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DESCRIPTION 

 

RESIN COMPOSITION, METHOD FOR PRODUCTION THEREOF AND MULTILAYERED 

STRUCTURE 

 

[TECHNICAL FIELD] 

 [0001] 

 The present invention relates to a resin compositi on, a method 

for production thereof and a multilayered structure  including a layer 

obtained from the resin composition.   

[BACKGROUND ART] 

 [0002] 

 Ethylene-vinyl alcohol copolymers (hereinafter, ma y be also 

referred to as “EVOH”) are superior in oxygen barri er properties, 

transparency, oil resistance, antistatic properties , mechanical 

strength and the like, and thus have been widely us ed as various types 

of wrapping materials such as films, sheets, contai ners, etc.   

 [0003] 

 These materials such as films are usually formed b y a melt molding 

method.  Therefore, EVOH is expected to have superi or appearance 

characteristics in melt molding (being enabling mol ded products having 

superior appearances without generation of gels and  seeds (dirt under 

paint), occurrence of coloring such as yellowing, a nd the like to be 

obtained), long-run workability (a property capable  of obtaining a molded 

product  without generation of fish eyes, streaks, etc., due to no change 

of physical properties such as viscosity, etc., if molded for a long 

period of time), and the like.  In addition, films,  sheets and the like 

are often formed with a multilayered structure havi ng an EVOH layer for 

the purpose of improving oxygen barrier properties and the like.  When 

such a multilayered structure is to be obtained, a metal salt is often 

contained in an EVOH composition in order to improv e adhesiveness between 

layers.  However, it is known that when a metal sal t is contained in an 

EVOH composition, coloring such as yellowing is mor e likely to be caused, 

and thus appearance characteristics are deteriorate d.  Particularly in 

an intended usage of sheet molding and the like, an  edge part (trim) 

of a sheet after a molded product was obtained is r ecovered and reused, 

and there is a disadvantage that deterioration of t he EVOH proceeds every 

time reuse is repeated, and defects such as gels an d seeds increase 

whereby an appearance of a molded product is deteri orated.   
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 [0004] 

 Under such circumstances, so as to improve these v arious 

characteristics demanded for EVOH, particularly, ap pearance 

characteristics, various types of methods in which acids such as 

carboxylic acid and phosphoric acid, and metal salt s such as alkali metal 

salts and alkaline earth metal salts are contained in an appropriate 

content in an EVOH composition have been proposed ( see Japanese 

Unexamined Patent Application, Publication Nos. S64 -66262 and 

2001-146539).  The EVOH compositions obtained by th ese methods 

reportedly enable the appearance characteristic and  a long-run 

workability to be improved, and a molded article ha ving a superior 

appearance without gels, seeds or the like to be ob tained.   

 [0005] 

 However, even these compositions cannot sufficient ly prevent 

occurrence of coloring such as yellowing in melt mo lding.  Particularly, 

when a multilayered structure is molded by co-extru sion with an EVOH 

and other thermoplastic resin, melt molding may be carried out at a 

comparatively high temperature over 200ºC in accord ance with a melting 

temperature of the other resin.  In the case in whi ch melt molding is 

carried out at such a comparatively high temperatur e, conventional EVOH 

compositions have been disadvantageous in that yell owing, etc. is likely 

to occur.  Furthermore, in co-extrusion of an EVOH with a thermoplastic 

resin such as nylon or polyester, molding thereof r equires a high 

temperature, so that an EVOH is also exposed to a h igher temperature 

such as e.g., no lower than 260ºC.  Therefore, an E VOH has been required 

which can prevent yellowing from occurring under su ch high temperatures.   

[PRIOR ART DOCUMENTS] 

[PATENT DOCUMENTS] 

 [0006] 

 Patent Document 1: Japanese Unexamined Patent Appl ication, 

Publication No. S64-66262 

 Patent Document 2: Japanese Unexamined Patent Appl ication, 

Publication No. 2001-146539 

[SUMMARY OF THE INVENTION] 

[PROBLEMS TO BE SOLVED BY THE INVENTION] 

 [0007] 

 The present invention was made in view of the circ umstances 

described above, and an object of the present inven tion is to provide 

an EVOH-containing resin composition having superio r appearance 

characteristics and long-run workability in melt mo lding and being 
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capable of inhibiting occurrence of yellowing, etc. , in melt molding, 

particularly in melt molding even at a high tempera ture of, for example, 

no lower than 260ºC, and to provide a multilayered structure molded from 

the composition.  A further object of the present i nvention is to provide 

a method for producing the EVOH-containing resin co mposition.   

[MEANS FOR SOLVING THE PROBLEMS] 

 [0008] 

 One aspect of the present invention made to solve the foregoing 

problems provides a resin composition containing: 

 (A) an ethylene-vinyl alcohol copolymer (hereinaft er, may be also 

referred to as “(A) component”);  

 (B) a carboxylic acid and/or a carboxylate ion (he reinafter, may 

be also referred to as “(B) component”); and  

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

component”),   

wherein  

 the carboxylic acid and/or the carboxylate ion (B)  includes (B2) 

a multivalent carboxylic acid and/or a multivalent carboxylate ion 

(hereinafter, may be also referred to as “(B2) comp onent”), and  

 the molar ratio (B2/C) of the multivalent carboxyl ic acid and the 

multivalent carboxylate ion (B2) to the metal ion ( C) is 0.002 or greater 

and 2 or less.   

 [0009] 

 Since the resin composition of the present inventi on contains a 

multivalent carboxylic acid and/or a multivalent ca rboxylate ion as the 

component (B2) and a metal ion as the component (C) , a multilayered 

structure superior in interlayer adhesiveness can b e obtained, and 

further generation of gels, seeds or the like in me lt molding can be 

inhibited, thereby resulting in an achievement of s uperior appearance 

characteristics and the long-run workability.  Part icularly, it is 

considered that since the proportion of the metal i on as the component 

(C), and the multivalent carboxylic acid and multiv alent carboxylate 

ion as the component (B2) contained falls within th e above-described 

range in the resin composition, the multivalent car boxylic acid and the 

like are stably coordinated with the metal ion that  is reportedly a cause 

of yellowing, etc., thereby enabling an incorporati on of the metal ion.  

According to the resin composition, the multivalent  carboxylic acid and 

the like are stably present in a state of coordinat ion with the metal 

ion as described above, so that a catalytic functio n that the metal ion 

has for reactions such as yellowing of the EVOH can  be inhibited.  As 
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a result, coloring such as yellowing can be inhibit ed in melt molding 

not only at a usually employed temperature, for exa mple, no lower than 

200ºC, but also at a higher temperature, for exampl e, no lower than 260ºC.   

 [0010] 

 The content of the component (B2) is preferably 0. 01 µmol/g or 

greater and 20 µmol/g or less.  According to the resin composition,  due 

to the content of the component (B2) falling within  the range, various 

characteristics such as a high inhibition property against yellowing 

in melt molding at a high temperature are enhanced.    

 [0011] 

 The component (B2) preferably has at least one typ e of functional 

group selected from the set consisting of a hydroxy  group, an amino group 

and a ketone group.  In the case in which the compo nent (B2), i.e., the 

multivalent carboxylic acid and/or the multivalent carboxylate ion has 

such functional groups, stability in a state where the component (B2) 

is coordinated with the metal ion is enhanced, so t hat an inhibition 

property of occurrence of coloring in melt molding of the resin 

composition at a high temperature, and the like can  be enhanced.   

 Of these functional groups, a hydroxy group is fav orable in that, 

for example, coordination strength with the metal i on can be adjusted 

appropriately, and a multilayered structure superio r in interlayer 

adhesiveness is obtained whereas occurrence of colo ring is inhibited.   

 [0012] 

 At least a pair of carboxyl groups in the componen t (B2) are 

preferably linked each other via a linking group ha ving 1 or 2 carbon 

atom(s).  It is considered that the multivalent car boxylic acid and the 

like can be coordinated in a sterically stable mann er with respect to 

one metal ion since at least a pair of carboxyl gro ups in the multivalent 

carboxylic acid and/or the multivalent carboxylate ion in the component 

(B2) is arranged with such an interval in the struc ture of the component 

(B2).  Therefore, according to the resin compositio n, occurrence of 

coloring such as yellowing in melt molding at a hig h temperature can 

be further reduced.  In addition, various character istics such as the 

appearance characteristic, the long-run workability , adhesiveness 

between layers, etc. can be achieved in a well-bala nced manner.  It is 

to be noted that a carboxyl group herein includes a lso a carboxylate 

group in a carboxylate ion.   

 [0013] 

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

Since a multivalent carboxylic acid and/or a multiv alent carboxylate 
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ion having at least three carboxyl groups can be co ordinated with a metal 

ion in a more electrically and sterically stable an d efficient manner, 

various functions such as an inhibitory function of  occurrence of 

coloring in melt molding of the resin composition a t a high temperature 

can be improved.   

 [0014] 

 The content of the component (C) is preferably 2.5  µmol/g or 

greater and 22 µmol/g or less.  According to the resin composition,  due 

to the content of the metal ion as the component (C ) falling within the 

range, the appearance characteristics are improved,  and further the 

interlayer adhesiveness in molding a multilayered s tructure and the like 

can be enhanced.   

 [0015] 

 The component (C) preferably includes (C1) an alka li metal ion 

(hereinafter, may be also referred to as “(C1) comp onent”).  Due to 

including an alkali metal ion in the component (C),  the appearance 

characteristics are improved, and further the long- run workability, the 

interlayer adhesiveness in molding a multilayered s tructure, and the 

like are enhanced.   

 [0016] 

 The content of the component (C1) is preferably 2. 5 µmol/g or 

greater and 22 µmol/g or less.  In the resin composition, when the content 

of the alkali metal ion as the component (C1) falls  within the range, 

the long-run workability and the interlayer adhesiv eness when molded 

into a multilayered structure can be well balanced at a higher level.   

 [0017] 

 The molar ratio (B2/C) of the component (B2) to th e component (C1) 

is preferably 0.002 or greater and 2 or less.  Acco rding to the resin 

composition, due to the molar ratio of the componen t (C1) to the component 

(B2) falling within the range, further higher inhib itory potential 

against coloring at a high temperature can be achie ved whereas a balance 

between the long-run workability and the interlayer  adhesiveness in 

molding a multilayered structure is maintained.   

 [0018] 

 It is preferred that the component (C) also includ es (C2) an 

alkaline earth metal ion (hereinafter, also referre d to as “(C2) 

component”).  When the component (C) in the resin c omposition includes 

an alkaline earth metal ion, the appearance charact eristic is improved, 

and further generation of gels or seeds is inhibite d even when the 

multilayered structure including an EVOH layer is r epeatedly recovered 
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and reused, thereby resulting in inhibition of dete rioration of an 

appearance of a molded product.   

 [0019] 

 The resin composition preferably further contains (D) a phosphate 

compound (hereinafter, may be also referred to as “ (D) component”) and 

the content of the phosphate compound (D) is prefer ably 5 ppm or greater 

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

composition contains a phosphate compound falling w ithin the range, 

thermal stability in melt molding is enhanced, wher eby the appearance 

characteristics, etc. can be further improved.   

 [0020] 

 The resin composition preferably further contains (E) a boron 

compound (hereinafter, may be also referred to as “ (E) component”) and 

the content of the boron compound (E) is preferably  50 ppm or greater 

and 2,000 ppm or less in a value of boron element.  Also when the resin 

composition contains the boron compound falling wit hin the range, thermal 

stability in melt molding is enhanced, thereby enab ling further 

improvement in the appearance characteristics, etc.    

 [0021] 

 The content of (B1) a monocarboxylic acid and a mo nocarboxylate 

ion as the component (B) (hereinafter, may be also referred to as “(B1) 

component”) is preferably less than 2 µmol/g.  When the content of the 

monocarboxylic acid and the monocarboxylate ion as the component (B1) 

falls within the range, the appearance characterist ics is improved, and 

further generation of an odor in molding and/or of a molded product can 

be inhibited.   

 [0022] 

 The component (B) also preferably further includes  the 

monocarboxylic acid and/or the monocarboxylate ion (B1), and the content 

of the monocarboxylic acid and the monocarboxylate ion (B1) is no less 

than 2 µmol/g.  When the content of the monocarboxylic acid  and the 

monocarboxylate ion as the component (B1) falls wit hin the range, 

adjustment of quantities of the component (B) and t he component (C) is 

facilitated in producing the resin composition, the reby enabling a stable 

production.   

 [0023] 

 The resin composition can be suitably used in inte nded usage of 

co-extrusion molding due to having superior appeara nce characteristics 

and the long-run workability and can reduce occurre nce of yellowing, 

etc. particularly in melt molding at high temperatu res.   
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 [0024] 

 According to other aspect of the present invention , a method for 

producing the resin composition includes:  

 a copolymerizing step in which ethylene and a viny l ester are 

copolymerized to obtain an ethylene-vinyl ester cop olymer; and  

 a saponifying step in which the ethylene-vinyl est er copolymer 

is saponified to obtain an ethylene-vinyl alcohol c opolymer, and  

the method further includes  

 a mixing step in which the ethylene-vinyl ester co polymer or the 

ethylene vinyl alcohol copolymer is mixed with (B2’ ) a multivalent 

carboxylic acid and/or a salt thereof (hereinafter,  may be also referred 

to as “(B2’) component”), later than the copolymeri zing step.   

 According to the method for producing the resin co mposition, a 

resin composition with inhibited occurrence of yell owing, etc. in melt 

molding can be obtained by carrying out mixing of t he component (B2’) 

later than the copolymerizing step.   

 [0025] 

 The mixing step is preferably carried out in a sys tem in which 

the concentration of the vinyl ester is no greater than 1,000 ppm.  

According to the method, yellowing in melt molding of the obtained resin 

composition is inhibited, and further favorable col or characteristics 

of the resin composition per se can be attained.   

 [0026] 

 It is preferred that the method for producing the resin composition 

of the present invention further includes  

 an pelletizing step in which a water-containing pe llet of an 

ethylene-vinyl alcohol copolymer is obtained by an pelletizing operation 

from a solution including the ethylene-vinyl alcoho l copolymer obtained 

in the saponifying step, and  

 a drying step in which the water-containing pellet  is dried to 

obtain a resin composition including an ethylene-vi nyl alcohol 

copolymer,   

wherein the mixing step is carried out later than t he pelletizing step.  

Also according to the method, a resin composition a ccompanied by reduced 

yellowing in melt molding can be obtained effective ly.   

 It is preferred that the mixing step is carried ou t between the 

pelletizing step and the drying step by immersing t he water-containing 

pellet in a solution containing the component (B2’) .  According to the 

method, the component (B2’) can be efficiently mixe d in the resin 
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composition, whereby a resin composition accompanie d by inhibited 

yellowing in melt molding can be effectively produc ed.   

 [0027] 

 It is also preferred that the mixing step is carri ed out in the 

pelletizing step.  According to the method, yellowi ng in melt molding 

of the obtained resin composition is reduced, and f urther favorable color 

characteristics of the resin composition per se can  be attained.   

 [0028] 

 The mixing step is preferably carried out in the s aponifying step.  

According to the method, yellowing is reduced in me lt molding when the 

resin composition of the present invention is obtai ned, and further 

favorable color characteristics of the resin compos ition per se can be 

attained.   

 [0029] 

 In another aspect of the present invention, a mult ilayered 

structure is provided with at least one layer obtai ned from the 

aforementioned resin composition.  The multilayered  structure of the 

present invention has a superior appearance with in hibited occurrence 

of coloring such as yellowing, gels, seeds, and the  like since the 

multilayered structure of the present invention is provided with a layer 

obtained from the resin composition superior in the  appearance 

characteristics and the long-run workability as des cribed above.   

[EFFECTS OF THE INVENTION] 

 [0030] 

 As described above, the resin composition of the p resent invention 

has superior appearance characteristics and the lon g-run workability 

in melt molding, and enables occurrence of yellowin g etc., in melt molding 

to be inhibited particularly, even in melt molding at high temperatures 

of, for example, no less than 260ºC.  In addition, provided that a resin 

composition is produced according to the producing method of the present 

invention, the effects described above can be surel y obtained.  

According to the resin composition of the present i nvention, various 

types of molded articles such as monolayered or mul tilayered films, 

sheets, pipes, containers and fibers superior in th e appearance 

characteristics can be obtained.   

[BRIEF DESCRIPTION OF THE DRAWINGS] 

 [0031] 

 Fig. 1 shows a schematic view illustrating a biaxi al extruder used 

in Example 57.   

[DESCRIPTION OF EMBODIMENTS] 
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 [0032] 

 Hereinafter, preferred modes for carrying out the invention will 

be described in detail in the order of a resin comp osition, a producing 

method and a multilayered structure.   

 (Resin Composition) 

 The resin composition of the present invention con tains (A) an 

ethylene-vinyl alcohol copolymer, (B) a carboxylic acid and/or a 

carboxylate ion and (C) a metal ion, and the compon ent (B) includes (B2) 

a multivalent carboxylic acid and/or a multivalent carboxylate ion.  The 

resin composition may contain (D) a phosphate compo und and (E) a boron 

compound as suitable components, and further may co ntain other optional 

component.  It is to be noted that in the resin com position, the 

carboxylate ion as the component (B) may form a sal t with a counter cation 

such as the metal ion as the component (C), whereas  the metal ion as 

the component (C) may form a salt with a counter an ion such as the 

carboxylate ion as the component (B).  Hereinafter,  each component will 

be explained.   

 [0033] 

 ((A) EVOH) 

 (A) EVOH is a principal component of the resin com position.  The 

EVOH (A) is a copolymer having an ethylene unit and  a vinyl alcohol unit 

as principal structural units.  It is to be noted t hat the EVOH may include 

one type or a plurality of types of other structura l units except for 

the ethylene unit and the vinyl alcohol unit.  The EVOH is typically 

obtained by polymerizing ethylene and a vinyl ester , and saponifying 

the resulting ethylene-vinyl ester copolymer.   

 [0034] 

 The lower limit of the ethylene content in the EVO H (i.e., the 

proportion of the number of ethylene units with res pect to the total 

number of the monomer units in the EVOH) is prefera bly 20 mol %, more 

preferably 22 mol % and further preferably 24 mol % .  On the other hand, 

the upper limit of the ethylene content in the EVOH  is preferably 60 

mol %, more preferably 55 mol % and further prefera bly 50 mol %.  When 

the ethylene content in the EVOH falls within the r ange, sufficient 

appearance characteristics and the long-run workabi lity can be achieved.  

When the ethylene content in the EVOH is smaller th an the lower limit, 

for example, water resistance, hot water resistance  and a gas barrier 

property under a high humidity when molded into a m ultilayered structure 

may be impaired, or melt moldability may be deterio rated.  To the contrary, 

when the ethylene content in the EVOH exceeds the u pper limit, the gas 
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barrier property when molded into a multilayered st ructure may be 

impaired.   

 [0035] 

 The lower limit of a degree of saponification of t he EVOH (i.e., 

a proportion of the number of vinyl alcohol units w ith respect to the 

total number of vinyl alcohol units and vinyl ester  units in the EVOH) 

is preferably 80 mol %, more preferably 95 mol % an d further preferably 

99 mol %.  On the other hand, the upper limit of th e degree of 

saponification of the EVOH is preferably 100 mol % and more preferably 

99.99 mol %.  When the degree of saponification of the EVOH is less than 

the lower limit, the gas barrier property when mold ed into a multilayered 

structure may be impaired and coloring resistance m ay be unsatisfactory.   

 [0036] 

 The lower limit of the melt flow rate of the EVOH (in accordance 

with JIS-K7210, a measured value at a temperature o f 210ºC, under a load 

of 2160 g) is preferably 0.1 g/10 min, more prefera bly 0.5 g/10 min, 

further preferably 1 g/10 min and particularly pref erably 3 g/10 min.  

On the other hand, the upper limit of the melt flow  rate in the EVOH 

is preferably 200 g/10 min, more preferably 50 g/10  min, further 

preferably 30 g/10 min, particularly preferably 15 g/10 min and further 

particularly preferably 10 g/10 min.  When the melt  flow rate of the EVOH 

falls within the range, the melt moldability of the  obtained resin 

composition is enhanced, thereby enabling an achiev ement more superior 

appearance characteristics and long-run workability .   

 [0037] 

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

 The carboxylic acid and/or the carboxylate ion con tained in the 

resin composition is exemplified by (B1) a monocarb oxylic acid and/or 

a monocarboxylate ion, and (B2) a multivalent carbo xylic acid and/or 

a multivalent carboxylate ion.  The resin compositi on includes the 

multivalent carboxylic acid and/or the multivalent carboxylate ion (B2) 

as an essential component.   

 [0038] 

 ((B1) Monocarboxylic Acid and/or Monocarboxylate i on) 

 The monocarboxylic acid is a compound having one c arboxyl group 

in a molecule.  Whereas, the monocarboxylate ion is  obtained by 

eliminating a proton in a carboxyl group of a monoc arboxylic acid.   

 [0039] 

 The content of the monocarboxylic acid and the mon ocarboxylate 

ion (B1) is, in light of reducing an odor, preferab ly less than 2 µmol/g, 
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more preferably less than 1.5 µmol/g, further preferably less than 1.2 

µmol/g and particularly preferably less than 1.0 µmol/g with respect 

to the total of the resin composition.  When the co ntent of the 

monocarboxylic acid falls within the range, the odo r of the resin 

composition per se is reduced, and additionally the  odor that is generated 

in melt molding of the resin composition is reduced , so that the operation 

environment is improved.  In addition, the odor tha t the molded product 

has after melt molding is reduced, so that the mult ilayered structure 

produced using the resin composition can be suitabl y used as a packaging 

material for even contents such as cooked rice and drinking water having 

a commercial value that is likely to be impaired pa rticularly by 

generation of the odor.   

 [0040] 

 In addition, the content of the monocarboxylic aci d and the 

monocarboxylate ion (B1) is preferably no less than  2 µmol/g with respect 

to the total of the resin composition in light of q uality stability, 

etc.  In this case, the content of the component (B 1) is preferably no 

less than 2.5 µmol/g and more preferably no less than 3 µmol/g.  The resin 

composition having the content of the monocarboxyli c acid and the 

monocarboxylate ion falling within the range enable s the quantities of 

the component (B2) and the component (C) to be easi ly adjusted in 

producing the resin composition and products having  stable quality to 

be easily obtained.   

 [0041] 

 The monocarboxylic acid is not particularly limite d, and examples 

thereof include formic acid, acetic acid, propionic  acid, lactic acid, 

caproic acid, capric acid, acrylic acid, methacryli c acid, benzoic acid, 

2-naphthoic acid, and the like.  These monocarboxyl ic acids may have a 

hydroxyl group or a halogen atom.  In addition, the  monocarboxylate ion 

is exemplified by an ion obtained by eliminating a proton in a carboxyl 

group in each of the monocarboxylic acids.   

 [0042] 

 The pKa of the monocarboxylic acid (including also  the 

monocarboxylic acid that gives the monocarboxylate ion) is preferably 

no less than 3.5 and more preferably no less than 4  in light of an ability 

of adjusting the pH of the composition and melt mol dability.  Examples 

of the monocarboxylic acid include formic acid (pKa  = 3.68), acetic acid 

(pKa = 4.74), propionic acid (pKa = 4.85), lactic a cid (pKa = 4.80), 

and the like, and acetic acid is preferable in ligh t of easiness in 

handling, etc.   
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 [0043] 

 ((B2) Multivalent Carboxylic Acid and/or Multivale nt Carboxylate 

Ion) 

 The multivalent carboxylic acid contained in the r esin composition 

of the present invention is a compound having at le ast two carboxyl groups 

per molecule.  It is to be noted that polymers are not included in the 

multivalent carboxylic acid.  In addition, the mult ivalent carboxylate 

ion is obtained by eliminating at least one of prot ons in carboxyl groups 

in a multivalent carboxylate acid.  Due to containi ng the component (B2), 

the pH in the composition can be controlled and gen eration of gels and 

seeds in melt molding is reduced, and further occur rence of coloring 

such as yellowing resulting from a metal ion in mel t molding can be 

reduced.   

 [0044] 

 In the resin composition, it is uncertain as to wh y the occurrence 

of coloring such as yellowing can be inhibited due to including the 

multivalent carboxylic acid and/or the multivalent carboxylate ion as 

the component (B2) together with metal ion as the c omponent (C) described 

later; however, it is believed that the inhibition may result from, for 

example, stable coordination of the multivalent car boxylic acid and the 

like with the metal ion that is reportedly a cause of yellowing, etc., 

thereby enabling incorporation of the metal ion.  I t is considered that 

the multivalent carboxylic acid and the like are pr esent stably in the 

state of coordination with the metal ion in such a manner, whereby a 

catalytic function of the metal ion for a reaction such as yellowing 

of the EVOH can be inhibited, and as a result, occu rrence of coloring 

such as yellowing also in melt molding at high temp eratures can be 

inhibited.  It is to be noted that the metal ion an d the multivalent 

carboxylic acid, etc. are bonded by a comparatively  weak interaction, 

so that only a small influence can be made on the i nterlayer adhesiveness 

in forming a multilayered structure; therefore, the  resin composition 

of the present invention can achieve superior inter layer adhesiveness 

also in forming a multilayered structure.   

 [0045] 

 The lower limit of the molar ratio (B2/C) of the c ontent of the 

multivalent carboxylic acid and the multivalent car boxylate ion as the 

component (B2) (content in a dry resin composition)  to the content of 

the component (C) is defined as 0.002, preferably 0 .005, more preferably 

0.01, further preferably 0.1 and particularly prefe rably 0.2.  On the 
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other hand, the upper limit of the molar ratio is d efined as 2, preferably 

1.4, more preferably 1 and further preferably 0.6.   

 [0046] 

 In the resin composition, when the ratio of conten t of the 

multivalent carboxylic acid and the multivalent car boxylate ion as the 

component (B2) to the content of the metal ion as t he component (C) falls 

within the range, it is believed that the multivale nt carboxylic acid 

can be sufficiently and stably coordinated with the  metal ion, whereby 

coloring can be inhibited.  The molar ratio of less  than the lower limit 

leads to failure in sufficient inhibition of the oc currence of yellowing, 

etc. by an influence of the metal ion, due to the s mall amount of the 

coordinated multivalent carboxylic acid.  To the co ntrary, when the 

molar ratio exceeds the upper limit, gels and seeds  are likely to be 

generated due to the presence of a free multivalent  carboxylic acid that 

cannot be coordinated with the metal ion, whereby t he long-run 

workability and the appearance characteristics are deteriorated, and 

further there is a disadvantage that the coloring i s rather enhanced.   

 [0047] 

 When the resin composition include (C1) an alkali metal ion 

described later in detail that is suitable as the c omponent (C), the 

lower limit of the molar ratio (B2/C1) of the compo nent (B2) to the 

component (C1) is preferably 0.002, more preferably  0.005, still more 

preferably 0.01, further preferably 0.1 and particu larly preferably 0.2.  

On the other hand, the upper limit of the molar rat io is preferably 2, 

more preferably 1.4, more preferably 1 and further preferably 0.6.   

When the molar ratio of the component (B2) to the c omponent (C1) falls 

within the range, a higher inhibitory potential of coloring at high 

temperatures can be attained whereas the balance of  the long-run 

workability and the interlayer adhesiveness in mold ing the multilayered 

structure is maintained.   

 [0048] 

 The lower limit of the specific content of the mul tivalent 

carboxylic acid and the multivalent carboxylate ion  as the component 

(B2) is preferably 0.01 µmol/g, more preferably 0.05 µmol/g, further 

preferably 0.1 µmol/g and particularly preferably 0.5 µmol/g.  On the 

other hand, the upper limit of the content is prefe rably 20 µmol/g, more 

preferably 15 µmol/g, further preferably 10 µmol/g and particularly 

preferably 6 µmol/g.  When the content of the multivalent carboxy lic acid 

and the like as the component (B2) is less than the  lower limit, an 

inhibitory effect of coloring such as yellowing may  be small.  To the 
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contrary when the content exceeds the upper limit, the appearance 

characteristics may be impaired (e.g., gels and see ds are likely to be 

generated) and the long-run workability may be dete riorated (e.g., 

viscosity is increased by heating for a long time o f period).   

 [0049] 

 The multivalent carboxylic acid as the component ( B2) is not 

particularly limited as long as it has at least two  carboxyl groups per 

molecule and examples thereof include  

 aliphatic dicarboxylic acids such as oxalic acid, malonic acid, 

succinic acid, maleic acid, fumaric acid, malic aci d, glutaric acid, 

adipic acid and pimelic acid,  

 aromatic dicarboxylic acids such as phthalic acid,  isophthalic 

acid and terephthalic acid,  

 tricarboxylic acids such as citric acid, isocitric  acid and 

aconitic acid,  

 carboxylic acids having at least four carboxyl gro ups such as 

1,2,3,4-butanetetracarboxylic acid and ethylenediam inetetraacetic 

acid,  

 hydroxycarboxylic acids such as citric acid, isoci tric acid, 

tartaric acid, malic acid, mucic acid, tartronic ac id and citramalic 

acid,  

 ketocarboxylic acids such as oxaloacetic acid, mes oxalic acid, 

2-ketoglutaric acid and 3-ketoglutaric acid, 

 amino acids such as glutamic acid, aspartic acid a nd 2-aminoadipic 

acid, and the like.  It is to be noted that the mul tivalent carboxylate 

ion as the component (B2) is exemplified by anions of these multivalent 

carboxylic acids.   

 [0050] 

 The component (B2) is preferably a multivalent car boxylic acid 

and an anion thereof having at least one functional  group selected from 

the set consisting of a hydroxy group, an amino gro up and a ketone group.  

In the case in which such a functional group is inc luded, stability in 

the state of coordination with the metal ion is enh anced, so that an 

ability of inhibiting occurrence of coloring in mel t molding at a high 

temperature is enhanced.  Of these functional group s, a hydroxy group 

is more preferably included in light of appropriate  adjustment of a 

coordination strength with the metal ion, whereby a  multilayered 

structure superior in interlayer adhesiveness is ob tained while 

inhibiting the occurrence of coloring.   
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 [0051] 

 In the case where the multivalent carboxylic acid and the 

multivalent carboxylate ion as the component (B2) h ave a hydroxy group, 

the hydroxy group is preferably situated at an α-position with respect 

to the carboxyl group.  Such a multivalent carboxyl ic acid and 

multivalent carboxylate ion have a structure in whi ch an elimination 

reaction of a water molecule is easily caused by an  appropriate heating.  

Such a multivalent carboxylic acid and the like are  coordinated in the 

vicinity of the metal ion, whereas a coordinate bin ding force thereof 

can be weakened by an elimination reaction during h eating in melt molding, 

and thus an ability of enhancing the interlayer adh esiveness by the alkali 

metal ion can be sufficiently achieved.  Therefore,  such a multivalent 

carboxylic acid and the like can maintain superior interlayer 

adhesiveness whereas occurrence of coloring resulti ng from the metal 

ion is reduced.  Examples of the multivalent carbox ylic acid and the 

multivalent carboxylate ion include citric acid, is ocitric acid, malic 

acid and the like, and anions thereof.   

 [0052] 

 In addition, the component (B2) is preferably a mu ltivalent 

carboxylic acid in which at least a pair of carboxy l groups are linked 

each other via a linking group having 1 or 2 carbon  atoms and an anion 

thereof.  In such a multivalent carboxylic acid and  multivalent 

carboxylate ion, one or a plurality of carboxyl gro ups can be coordinated 

with one metal ion in a highly sterically stable ma nner; therefore, a 

coordination state is considered to be stable as a complex.  Thus, 

coloring such as yellowing, etc. can be effectively  suppressed, and other 

various functions can be also achieved with a good balance.  It is to 

be noted that the linking group having 1 or 2 carbo n atoms may include 

aliphatic linking groups such as an alkanediyl grou p, an alkanetriyl 

group and an alkenetriyl group, or aromatic linking  groups such as a 

1,2-benzenediyl group.  Examples of such a type of multivalent 

carboxylic acid and multivalent carboxylate ion inc lude citric acid, 

isocitric acid, malic acid, tartaric acid, malonic acid, succinic acid, 

itaconic acid, maleic acid, fumaric acid, tartronic  acid, citramalic 

acid, aconitic acid, aspartic acid, 1,2,3,4-butanet etracarboxylic acid 

and the like, and anions thereof.   

 [0053] 

 Furthermore, the component (B2) is preferably a mu ltivalent 

carboxylic acid having at least three carboxyl grou ps like citric acid, 

isocitric acid, 1,2,3,4-butanetetracarboxylic acid,  ethylene diamine 
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tetraacetic acid and the like, and anions thereof.  It is considered that 

due to using such a multivalent carboxylic acid and  multivalent 

carboxylate ion, a coordination state with the alka li metal ion has 

electrically and sterically superior stability.  As  a result, superior 

coloring reducing function is suggested to be achie ved.   

 [0054] 

 ((C) Metal Ion) 

 The metal ion as the component (C) may involve a s ingle type of 

metal or a plurality of types of metal.  Due to inc luding the metal ion 

in the resin composition of the present invention, interlayer 

adhesiveness can be enhanced in molding a multilaye red structure, and 

as a result, durability of the multilayered structu re can be enhanced.  

Although the reason why the metal ion enhances the interlayer 

adhesiveness is not necessarily clear, it is consid ered that affinity 

between hydroxy groups with one another in the EVOH  is made higher between 

layers by the presence of the metal ions.  In addit ion, in the case in 

which one of adjacent layers has a functional group  capable of reacting 

with a hydroxy group in the EVOH in a molecule, it is also considered 

that the bond generation reaction is accelerated by  the presence of the 

metal ion, etc.  The metal ion as the component (C)  is exemplified by 

the alkali metal ion (C1), the alkaline earth metal  ion (C2), and other 

transition metal ion, and the like.   

 [0055] 

 The lower limit of the content of the metal ion (c ontent in a dry 

resin composition) is preferably 2.5 µmol/g, more preferably 3.5 µmol/g 

and further preferably 4.5 µmol/g.  On the other hand, the upper limit 

of the content is preferably 22 µmol/g, more preferably 16 µmol/g and 

further preferably 10 µmol/g.  When the content of the metal ion is less 

than the lower limit, the interlayer adhesiveness i s decreased, whereby 

durability when molded into a multilayered structur e may be decreased.  

To the contrary, when the content of the metal ions  exceeds the upper 

limit, occurrence of coloring in the resin composit ion is less likely 

to be reduced, whereby the appearance characteristi cs may be 

deteriorated.   

 [0056] 

 The metal ion as the component (C) preferably incl udes the alkali 

metal ion (C1).  Examples of the alkali metal ion i nclude ions such as 

lithium, sodium, potassium, rubidium and cesium, an d the ion of sodium 

or potassium is more preferable in light of industr ial availability.  

When the component (C) includes the alkali metal io n, the long-run 
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workability and interlayer adhesive strength in for ming a multilayered 

structure are enhanced.   

 [0057] 

 The alkali metal salt that gives the alkali metal ion as the 

component (C1) is not particularly limited, and is exemplified by 

aliphatic carboxylate salts, aromatic carboxylate s alts, phosphate 

salts, and metal complexes, and the like, of such a s lithium, sodium 

and potassium.  The alkali metal salt is, specifica lly, exemplified by 

sodium acetate, potassium acetate, sodium phosphate , lithium 

phosphorate, sodium stearate, potassium stearate, s odium salts of 

ethylenediaminetetraacetic acid, and the like.  Of these, sodium acetate, 

potassium acetate and sodium phosphate are particul arly preferable in 

light of availability.   

 [0058] 

 The lower limit of the content of the alkali metal  ion (C1) (content 

in a dry resin composition) is preferably 2.5 µmol/g, more preferably 

3.5 µmol/g and further preferably 4.5 µmol/g.  On the other hand, the 

upper limit of the content is preferably 22 µmol/g, more preferably 16 

µmol/g and further 10 µmol/g.  When the content of the alkali metal ion 

is less than the lower limit, the interlayer adhesi veness is decreased, 

whereby durability when molded into a multilayered structure may be 

decreased.  To the contrary, when the content of th e alkali metal ions 

exceeds the upper limit, occurrence of coloring in the resin composition 

is less likely to be reduced, whereby the appearanc e characteristics 

may be deteriorated.   

 [0059] 

 It is also preferred that the component (C) includ es the alkaline 

earth metal ion (C2).  Examples of the alkaline ear th metal ion (C2) 

include ions of beryllium, magnesium, calcium, stro ntium, barium and 

the like, and ions of magnesium or calcium are more  preferable in light 

of industrial availability.  When the component (C)  includes the 

alkaline earth metal ion (C2), deterioration of the  EVOH in repeated 

reuse of a multilayered structure is inhibited, and  an appearance of 

a molded product is enhanced by a decrease of defec ts such as gels and 

seeds.   

 [0060] 

 ((D) Phosphate Compound) 

 When the phosphate compound as the component (D) i s contained in 

the resin composition of the present invention, the rmal stability of 

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

of the appearance characteristics.   

 [0061] 

 The phosphate compound is not particularly limited  and is 

exemplified by various types of oxo acids of phosph orus such as phosphoric 

acid and phosphorous acid, and salts thereof, and t he like.  The phosphate 

salts may be contained in any forms such as a phosp hate salt, a 

monohydrogen phosphate salt or a dihydrogen phospha te salt, and the type 

of counter cation thereof is not particularly limit ed, which is 

preferably an alkali metal or an alkaline earth met al and more preferably 

an alkali metal.  Specifically, sodium dihydrogen p hosphate, potassium 

dihydrogen phosphate, disodium hydrogen phosphate o r dipotassium 

hydrogen phosphate is preferable in light of a larg e thermal stability 

improving effect.   

 [0062] 

 The lower limit of the content of the phosphate co mpound (content 

in a value of phosphate radical in a dry resin comp osition) is preferably 

5 ppm and further preferably 8 ppm.  On the other h and, the upper limit 

of the content of the phosphate compound is prefera bly 500 ppm, more 

preferably 200 ppm and further preferably 50 ppm.  When the content of 

the phosphate compound is less than the lower limit , the thermal stability 

improving effect may not be sufficiently achieved.  To the contrary, when 

the content of the phosphate compound exceeds the u pper limit, gels and 

seeds may be likely to be generated in a molded pro duct.   

 [0063] 

 ((E) Boron Compound) 

 When the boron compound as the component (E) is co ntained in the 

resin composition of the present invention, thermal  stability of the 

resin composition in melt molding can be enhanced.  As a result, 

generation of gels and seeds is inhibited, thereby enabling improvement 

of the appearance characteristics.  Specifically, w hen the boron 

compound is blended with the resin composition, it is believed that a 

chelate compound is generated between the EVOH and the boron compound, 

and use of such a resin composition enables improve ment of thermal 

stability and a mechanical properties compared with  typical resin 

compositions.   

 [0064] 

 The boron compound is not particularly limited and  is exemplified 

by boric acids, boric acid esters, borate salts, bo ron hydrates, and 

the like.  Specifically, the boric acids are exempl ified by orthoboric 
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acid (H 3BO3), metaboric acid, tetraboric acid and the like; th e boric 

acid esters are exemplified by triethyl borate, tri methyl borate and 

the like; and the borate salts are exemplified by a lkali metal salts, 

alkaline earth metal salts of the foregoing various  types of boric acids, 

borax, and the like.  Of these, orthoboric acid is preferable.   

 [0065] 

 The lower limit of the content of the boron compou nd (content of 

boron compound in a value of boron element in a dry  resin composition) 

is preferably 5 ppm, more preferably 10 ppm and fur ther preferably 50 

ppm.  On the other hand, the upper limit of the con tent of the boron 

compound is preferably 2,000 ppm, more preferably 1 ,000 ppm, further 

preferably 500 ppm and particularly preferably 300 ppm.  When the content 

of the boron compound is less than the lower limit,  an improving effect 

of thermal stability by adding the boron compound m ay not be obtained.  

To the contrary, when the content of the boron comp ound exceeds the upper 

limit, gelation is likely to occur, leading to poor  molding, and the 

appearance characteristics may be deteriorated.   

 [0066] 

 (Other Additives, etc.) 

 To the resin composition of the present invention,  a plasticizer, 

a stabilizer, a surfactant, a pigment, an ultraviol et ray absorbing agent, 

a slip agent, an antistatic agent, a drying agent, a crosslinking agent, 

a filler, a reinforcing agent such as various types  of fibers can be 

also added in appropriate amounts, within the range  not to impair the 

effects of the present invention.   

 [0067] 

 In addition, a thermoplastic resin other than the EVOH can be also 

blended in appropriate amounts, within the range no t to impair the effects 

of the present invention.  As the thermoplastic res in, any of various 

types of polyolefins (polyethylene, polypropylene, poly 1-butene, poly 

4-methyl-1-pentene, an ethylene-propylene copolymer , a copolymer of 

ethylene and α-olefin having 4 or more carbon atoms, a copolymer of 

polyolefin and maleic anhydride, an ethylene-vinyl ester copolymer, an 

ethylene-acrylic acid ester copolymer, or a modifie d polyolefin obtained 

by graft modification of these with an unsaturated carboxylic acid or 

a derivative thereof, and the like), various types of nylons (nylon-6, 

nylon-66, nylon-6/66 copolymers, and the like), pol yvinyl chloride, 

polyvinylidene chloride, polyester, polystyrene, po lyacrylonitrile, 

polyurethane, polyacetal and a modified polyvinyl a lcohol resin, and 

the like may be used.  When the thermoplastic resin  other than the EVOH 
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is blended, the amount is preferably no greater tha n 50% by mass and 

more preferably no greater than 10% by mass.   

 [0068] 

 (Resin Composition) 

 The lower limit of the melt flow rate (a value mea sured at a 

temperature of 210ºC, under a load of 2,160 g) of t he resin composition 

of the present invention is preferably 0.1 g/10 min , further preferably 

0.5 g/10 min, particularly preferably 1 g/10 min an d further particularly 

preferably 3 g/10 min.  On the other hand, the uppe r limit of the melt 

flow rate of the resin composition is preferably 20 0 g/10 min, more 

preferably 50 g/10 min, further preferably 30 g/10 min, particularly 

preferably 15 g/10 min and further particularly pre ferably 10 g/10 min.  

When the value of the melt flow rate of the resin c omposition falls within 

the range, melt moldability is enhanced, whereby mo re superior appearance 

characteristics and the long-run workability can be  achieved.   

 [0069] 

 The resin composition of the present invention is molded into 

various types of molded articles such as films, she ets, containers, pipes 

and fibers by melt molding.  These molded products can be also ground 

and molded again for the purpose of reuse.  In addi tion, a film, a sheet, 

a fiber, and the like can be subjected to monoaxial  orientationor biaxial 

orientation.  As a melt molding process, extrusion molding, inflation 

extrusion, blow molding, melt spinning, injection m olding, and the like 

can be employed.   

 [0070] 

 The melt temperature in melt molding carried out u sing the resin 

composition of the present invention is preferably about 150 to 300ºC.  

Particularly, in the resin composition of the prese nt invention, the 

proportion of the alkali metal ions (C), and the mu ltivalent carboxylic 

acid and multivalent carboxylate ion (B2) is adjust ed as described above, 

so that occurrence of coloring such as yellowing ca n be inhibited not 

only in melt molding at a high temperature of no le ss than 200ºC, but 

also in melt molding at a higher temperature of, fo r example, no less 

than 260ºC.   

 [0071] 

 (Method for Producing a Resin Composition) 

 The resin composition of the present invention can  be effectively 

obtained by a producing method including, for examp le,  

 a copolymerizing step in which ethylene and a viny l ester are 

copolymerized to obtain an ethylene-vinyl ester cop olymer (step 1), and  
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 a saponifying step in which the ethylene-vinyl est er copolymer 

is saponified to obtain an ethylene-vinyl alcohol c opolymer (step 2), 

and further including 

 a mixing step in which the ethylene-vinyl ester co polymer or the 

ethylene vinyl alcohol copolymer is mixed with (B2’ ) a multivalent 

carboxylic acid and/or a salt thereof (step α), later than the 

copolymerizing step.   

 According to the method for producing the resin co mposition, 

mixing the component (B2’) is carried out later tha n the copolymerizing 

step, so that a resin composition in which occurren ce of yellowing, etc. 

in melt molding is inhibited can be obtained.  Here inafter, each step 

will be explained in detail.   

 [0072] 

 (Step 1) 

 The copolymerizing step includes copolymerization of ethylene and 

a vinyl ester, and subsequently a procedure in whic h unreacted ethylene 

and unreacted vinyl ester are removed to obtain an ethylene-vinyl ester 

copolymer solution as needed.  When the component ( B2’) is added in the 

copolymerizing step, the resin composition finally obtained is not 

preferable in that an effect to inhibit coloring su ch as yellowing, i.e., 

an effect predominantly intended by the present inv ention, is hardly 

achieved, or coloring may be rather enhanced.   

 [0073] 

 A  copolymerization process of ethylene with the vinyl  ester is 

not particularly limited, and well-known methods su ch as, for example, 

solution polymerization, suspension polymerization,  emulsion 

polymerization and bulk polymerization may be emplo yed.  Also, any of 

a continuous system and a batchwise system may be e mployed.   

 [0074] 

 Examples of the vinyl ester used in polymerization  include vinyl 

formate, vinyl acetate, vinyl propionate, vinyl val erate, vinyl caprate, 

vinyl laurate, vinyl stearate, vinyl benzoate, viny l pivalate and vinyl 

versatate, and vinyl acetate is suitably used in li ght of industrial 

availability and/or use of the same.   

 [0075] 

 In the polymerization described above, in addition  to the 

aforementioned components, a copolymerizable monome r as a 

copolymerization component, for example, alkene; an  unsaturated acid 

such as acrylic acid, methacrylic acid, crotonic ac id, maleic acid or 

itaconic acid, or an anhydride, a salt, a mono- or dialkyl ester thereof, 
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or the like; nitrile such as acrylonitrile or metha crylonitrile; amide 

such as acrylamide or methacrylamide; olefin sulfon ic acid such as 

vinylsulfonic acid, allylsulfonic acid or metaallyl sulfonic acid, or 

a salt thereof; an alkylvinyl ether, vinyl ketone, N-vinylpyrrolidone, 

vinyl chloride, vinylidene chloride or the like may  be also copolymerized 

in a small amount.   

 [0076] 

 In addition, a vinylsilane compound may be include d in an amount 

of 0.0002 mol% or greater and 0.2 mol% or less as a  copolymerization 

component.  Herein, the vinylsilane compound may in clude, for example, 

vinyltrimethoxysilane, vinyltriethoxysilane, 

vinyltri( β-methoxy-ethoxy)silane, 

γ-methacryloyloxypropylmethoxysilane or the like.  O f these, 

vinyltrimethoxysilane, or vinyltriethoxysilane is s uitably used.   

 [0077] 

 The solvent used for polymerization is not particu larly limited 

as long as it is an organic solvent capable of diss olving ethylene, a 

vinyl ester and the ethylene-vinyl ester copolymer.   As such a solvent, 

for example, an alcohol such as methanol, ethanol, propanol, n-butanol 

or tert-butanol; dimethyl sulfoxide or the like may  be used.  Of these, 

methanol is particularly preferable in light of eas e in removal and 

separation after the reaction.   

 [0078] 

 As the catalyst used for polymerization, for examp le, an 

azonitrile-derived initiator such as 2,2-azobisisob utyronitrile, 

2,2-azobis-(2,4-dimethylvaleronitrile), 

2,2-azobis-(4-methoxy-2,4-dimethylvaleronitrile) or  

2,2-azobis-(2-cyclopropylpropionitrile); and organi c peroxide-derived 

initiators such as isobutyryl peroxide, cumyl perox yneodecanoate, 

diisopropyl peroxydicarbonate, di-n-propyl peroxydi carbonate, t-butyl 

peroxyneodecanoate, acetyl peroxide, lauroyl peroxi de, benzoyl peroxide, 

t-butyl hydroperoxide, or the like may be used.   

 [0079] 

 The polymerization temperature is preferably 20 to  90ºC and more 

preferably 40 to 70ºC.  The polymerization time is preferably 2 to 15 

hrs and more preferably 3 to 11 hrs.  The polymeriz ation conversion is 

preferably 10 to 90% and more preferably 30 to 80% with respect to the 

vinyl ester charged.  The content of the resin in t he solution after the 

polymerization is preferably 5 to 85% by mass and m ore preferably 20 

to 70% by mass.   
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 [0080] 

 After the polymerization for a predetermined time of period or 

after reaching a predetermined polymerization conve rsion, a 

polymerization inhibitor is added as needed, and un reacted ethylene gas 

is removed by evaporation, followed by removing an unreacted vinyl ester.  

As a process of removing an unreacted vinyl ester, for example, a process 

including continuously supplying the copolymer solu tion at a constant 

rate through an upper part of a tower filled with R aschig ring, blowing 

therein an organic solvent vapor such as methanol t hrough a lower part 

of the tower, distilling off mixed vapor of the org anic solvent such 

as methanol and unreacted vinyl ester through the t op of the tower, and 

taking out the copolymer solution from which the un reacted vinyl ester 

was removed through the bottom of the tower, or the  like may be employed.   

 [0081] 

 (Step 2) 

 Next, an alkali catalyst is added to the copolymer  solution, and 

the copolymer is saponified.  A saponification proc ess may be either 

continuous system, or a batchwise system.  As the a lkali catalyst, for 

example, sodium hydroxide, potassium hydroxide, alk ali metal alcoholate, 

or the like may be used.   

 [0082] 

 Conditions of saponification may include, for exam ple, in the case 

of batchwise system: the concentration of the copol ymer solution being 

10 to 50% by mass; the reaction temperature being 3 0 to 60ºC; the amount 

of the catalyst used being 0.02 to 0.6 mol per mol of the vinyl ester 

structural unit; and the saponification time being 1 to 6 hrs.  In the 

case of the continuous system, a process in which t he saponification 

reaction is carried out while efficiently removing a carboxylic acid 

methyl ester, and the like generated along with the  saponification 

reaction using a conventionally well-known tower ty pe reactor is 

preferable in that the amount of the alkali catalys t used can be reduced, 

whereas the reaction temperature is preferably 70 t o 150ºC and the amount 

of the catalyst used is preferably 0.001 to 0.2 mol  per mol of vinyl 

ester structural unit in order to carry out the rea ction in the state 

of a homogenous solution.   

 [0083] 

 Since the EVOH yielded after completing the saponi fication 

reaction contains  the alkali catalyst, byproduct salts such as sodium  

acetate and potassium acetate, and other impurities , these are preferably 

removed by neutralizing and washing as needed.  Her e, when the EVOH after  
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completing the saponification reaction is washed wi th water that scarcely 

contains metal ion, chloride ion and the like such as ion exchanged water, 

sodium acetate, potassium acetate and the like may partly remain.   

 [0084] 

 (Step α (1)) 

 Later than the copolymerizing step, as the mixing step, the 

ethylene-vinyl ester copolymer obtained in the copo lymerizing step or 

the ethylene vinyl alcohol copolymer obtained in th e saponifying step 

is mixed with the multivalent carboxylic acid and/o r a salt thereof (B2’).   

 The multivalent carboxylic acid as the component ( B2’) is 

exemplified by the multivalent carboxylic acid exem plified above as the 

component (B2) of the resin composition.  In additi on, a salt of the 

multivalent carboxylic acid as the component (B2’) is exemplified by 

an alkali metal salt, an alkaline earth metal salt and the like of the 

multivalent carboxylic acid.   

 For the mixing, a method such as, for example, (1)  a method of 

adding the component (B2’) beforehand to a solution  containing an 

ethylene-vinyl ester copolymer to be subjected to t he saponifying step, 

(2) a method of adding the component (B2’) during t he saponification 

reaction of the ethylene-vinyl ester copolymer in t he saponifying step, 

(3) a method of mixing with the component (B2’) aft er obtaining the 

ethylene-vinyl alcohol copolymer in the saponifying  step, or the like 

may be employed.   

 [0085] 

 According to the method for producing the resin co mposition of 

the present invention, the mixing step is carried o ut later than the 

copolymerizing step as described above, and the mix ing step is more 

preferably carried out in a system in which the con centration of the 

vinyl ester is no greater than 1,000 ppm.  When the  component (B2’) is 

added to a system in which the concentration of the  vinyl ester is greater 

than 1,000 ppm, an inhibitory effect of coloring su ch as yellowing is 

hardly achieved in the final resin composition, or coloring may be rather 

enhanced.   

 [0086] 

 In the method for producing the resin composition of the present 

invention, the mixing step is preferably carried ou t in the saponifying 

step described above.  Here, carrying out the mixin g step in the 

saponifying step is exemplified by methods such as (1) a method of adding 

the component (B2’) beforehand to the ethylene-viny l ester copolymer 

subjected to the saponifying step, (2) a method of adding the component 
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(B2’) during the saponification reaction of the eth ylene-vinyl ester 

copolymer in the saponifying step, and the like.  W hen the mixing step 

is carried out in the saponifying step, heat deteri oration and the like 

that the EVOH may be subjected to during the produc ing step after the 

saponifying step are inhibited, whereby color chara cteristics is 

improved in forming a resin composition.   

 [0087] 

 In the case in which the mixing step is carried ou t in the 

saponifying step, the saponification reaction of th e ethylene-vinyl 

ester copolymer is typically carried out in a state  where the 

ethylene-vinyl ester copolymer is dissolved in a so lvent, so that the 

component (B’) is preferably added in the form of a  multivalent carboxylic 

acid dissolvable into the same solvent.   

 [0088] 

 In addition, after the saponification reaction is carried out in 

the saponifying step as described above, neutraliza tion of remaining 

alkali catalyst is often executed, and the componen t (B2’) can be also 

used as an acid used for the neutralization.   

 [0089] 

 It is preferred that the method for producing the resin composition 

of the present invention, in addition to the forego ing each step, further 

includes  

 an pelletizing step in which a water-containing pe llet of the 

ethylene-vinyl alcohol copolymer is obtained by an pelletizing operation 

from a solution including the ethylene-vinyl alcoho l copolymer obtained 

in the saponifying step (step 3), and  

 a drying step in which the water-containing pellet  is dried to 

obtain a resin composition including the ethylene-v inyl alcohol 

copolymer (step 4), and 

the mixing step is carried out after the pelletizin g step.  Also according 

to the method, a resin composition with a reduced y ellowing in melt 

molding can be efficiently obtained.   

 [0090] 

 (Step 3) 

 In producing the EVOH, the ethylene-vinyl alcohol copolymer 

obtained by saponifying the ethylene-vinyl ester co polymer by the 

saponifying step is typically obtained in the form of a solution in which 

the copolymer is dissolved in a solvent including t he solvent used in 

the saponification reaction.  In the solution, a ca talyst such as alkali 

used for the saponification reaction and sodium ace tate that is generated 
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as a byproduct, and the like are included, so that washing is carried 

out in order to remove them.  In order to facilitat e the washing operation, 

it is preferable that the ethylene-vinyl alcohol co polymer solution 

obtained in the saponifying step is pelletized to f orm a water-containing 

pellet of the EVOH.   

 [0091] 

 The operation of the pelletizing for obtaining the  

water-containing pellet of the EVOH from the soluti on of the 

ethylene-vinyl alcohol copolymer in the pelletizing  step is not 

particularly limited, and well-known methods may be  used such as a method 

in which a cylindrical water-containing pellet of t he EVOH is obtained 

by extruding the solution of the ethylene-vinyl alc ohol copolymer into 

a coagulating bath including a cooled poor solvent to give a strand form 

followed by cooling and hardening and thereafter cu tting using a strand 

cutter, or a method in which an ellipsoidal (go-sto ne-like) to spherical 

water-containing pellet of the EVOH is obtained by similarly extruding 

the solution of the ethylene-vinyl alcohol copolyme r into a coagulating 

bath, immediately followed by cutting using a rotat ing blade, etc.  

Alternatively, a method in which a water-containing  pellet of the EVOH 

is obtained by bringing the solution of the ethylen e-vinyl alcohol 

copolymer into contact with water vapor to previous ly give a 

water-containing resin composition of the EVOH foll owed by cutting, 

according to a method described in Japanese Unexami ned Patent Application, 

Publication No. 2002-121290, or the like can be sui tably used.   

 [0092] 

 The moisture content in the water-containing pelle t of the EVOH 

obtained by these methods is preferably 50 to 200% by mass, more 

preferably 60 to 180% by mass and further preferabl y 70 to 150% by mass 

on the basis of the dry weight of the EVOH.   

 [0093] 

 (Step 4) 

 The water-containing pellet of the EVOH obtained i n the 

pelletizing step is preferably formed into a pellet  of the resin 

composition including the EVOH finally by drying in  the drying step.  

The moisture content of the resin composition pelle t after drying is 

preferably no greater than 1.0% by mass, more prefe rably no greater than 

0.8% by mass and further preferably no greater than  0.5% by mass with 

respect to the total of the resin composition pelle t for the purpose 

of preventing molding troubles such as generation o f a void by foaming 

in a molding processing.   
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 [0094] 

 The method of drying the water-containing pellet o f the EVOH is 

not particularly limited and well-known various typ es of methods can 

be used, and suitable examples of the methods inclu de ventilation drying, 

fluidized drying and the like.  These drying method s may be used either 

alone, or in combination of a plurality of the same , such as e.g., 

fluidized drying followed by ventilation drying.  D rying treatment may 

be carried out by any method with a continuous syst em or a batchwise 

system.  When a plurality of drying methods are car ried out in combination, 

the continuous system or the batchwise system can b e selected ad libitum 

for each drying method.  Drying at a low oxygen con centration or in an 

oxygen-free state is also preferable in that deteri oration of the resin 

composition by oxygen during drying can be reduced.    

 [0095] 

 (Step α (2)) 

 As a method of carrying out the mixing step after the pelletizing 

step, a method such as (1) a method of bringing the  water-containing 

pellet of the EVOH into contact with a solution con taining the component 

(B2’), or (2) a method of melting and kneading the water-containing pellet 

of the EVOH and the component (B2’) in an extruder is suitably employed.  

It is to be noted that in such a case, the componen t (B1), the component 

(C) and other components (the component (D), the co mponent (E), etc.) 

can be simultaneously mixed with the EVOH.   

 As a method of carrying out the mixing step after the pelletizing 

step, a method of immersing the water-containing pe llet in a solution 

containing the component (B2’) after the pelletizin g step and before 

the drying step is preferable.  According to the me thod, the component 

(B2’) can be efficiently mixed in the resin composi tion and a resin 

composition with reduced yellowing in melt molding can be more 

effectively produced.   

 [0096] 

 In the case in which the water-containing pellet o f the EVOH is 

immersed in a solution including the component (B2’ ) and other components 

as needed, the water-containing pellet used may hav e an arbitrary shape 

such as powder, granular, spherical or cylindrical chip-shaped.  Also, 

for the operation, any of methods by a batchwise sy stem and a continuous 

system can be used.  In the case in which the opera tion is carried out 

by the batchwise system, the mass ratio (bath ratio ) of the EVOH in the 

water-containing pellet to a solution containing ea ch component is 

preferably no less than 3, more preferably no less than 10 and further 
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preferably no less than 20.  In the case in which t he operation is carried 

out by the continuous system, any of conventionally  well-known tower 

type apparatuses can be suitably used.  Although th e suitable range of 

immersion time varies depending on the form of the water-containing 

pellet, in the case in which the EVOH has a particu late shape with a 

mean diameter of about 1 to 10 mm, the immersion ti me is no less than 

1 hour and preferably no less than 2 hrs.   

 [0097] 

 With respect to an immersion treatment in a soluti on, each 

component to be contained in the resin composition may be immersed 

separately in a plurality of solutions in which eac h component is 

dissolved alone, or the immersion treatment may be carried out at once 

using a liquid in which a plurality of components a re dissolved, and 

the immersion treatment is preferably carried out w ith a solution 

including all the components other than the EVOH in  light of 

simplification of steps.   

 [0098] 

 When the solution containing each component other than the EVOH 

is obtained, the each component may be each indepen dently dissolved in 

a solvent, but also a solution in which some compon ents each other form 

a salt can be used.  The concentration of each comp onent in the solution 

is not particularly limited, and may be appropriate ly adjusted so that 

the intended content of each component is obtained in the finally obtained 

resin composition.  The solvent of the solution is not particularly 

limited, and water is preferable for a handling rea son, etc.   

 [0099] 

 In addition, when the water-containing pellet of t he EVOH and the 

component (B2’) are melted and kneaded in an extrud er in the mixing step, 

for example, a method described in Japanese Unexami ned Patent Application, 

Publication No. 2002-284811, etc., may be suitably employed.   

 [0100] 

 In the method for producing the resin composition of the present 

invention, it is also preferred that the mixing ste p be carried out in 

the pelletizing step described above.  Thus mixing the component (B2’) 

with the EVOH in the pelletizing step, enables the component (B2’) to 

be homogeneously contained in the water-containing pellet of the EVOH.  

Accordingly, in the case in which the component (B2 ’) is contained in 

the EVOH by immersing the water-containing pellet o f the EVOH in a 

solution including the component (B2’) later than t he pelletizing step, 
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there is an advantage that the immersion time can b e shortened, and 

further color characteristics is improved in formin g a resin composition.   

 [0101] 

 (Multilayered Structure) 

 The multilayered structure of the present inventio n is a 

multilayered structure provided with at least one l ayer obtained from 

the resin composition of the present invention.  Th e layer structure of 

the multilayered structure is not particularly limi ted; however, 

provided that: a layer obtained from the resin comp osition of the present 

invention is designated as E; a layer obtained from  an adhesive resin 

is designated as Ad; and a layer obtained from a th ermoplastic resin 

is designated as T, examples of the layer structure  include T/E/T, E/Ad/T, 

T/Ad/E/Ad/T, and the like.  Each layer of these may  be either a monolayer, 

or a multilayer.   

 [0102] 

 The method for producing the multilayered structur e is not 

particularly limited.  For example, a method of mel t extruding a 

thermoplastic resin onto a molded product obtained from the resin 

composition of the present invention (film, sheet. etc.); a method of 

coextruding the resin composition of the present in vention and other 

thermoplastic resin; a method of coinjecting the re sin composition of 

the present invention with a thermoplastic resin; a  method of laminating 

a molded article formed from the resin composition of the present 

invention and a film or a sheet of other base mater ial using a well-known 

adhesive such as an organic titanium compound, an i socyanate compound 

or a polyester based compound; and the like may be exemplified.   

 [0103] 

 Among these methods, a method of coextruding the r esin composition 

of the present invention and other thermoplastic re sin is preferably 

used.  The resin composition of the present inventi on is superior in 

long-run workability and appearance characteristics , and in particular, 

coloring is less likely to occur even if melted at a comparatively high 

temperature.  Therefore, even if the resin composit ion of the present 

invention and other thermoplastic resin having a co mparatively high 

melting temperature are coextruded, a multilayered structure being 

accompanied by suppressed occurrence of coloring su ch as yellowing, and 

being superior in the appearance can be obtained.   

 [0104] 

 Examples of the thermoplastic resin used for other  layer in the 

multilayered structure include: homopolymers of an olefin or copolymers 
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thereof such as linear low density polyethylene, lo w density polyethylene, 

medium density polyethylene, high density polyethyl ene, ethylene-vinyl 

acetate copolymers, ethylene-propylene copolymers, polypropylene, and 

propylene- α-olefin copolymers ( α-olefin having 4 to 20 carbon atoms), 

polybutene, polypentene; polyesters such as polyeth ylene terephthalate; 

polyamides such as polyester elastomers, nylon-6, a nd nylon-6,6; 

polystyrene, polyvinyl chloride, polyvinylidene chl oride, acrylic 

resins, vinyl ester based resins, polyurethane elas tomers, 

polycarbonate, chlorinated polyethylene, chlorinate d polypropylene, 

and the like.  Of these, polypropylene, polyethylen e, 

ethylene-propylene copolymers, ethylene-vinyl aceta te copolymers, 

polyamides, polystyrene, polyesters are preferably used.   

 [0105] 

 The aforementioned adhesive resin is not particula rly limited as 

long as it has adhesiveness with the resin composit ion that includes 

EVOH of the present invention and the thermoplastic  resin, but adhesive 

resins containing a carboxylic acid modified polyol efin are preferred.  

As the carboxylic acid modified polyolefin, a carbo xyl group-containing 

modified olefin-derived polymer can be suitably use d which is obtained 

by allowing an ethylenic unsaturated carboxylic aci d, an ester thereof 

or an anhydride of the same to be chemically bonded  (for example, addition 

reaction, graft reaction, etc.) to an olefin-derive d polymer.  The 

olefin-derived polymer as referred to herein means polyolefins such as 

polyethylene (low pressure, middle pressure, high p ressure), linear low 

density polyethylene, polypropylene and polybutene,  copolymers (for 

example, ethylene-vinyl acetate copolymers, ethylen e-ethyl acrylate 

copolymers, etc.) of olefin and other monomer (viny l ester, unsaturated 

carboxylate ester, etc.).  Among these, linear low density polyethylene, 

ethylene-vinyl acetate copolymers (content of vinyl  acetate being 5% 

by mass to 55% by mass) and ethylene-ethyl acrylate  copolymers (content 

of ethyl acrylate being 8% by mass to 35% by mass) are preferred, and 

linear low density polyethylene and ethylene-vinyl acetate copolymers 

are particularly preferred.  As the ethylenic unsat urated carboxylic 

acid, an ester thereof or an anhydride of the same,  ethylenic unsaturated 

monocarboxylic acids, or esters thereof, ethylenic unsaturated 

dicarboxylic acids, or mono- or diesters thereof, o r anhydrides of the 

same are exemplified, and of these, ethylenic unsat urated dicarboxylic 

acid anhydrides are preferred.  Specifically, malei c acid, fumaric acid, 

itaconic acid, maleic anhydride, itaconic anhydride , maleic monomethyl 

ester, maleic monoethyl ester, maleic diethyl ester , fumaric monomethyl 
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ester and the like are included, and particularly, maleic anhydride is 

suitable.   

 [0106] 

 The amount of addition or grafting (i.e., degree o f modification) 

of the ethylenic unsaturated carboxylic acid or an anhydride thereof 

to the olefin-derived polymer is 0.0001 to 15% by m ass and preferably 

0.001 to 10% by mass with respect to the olefin-der ived polymer.  An 

addition reaction and a grafting reaction of the et hylenic unsaturated 

carboxylic acid or an anhydride thereof to the olef in-derived polymer 

can be carried out by, for example, a radical polym erization method, 

etc. in the presence of a solvent (e.g., xylene, et c.) and a catalyst 

(peroxide, etc.).  The melt flow rate (MFR) measure d at 210ºC of the 

carboxylic acid-modified polyolefin obtained in suc h a manner is 

preferably 0.2 to 30 g/10 min and further preferabl y 0.5 to 10 g/10 min.  

These adhesive resins may be used either alone, or as a mixture of two 

types or more thereof.   

 [0107] 

 Although the process for coextrusion of the resin composition of 

the present invention and the thermoplastic resin, etc., is not 

particularly limited, a multimanifold-merging T die  method, a 

feedblock-merging T die method, an inflation method , and the like may 

be exemplified.   

 [0108] 

 By subjecting thus obtained coextrusion multilayer ed structure 

to secondary processing, various types of molded ar ticles (films, sheets, 

tubes, bottles, etc.) can be obtained.  The various  types of molded 

articles include, for example, articles as in the f ollowing:  

 (1) multilayer costretched sheets or films obtaine d by stretching 

a multilayered structure (sheet or film, etc.) in a n monoaxial or biaxial 

direction, followed by subjecting to a heat treatme nt;  

 (2) multilayer rolled sheets or films obtained by rolling a 

multilayered structure (sheet or film, etc.);  

 (3) multilayer tray cup shaped containers obtained  by subjecting 

a multilayered structure (sheet or film, etc.) to a  hot forming process 

such as vacuum forming, air-pressure forming or vac uum air-pressure 

forming; and 

 (4) bottles, cup shaped containers and the like ob tained by stretch 

blow molding or the like of a multilayered structur e (pipe, etc.).   

 [0109] 

 Note that the secondary processing is not limited to each process 
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illustrated for obtaining the molded article descri bed above, and for 

example, any well-known secondary processing other than the 

aforementioned processes such as blow molding may b e used ad libitum.   

 [0110] 

 Since the multilayered structure has a layer obtai ned from an resin 

composition that is superior in appearance characte ristics and long-run 

workability, it is accompanied by fewer fish eyes, gels and seeds (dirt 

under paint) and less coloring such as yellowing an d thus, for example, 

can be suitably used as a food container and the li ke such as a deep 

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

 

EXAMPLES 

 

 [0111] 

 Hereinafter, the present invention will be explain ed in detail 

by way of Examples, but the present invention is no t limited to these 

Examples.   

 [0112] 

 In Examples/Comparative Examples described below, analyses and 

evaluations of the resin composition, etc. were car ried out by methods 

shown below, respectively.   

 [0113] 

 (1) Measurement of Moisture Content of Water-conta ining EVOH 

Pellet 

 The moisture content of the water-containing EVOH pellet was 

measured using a Halogen Moisture Analyzer  “HR73” manufactured by 

Mettler-Toledo International Inc. under a condition s including a drying 

temperature of 180ºC, a drying time of 20 min, a sa mple quantity of about 

10 g.  The moisture content of the water-containing  EVOH shown below is 

expressed as % by mass on the basis of dry EVOH.   

 [0114] 

 (2) Ethylene Content and Degree of Saponification in (A) EVOH 

 Dry EVOH pellet was ground by freeze grinding.  Th us resulting 

ground EVOH was sieved with a sieve having a nomina l dimension of 1 mm 

(according to normal sieve standard JIS-Z8801).  EV OH powder passed 

through the sieve in an amount of 5 g was immersed in 100 g of ion exchanged 

water, and the mixture was stirred at 85°C for 4 hr s, followed by an 

operation of dewatering and drying repeated twice.  Using thus obtained 

powder EVOH after washing, measurement of 1H-NMR was carried out under 
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the following measurement conditions, and the degre e of saponification 

was determined by the analysis method described bel ow.   

 [0115] 

 Measurement Conditions 

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

“Lambda 500” 

 Observation frequency: 500 MHz 

 Solvent: DMSO-d6 

 Polymer concentration: 4% by mass 

 Measurement temperature: 40°C and 95°C 

 Cumulated number: 600 times 

 Pulse delay time: 3.836 sec 

 Sample rotation speed: 10 to 12 Hz 

 Pulse width (90° pulse): 6.75 µsec 

 [0116] 

 Analysis Method 

 By the measurement at 40°C, a peak of hydrogen in water molecules 

was found at around 3.3 ppm, which overlapped with a peak in the range 

of 3.1 to 3.7 ppm among peaks of methine hydrogen o f the vinyl alcohol 

units of EVOH.  On the other hand, when measured at  95°C, the overlapping 

caused at 40°C could be obviated; however, a peak o f hydrogen of the 

hydroxyl groups of the vinyl alcohol units of EVOH was present at around 

4 to 4.5 ppm, which overlapped with the range of 3. 7 to 4 ppm of peaks 

of methine hydrogen of vinyl alcohol units of EVOH.   Accordingly, for 

quantitative determination of methine hydrogen of v inyl alcohol units 

of EVOH (3.1 to 4 ppm), measurement data at 95°C we re employed with respect 

to the range of 3.1 to 3.7 ppm, and measurement dat a at 40°C were employed 

with respect to the range of 3.7 to 4 ppm in order to avoid overlapping 

with peaks of hydrogen of water or hydroxyl groups.   Thus, the total 

amount of the methine hydrogen was quantitatively d etermined in terms 

of the total value of these measurements.  Note tha t the peak of hydrogen 

of water or hydroxyl group has been known to shift to a high magnetic 

field side by elevating the measurement temperature .  Therefore, 

analyses were conducted as in the following using b oth measurement 

results at 40°C and 95°C. From the spectrum obtaine d at 40°C as described 

above, an integrated value (I 1) of the peak of the chemical shift at 3.7 

to 4 ppm, and an integrated value (I 2) of the peak of the chemical shift 

at 0.6 to 1.8 ppm were determined.  On the other ha nd, from the spectrum 

obtained at 95°C, an integrated value (I 3) of the peak of the chemical 

shift at 3.1 to 3.7 ppm, an integrated value (I 4) of the peak of the 



Our Ref. No. 11FP-0216/WO 

34343434    

    

chemical shift at 0.6 to 1.8 ppm, and an integrated  value (I 5) of the 

peak of the chemical shift at 1.9 to 2.1 ppm were d etermined.  In this 

process, the peak of the chemical shift at 0.6 to 1 .8 ppm principally 

derives from methylene hydrogen, whereas the peak o f the chemical shift 

at 1.9 to 2.1 ppm derives from methyl hydrogen in u nsaponified vinyl 

acetate units.  From these integrated values, the e thylene content and 

the degree of saponification were calculated accord ing to the following 

formula.   

 [0117] 

 [numerical formula 1]  

 

 [0118] 

 [numerical formula 2]  

 

 [0119] 

 (3) Quantitative Determination of (B1) Monocarboxy lic Acid and 

Monocarboxylate Ion, and (B2) Multivalent Carboxyli c Acid and 

Multivalent Carboxylate Ion 

 The dry EVOH pellet was ground by freeze grinding.   The ground 

EVOH obtained was sieved with a sieve having a nomi nal dimension of 1 

mm (according to standard sieve specified in JIS-Z8 801).  The EVOH powder 

in an amount of 10 g that passed through the sieve and 50 mL of ion exchanged 

water were charged into a 100 mL Erlenmeyer  flask equipped with a stopper, 

then a cooling condenser was attached thereto, and the mixture was stirred 

at 95ºC for 10 hrs, followed by extraction.  Two mL  of the resulting 

extraction liquid was diluted with 8 mL of ion exch anged water.  The 

diluted extraction liquid was subjected to quantita tive analysis using 

ion chromatography “IC7000” manufactured by Yokogaw a Electric 

Corporation to determine the amount of carboxylic a cid and carboxylate 

ion, whereby the amount of carboxylic acid and carb oxylate ion was 

calculated.  It is to be noted that a calibration c urve produced using 

an aqueous acetate solution was used in quantificat ion.   

Ion chromatography measurement condition:  

 Column: “ICE-AS-1” manufactured by Dionex IonPac 

 Eluent: 1.0 mmol/L octanesulfonic acid solution 
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 Measurement temperature: 35ºC 

 Eluent flow rate: 1 mL/min   

 Amount of sample injected: 50 µL 

 [0120] 

 (4) Quantitative Determination of Metal Ion 

 The dry EVOH pellet was ground by freeze grinding.   Thus obtained 

EVOH powder in an amount of 10 g and 50 mL of ion e xchanged water were 

charged in a 100 mL stoppered Erlenmeyer flask equi pped with a cooling 

condenser, and the mixture was stirred at 95°C for 10 hrs to execute 

heat extraction.  Thus obtained extract in a volume  of 2 mL was diluted 

with 8 mL of ion exchanged water.  Thus diluted ext ract was subjected 

to a quantitative analysis using an ICP emission sp ectrophotometer 

“Optima 4300 DV” manufactured by PerkinElmer Japan Co., Ltd., at each 

observation wavelength shown below, whereby the amo unt of each metal 

ion was quantitatively determined.   

 Na: 589.592 nm 

 K: 766.490 nm 

 Mg: 285.213 nm 

 Ca: 317.933 nm 

 [0121] 

 (5) Quantitative Determination of Phosphate Compou nd 

 The dry EVOH pellet was ground by freeze grinding.   Thus obtained 

EVOH powder in an amount of 1.0 g, 15 mL of concent rated nitric acid 

and 4 mL of concentrated sulfuric acid were charged  into a stoppered 

100 mL Erlenmeyer flask equipped with a cooling con denser to execute 

heat degradation at 200 to 230°C.  Thus obtained so lution was diluted 

to 50 mL with ion exchanged water in a volumetric f lask.  The solution 

was subjected to a quantitative analysis using an I CP emission 

spectrophotometer “Optima 4300 DV” manufactured by PerkinElmer Japan 

Co., Ltd., at an observation wavelength of 214.914 nm, whereby the amount 

of phosphorus element was quantitatively determined , and the amount of 

phosphate compounds was calculated to give a value of phosphate radical.   

 [0122] 

 (6) Quantitative Determination of Boron Compound 

 A dry EVOH pellet provided as a sample in an amoun t of 50 mg was 

completely combusted by an oxygen flask combustion method, and thus 

resultant combusted ash deposition was dissolved in  10 mL of a 1 mol/L 

aqueous nitric acid solution.  The solution was sub jected to a 

quantitative analysis using an ICP emission spectro photometer “Optima 

4300 DV” manufactured by PerkinElmer Japan Co., Ltd ., at an observation 
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wavelength of 249.667 nm, whereby the content of bo ron compounds was 

obtained in a value of boron element.   

 [0123] 

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

 Each dried EVOH pellet obtained in Examples and Co mparative 

Examples in an amount of 5 g was heated and melted at 220ºC and 260ºC 

for 2 min in a heat compression press apparatus to produce disk-shaped 

samples having a thickness of 2 mm.  The state of c oloring of the obtained 

disk-shaped samples were visually confirmed and eva luated as in the 

following.   

 A: hardly colored 

 B: slightly colored 

 C: colored (yellow) 

 D: intensely colored (brown) 

 [0124] 

 (8) Production of a Monolayer Film Using a Resin C omposition 

 The obtained dry EVOH pellet was subjected to mono layer film 

casting using a 20 mm extruder “D2020” manufactured  by Toyo Seiki 

Seisaku-sho, Ltd. (D (mm) = 20, L/D = 20, compressi on ratio = 2.0, screw: 

full flighted) under the following condition to giv e a monolayer film.   

 Extrusion temperature:  180/ 260/ 260/ 260ºC (feed ing zone/ 

compression zone/ metering zone/ die) 

 Screw rotation speed: 40 rpm 

 Output rate: 1.3 kg/hr 

 Chill roll temperature: 80ºC 

 Winding speed: 3.1 m/min   

 Film thickness: 20 µm 

 [0125] 

 (9) Appearance Characteristic (Presence of Occurre nce of 

Yellowing) 

 The monolayer film produced by the method describe d above was 

rolled up around a paper tube and the degree of col oring on the edge 

of the film roll was evaluated visually as in the f ollowing.   

Evaluation: criteria 

 A: no coloring 

 B: somewhat yellowing  

 C: yellowing  

 [0126] 

 (10) Long-Run Workability (Viscosity Stability) 
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 Change in torque when 60 g of the obtained dry EVO H pellet was 

kneaded using Labo Plastmill (manufactured by Toyo Seiki Seisaku-sho, 

Ltd. “20R200”; biaxial, counter rotating type) at 1 00 rpm and 260°C was 

measured.  The torque was measured after 5 min from  the beginning of 

kneading, and a time period was determined which wa s required until the 

torque value reached 1.5 times the aforementioned t orque value after 

5 min from the beginning.  This time period being l onger indicates less 

change in the viscosity, and more superior long-run  workability.   

Evaluation: criteria 

 A: 60 min or longer 

 B: 40 min or longer and shorter than 60 min 

 C: 20 min or longer and shorter than 40 min 

 [0127] 

 (11) Recyclability (Stability of Quality in Repeat ed Recovery and 

Use) 

 Two kg of the obtained dry EVOH pellet was pelleti zed using a 20 

mm extruder “D2020” manufactured by Toyo Seiki Seis aku-sho, Ltd. (D (mm) 

= 20, L/D = 20, compression ratio = 2.0, screw: ful l flighted) under 

the following condition.  An operation of pelletizi ng the obtained EVOH 

pellet again under the same conditions was repeated  four times, and then 

LDPE having a melt index of 1.0 g/10 min (190ºC, un der a load of 2160 

g) was charged to replace the EVOH resin in the ext ruder.  Thereafter, 

the screw of the extruder was pulled off, and the s tate of the resin 

stuck to the screw was visually confirmed and evalu ated as in the 

following.   

<Pelletizing Condition> 

 Extrusion temperature: 180/ 210/ 210/ 210ºC (feedi ng zone/ 

compression zone/ metering zone/ die) 

 Screw rotation speed: 40 rpm 

 Output rate: 1.3 kg/hr 

 Number of die holes: 2 

 Temperature of cooling water in coagulating bath: 30ºC 

<Evaluation Criteria of State of the Stuck Resin> 

Evaluation: criteria 

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

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

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

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

 [0128] 

 (12) Adhesiveness 
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 Using the obtained dry EVOH pellet, linear low-den sity 

polyethylene (LLDPE: ULTZEX 2022L, manufactured by Mitsui Chemicals, 

Inc.) and an adhesive resin (Bondine TX8030, manufa ctured by SUMICA. 

ATOCHEM Co. Ltd, hereinafter, may be abbreviated as  “Ad”), 3 materials-5 

layers multilayer films (LLDPE/ Ad/ EVOH/ Ad/ LLDPE  = 50 µm/ 10 µm/ 10 

µm/ 10 µm/ 50 µm) were obtained by the following method under the following 

conditions.  The obtained multilayer film was cut o ut into a size of 150 

mm along a machine direction (MD) and 10 mm along a  transverse direction 

(TD) immediately after the multilayer film producti on.   Thereafter a 

delamination strength between the EVOH layer and th e Ad layer was 

immediately measured by an autograph (DCS-50M, manu factured by Shimadzu 

Corporation) in a T-peel test method, and the evalu ation was made 

according to the delamination strength as in the fo llowing.   

<Multilayer Film Production Conditions> 

 Extruder:  

  For EVOH: 20 mm φ extruder for laboratory use, ME-type CO-EXT 

(manufactured by Toyo Seiki Seisaku-sho, Ltd.) 

  For Ad : 25 mm φ extruder, P25-18AC (manufactured by Osaka 

Seiki Kosaku K.K.) 

  For LLDPE: 32 mm φ extruder, GF-32-A (manufactured by 

Research Laboratory of Plastics Technology Co., Ltd .) 

 EVOH extrusion temperature: 175/ 210/ 220/ 220ºC ( feeding zone/ 

compression zone/ metering zone/ die) 

 Ad extrusion temperature: 100/ 160/ 220/ 220ºC (fe eding zone/ 

compression zone/ metering zone/ die) 

 LLDPE extrusion temperature: 150/ 200/ 210/ 220ºC (feeding zone/ 

compression zone/ metering zone/ die) 

 Die: coat hanger die with a width of 300 mm (manuf actured by 

Research Laboratory of Plastics Technology Co., Ltd .) 

<Criteria of Evaluation of Adhesiveness> 

Evaluation: criteria 

 A: no less than 500 g/15 mm 

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

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

 D: less than 300 g/15 mm 

 [0129] 

 <Synthesis Example 1> Synthesis of Water-Containin g EVOH Pellet 

(Polymerization of Ethylene-Vinyl Acetate Copolymer ) 

 To a 250 L pressure reactor equipped with a stirre r, a nitrogen 

feed port, an ethylene feed port, an initiator addi tion port and a delay 
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(consecutive addition) solution addition port were charged 83.0 kg of 

vinyl acetate and 26.6 kg of methanol, and the temp erature was elevated 

to 60°C.  Thereafter, the system was substituted wi th nitrogen by 

nitrogen bubbling for 30 min.  Next, ethylene was c harged such that the 

reactor pressure became 3.6 MPa.  As an initiator, 

2,2’-azobis(4-methoxy-2,4-dimethylvaleronitrile) (A MV) was dissolved 

in methanol to prepare an initiator solution having  a concentration of 

2.5 g/L, and the solution was substituted with nitr ogen by bubbling 

nitrogen gas.  After the internal temperature of th e polymerization bath 

was adjusted to 60°C, 362 mL of the initiator solut ion was injected to 

initiate polymerization.  During the polymerization , ethylene was 

introduced to maintain the reactor pressure of 3.6 MPa and the 

polymerization temperature of 60°C, and the initiat or solution was 

continuously added at 1,120 mL/hr using the aforeme ntioned initiator 

solution to perform polymerization.  5.0 hrs later,  the polymerization 

was stopped by cooling when the polymerization conv ersion reached 40%.  

After the reactor was opened to remove ethylene, ni trogen gas was bubbled 

to completely eliminate ethylene.  Next, the result ing copolymer 

solution was continuously supplied through an upper  part of a tower filled 

with Raschig ring, and methanol vapor was blown thr ough a lower part 

of the tower.  Mixed vapor of methanol and unreacte d vinyl acetate monomer 

was allowed to outflow through the top of the tower , whereby a methanol 

solution of an ethylene-vinyl acetate copolymer (EV Ac) was obtained from 

which unreacted vinyl acetate monomer had been remo ved through the bottom 

of the tower.   

 [0130] 

 (Saponification) 

 To thus obtained EVAc solution was added methanol to adjust a 

concentration of 15% by mass.  To 253.4 kg of thus prepared methanol 

solution of EVAc (38 kg of EVAc in the solution) wa s added 76.6 L of 

an alkali solution (10% by mass NaOH solution in me thanol, molar ratio 

(MR) relative to vinyl acetate units in EVAc: 0.4) and the mixture was 

stirred at 60°C for 4 hrs to carry out saponificati on of EVAc.  After 

6 hrs from starting the reaction, the reaction liqu id was neutralized 

by adding 9.2 kg of acetic acid and 60 L of water t o terminate the reaction.   

 [0131] 

 (Washing) 

 The neutralized reaction liquid was transferred fr om the reactor 

to a metal drum, and left to stand at room temperat ure for 16 hrs, thereby 

permitting cooling and hardening to give a cake for m.  Thereafter, liquid 
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was removed from the resin in the cake form using a  centrifugal separator 

(“H-130” manufactured by Kokusan Centrifuge Co., Lt d., number of 

revolution: 1,200 rpm).  Next, a step of washing th e resin with water 

was conducted for 10 hrs in which washing was carri ed out while 

continuously supplying ion exchanged water to the c entral portion of 

the centrifugal separator from above.  The conducti vity of the washing 

liquid after 10 hrs from starting washing was 30 µS/cm (measured with 

“CM-30ET” manufactured by TOA Electronics Ltd.).   

 [0132] 

 (Pelletizing) 

 The EVOH in the form of powder obtained in this ma nner was dried 

using a dryer at 60°C for 48 hrs.  The dry EVOH in the form of powder 

in an amount of 20 kg was dissolved in 43 L of a wa ter/ methanol mixed 

solvent (mass ratio: water/ methanol = 4/6) while s tirring at 80°C for 

12 hrs.  Next, the stirring was stopped, and the te mperature of the 

dissolving vessel was lowered to 65°C.  By leaving to stand for 5 hrs, 

degassing of the water/ methanol solution of EVOH w as carried out.  Then, 

the EVOH was extruded from a die plate provided wit h a circular opening 

having a diameter of 3.5 mm into a water/ methanol mixed solution (mass 

ratio: water/ methanol = 9/1) at 5°C to allow for c oagulation to give 

a strand form, and cut to obtain a water-containing  EVOH pellet having 

a diameter of about 4 mm and a length of about 5 mm .   

 [0133] 

 (Purification) 

 Thus obtained water-containing EVOH pellet in an a mount of 40 kg 

and 150 L of ion exchanged water were placed in a m etal drum having a 

height of 900 mm and an opening diameter of 600 mm.   An operation of 

washing at 25°C for 2 hrs while stirring, and dewat ering the liquid was 

repeated twice.  Next, 150 L of 1 g/L aqueous aceti c acid solution was 

added to 30 kg of the water-containing EVOH pellet,  and an operation 

of washing at 25°C for 2 hrs while stirring, and de watering the liquid 

was repeated twice.  Furthermore, 150 L of ion exch anged water was added 

to 30 kg of the water-containing EVOH pellet, and a n operation of washing 

at 25°C for 2 hrs while stirring, and dewatering th e liquid was repeated 

six times, whereby a water-containing EVOH pellet ( w-EVOH-1) was obtained 

from which impurities such as byproducts in the sap onifying step had 

been removed.  The conductivity of the washing liqu id after carrying out 

the sixth washing was measured with “CM-30ET” manuf actured by TOA 

Electronics Ltd., and as a result, the washing liqu id was revealed to 
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have a conductivity of 3 µS/cm.  Thus resulting water-containing EVOH 

pellet had a water content of 110% by mass.   

 [0134] 

 <Synthesis Example 2> Synthesis of Water-Containin g EVOH Pellet 

 A methanol solution of the EVAc from which unreact ed vinyl acetate 

had been removed was obtained according to an opera tion similar to 

Synthesis Example 1 except that: the amounts of vin yl acetate and methanol 

charged in polymerization of the ethylene-vinyl ace tate copolymer were 

changed to 85.2 kg and 32.3 kg, respectively; the p ressure in the reaction 

tank was changed to 2.9 MPa; the amount of the init iator solution 

(methanol solution of AMV having a concentration of  2.5 g/L) injected 

upon initiation of the polymerization was changed t o 310 mL; and the 

amount of the initiator solution continuously added  was changed to 950 

mL/hr in Synthesis Example 1.  The reaction time of  the polymerization 

reaction was 5 hrs and the polymerization conversio n was 40%.   

 [0135] 

 Next, saponification and washing were carried out to obtain a 

particulate EVOH according to an operation similar to Synthesis Example 

1 except that the amount of the alkali solution add ed was changed to 

78.9 L and the amount of acetic acid added for the neutralization was 

changed to 9.5 kg. 

 [0136] 

 Furthermore, coagulation and washing were carried out to obtain 

a water-containing EVOH pellet (w-EVOH-2) according  to an operation 

similar to Synthesis Example 1 except that the mass  ratio of water/ 

methanol in the water/ methanol mixed solution used  in dissolution of 

the EVOH was changed to 50/50.   

 [0137] 

 <Synthesis Example 3> Synthesis of Water-Containin g EVOH Pellet 

 A methanol solution of the EVAc from which unreact ed vinyl acetate 

had been removed was obtained according to an opera tion similar to 

Synthesis Example 1 except that: the amounts of vin yl acetate and methanol 

charged in polymerization of the ethylene-vinyl ace tate copolymer were 

changed to 76.7 kg and 11.0 kg, respectively; the p ressure in the reaction 

tank was changed to 5.5 MPa; the amount of the init iator solution 

(methanol solution of AMV having a concentration of  2.5 g/L) injected 

upon initiation of the polymerization was changed t o 510 mL; and the 

amount of the initiator solution continuously added  was changed to 1,570 

mL/hr in Synthesis Example 1.  The reaction time of  the polymerization 

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

 Next, saponification and washing were carried out to obtain a 

particulate EVOH according to an operation similar to Synthesis Example 

1 except that the amount of the alkali solution add ed was changed to 

70.4 L and the amount of acetic acid added for the neutralization was 

changed to 8.4 kg.   

 [0139] 

 Furthermore, coagulation and washing were carried out to obtain 

a water-containing EVOH pellet (w-EVOH-3) according  to an operation 

similar to Synthesis Example 1 except that the mass  ratio of water/ 

methanol in the water/ methanol mixed solution used  in dissolution of 

the EVOH was changed to 25/75.   

 [0140] 

 <Synthesis Example 4> Synthesis of Water-Containin g EVOH Pellet 

 A methanol solution of the EVAc from which unreact ed vinyl acetate 

had been removed was obtained according to an opera tion similar to 

Synthesis Example 1 except that: the amounts of vin yl acetate and methanol 

charged in polymerization of the ethylene-vinyl ace tate copolymer were 

changed to 102.0 kg and 17.7 kg, respectively; the pressure in the 

reaction tank was changed to 2.9 MPa; the amount of  the initiator solution 

(methanol solution of AMV having a concentration of  2.5 g/L) injected 

upon initiation of the polymerization was changed t o 280 mL; and the 

amount of the initiator solution continuously added  was changed to 850 

mL/hr in Synthesis Example 1.  The reaction time of  the polymerization 

reaction was 5 hrs and the polymerization conversio n was 40%.   

 [0141] 

 Next, saponification and washing were carried out to obtain a 

particulate EVOH according to an operation similar to Synthesis Example 

1 except that the amount of the alkali solution add ed was changed to 

80.1 L and the amount of acetic acid added for the neutralization was 

changed to 9.6 kg.   

 [0142] 

 Furthermore, coagulation and washing were carried out to obtain 

a water-containing EVOH pellet (w-EVOH-4) according  to an operation 

similar to Synthesis Example 1 except that the mass  ratio of water/ 

methanol in the water/ methanol mixed solution used  in dissolution of 

the EVOH was changed to 55/45.   

 [0143] 

 <Example 1> 
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 Into 94.5 L of an aqueous solution prepared by dis solving each 

component in water so as to give 0.05 g/L citric ac id, 0.55 g/L trisodium 

citrate, 0.015 g/L phosphoric acid and 0.20 g/L bor ic acid was charged 

10.5 kg of the water-containing EVOH pellet (w-EVOH -1) obtained in 

Synthesis Example 1, and the mixture was subjected to immersion at 25ºC 

for 6 hrs with occasional stirring.  The water-cont aining EVOH pellet 

after the immersion was dewatered using centrifugal  dehydrator, and then 

dried in a hot-air dryer at 80ºC for 3 hrs, followe d by drying at 120ºC 

for 24 hrs to obtain a pellet of a dry EVOH resin c omposition (EVOH-1).   

 [0144] 

 When EVOH-1 was analyzed for the ethylene content and the degree 

of saponification according to the procedure descri bed above, the 

ethylene content (Et) was 32 mol % and the degree o f saponification (DS) 

was no less than 99.98 mol %.  In addition, as a re sult of the analysis 

according to the procedure described above, the EVO H-1 contained 2.6 

µmol/g of citric acid and citrate ion as the multiva lent carboxylic acid 

and multivalent carboxylate ion (B2), 7.0 µmol/g of sodium ion as the 

metal ion (C), 10 ppm of the phosphate compound (D)  in a value of phosphate 

radical, and 156 ppm of the boron compound (E) in a  value of boron element.  

Evaluation of the EVOH-1 for each physical property  according to the 

procedure described above revealed the coloring cha racteristic decided 

as “A” since coloring was hardly seen at both 220ºC  and 260ºC, and the 

appearance characteristic decided as “A” since colo ring was not seen 

on the edge of the film roll.  In addition, the lon g-run workability was 

decided as “A” since even after 60 min the torque v alue did not reach 

one and a half times the torque value after 5 min, and the adhesiveness 

was decided as “A” since the delamination strength was 510 g/15 mm.   

 [0145] 

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

 The EVOH resin composition pellets (EVOH-2 to 31, and 34 to 44) 

were obtained in a similar manner to Example 1 exce pt that the type of 

the water-containing EVOH pellet, and the type and amount of each compound 

blended with the aqueous solution were changed as s hown in Table 1 and 

Table 4.  The obtained each EVOH resin composition was analyzed and 

evaluated in a manner similar to Example 1.  The re sults of the analysis 

of the ethylene content, etc. are shown in Table 2 and Table 5, and the 

results of the evaluation of the coloring resistanc e, etc. are shown 

in Table 3 and Table 6.   

 [0146] 

 <Example 32> 
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 A water-containing EVOH pellet (w-EVOH-5) was obta ined similarly 

to Synthesis Example 1 except that 30 g of 

“N,N’-hexamethylenebis(3,5-di-t-butyl-4-hydroxy-hyd rocinnamamide)” 

(Irganox 1098, manufactured by Ciba Specialty Chemi cals) that is an 

antioxidant was added when the EVOH was dissolved i n the water/methanol 

mixed solution in the pelletizing step in the Synth esis Example 1 and 

thereafter purification was carried out according t o an operation similar 

to Example 1.  Furthermore, a pellet of a dry EVOH resin composition 

(EVOH-32) was obtained according to an operation si milar to Example 1 

except that w-EVOH-5 was used in place of w-EVOH-1.    

 [0147] 

 <Example 33> 

 A water-containing EVOH pellet (w-EVOH-6) was obta ined similarly 

to Example 32 except that the amount of 

“N,N’-hexamethylenebis(3,5-di-t-butyl-4-hydroxy-hyd rocinnamamide)” 

added was changed to 5 g, followed by purification according to an 

operation similar to Example 32.  Furthermore, a pe llet of a dry EVOH 

resin composition (EVOH-33) was obtained according to an operation 

similar to Example 1 except that w-EVOH-6 was used in place of w-EVOH-1.   

 [0148] 

 The EVOH-32 and the EVOH-33 were analyzed and eval uated in a manner 

similar to Example 1.  The results of the analysis of the ethylene content, 

etc. are shown in Table 2, and the results of evalu ating coloring 

resistance are together shown in Table 3.  
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[0149] 

  [Table 1] 

 

 [0150] 

  [Table 2] 
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  [Table 3] 
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 [0152] 

  [Table 4] 
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 [0153] 

  [Table 5] 
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 [0154] 

  [Table 6] 
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 [0155] 

 <Example 34> 

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

component in water so as to give 0.24 g/L citric ac id, 0.50 g/L magnesium 

citrate hexahydrate (synthesized according to a met hod described in 

Japanese Unexamined Patent Application, Publication  No. 2004-91442), 

0.015 g/L phosphoric acid and 0.20 g/L boric acid w as placed 10.5 kg 

of the water-containing EVOH pellet (w-EVOH-1) obta ined in Synthesis 

Example 1, and the mixture was subjected to immersi on at 25ºC for 6 hrs 

with occasional stirring.  The water-containing EVO H pellet after the 

immersion was deawatered using centrifugal dehydrat or, and then dried 

in a hot-air dryer at 80ºC for 3 hrs, followed by d rying at 120ºC for 

24 hrs to obtain a pellet of a dry EVOH resin compo sition (EVOH-45).   

 [0156] 

 When EVOH-45 was analyzed for the ethylene content  and the degree 

of saponification according to the procedure descri bed above, the 

ethylene content was 32 mol % and the degree of sap onification was no 

less than 99.98 mol %.  In addition, as a result of  the analysis according 

to the procedure described above, the EVOH-45 conta ined 3.2 µmol/g of 

citric acid and citrate ion as the multivalent carb oxylic acid and 

multivalent carboxylate ion (B2), 2.9 µmol/g of magnesium ion as the 

metal ion (C), 10 ppm of the phosphate compound (D)  in a value of phosphate 

radical, and 156 ppm of the boron compound (E) in a  value of boron element.  

Evaluation of the EVOH-45 for each physical propert y according to the 
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procedure described above revealed the coloring cha racteristic decided 

as “A” since coloring was hardly seen at both 220ºC  and 260ºC, and the 

appearance characteristic decided as “A” since colo ring was not seen 

on the edge of the film roll.  In addition, the rec yclability was decided 

as “A” since the resin stuck to the screw of the ex truder was hardly 

seen after repeated pelletizing, and the adhesivene ss was decided as 

“B” since the delamination strength was 460 g/15 mm .    

 [0157] 

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

 The EVOH resin composition pellets (EVOH-46 to 60)  were obtained 

in a similar manner to Example 34 except that the t ype of the 

water-containing EVOH pellet, and the type and amou nt of each compound 

blended with the aqueous solution were changed as s hown in Table 7.  The 

obtained each EVOH resin composition was analyzed a nd evaluated in a 

manner similar to Example 34.  The results of the a nalysis of the ethylene 

content, etc. are shown in Table 8, and the results  of the evaluation 

of the coloring resistance, etc. are shown in Table  9. 

 [0158] 

  [Table 7] 
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  [Table 8] 
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  [Table 9] 



Our Ref. No. 11FP-0216/WO 

54545454    

    

 

 [0161] 

 <Example 46> 

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

component in water so as to give 0.8 g/L acetic aci d, 0.02 g/L citric 

acid, 0.50 g/L trisodium citrate, 0.015 g/L phospho ric acid and 0.20 

g/L boric acid was placed 10.5 kg of the water-cont aining EVOH pellet 

(w-EVOH-1) obtained in Synthesis Example 1, and the  mixture was subjected 

to immersion at 25ºC for 6 hrs with occasional stir ring.  The 

water-containing EVOH pellet after the immersion wa s dewatered using 

centrifugal dehydrator, and then dried in a hot-air  dryer at 80ºC for 

3 hrs, followed by drying at 120ºC for 24 hrs to ob tain a pellet of a 

dry EVOH resin composition (EVOH-1).   

 [0162] 

 When EVOH-61 was analyzed for the ethylene content  and the degree 

of saponification according to the procedure descri bed above, the 

ethylene content was 32 mol % and the degree of sap onification was no 

less than 99.98 mol %.  In addition, as a result of  the analysis according 

to the procedure described above, the EVOH-61 conta ined 16.7 µmol/g of 
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acetate ion as the monocarboxylic acid and monocarb oxylate ion (B1), 

0.1 µmol/g of citric acid and citrate ion as the multiva lent carboxylic 

acid and multivalent carboxylate ion (B2), 7.4 µmol/g of sodium ion as 

the metal ion (C), 10 ppm of the phosphate compound  (D) in a value of 

phosphate radical, and 156 ppm of the boron compoun d (E) in a value of 

boron element.  Evaluation of the EVOH-61 for each physical property 

according to the procedure described above revealed  the coloring 

characteristic decided as “A” since coloring was ha rdly seen at both 

220ºC and 260ºC, and the appearance characteristic decided as “A” since 

coloring was not seen on the edge of the film roll.   In addition, the 

long-run workability was decided as “A” since even after 60 min the torque 

value did not reach one and a half times the torque  value after 5 min, 

and the adhesiveness was decided as “B” since the d elamination strength 

was 480 g/15 mm.   

 [0163] 

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

 The EVOH resin composition pellets (EVOH-62 to 73)  were obtained 

in a similar manner to Example 46 except that the t ype of the 

water-containing EVOH pellet, and the type and amou nt of each compound 

blended with the aqueous solution were changed as s hown in Table 10.  

The obtained each EVOH resin composition was analyz ed and evaluated in 

a manner similar to Example 46.  The results of the  analysis of the 

ethylene content, etc. are shown in Table 11, and t he results of the 

evaluation of the coloring resistance, etc. are sho wn in Table 12. 

 [0164] 

  [Table 10] 
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 [0165] 

  [Table 11] 
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  [Table 12] 
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 [0167] 

 <Example 55> 

 A water-containing EVOH pellet (w-EVOH-7) was obta ined similarly 

to Synthesis Example 1 except that 22 g of citric a cid was further added 

in neutralizing and stopping the reaction by adding  acetic acid and water 

in the saponifying step in the Synthesis Example 1 and thereafter washing, 

pelletizing and purification were carried out accor ding to an operation 

similar to Example 1.  Furthermore, a pellet of a d ry EVOH resin 

composition (EVOH-74) was obtained according to an operation similar 

to Example 1 except that w-EVOH-7 was used in place  of w-EVOH-1.   

 [0168] 

 <Example 56> 

 A water-containing EVOH pellet (w-EVOH-8) was obta ined similarly 

to Synthesis Example 1 except that 2 g of citric ac id was added when 

the EVOH was dissolved in the water/methanol mixed solution in the 

pelletizing step in the Synthesis Example 1 and the reafter purification 

was carried out according to an operation similar t o Example 1.  

Furthermore, a pellet of a dry EVOH resin compositi on (EVOH-75) was 

obtained according to an operation similar to Examp le 1 except that 

w-EVOH-8 was used in place of w-EVOH-1.   

 [0169] 

 <Example 57> 
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 The w-EVOH-1 obtained in Synthesis Example 1 was d ried in a hot-air 

dryer at 80ºC for 1 hour, whereby a water-containin g EVOH pellet having 

a moisture content of 50% by mass was obtained.  Th e obtained 

water-containing EVOH pellet was charged into a bia xial extruder (details 

shown below) at a rate of 10 kg/hr, then the temper ature of the resin 

in a discharge opening was adjusted to 100ºC, and a n aqueous solution 

including 0.63 g/L citric acid, 6.74 g/L trisodium citrate, 0.11 g/L 

phosphoric acid and 9.9 g/L boric acid was added at  a rate of 0.6 L/hr 

from a solution adding part at a tip part on the di scharge opening side 

shown in Fig. 1.  The strand-shaped and melted wate r-containing EVOH 

discharged from a dice was cut by a strand cutter t o obtain a cylindrical 

water-containing EVOH pellet (moisture content: 25%  by mass).  The 

obtained water-containing EVOH pellet was dried in a hot-air dryer at 

80ºC for 1 hour, followed by consequently drying at  120ºC for 24 hrs 

to obtain a pellet of dry EVOH resin composition (E VOH-76).   

<Detailed Specifications of Biaxial Extruder> 

 Screw Diameter: 30 mm 

 L/D: 45.5 

 Screw: fully intermeshing type in the same directi on (detailed 

configuration of screw being shown in Fig. 1) 

 Screw rotation speed: 300 rpm 

 Die: 3 mm φ, 5-holes strand die 

 Winding speed: 5 m/min   

 [0170] 

 <Example 58> 

 A water-containing EVOH pellet (w-EVOH-9) was obta ined by carrying 

out saponification, washing, pelletizing and purifi cation according to 

an operation similar to Synthesis Example 1 except that 101 g of vinyl 

acetate (400 ppm with respect to the methanol solut ion having a 

concentration of 15% of EVAc) and 27 g of trisodium  citrate were added 

to the methanol solution having a concentration of 15% by mass of EVAc 

used for the saponifying step, and that an alkali s olution was added 

after the mixture was stirred to permit homogenous dissolution in 

Synthesis Example 1.  Furthermore, a pellet of a dr y EVOH resin 

composition (EVOH-77) was obtained according to an operation similar 

to Example 1 except that w-EVOH-9 was used in place  of w-EVOH-1.   

 [0171] 

 <Example 59> 

 A water-containing EVOH pellet (w-EVOH-10) was obt ained by 

carrying out saponification, washing, pelletizing a nd purification 
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according to an operation similar to Example 57 exc ept that the amount 

of vinyl acetate added was changed to 152 g (600 pp m with respect to 

the methanol solution having a concentration of 15%  of EVAc) in Example 

58.  Furthermore, a pellet of the dry EVOH resin co mposition (EVOH-78) 

was obtained according to an operation similar to E xample 1 except that 

w-EVOH-10 was used in place of w-EVOH-1.   

 [0172] 

 <Comparative Example 20> 

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

carrying out polymerization, saponification, washin g, pelletizing and 

purification according to an operation similar to S ynthesis Example 1 

except that 48 g of citric acid was further added w hen vinyl acetate 

and methanol were charged into the reaction tank in  the polymerization 

step in Synthesis Example 1.  Furthermore, a pellet  of a dry EVOH resin 

composition (EVOH-79) was obtained according to an operation similar 

to Comparative Example 1 except that w-EVOH-11 was used in place of 

w-EVOH-1.   

 [0173] 

 The dry EVOH resin composition pellets EVOH-74 to -79 obtained 

in Examples 55 to 59 and Comparative Example 20 wer e analyzed and 

evaluated in a manner similar to Example 1.  The re sults of the analysis 

of the ethylene content, etc. and the evaluation of  coloring resistance, 

etc. are shown in Table 13 and Table 14. 

 [0174] 

  [Table 13] 
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 [0175] 

  [Table 14] 
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[INDUSTRIAL APPLICABILITY] 

 [0176] 

 The EVOH resin composition of the present inventio n can be suitably 

used as a material for various types of molded arti cles such as 

monolayered or multilayered films, sheets, pipes, c ontainers and fibers 

superior in the appearance characteristics since th e EVOH resin 

composition of the present invention is superior in  appearance 

characteristics and long-run workability, and enabl es occurrence of 

coloring such as yellowing to be inhibited even by melt molding at high 

temperatures, particularly, for example, a high tem perature of no less 

than 260ºC.   

 

[EXPLANATION OF THE REFERENCE SYMBOLS] 

 [0177] 

1 material supply part 

2, 4, 6 full flighted screw part 

3, 5 reverse flighted screw part 

7 vent cylinder part 

8 minor component adding part 

9 temperature sensor 

10 cylinder barrel 

11 discharge opening 

20 biaxial extruder 
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CLAIMS 

 

1. A resin composition comprising: 

 (A) an ethylene-vinyl alcohol copolymer;  

 (B) at least one selected from the set consisting of a carboxylic 

acid and a carboxylate ion; and  

 (C) a metal ion, 

wherein  

 the component (B) comprises (B2) at least one sele cted from the 

set consisting of a multivalent carboxylic acid and  a multivalent 

carboxylate ion, and 

 the molar ratio (B2/C) of the multivalent carboxyl ic acid and the 

multivalent carboxylate ion (B2) to the metal ion ( C) is 0.002 or greater 

and 2 or less.   

 

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

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

 

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

component (B2) has at least one type of functional group selected from 

the set consisting of a hydroxy group, an amino gro up and a ketone group.   

 

4. The resin composition according to claim 3, wher ein the component 

(B2) has a hydroxy group.   

 

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

at least a pair of carboxyl groups in the component  (B2) are linked each 

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

 

6. The resin composition according to any one of cl aims 1 to 5, wherein 

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

 

7. The resin composition according to any one of cl aims 1 to 6, wherein 

the content of the component (C) is 2.5 µmol/g or greater and 22 µmol/g 

or less.   

 

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

the component (C) comprises (C1) an alkali metal io n.   
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9. The resin composition according to claim 8, wher ein the content 

of the component (C1) is 2.5 µmol/g or greater and 22 µmol/g or less.   

 

10. The resin composition according to claim 8 or 9 , wherein the molar 

ratio (B2/C1) of the component (B2) to the componen t (C1) is 0.002 or 

greater and 2 or less.   

 

11. The resin composition according to any one of c laims 1 to 10, 

wherein the component (C) comprises (C2) an alkalin e earth metal ion.   

 

12. The resin composition according to any one of c laims 1 to 11, the 

resin composition further comprising (D) a phosphat e compound,  

wherein the content of the phosphate compound (D) i s 5 ppm or greater 

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

 

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

resin composition further comprising (E) a boron co mpound,  

wherein the content of the boron compound (E) is 5 ppm or greater and 

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

 

14. The resin composition according to any one of c laims 1 to 13, 

wherein the content of (B1) a monocarboxylic acid a nd a monocarboxylate 

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

 

15. The resin composition according to any one of c laims 1 to 13, the 

component (B) further comprising (B1) at least one selected from the 

set consisting of a monocarboxylic acid and a monoc arboxylate ion, 

wherein the content of the monocarboxylic acid and the monocarboxylate 

ion (B1) is no less than 2 µmol/g.   

 

16. The resin composition according to any one of c laims 1 to 15, the 

resin composition being for use in co-extrusion mol ding.   

 

17. A method for producing the resin composition ac cording to any one 

of claims 1 to 16, the method comprising 

 a copolymerizing step in which ethylene and a viny l ester are 

copolymerized to obtain an ethylene-vinyl ester cop olymer, and  

 a saponifying step in which the ethylene-vinyl est er copolymer 

is saponified to obtain an ethylene-vinyl alcohol c opolymer, and 
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the method further comprising 

 a mixing step in which the ethylene-vinyl ester co polymer or the 

ethylene vinyl alcohol copolymer is mixed with (B2’ ) at least one of 

a multivalent carboxylic acid and a salt thereof, l ater than the 

copolymerizing step.   

 

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

17, wherein the mixing step is carried out in a sys tem in which the 

concentration of the vinyl ester is no greater than  1,000 ppm.   

 

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

17 or 18, the method further comprising:  

 an pelletizing step in which a water-containing pe llet of an 

ethylene-vinyl alcohol copolymer is obtained by an pelletizing operation 

from a solution comprising the ethylene-vinyl alcoh ol copolymer obtained 

in the saponifying step; and  

 a drying step in which the water-containing pellet  is dried to 

obtain a resin composition comprising an ethylene-v inyl alcohol 

copolymer,  

wherein the mixing step is carried out after the pe lletizing step.   

 

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

19, wherein the mixing step is carried out between the pelletizing step 

and the drying step by immersing the water-containi ng pellet in a solution 

containing the component (B2’).   

 

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

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

 

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

17 or 18, wherein the mixing step is carried out in  the saponifying step.   

 

23. A multilayered structure provided with at least  one layer obtained 

from the resin composition according to any one of claims 1 to 16.   


