 
factured by Research Laboratory of Plastics Tech 
nology Co., Ltd.) 

0270. A thermoformed container was obtained by ther 
moforming the multilayer film obtained above using a 
thermoforming machine (R530 manufactured by Multivac 
Inc.). The multilayer film was heated at a mold temperature 
of 100° C. for two seconds and then was molded into the 
shape of a mold (a rectangular prism shape 130 mm long, 
110 mm wide and 60 cm deep) by using compressed air 
(pressure: 5 kgf/cm) to afford a thermoformed container. 
The appearance of the resulting thermoformed container was 
Visually observed. As a result, uniform drawing was 
achieved without causing unevenneSS or local variation in 
thickness and the container had a good appearance. 

Example 4 
0271 Using a constitution including the pellets obtained 
in Example 2 as a resin composition layer, a linear low 
density polyethylene (LLDPE) resin (“MIRASON 102” 
manufactured by Mitsui Chemicals, Inc.) as both outermost 
layers and “Bondine TX8030” manufactured by Sumitomo 
Chemical Co., Ltd. as an adhesive (AD) layer, a five-layer 
coextrusion direct blow molded container was produced. 
Molding conditions are as follows. 

0272 Molding machine: Four-kind seven-layer 
direct blow molding machine manufactured by 
Suzuki Tekkosho Co. 

0273 Resin composition extrusion temperature: 
210° C. 

0274 Low-density polyethylene extrusion tempera 
ture: 195 C. 

0275 
0276) 
0277 
0278 Layer constitution: LLDPE/AD/resin compo 
sition/AD/LLDPE=340/20/40/20/340 (um) 

Adhesive resin extrusion temperature: 195 C. 
Mold temperature: 15° C. 
Bottle capacity: 1000 ml 

0279 The above-obtained blow molded container was 
Visually observed. As a result, it was free from interlayer 
delamination, haze, Streaks, air bubbles and gel-like matters 
and had a good appearance. 

Example 5 
0280 Using the resin composition pellets obtained in 
Example 2 and a polyethyleneterephthalate (PET) manufac 
tured by VORIDIAN “PET 9921W, coinjection molding 
was carried out continuously for 24 hours by means of a 
coinjection molding machine (model SL160, four-cavity) 
manufactured by KORTEC/HUSKY. Thus, two-kind three 
layer PET/resin composition/PET bottomed parisons were 
molded. In the molding, the temperature of the injection 
machine for PET was set at 280 C. The temperature of the 
injection machine for the resin composition was set at 210 
C. The temperature of the hot runner block where PET and 
the resin composition met together was set at 270° C. The 
core temperature of the injection mold was set at 10 C. The 
cavity temperature of the injection mold was set at 10 C. 
The injection rate and the injection amount were adjusted So 
that the thickness ratio of the PES layers to the resin 
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composition layer in a container became 95/5. The resulting 
parison was visually observed and neither yellowing nor 
Streaks were recognized. 
0281. Then, using a stretch blow molding machine 
(model LB01, one 530-mL cavity) manufactured by CRUPP 
CORPOPLAST MASCHINENBAU, a bottomed parison 
obtained just after the 24-hour continuous molding was 
heated to a surface temperature of 105 C. and then was 
stretch blow molded. Thus, a two-kind three-layer coinjec 
tion stretch blow molded container was obtained. The thick 
ness constitution of the container was (inside) PET/resin 
composition/PET (outside)=140/25/180 (um). The above 
obtained container was visually observed. As a result, it was 
free from interlayer delamination, haze or hard Spots. More 
over, neither yellowing nor Streaks were recognized. 

1. An ethylene-Vinyl alcohol copolymer resin composition 
(F) which has a content of an alkali metal Salt (A), in terms 
of the alkali metal, of 0.1 to 20 limol/g and a content of a 
carboxyl acid or its Salt (C), in terms of carboxylate radical, 
of 2 umol/g or leSS and which has an ethylene content of 5 
to 60 mol % and a saponification degree of from 80 to 99 
mol %. 

2. The ethylene-Vinyl alcohol copolymer resin composi 
tion (F) according to claim 1, wherein the ethylene content 
is 47 to 60 mol %. 

3. The ethylene-Vinyl alcohol copolymer resin composi 
tion (F) according to claim 1, wherein the alkali metal Salt 
(A) is a potassium salt. 

4. The ethylene-Vinyl alcohol copolymer resin composi 
tion (F) according to claim 1, wherein the composition (F) 
has a content of an alkaline earth metal Salt (E), in terms of 
the alkaline earth metal, of 0.25 umol/g or leSS. 

5. A molded article comprising the ethylene-Vinyl alcohol 
copolymer resin composition (F) according to claim 1. 

6. A film comprising the ethylene-Vinyl alcohol copoly 
mer resin composition (F) according to claim 1. 
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7. Ablow molded container comprising the ethylene-vinyl 
alcohol copolymer resin composition (F) according to claim 
1. 

8. A thermoformed container comprising the ethylene 
vinyl alcohol copolymer resin composition (F) according to 
claim 1. 

9. A multilayer Structure which contains at least one layer 
comprising the ethylene-Vinyl alcohol copolymer resin com 
position (F) according to claim 1. 

10. A resin composition comprising: 1 to 99% by weight 
of an ethylene-Vinyl alcohol copolymer resin composition 
(F) having a content of an alkali metal Salt (A), in terms of 
the alkali metal, of 0.1 to 20 limol/g and a content of a 
carboxyl acid or its Salt (C), in terms of carboxylate radical, 
of 2 umol/g or leSS and also having an ethylene content of 
5 to 60 mol % and a saponification degree of from 80 to 99 
mol %, and 1 to 99% by weight of another thermoplastic 
resin (G). 

11. The resin composition according to claim 10, wherein 
the thermoplastic resin (G) is an ethylene-Vinyl alcohol 
copolymer having an ethylene content of 5 to 60 mol % and 
a degree of Saponification of 99.2 to 100 mol%. 

12. A molded article comprising the resin composition 
according to claim 10. 

13. A film comprising the resin composition according to 
claim 10. 

14. A blow molded container comprising the resin com 
position according to claim 10. 

15. A thermoformed container comprising the resin com 
position according to claim 10. 

16. A multilayer Structure which contains at least one 
layer comprising the resin composition according to claim 
10. 

17-30. (canceled) 


