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DESCRIPTION 

 

ETHYLENE-VINYL ALCOHOL COPOLYMER PELLETS, RESIN COMPOSITION, 

AND MULTILAYER STRUCTURE 

 5 

TECHNICAL FIELD 

[0001] The present disclosure relates to ethylene-v inyl 

alcohol copolymer pellets, more specifically, ethyl ene-vinyl 

alcohol copolymer pellets excellent in heat stabili ty at a 

higher temperature as well as gas barrier property,  and to a 10 

resin composition and a multilayer structure produc ed by using 

the pellets. 

 

BACKGROUND ART 

[0002] Ethylene-vinyl alcohol copolymers (hereinaft er 15 

sometimes abbreviated as “EVOH”), particularly, sap onified 

ethylene-vinyl acetate copolymers, are excellent in  gas 

barrier property, mechanical strength, and other pr operties 

and, therefore, are widely used for films, sheets, containers, 

fibers, and other various applications. 20 

 The saponified ethylene-vinyl acetate copolymers a re 

produced by copolymerizing ethylene and vinyl aceta te, 

removing unreacted vinyl acetate, and saponifying t he 

resulting ethylene-vinyl acetate copolymer. 

[0003] A variety of products are formed from such a n EVOH 25 
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by melt-forming processes such as extrusion and inj ection 

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

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

the EVOH is susceptible to thermal degradation, so that the 

resulting formed product is liable to have a poorer  quality 5 

with fisheyes and gel-like objects (spots). 

[0004] An exemplary method for suppressing the ther mal 

degradation of the EVOH at a higher temperature is proposed, 

in which the total content of a carboxylic acid uni t and a 

lactone ring unit at polymer terminals of the EVOH is controlled 10 

to not higher than 0.12 mol % based on the total co ntent of 

an ethylene unit, a vinyl alcohol unit, and a vinyl  ester unit 

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

 

RELATED ART DOCUMENT 15 

PATENT DOCUMENT 

[0005] PTL 1: WO2004/092234 

 

SUMMARY 

[0006] The art disclosed in PTL 1 provides a certai n thermal 20 

degradation-suppressing effect, but the effect is n ot 

satisfactorily proved because films sampled after a  lapse of 

50 hours were evaluated for occurrence of gel-like objects 

therein by visual inspection.  With recent technolo gical 

advancement, the EVOH requires further improvement.   For 25 
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[0010] According to a second aspect of the present disclosure, 

there is provided a resin composition that contains  a resin 

component of the EVOH pellets.  According to a thir d aspect 

of the present disclosure, there is provided a mult ilayer 

structure that includes at least one layer containi ng a resin 5 

component of the EVOH pellets or the resin composit ion. 

[0011] In the EVOH pellets of the present disclosur e, the 

EVOH has a lactone ring content ratio (Y/Z) of not less than 

60 mol % with respect to the sum (Z) of the carboxy lic acid 

content (X) and the lactone ring content (Y) in the  EVOH 10 

terminal structures.  In addition, the EVOH pellets  have a 

water content of not higher than 0.5 wt.%.  With th is 

arrangement, the EVOH is excellent in high-temperat ure thermal 

stability, so that the EVOH pellets are free from o dor emanation 

and coloration even if being processed at a higher temperature. 15 

[0012] Where the sum (Z) of the carboxylic acid con tent (X) 

and the lactone ring content (Y) is 0.01 to 0.3 mol  % based 

on the total amount of the monomer units of the EVO H, the EVOH 

pellets are better in thermal stability. 

[0013] Where the lactone ring content (Y) is 0.01 t o 0.3 mol % 20 

based on the total amount of the monomer units of t he EVOH, 

the EVOH pellets are still more excellent in therma l stability. 

[0014] Where the carboxylic acid content (X) is 0.0 1 to 0.3 

mol % based on the total amount of the monomer unit s of the 

EVOH, the EVOH pellets are further excellent in the rmal 25 
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stability. 

[0015] Since the resin composition of the present d isclosure 

contains the resin component of the EVOH pellets of  the present 

disclosure excellent in thermal stability, the resi n 

composition is excellent in thermal stability, and can be 5 

formed into a high-quality product free from odor e manation 

and coloration even if being processed at a higher temperature. 

[0016] Since the multilayer structure of the presen t 

disclosure has at least one layer containing the re sin 

component of the EVOH pellets of the present disclo sure or the 10 

resin composition of the present disclosure excelle nt in 

thermal stability, the multilayer structure is exce llent in 

thermal stability, and is advantageous in that its quality is 

less liable to be thermally influenced. 

 15 

BRIEF DESCRIPTION OF DRAWINGS 

[0017] FIG. 1 is a typical 1H-NMR chart of an EVOH in a DMSO-D6 

solvent. 

 FIG. 2 is a typical 1H-NMR chart of the EVOH in a heavy 

water/ethanol-D6 solvent. 20 

 

DESCRIPTION OF EMBODIMENTS 

[0018] Embodiments of the present disclosure will 

hereinafter be described in detail.  It should be u nderstood 

that the present disclosure be not limited to the f ollowing 25 
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embodiments. 

[0019] According to a first feature, the EVOH pelle ts of the 

present disclosure contain the EVOH that has a lact one ring 

content ratio (Y/Z) of not less than 60 mol % with respect to 

the sum (Z) of the carboxylic acid content (X) and the lactone 5 

ring content (Y) in the EVOH terminal structures.  According 

to a second feature, the EVOH pellets contain water , and have 

a water content of not higher than 0.5 wt.% based o n the weight 

of the pellets. 

[0020] That is, the lactone ring is chemically more  stable 10 

than the carboxylic acid group.  Therefore, the EVO H pellets 

having a higher terminal lactone ring content are s upposedly 

less susceptible to a decomposition reaction during  heating, 

and excellent in high-temperature thermal stability .  On the 

other hand, water molecules serve to promote the hy drolysis 15 

of lactone rings.  In addition, the water molecules  per se 

function as a heat conductor.  It was found that, w ith a higher 

water content, the EVOH pellets are poorer in high- temperature 

thermal stability than expected, even if the lacton e ring 

content is higher than the carboxylic acid content.   Therefore, 20 

the water content of the EVOH pellets of the presen t disclosure 

is limited to the very low level.  This makes it po ssible to 

sufficiently ensure the high-temperature 

thermal-stabilization effect of the lactone rings w hile 

suppressing the decomposition reaction of the lacto ne rings. 25 
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[0021] The EVOH to be used for the EVOH pellets of the present 

disclosure is typically a resin prepared by copolym erizing 

ethylene and a vinyl ester monomer, and then saponi fying the 

resulting copolymer, or a water-insoluble thermopla stic resin 

generally referred to as an ethylene-vinyl alcohol copolymer 5 

or a saponified ethylene-vinyl ester copolymer.  A known 

polymerization method such as solution polymerizati on method, 

suspension polymerization method or emulsion polyme rization 

method may be utilized for polymerization {for the preparation 

of the EVOH}.  In general, a solution polymerizatio n method 10 

using a lower alcohol such as methanol or ethanol a s a solvent, 

particularly preferably using methanol as a solvent , is 

utilized.  The saponification of the resulting ethy lene-vinyl 

ester copolymer may be achieved by a known method. 

 In general, the EVOH mainly contains an ethylene 15 

structural unit and a vinyl alcohol structural unit , and 

further contains a small amount of a vinyl ester st ructural 

unit left unsaponified as required. 

[0022] Vinyl acetate is typically used as the vinyl  ester 

monomer, because it is easily commercially availabl e and 20 

ensures a higher impurity treatment efficiency in t he 

preparation.  Other examples of the vinyl ester mon omer 

include aliphatic vinyl esters such as vinyl format e, vinyl 

propionate, vinyl valerate, vinyl butyrate, vinyl i sobutyrate, 

vinyl pivalate, vinyl caprate, vinyl laurate, vinyl  stearate, 25 
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and vinyl versatate, and aromatic vinyl esters such  as vinyl 

benzoate.  The aliphatic vinyl esters typically hav e a carbon 

number of 3 to 20, preferably 4 to 10, particularly  preferably 

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

or, as required, a plurality of vinyl esters may be  selected 5 

from these vinyl esters to be used in combination. 

[0023] The EVOH typically has an ethylene structura l unit 

content of 20 to 60 mol %, preferably 25 to 50 mol %, particularly 

preferably 25 to 35 mol %, as measured in conformit y with 

ISO14663.  If the ethylene structural unit content is 10 

excessively low, the EVOH tends to be poorer in hig h-humidity 

gas barrier property and melt formability for gas b arrier 

applications.  If the ethylene structural unit cont ent is 

excessively high, on the other hand, the EVOH tends  to be poorer 

in gas barrier property. 15 

[0024] The saponification degree of the vinyl ester  

component in the EVOH is typically 90 to 100 mol %,  preferably 

95 to 100 mol %, particularly preferably 99 to 100 mol %, as 

measured in conformity with JIS K6726 (with the use  of a 

solution obtained by homogenously dissolving the EV OH in a 20 

water/methanol solvent).  If the saponification deg ree is 

excessively low, the EVOH tends to be poorer in gas  barrier 

property, thermal stability, humidity resistance, a nd the 

like. 

[0025] Further, the EVOH typically has a melt flow rate (MFR) 25 
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of 0.5 to 100 g/10 minutes, preferably 1 to 50 g/10  minutes, 

particularly preferably 2 to 35 g/10 minutes, as me asured at 

210 °C with a load of 2160 g.  If the MFR is excessively  high, 

the EVOH tends to have unstable film formability.  If the MFR 

is excessively low, the EVOH tends to have an exces sively high 5 

viscosity, making the melt extrusion difficult. 

[0026] The EVOH may further contain a structural un it derived 

from any of the following comonomers in an amount ( e.g., not 

greater than 10 mol %) that does not impair the eff ects of the 

present disclosure. 10 

[0027] The comonomers include: olefins such as prop ylene, 

1-butene, and isobutene; hydroxyl-containing α-olefins such 

as 2-propen-1-ol, 3-buten-1-ol, 4-penten-1-ol, 5-he xen-1-ol, 

3,4-dihydroxy-1-butene, and 5-hexene-1,2-diol, and 

derivatives including esterification products of th ese 15 

hydroxyl-containing α-olefins such as 3,4-diacyloxy-1-butene 

(particularly, 3,4-diacetoxy-1-butene, and the like ), and 

acylation products of these hydroxyl-containing α-olefins 

such as 2,3-diacetoxy-1-allyloxypropane, 

2-acetoxy-1-allyloxy-3-hydroxypropane, 20 

3-acetoxy-1-allyloxy-2-hydroxypropane, glycerin mon ovinyl 

ether, and glycerin monoisopropenyl ether; hydroxya lkyl 

vinylidenes such as 2-methylenepropane-1,3-diol and  

3-methylenepentane-1,5-diol; vinylidene diacetates such as 

1,3-diacetoxy-2-methylenepropane, 25 
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1,3-dipropionyloxy-2-methylenepropane, and 

1,3-dibutyronyloxy-2-methylenepropane; unsaturated acids 

such as acrylic acid, methacrylic acid, crotonic ac id, phthalic 

acid (anhydride), maleic acid (anhydride), and itac onic acid 

(anhydride), salts of these unsaturated acids, and monoalkyl 5 

and dialkyl esters of these unsaturated acids havin g a carbon 

number of 1 to 18; acrylamide compounds such as acr ylamide, 

N-alkyl acrylamides having a carbon number of 1 to 18, 

N,N-dimethyl acrylamide, 2-acrylamidopropane sulfon ic acid 

and its salts, and acrylamidopropyldimethylamine an d its acid 10 

salts and quaternary salts; methacrylamide compound s such as 

methacrylamide, N-alkyl methacrylamides having a ca rbon 

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

2-methacrylamidopropane sulfonic acid and its salts , and 

methacrylamidopropyldimethylamine and its acid salt s and 15 

quaternary salts; N-vinylamides such as N-vinylpyrr olidone, 

N-vinylformamide, and N-vinylacetamide; vinyl cyana tes such 

as acrylonitrile and methacrylonitrile; vinyl ether s such as 

alkyl vinyl ethers, hydroxyalkyl vinyl ethers, and alkoxyalkyl 

vinyl ethers having a carbon number of 1 to 18; hal ogenated 20 

vinyl compounds such as vinyl chloride, vinylidene chloride, 

vinyl fluoride, vinylidene fluoride, and vinyl brom ide; 

vinylsilanes such as trimethoxyvinylsilane; allyl a cetate, 

halogenated allyl compounds such as allyl chloride,  and allyl 

alcohol compounds such as allyl alcohol and dimetho xyallyl 25 



Finalized Mirror Translat ion 
Client ref.F17-26; Our ref.1734-EP,SG 

 

11 
 

alcohol; and 

trimethyl(3-acrylamido-3-dimethylpropyl)ammonium ch loride 

and acrylamido-2-methylpropane sulfonic acid.  Thes e may be 

used alone or in combination. 

[0028] A post-modified EVOH such as an urethanized,  5 

acetalized, cyanoethylated or oxyalkylenated EVOH m ay be used 

as the EVOH of the present disclosure. 

[0029] Particularly, an EVOH prepared by copolymeri zation 

with a hydroxyl-containing α-olefin is preferred because of 

its excellent secondary formability, and an EVOH co ntaining 10 

a primary hydroxyl group in its side chain is prefe rred.  

Particularly, an EVOH having a 1,2-diol structure i n its side 

chain is preferred. 

[0030] The EVOH having the 1,2-diol structure in it s side 

chain contains a 1,2-diol structural unit in its si de chain.  15 

An EVOH containing a structural unit represented by  the 

following structural formula (1) is most preferred.  

[0031] 

 

[0032] Particularly, where the EVOH contains the 1, 2-diol 20 



Finalized Mirror Translat ion 
Client ref.F17-26; Our ref.1734-EP,SG 

 

12 
 

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

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

particularly preferably 1 to 10 mol %. 

[0033] In general, the EVOH contains the lactone ri ng or the 

carboxylic acid group present in its terminal struc tures.  5 

According to the first feature, as previously descr ibed, the 

EVOH to be used for the EVOH pellets of the present  disclosure 

has a lactone ring content ratio (Y/Z) of not less than 60 mol % 

with respect to the sum (Z) of the carboxylic acid content (X) 

and the lactone ring content (Y) in the EVOH termin al 10 

structures. 

[0034] In the present disclosure, the lactone ring is present 

in a greater amount than the carboxylic acid group in the EVOH 

terminal structures.  Thus, the EVOH is excellent i n 

high-temperature thermal stability, and is free fro m odor 15 

emanation and coloration even if being processed at  higher 

temperature. 

[0035] In the present disclosure, the lactone ring content 

ratio (Y/Z) is preferably not less than 60 mol %, m ore 

preferably 60 to 90 mol %, particularly preferably 62 to 80 20 

mol %, especially preferably 63 to 70 mol %, for th e 

high-temperature thermal stability.  If the content  ratio 

(Y/Z) is excessively low, the EVOH tends to be poor er in thermal 

stability.  If the content ratio is excessively hig h, the EVOH 

tends to be poorer in adhesion to an adhesive resin  layer when 25 
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being used for a multilayer structure. 

[0036] In the present disclosure, the sum (Z) of th e 

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

in the EVOH terminal structures is preferably 0.01 to 0.3 mol %, 

particularly preferably 0.03 to 0.28 mol %, more pr eferably 5 

0.05 to 0.25 mol %, especially preferably 0.1 to 0. 24 mol %, 

particularly preferably 0.17 to 0.23 mol %, based o n the total 

amount of the monomer units of the EVOH for thermal  stability.  

If the sum (Z) is excessively small, the EVOH tends  to be poorer 

in adhesion to the adhesive resin layer when being used for 10 

the multilayer structure.  If the sum (Z) is excess ively great, 

the EVOH tends to be poorer in thermal stability. 

[0037] The monomer units herein include an ethylene  unit 

represented by the following structural formula (2) , a vinyl 

alcohol unit represented by the following structura l formula 15 

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

structural formula (4), and other copolymerized mon omer units, 

and the total amount of the monomer units means the  total molar 

amount of these monomer units. 

[0038] 20 
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[0039] 

 

[0040] 

 

[0041] The carboxylic acid content (X) is preferabl y 0.01 5 

to 0.3 mol % for thermal stability, particularly pr eferably 

0.02 to 0.25 mol %, more preferably 0.03 to 0.2 mol  %, especially 

preferably 0.05 to 0.1 mol %, more preferably 0.05 to 0.08 mol %, 

based on the total amount of the monomer units of t he EVOH.  

If the carboxylic acid content (X) is excessively l ow, the EVOH 10 

tends to be poorer in adhesion to the adhesive resi n layer when 

being used for the multilayer structure.  If the ca rboxylic 

acid content (X) is excessively high, the EVOH tend s to be 

poorer in thermal stability. 

[0042] The lactone ring content (Y) is preferably 0 .01 to 15 
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0.3 mol % for thermal stability, particularly prefe rably 0.02 

to 0.25 mol %, more preferably 0.03 to 0.2 mol %, e specially 

preferably 0.05 to 0.15 mol %, based on the total a mount of 

the monomer units of the EVOH.  If the lactone ring  content 

(Y) is excessively low, the EVOH tends to be poorer  in adhesion 5 

to the adhesive resin layer when being used for the  multilayer 

structure.  If the lactone ring content (Y) is exce ssively high, 

the EVOH tends to be poorer in thermal stability. 

[0043] The carboxylic acid content (X), the lactone  ring 

content (Y), and the lactone ring content ratio (Y/ Z) are 10 

determined by NMR measurement.  The carboxylic acid  group 

herein includes carboxylic acid groups and carboxyl ic acid salt 

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

content of the carboxylic acid groups and the carbo xylic acid 

salt groups. 15 

 The NMR measurement is performed, for example, in the 

following manner.  In the present disclosure, “ppm”  is based 

on weight. 

<Measurement Conditions> 

Apparatus: Bruker’s AVANCE III 20 

Measurement frequency: 400 MHz 

Solvent: Heavy water/ethanol-D6 (having a heavy 

water/ethanol-D6 weight ratio of 35/65), and DMSO ( dimethyl 

sulfoxide)-D6 

Polymer concentration: 5 wt.% 25 
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Measurement temperatures: 70 °C for heavy water/ethanol-D6, and 

50°C for DMSO-D6 

Integration number: 16 

Pulse recurrence time: 4 seconds 

Sample rotation speed: 20 Hz 5 

Additive: Trifluoroacetic acid 

[0044] <Analysis Method> 

(1-1) Measurement of Terminal Methyl Amount 

 The terminal methyl amount is calculated based on 

1H-NMR measurement (measurement with DMSO-D6 at 50 °C).  More 10 

specifically, the terminal methyl amount is calcula ted from 

the following expression (Ex. 1) by using an integr ation value 

(I Me-1) of a peak appearing between 0.7 and 0.95 ppm for terminal 

methyl, an integration value (I CH2) of peaks appearing between 

0.95 and 1.85 ppm for non-terminal methylene (a tot al 15 

integration value of peaks for methylene in the eth ylene unit, 

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

integration value (I OAc) of a peak appearing between 1.9 and 

2 ppm for terminal methyl in the vinyl acetate unit , and an 

integration value (I CH) of peaks appearing between 3.1 and 4.3 20 

ppm for methine in the vinyl alcohol unit as shown as FIG. 1. 

[0045] Terminal methyl amount (mol %) 

= (I Me-1 /3)/[(I Me-1 /3)+(I OAc/3)+I CH 

 +{I CH2-2 ×I CH-2 ×(I OAc/3)-2 ×(I Me-1 /3)}/4] ..... (Ex. 1) 

[0046] (1-2) Measurement of Carboxylic Acid Content  (X) and 25 
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Lactone Ring Content (Y) 

 The contents of the carboxylic acid group and the 

lactone ring present at polymer terminals are calcu lated based 

on the terminal methyl amount (mol %) obtained in t he item (1-1) 

and 1H-NMR measurement (measurement with a heavy 5 

water/ethanol-D6 solvent at 70 °C).  More specifically, the 

carboxylic acid content (X) (mol %) and the lactone  ring content 

(Y) (mol %) are calculated from the following expre ssions (Ex. 

2) and (Ex. 3), respectively, by using an integrati on value 

(I Me-2) of a peak appearing between 0.7 and 1 ppm for ter minal 10 

methyl, an integration value (I x) of a peak appearing between 

2.15 and 2.32 ppm, and an integration value (I Y) of a peak 

appearing between 2.5 and 2.7 ppm as shown in FIG. 2. 

[0047] 

Carboxylic acid content (X) (mol %) 15 

= Terminal methyl amount (mol %) × (I x/2)/(I Me-2 /3) 

..... (Ex. 2) 

[0048] 

Lactone ring content (Y) (mol %) 

= Terminal methyl amount (mol %) × (I Y/2)/(I Me-2 /3) 20 

..... (Ex. 3) 

[0049] (1-3) Calculation of Lactone Ring Content Ra tio (Y/Z) 

with respect to Sum (Z) of Carboxylic Acid Content (X) and 

Lactone Ring Content (Y) in Terminal Structures 

 The lactone ring content ratio (Y/Z) is calculated  25 
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from the following expression (Ex. 4) based on the carboxylic 

acid content (X) and the lactone ring content (Y) c alculated 

above. 

[0050] Lactone ring content ratio (Y/Z) (mol %) wit h respect 

to sum (Z) of carboxylic acid content (X) and lacto ne ring 5 

content (Y) (mol %) = {Y/(X+Y)} × 100 

..... (Ex. 4) 

[0051] In an EVOH production process including a sa ponifying 

step [I] of saponifying the ethylene-vinyl ester co polymer to 

provide an EVOH intermediate product, a chemical tr eatment step 10 

[II] of chemically treating the EVOH intermediate p roduct with 

a chemical treatment liquid, and a drying step [III ] of drying 

the chemically treated EVOH intermediate product, e xemplary 

methods for controlling the lactone ring content ra tio (Y/Z) 

to not less than 60 mol % with respect to the sum ( Z) of the 15 

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

in the EVOH terminal structures in the present disc losure 

include: (1) a method in which a higher drying temp erature is 

employed in the drying step [III]; (2) a method in which a longer 

drying period is employed in the drying step [III];  and (3) 20 

a method in which a chemical treatment liquid havin g a higher 

carboxylic acid concentration is used in the chemic al treatment 

step [II].  These methods (1) to (3) may be used al one or in 

combination. 

[0052] Particularly, in the production process incl uding the 25 
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saponifying step [I] of saponifying the ethylene-vi nyl ester 

copolymer to provide the EVOH intermediate product,  the 

chemical treatment step [II] of chemically treating  the EVOH 

intermediate product with the chemical treatment li quid, and 

the drying step [III] of drying the chemically trea ted EVOH 5 

intermediate product, the carboxylic acid concentra tion of the 

chemical treatment liquid is preferably controlled at a higher 

level in the following manner in the chemical treat ment step 

[II] in the method (3).  More specifically, it is p referred, 

for the high-temperature thermal stability, that a carboxylic 10 

acid and a carboxylic acid metal salt are used in c ombination 

as chemical treatment agents for the chemical treat ment liquid, 

that the carboxylic acid concentration of the chemi cal 

treatment liquid is controlled at a higher level, a nd that the 

weight-based concentration ratio between the carbox ylic acid 15 

concentration and the metal ion concentration of th e carboxylic 

acid metal salt (carboxylic acid concentration/meta l ion 

concentration) is controlled to not less than 3.7. 

[0053] The EVOH production process to be employed i n the 

present disclosure will hereinafter be described in  detail. 20 

[0054] In the saponifying step [I], the ethylene-vi nyl ester 

copolymer prepared by the copolymerization of ethyl ene and the 

vinyl ester monomer is saponified by a generally kn own method. 

 At this stage, the saponified ethylene-vinyl ester  

copolymer (EVOH intermediate product) may be pellet ized, and 25 
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the resulting pellets may be subjected to the chemi cal 

treatment step [II] and the drying step [III] to be  described 

below. 

[0055] A conventionally known method may be used fo r the 

pelletization of the EVOH intermediate product.  Ex emplary 5 

methods for the pelletization include: a hot cuttin g method 

including the steps of extruding the EVOH intermedi ate product 

in a melted state from an extrusion head, cutting t he extruded 

EVOH intermediate product in a melted state, and co oling and 

solidifying the resulting pieces of the extruded EV OH 10 

intermediate product into pellets; and a strand cut ting method 

including the steps of extruding a resin solution o r slurry 

of the EVOH intermediate product (EVOH hydrous comp osition) 

into a solidification bath, cooling and solidifying  the 

extruded EVOH intermediate product, and cutting the  resulting 15 

EVOH strands. 

[0056] The shape of the pellets generally depends u pon the 

pellet production method, and may be any of various  shapes 

including cylindrical shape, spherical shape, rugby  ball-like 

shape, cubic shape, square prism shape, irregular s hape, and 20 

the like.  The size of the pellets may be properly controlled 

by the diameter of the nozzle of the extruder to be  used, the 

number of cutter blades, the rotation speed of the cutter blades, 

and the like. 

[0057] In the chemical treatment step [II], the EVO H 25 
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intermediate product is chemically treated with the  chemical 

treatment liquid containing the chemical treatment agents.  

This step is performed to impart the EVOH with ther mal stability 

and adhesiveness.  Various compounds are usable as the 

chemical treatment agents, and examples of the comp ounds 5 

include carboxylic acids and inorganic acids such a s boric acid 

and phosphoric acid, and esters and metal salts of the 

carboxylic acids and the inorganic acids.  These co mpounds are 

generally soluble in water.  The chemical treatment  liquid is 

an aqueous solution containing any of these compoun ds. 10 

 Specific examples of the carboxylic acids to be us ed 

as the chemical treatment agents include acetic aci d, propionic 

acid, butyric acid, and stearic acid.  For thermal stability, 

C1 to C4 aliphatic carboxylic acids are preferred, and C1 to 

C4 aliphatic monovalent carboxylic acids are more p articularly 15 

preferred.  Particularly, acetic acid is preferred.   

Examples of the inorganic acids include carbonic ac id and 

sulfuric acid in addition to boric acid and phospho ric acid. 

[0058] Examples of the metal salts of the carboxyli c acids 

and the inorganic acids include salts of alkali met als, salts 20 

of alkali earth metals, and salts of d-block metals  of the 

fourth period of the Periodic Table.  Examples of t he alkali 

metals include sodium and potassium.  Examples of t he alkali 

earth metals include calcium and magnesium.  Exampl es of the 

d-block metals of the fourth period of the Periodic  Table 25 
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include titanium, manganese, copper, cobalt, and zi nc.  The 

alkali metal salts are preferred, and the sodium sa lts and the 

potassium salts are particularly preferred. 

[0059] Examples of the carboxylic acid metal salts include: 

alkali metal salts of the carboxylic acids includin g alkali 5 

metal acetates such as sodium acetate and potassium  acetate, 

alkali metal propionates such as sodium propionate and 

potassium propionate, and alkali metal stearates su ch as sodium 

stearate and potassium stearate; and alkali earth m etal salts 

of the carboxylic acids including alkali earth meta l acetates 10 

such as magnesium acetate and calcium acetate, alka li earth 

metal propionates such as magnesium propionate and calcium 

propionate, and alkali earth metal stearates such a s magnesium 

stearate and calcium stearate.  These may be used a lone or in 

combination. 15 

[0060] Examples of the inorganic acid metal salts i nclude: 

alkali metal salts of the inorganic acids including  alkali 

metal borates such as sodium borate and potassium b orate, and 

alkali metal phosphates such as sodium phosphate an d potassium 

phosphate; and alkali earth metal salts of the inor ganic acids 20 

including alkali earth metal borates such as magnes ium borate 

and calcium borate, and alkali earth metal phosphat es such as 

magnesium phosphate and calcium phosphate.  The pho sphates 

herein include hydrogen phosphates.  These metal sa lts may be 

used alone or in combination. 25 
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[0061] For the thermal stability, the carboxylic ac ids and 

the metal salts of the carboxylic acids are preferr ed as the 

chemical treatment agents.  Further, the carboxylic  acids, 

the metal salts of the carboxylic acids, the inorga nic acids, 

and the metal salts of the inorganic acids are pref erred.  More 5 

specifically, acetic acid, the metal acetates, bori c acid, and 

the phosphates are preferred.  These may be used al one or in 

combination. 

[0062] In order to uniformly and speedily incorpora te any 

of the aforementioned compounds as the chemical tre atment 10 

agents to the EVOH intermediate product, the EVOH i ntermediate 

product preferably has a water content of 20 to 80 wt.%.  When 

the EVOH intermediate product is treated in contact  with the 

chemical treatment liquid, the content of the compo und may be 

adjusted by controlling the concentration of the co mpound in 15 

the aqueous solution, the period of the contact tre atment, the 

temperature for the contact treatment, the stirring  speed in 

the contact treatment, and the water content of the  EVOH 

intermediate product to be treated. 

[0063] In the chemical treatment step [II], the wei ght-based 20 

concentration ratio of the carboxylic acid concentr ation to 

the metal ion concentration of the carboxylic acid metal salt 

in the chemical treatment liquid (carboxylic acid 

concentration/metal ion concentration) is preferabl y not less 

than 3.7, particularly preferably not less than 13,  more 25 
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preferably not less than 22, further preferably not  less than 

25, especially preferably not less than 30, for the  

high-temperature thermal stability.  If the ratio i s 

excessively low, the EVOH tends to be poorer in the rmal 

stability.  The upper limit of the ratio is typical ly 100, 5 

preferably 50. 

[0064] The chemical treatment step [II] of chemical ly 

treating the EVOH intermediate product with the che mical 

treatment liquid may be a single-stage chemical tre atment step 

in which a chemical treatment liquid containing the  carboxylic 10 

acid in a higher concentration is used, or may be a  multi-stage 

chemical treatment step in which a plurality of che mical 

treatment liquids containing the carboxylic acid in  different 

concentrations are used.  The expression “the weigh t-based 

concentration ratio of the carboxylic acid concentr ation to 15 

the metal ion concentration of the carboxylic acid metal salt 

in the chemical treatment liquid (carboxylic acid 

concentration/metal ion concentration) is not less than 3.7” 

in the chemical treatment step [II] means that the weight-based 

concentration ratio of the carboxylic acid concentr ation to 20 

the metal ion concentration of the carboxylic acid metal salt 

(carboxylic acid concentration/metal ion concentrat ion) is 

not less than 3.7 in the chemical treatment liquid containing 

the carboxylic acid in the higher concentration for  use in the 

single-stage chemical treatment step.  The above ex pression 25 
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also means that the weight-based concentration rati o of the 

carboxylic acid concentration to the metal ion conc entration 

of the carboxylic acid metal salt (carboxylic acid 

concentration/metal ion concentration) is not less than 3.7 

in a chemical treatment liquid containing the carbo xylic acid 5 

in the highest concentration among the plurality of  chemical 

treatment liquids for use in the multi-stage chemic al treatment 

step as will be described later. 

[0065] For efficient production of the EVOH excelle nt in 

thermal stability, the multi-stage chemical treatme nt step is 10 

preferred in which the plural chemical treatment li quids having 

different carboxylic acid concentrations are used f or the 

respective chemical treatments.  The multi-stage ch emical 

treatment step for the chemical treatment step [II]  of 

chemically treating the EVOH intermediate product w ith the 15 

chemical treatment liquid is performed in the follo wing manner.  

First, the plural chemical treatment liquids having  different 

carboxylic acid concentrations are prepared.  Then,  the EVOH 

intermediate product is chemically treated on multi ple stages 

by using the plural chemical treatment liquids for the 20 

respective chemical treatments in the multi-stage c hemical 

treatment step.  In this case, the weight-based con centration 

ratio of the carboxylic acid concentration to the m etal ion 

concentration of the carboxylic acid metal salt (ca rboxylic 

acid concentration/metal ion concentration) is pref erably not 25 
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less than 3.7 in the chemical treatment liquid havi ng the 

highest carboxylic acid concentration among the plu rality of 

chemical treatment liquids. 

[0066] In the present disclosure, the carboxylic ac id 

concentration of the chemical treatment liquid is p referably 5 

1 to 50,000 ppm, particularly preferably 10 to 10,0 00 ppm, 

especially preferably 400 to 5,000 ppm.  The metal ion 

concentration of the carboxylic acid metal salt is preferably 

1 to 50,000 ppm, particularly preferably 10 to 10,0 00 ppm, for 

treatment efficiency and costs. 10 

[0067] In the present disclosure, the term “carboxy lic acid 

concentration” means the concentration of the carbo xylic acid 

contained as the chemical treatment agent in the ch emical 

treatment liquid.  Where acetic acid is contained a s the 

carboxylic acid, for example, the carboxylic acid 15 

concentration means the concentration of acetic aci d in the 

chemical treatment liquid.  Further, the term “the metal ion 

concentration of the carboxylic acid metal salt” me ans the 

concentration of metal ions of the carboxylic acid metal salt 

contained as the chemical treatment agent in the ch emical 20 

treatment liquid.  Where sodium acetate is containe d in the 

chemical treatment liquid, for example, the metal i on 

concentration of the carboxylic acid metal salt mea ns the 

concentration of sodium ions.  Where a carboxylic a cid and a 

carboxylic acid metal salt are used in combination as the 25 
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chemical treatment agents, carboxyl ions contained in the 

carboxylic acid metal salt are not counted in the c arboxylic 

acid concentration.  Where acetic acid and sodium a cetate are 

used in combination as the chemical treatment agent s, acetate 

ions contained in sodium acetate are not counted in  the 5 

carboxylic acid concentration. 

[0068] In the chemical treatment step [II], the tre atment 

temperature is typically 10 °C to 100 °C, preferably 15 °C to 80 °C, 

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

excessively low, it will be difficult to incorporat e a 10 

predetermined amount of an acid or an acid salt int o the EVOH 

intermediate product.  If the treatment temperature  is 

excessively high, it will be difficult to handle th e solution, 

resulting in disadvantageous production. 

[0069] In the chemical treatment step [II], the tre atment 15 

period is typically not shorter than 1 hour, prefer ably 1.5 

to 48 hours, more preferably 2 to 24 hours.  If the  treatment 

period is excessively short, the EVOH intermediate product 

tends to suffer from uneven color and/or poorer the rmal 

stability.  If the treatment period is excessively long, the 20 

EVOH intermediate product tends to be colored. 

[0070] In the drying step [III], the chemically tre ated EVOH 

intermediate product is dried.  For the drying cond itions, the 

drying temperature is preferably 80 °C to 150 °C, more preferably 

90°C to 140 °C, particularly preferably 100 °C to 130 °C.  If the 25 



Finalized Mirror Translat ion 
Client ref.F17-26; Our ref.1734-EP,SG 

 

28 
 

drying temperature is excessively low, the drying p eriod tends 

to be prolonged.  If the drying temperature is exce ssively high, 

the EVOH intermediate product tends to be colored.  The drying 

period is preferably not shorter than 3 hours, more  preferably 

not shorter than 5 hours, particularly preferably n ot shorter 5 

than 8 hours.  If the drying period is excessively short, the 

EVOH intermediate product tends to be insufficientl y dried.  

The upper limit of the drying period is typically 1 ,000 hours. 

[0071] Various drying processes are usable for the drying.  

Exemplary drying processes include a fluidized dryi ng process 10 

in which the chemically-treated substantially-pelle tized EVOH 

intermediate product is dried while being agitated and spread 

mechanically or by hot air, and a stationary drying  process 

in which the chemically-treated substantially-pelle tized EVOH 

intermediate product is dried without dynamic motio ns such as 15 

the agitation and the spreading.  Exemplary dryers for the 

fluidized drying process include drum/groove type a gitation 

dryer, round pipe dryer, rotary dryer, fluid bed dr yer, 

vibrating fluid bed dryer, and conical rotor type d ryer.  

Exemplary dryers for the stationary drying process include 20 

non-material-moving type dryers such as batch box t ype dryer, 

and material-moving type dryers such as band dryer,  tunnel 

dryer, and vertical dryer.  The fluidized drying pr ocess and 

the stationary drying process may be used in combin ation for 

the drying.  In the present disclosure, it is prefe rred to 25 
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perform the fluidized drying process and then the s tationary 

drying process for suppression of fusion sticking o f the 

chemically treated EVOH intermediate product. 

[0072] The drying process will be described in grea ter 

detail. 5 

 In the fluidized drying process, air or an inert g as 

(e.g., nitrogen gas, helium gas, argon gas or the l ike) is used 

as a heating gas.  The temperature of the heating g as is 

properly selected from a range of 40 °C to 150 °C according to 

the volatile content of the chemically treated EVOH  10 

intermediate product.  In consideration of the fact  that the 

chemically treated EVOH intermediate product is lia ble to 

suffer from the fusion sticking at a higher tempera ture, the 

temperature of the heating gas is preferably 40 °C to 100 °C, more 

preferably 40 °C to 90 °C.  Further, the flow speed of the heating 15 

gas in the dryer is preferably 0.7 to 10 m/second, more 

preferably 0.7 to 5 m/second, particularly preferab ly 1 to 3 

m/second.  If the flow speed is excessively low, th e chemically 

treated EVOH intermediate product is liable to suff er from the 

fusion sticking.  If the flow speed is excessively high, on 20 

the other hand, the chemically treated EVOH interme diate 

product is liable to be chipped or broken into part icles.  The 

period for the fluidized drying process depends upo n the amount 

of the chemically treated EVOH intermediate product  to be dried, 

but is typically 5 minutes to 36 hours, preferably 10 minutes 25 



Finalized Mirror Translat ion 
Client ref.F17-26; Our ref.1734-EP,SG 

 

30 
 

to 24 hours.  After the chemically treated EVOH int ermediate 

product is subjected to the fluidized drying proces s under the 

aforementioned conditions, the EVOH preferably has a volatile 

content of 5 to 60 wt.%, more preferably 10 to 55 w t.%.  If 

the volatile content is excessively high, the chemi cally 5 

treated EVOH intermediate product is liable to suff er from the 

fusion sticking in the subsequent stationary drying  process.  

An excessively low volatile content is not industri ally 

preferred because of a greater energy loss.  In the  fluidized 

drying process, the volatile content is preferably reduced by 10 

not less than 5 wt.%, more preferably 10 to 45 wt.% , as compared 

with the volatile content before the process.  If t he reduction 

in volatile content is excessively small, minute fi sheyes are 

liable to occur in a product melt-formed from the E VOH 

intermediate product. 15 

[0073] The EVOH pellets of the present disclosure a re 

produced by drying the chemically treated EVOH inte rmediate 

product in the aforementioned manner.  As described  above, the 

EVOH pellets thus produced by the drying should hav e a water 

content of not higher than 0.5 wt.%.  If the water content is 20 

excessively high, as described above, the EVOH pell ets are 

liable to be poorer in high-temperature thermal sta bility due 

to the promotion of the hydrolysis reaction of the lactone rings 

and the heat conductivity of water molecules themse lves.  If 

the EVOH pellets contain no water or have an excess ively low 25 
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water content, however, the EVOH pellets tend to be  poorer in 

long-run formability.  Therefore, the water content  of the 

EVOH pellets is preferably 0.05 to 0.5 wt.%, more p referably 

0.1 to 0.48 wt.%, particularly preferably 0.15 to 0 .45 wt.%. 

[0074] The water content is based on the weight of the EVOH 5 

pellets that are EVOH pellets as a final product co ntaining 

not only water but also optional additives. 

[0075] Exemplary methods for controlling the water content 

of the EVOH pellets to not higher than 0.5 wt.% inc lude: (1) 

a method employing a higher drying temperature; (2)  a method 10 

employing a longer drying period; and (3) a method in which 

the humidity of the drying gas is regulated at a lo wer level. 

[0076] In the present disclosure, the water content  of the 

EVOH pellets is measured by the following method. 

[0077] <Measurement of Water Content> 15 

 The weight C1 of an aluminum cup is measured at a room 

temperature (25 °C), and 10 g of the EVOH pellets are put in 

the aluminum cup.  Then, the weight (C1 + P1) of th e aluminum 

cup containing the EVOH pellets (having a weight P1 ) is measured.  

The aluminum cup containing the EVOH pellets is hea t-treated 20 

at 150 °C for 5 hours in a dryer (SAFETY OVEN SPH-100 comme rcially 

available from ESPEC Corporation) without replaceme nt with 

nitrogen and vacuum drawing.  After the heat treatm ent, the 

aluminum cup containing the EVOH pellets is taken o ut of the 

dryer and placed still in a desiccator containing a  desiccant 25 
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for 30 minutes, whereby the temperature of the EVOH  pellets 

is returned to a room temperature (25 °C).  Then, the weight 

(C1 + P2) of the aluminum cup containing the heat-t reated EVOH 

pellets (having a weight P2) is measured, and the w ater content 

(wt.%) is calculated from the following expression (5): 5 

[0078] Water content (wt.%)  

= {[(C1 + P1) - (C1 + P2)]/[(C1 + P1) - C1]} × 100  

= [(P1 - P2)/P1] × 100 ...(5) 

[0079] In the present disclosure, a significant hea t 

stability-improving effect is advantageously provid ed by 10 

controlling the water content at a lower level, par ticularly, 

where the lactone ring content ratio (Y/Z) with res pect to the 

sum (Z) of the carboxylic acid content (X) and the lactone ring 

content (Y) in the EVOH terminal structures is not less than 

60 mol %.  This is supposedly because, with a highe r lactone 15 

ring content ratio, the percentage of lactone rings  not 

influenced by the hydrolysis-promoting effect of wa ter is 

increased. 

[0080] The EVOH pellets of the present disclosure t hus 

produced typically have a melt flow rate (MFR) of 0 .1 to 100 20 

g/10 minutes, particularly preferably 0.5 to 50 g/1 0 minutes, 

more preferably 1 to 30 g/10 minutes (as measured a t 210 °C with 

a load of 2160 g).  If the melt flow rate is excess ively low, 

it will be difficult to extrude the EVOH due to a h igher torque 

in an extruder during the extrusion.  If the melt f low rate 25 
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is excessively high, a product formed from the EVOH  pellets 

through a heat-stretching process tends to be poore r in 

appearance and gas barrier property. 

 The MFR of the EVOH pellets may be controlled by 

controlling the polymerization degree of the EVOH i ntermediate 5 

product or by adding a crosslinking agent or a plas ticizer to 

the EVOH intermediate product. 

[0081] As long as the object of the present disclos ure is 

not impaired, the EVOH pellets of the present discl osure may 

contain: lubricant such as saturated fatty acid ami de (e.g., 10 

stearamide or the like), unsaturated fatty acid ami de (e.g., 

oleamide or the like), bis-fatty acid amide (e.g., ethylene 

bis-stearamide or the like), fatty acid metal salt (e.g., 

calcium stearate, magnesium stearate or the like), or 

low-molecular-weight polyolefin (e.g., low-molecula r-weight 15 

polyethylene or low-molecular-weight polypropylene having a 

molecular weight of about 500 to about 10,000, or t he like); 

inorganic salt (e.g., hydrotalcites or the like); p lasticizer 

(e.g., aliphatic polyhydric alcohol such as ethylen e glycol, 

glycerin or hexanediol); oxygen absorber [e.g., ino rganic 20 

oxygen absorber such as reduced iron powder, reduce d iron 

powder containing a water-absorbing substance, an e lectrolyte 

or the like, aluminum powder, potassium sulfite or 

photo-catalytic titanium oxide; organic compound ox ygen 

absorber such as polyvalent phenol compound (e.g., ascorbic 25 



Finalized Mirror Translat ion 
Client ref.F17-26; Our ref.1734-EP,SG 

 

34 
 

acid, ascorbic acid ester or ascorbic acid metal sa lt, 

hydroquinone, gallic acid, hydroxyl-containing phen ol 

aldehyde resin or the like), coordination compound obtained 

by coordination-bonding a nitrogen-containing compo und and a 

transition metal (e.g., bis-salicylaldehyde-imine c obalt, 5 

tetraethylenepentamine cobalt, cobalt-Schiff base c omplex, 

porphyrins, macrocyclic polyamine complex, 

polyethyleneimine-cobalt complex or the like), terp ene 

compound, reaction product obtained by reaction bet ween an 

amino acid and a hydroxyl-containing reductive subs tance, or 10 

triphenylmethyl compound; or polymer oxygen absorbe r such as 

coordination compound obtained by coordination-bond ing a 

nitrogen-containing resin and a transition metal (e .g., 

combination of MXD nylon and cobalt), blend of a te rtiary 

hydrogen-containing resin and a transition metal (e .g., 15 

combination of polypropylene and cobalt), blend of an 

unsaturated carbon-carbon bond-containing resin and  a 

transition metal (e.g., combination of polybutadien e and 

cobalt), photo-oxidation degradative resin (e.g., p olyketone), 

anthraquinone polymer (e.g., polyvinylanthraquinone ), or mixture 20 

containing any of these blends and a photo initiato r 

(benzophenone or the like), peroxide scavenger (com mercially 

available antioxidant or the like) or deodorant (ac tive carbon 

or the like)]; thermal stabilizer; photo stabilizer ; UV 

absorber; colorant; antistatic agent; surfactant; 25 
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antibacterial agent; antiblocking agent; slipping a gent; 

filler (e.g., inorganic filler or the like); and/or  some other 

resin (e.g., polyolefin, polyamide or the like).  T hese 

compounds may be used alone or in combination. 

[0082] The EVOH pellets of the present disclosure t hus 5 

produced may be used as they are in a pellet form, or may be 

used to prepare a resin composition in various form s, e.g., 

in a powdery form or in a liquid form, for use as a  forming 

material for various products.  The EVOH pellets of  the present 

disclosure are preferably used as pellets for melt forming to 10 

more advantageously provide the effects of the pres ent 

disclosure. 

 The resin composition of the present disclosure ma y 

be a resin composition prepared by mixing the EVOH pellets of 

the present disclosure with resin pellets other tha n the EVOH 15 

pellets.  Exemplary products to be formed from the EVOH pellets 

of the present disclosure or the resin composition of the 

present disclosure for practical applications inclu de a 

single-layer film formed by using the EVOH pellets of the 

present disclosure or the resin composition of the present 20 

disclosure, and a multilayer structure including at  least one 

layer formed by using the EVOH pellets of the prese nt disclosure 

or the resin composition of the present disclosure.  

[0083] The multilayer structure will hereinafter be  

described. 25 
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 For production of the multilayer structure of the 

present disclosure, a layer formed by using the EVO H pellets 

of the present disclosure or the resin composition of the 

present disclosure is laminated with some other bas e material 

(a thermoplastic resin or the like) on one or both sides thereof.  5 

Exemplary laminating methods include: a laminating method in 

which the other base material is melt-extruded onto  a film or 

a sheet formed by using the EVOH pellets or the lik e of the 

present disclosure; a laminating method in which th e EVOH 

pellets or the like of the present disclosure is me lt-extruded 10 

onto the other base material; a method in which the  EVOH pellets 

or the like of the present disclosure and the other  base 

material are coextruded; and a method in which a fi lm or a sheet 

(layer) formed by using the EVOH pellets or the lik e of the 

present disclosure and the other base material (lay er) are 15 

dry-laminated together with the use of a known adhe sive agent 

such as of organic titanium compound, isocyanate co mpound, 

polyester compound or polyurethane compound.  The m elt 

forming temperature for the melt extrusion is gener ally 

selected from a range of 150 °C to 300 °C. 20 

[0084] Specific examples of the other base material  include: 

olefin homopolymers and copolymers including polyet hylenes 

such as linear low-density polyethylenes, low-densi ty 

polyethylenes, very-low-density polyethylenes, 

medium-density polyethylenes, and high-density poly ethylenes, 25 
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ethylene-vinyl acetate copolymers, ionomers, 

ethylene-propylene (block or random) copolymers, 

ethylene-acrylic acid copolymers, ethylene-acrylate  

copolymers, polypropylenes, propylene- α-olefin (C4 to C20 

α-olefin) copolymers, polybutenes, and polypentenes,  and 5 

polyolefin resins in a broader sense such as obtain ed by 

graft-modifying any of these olefin homopolymers an d 

copolymers with an unsaturated carboxylic acid or a n 

unsaturated carboxylic acid ester; and polyester re sins, 

polyamide resins (including polyamide copolymers), polyvinyl 10 

chlorides, polyvinylidene chlorides, acryl resins, 

polystyrene resins, vinyl ester resins, polyester e lastomers, 

polyurethane elastomers, chlorinated polyethylenes,  

chlorinated polypropylenes, aromatic and aliphatic 

polyketones, polyalcohols obtained by reduction of these 15 

polymers, and EVOHs other than the EVOH to be used in the present 

disclosure.  From the viewpoint of the practicality  and the 

physical properties (particularly, the strength) of  the 

multilayer structure, the polyolefin resins, the po lyamide 

resins, the polystyrene resins, and the polyester r esins are 20 

preferred.  Further, the polypropylenes, the 

ethylene-propylene (block or random) copolymers, th e 

polyamide resins, the polyethylenes, the ethylene-v inyl 

acetate copolymers, the polystyrenes, polyethylene 

terephthalates (PET), and polyethylene naphthalates  (PEN) are 25 
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preferably used. 

[0085] Where a product, such as a film or a sheet, formed 

by using the EVOH pellets or the like of the presen t disclosure 

is extrusion-coated with the other base material, o r where the 

film or the sheet formed by using the EVOH pellets or the like 5 

of the present disclosure and a film, a sheet or th e like of 

the other base material are laminated together with  the use 

of the adhesive agent, usable examples of the base material 

other than the thermoplastic resins described above  include 

paper, metal foil, uniaxially or biaxially stretche d plastic 10 

film or sheet, film or sheet on which an inorganic compound 

is vapor-deposited, woven fabric, nonwoven fabric, metal fiber 

material and wood material. 

[0086] Where layers a (a1, a2, ...) formed by using  the EVOH 

pellets of the present disclosure or the resin comp osition of 15 

the present disclosure and layers b (b1, b2, ...) o f the other 

base material (e.g., the thermoplastic resin) are l aminated 

together to produce a multilayer structure having a n innermost 

layer a, the layered configuration of the multilaye r structure 

of the present disclosure is not limited to a doubl e layer 20 

structure a/b (which means an inner layer/outer lay er structure, 

and this definition also applies to the following d escription), 

but may be any combination of these layers, e.g., a /b/a, a1/a2/b, 

a/b1/b2, a1/b1/a2/b2, a1/b1/b2/a2/b2/b1, or the lik e.  Where 

the multilayer structure further includes a regrind  layer R 25 
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formed of a mixture containing at least the EVOH of  the EVOH 

pellets or the like of the present disclosure and t he 

thermoplastic resin, the layered configuration of t he 

multilayer structure may be, for example, a/R/b, a/ R/a/b, 

a/b/R/a/R/b, a/b/a/R/a/b, a/b/R/a/R/a/R/b, or the l ike. 5 

[0087] In the aforementioned layered configuration,  as 

required, an adhesive resin layer may be provided b etween the 

layers.  Various adhesive resins are usable as an a dhesive 

resin for the adhesive resin layer.  Examples of th e adhesive 

resin for providing a highly stretchable multilayer  structure 10 

include olefin polymers modified as containing a ca rboxyl group 

by chemically bonding an unsaturated carboxylic aci d or its 

anhydride to the olefin polymers (the aforementione d 

polyolefin resins in a broader sense) by an additio n reaction, 

a graft reaction or the like. 15 

[0088] Specific preferred examples of the modified olefin 

polymers containing the hydroxyl group include poly ethylenes 

graft-modified with maleic anhydride, polypropylene s 

graft-modified with maleic anhydride, ethylene-prop ylene 

(block or random) copolymers graft-modified with ma leic 20 

anhydride, ethylene-ethyl acrylate copolymers graft -modified 

with maleic anhydride, and ethylene-vinyl acetate c opolymers 

graft-modified with maleic anhydride, which may be used alone 

or in combination as a mixture.  In this case, the proportion 

of the unsaturated carboxylic acid or its anhydride  to be 25 
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contained in such a modified olefin polymer is pref erably 0.001 

to 3 wt.%, more preferably 0.01 to 1 wt.%, particul arly 

preferably 0.03 to 0.5 wt.%.  If the modification d egree of 

such a modification product is excessively low, the  

adhesiveness tends to be poorer.  If the modificati on degree 5 

is excessively high, on the other hand, a crosslink ing reaction 

tends to occur, thereby reducing the formability. 

[0089] Further, the adhesive resin may be blended w ith the 

EVOH of the EVOH pellets of the present disclosure,  the other 

EVOH, a rubber/elastomer component such as polyisob utylene or 10 

ethylene-propylene rubber, or the resin for the lay er b.  

Particularly, the adhesiveness can be advantageousl y improved 

by blending a polyolefin resin different from the b ase 

polyolefin resin for the adhesive resin. 

[0090] The thicknesses of the respective layers of the 15 

multilayer structure cannot be unconditionally spec ified, but 

depend upon the layered configuration, the type of the layer 

b, the use purpose, the shape of the formed product , and the 

required physical properties.  The thickness of the  layer a 

is typically selected from a range of 5 to 500 µm, preferably 20 

10 to 200 µm, and the thickness of the layer b is typically 

selected from a range of 10 to 5,000 µm, preferably 30 to 1,000 

µm.  The thickness of the adhesive resin layer is ty pically 

selected from a range of 5 to 400 µm, preferably about 10 to 

about 150 µm. 25 
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[0091] The multilayer structure may be used as it i s in 

various forms.  It is preferred to perform a heat s tretching 

process on the multilayer structure for improvement  of the 

physical properties of the multilayer structure.  T he term 

“heat stretching process” herein means a process in  which a 5 

thermally uniformly heated laminate in the form of a film, a 

sheet or a parison is uniformly formed into a cup, a tray, a 

tube or a film with the use of a chuck, a plug, a v acuum force, 

a compressed air force, blowing means, or other for ming means.  

The stretching process may be a uniaxial stretching  process 10 

or a biaxial stretching process.  The stretching ra tio of the 

laminate is preferably as high as possible for phys ical 

properties.  This makes it possible to produce stre tched 

formed products excellent in gas barrier property w ithout 

pinholes, cracking, uneven stretching, uneven thick ness, 15 

delamination (interlayer separation), and the like,  which may 

otherwise occur during the stretching. 

[0092] Other exemplary methods for stretching the m ultilayer 

structure include roll stretching method, tenter st retching 

method, tubular stretching method, stretch-blowing method, 20 

and vacuum pressure forming method each having a hi gher 

stretching ratio.  A simultaneous biaxial stretchin g method 

or a sequential biaxial stretching method may be em ployed for 

the biaxial stretching process.  The stretching tem perature 

is selected from a range of 60 °C to 170 °C, preferably about 80 °C 25 
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to about 160 °C.  It is also preferred to perform a heat-setting 

process after the completion of the stretching proc ess.  The 

heat-setting process may be performed by known mean s.  The 

heat-setting may be achieved by heat-treating the s tretched 

film at 80 °C to 170 °C, preferably 100 °C to 160 °C, for about 2 5 

to about 600 seconds while keeping the stretched fi lm in 

tension. 

[0093] Where the multilayer structure is used for 

heat-shrink packaging applications for raw meat, pr ocessed 

meat, cheese or the like, the multilayer structure not 10 

subjected to the heat-setting process after the str etching is 

used as a product film, and the raw meat, the proce ssed meat, 

the cheese or the like is wrapped with the film, wh ich is in 

turn heat-treated at 50 °C to 130 °C, preferably 70 °C to 120 °C, 

for about 2 to about 300 seconds to be thereby heat -shrunk for 15 

tight packaging. 

[0094] The multilayer structure thus produced may b e used 

in any desired form.  Exemplary forms include film,  sheet, tape, 

and profile extrusion product.  As required, the mu ltilayer 

structure may be subjected to heat treatment, cooli ng process, 20 

rolling process, printing process, dry laminating p rocess, 

solution or melt coating process, bag making proces s, deep 

drawing process, box making process, tube making pr ocess, 

splitting process, or the like. 

[0095] Cups, trays, tubes, and other containers pro duced 25 
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from the multilayer structure, and bags and caps pr oduced from 

the stretched film formed from the multilayer struc ture are 

useful as packaging materials for packaging foods, beverages, 

pharmaceutical products, cosmetics, industrial chem icals, 

detergents, agricultural chemicals, fuels, and the like. 5 

 

EXAMPLES 

[0096] Embodiments of the present disclosure will 

hereinafter be described more specifically by way o f examples 

thereof.  However, it should be understood that the  10 

embodiments of the present disclosure be not limite d to these 

examples within the scope of the present disclosure . 

 In the following description, “parts” “%” and “ppm ” 

are based on weight, and “mol %” is based on mol. 

 Physical properties were determined in the followi ng 15 

manner. 

[0097] (1) Quantitative Analysis of EVOH Terminal S tructures 

(NMR Method) 

<Measurement Conditions> 

Apparatus: Bruker’s AVANCE III 20 

Measurement frequency: 400 MHz 

Solvent: Heavy water/ethanol-D6 (having a heavy wat er/ethanol-D6 

weight ratio of 35/65), and DMSO-D6 

Polymer concentration: 5 % 

Measurement temperatures: 70 °C for heavy water/ethanol-D6, and 25 
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50°C for DMSO-D6 

Integration number: 16 

Pulse recurrence time: 4 seconds 

Sample rotation speed: 20 Hz 

Additive: Trifluoroacetic acid 5 

[0098] <Analysis Method> 

(1-1) Measurement of Terminal Methyl Amount 

 The terminal methyl amount was calculated based on  

1H-NMR measurement (measurement with DMSO-D6 at 50 °C) (with a 

chemical shift determined with respect to a peak ap pearing at 10 

2.50 ppm for DMSO).  The terminal methyl amount was  calculated 

from the following expression (Ex. 1) by using an i ntegration 

value (I Me-1) for terminal methyl between 0.7 and 0.95 ppm, an 

integration value (I CH2) for non-terminal methylene between 

0.95 and 1.85 ppm (a total integration value for me thylene in 15 

the ethylene unit, the vinyl alcohol unit, and the vinyl acetate 

unit), an integration value (I OAc) for terminal methyl in the 

vinyl acetate unit between 1.9 and 2 ppm, and an in tegration 

value (I CH) for methine in the vinyl alcohol unit between 3.1  

and 4.3 ppm as shown in FIG. 1.  Here, the integrat ion values 20 

(I Me-1), (I CH2), (I OAc), and (I CH) were integration values of peaks 

attributable to the terminal methyl, the non-termin al 

methylene, the terminal methyl in the vinyl acetate  unit, and 

the methine in the vinyl alcohol unit, respectively . 

[0099] 25 
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Terminal methyl amount (mol %) 

= (I Me-1 /3)/[(I Me-1 /3)+(I OAc/3)+I CH 

 +{I CH2-2 ×I CH-2 ×(I OAc/3)-2 ×(I Me-1 /3)}/4] ..... (Ex. 1) 

[0100] (1-2) Measurement of Carboxylic Acid Content  (X) and 

Lactone Ring Content (Y) 5 

 The amounts of the carboxylic acid group and the 

lactone ring present in polymer terminals were calc ulated based 

on 1H-NMR measurement (measurement with a heavy 

water/ethanol-D6 solvent at 70 °C) (with a chemical shift 

determined with respect to a peak appearing at 0 pp m for TMS) 10 

by using the terminal methyl amount (mol %) obtaine d in the 

item (1-1).  More specifically, the carboxylic acid  content 

(X) (mol %) and the lactone ring content (Y) (mol % ) were 

calculated from the following expressions (Ex. 2) a nd (Ex. 3), 

respectively, by using an integration value (I Me-2) of a peak 15 

appearing between 0.7 and 1 ppm for terminal methyl , an 

integration value (I x) of a peak appearing between 2.15 and 

2.32 ppm and an integration value (I Y) of a peak appearing 

between 2.5 and 2.7 ppm as shown in FIG. 2.  Here, the 

integration values (I Me-2), (I x), and (I Y) were integration 20 

values of peaks attributable to the terminal methyl , the 

carboxylic acid group, and the terminal lactone rin g, 

respectively. 

[0101] 

Carboxylic acid content (X) (mol %) 25 
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= Terminal methyl amount (mol %) × (I x/2)/(I Me-2 /3) 

..... (Ex. 2) 

[0102] 

Lactone ring content (Y) (mol %) 

= Terminal methyl amount (mol %) × (I Y/2)/(I Me-2 /3) 5 

..... (Ex. 3) 

[0103] (1-3) Calculation of Lactone Ring Content Ra tio (Y/Z) 

with respect to Sum (Z) of Carboxylic Acid Content (X) and 

Lactone Ring Content (Y) in Terminal Structures 

 The lactone ring content ratio (Y/Z) was calculate d 10 

from the following expression (Ex. 4) based on the carboxylic 

acid content (X) and the lactone ring content (Y) c alculated 

above. 

 If the calculations are impossible due to the pres ence 

of additives, impurities and the like other than th e EVOH, a 15 

sample cleaning process or the like may be performe d.  The 

sample cleaning process is performed, for example, by the 

following method.  More specifically, a sample is 

freeze-crushed, and the crushed sample is immersed in water 

to be ultrasonically cleaned.  Then, the resulting sample is 20 

filtered, and the filtration residue is dried.  The  NMR 

measurement is performed on the dried filtration re sidue. 

[0104] Lactone ring content ratio (Y/Z) (mol %) wit h respect 

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

content (Y) 25 
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= {Y/(X+Y)} × 100 ..... (Ex. 4) 

[0105] (2) Water Content (%) 

[0106] <Measurement of Water Content> 

 The weight C1 of an aluminum cup was measured at a  

room temperature (25 °C), and 10 g of the EVOH pellets were put 5 

in the aluminum cup.  Then, the weight (C1 + P1) of  the aluminum 

cup containing the EVOH pellets (having a weight P1 ) was 

measured.  The aluminum cup containing the EVOH pel lets was 

heat-treated at 150 °C for 5 hours in a dryer (SAFETY OVEN SPH-100 

commercially available from ESPEC Corporation) with out 10 

replacement with nitrogen and vacuum drawing.  Afte r the heat 

treatment, the aluminum cup containing the EVOH pel lets was 

taken out of the dryer and placed still in a desicc ator 

containing a desiccant for 30 minutes, whereby the temperature 

of the EVOH pellets was returned to a room temperat ure (25 °C).  15 

Then, the weight (C1 + P2) of the aluminum cup cont aining the 

heat-treated EVOH pellets (having a weight P2) was measured, 

and the water content (%) was calculated from the f ollowing 

expression (5): 

[0107] Water content (wt.%) 20 

= {[(C1 + P1) - (C1 + P2)]/[(C1 + P1) - C1]} × 100  

= [(P1 - P2)/P1] × 100 ...(5) 

 [0108] (3) Evaluation for Thermal Stability 

 The thermal stability was measured by using 5 mg o f 

the EVOH pellets by means of a thermogravimetric an alyzer 25 
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(PYRIS 1 TGA available from Perkin Elmer Corporatio n).  The 

EVOH pellets were evaluated for the thermal stabili ty based 

on a temperature at which the weight of the EVOH pe llets was 

reduced to 95% of the original weight.  Further, th e EVOH 

pellets were evaluated for the thermal stability ba sed on a 5 

temperature at which the weight of the EVOH pellets  was reduced 

from 95% of the original weight by the original wat er content 

of the EVOH pellets. 

 Here, the measurement was performed at a temperatu re 

elevation rate of 10 °C/minute within a temperature range of 10 

30°C to 550 °C at a gas flow rate of 20 mL/minute in a nitrogen 

atmosphere by the TGA. 

[0109] [Reference Example 1] 

 A water/methanol mixed solution (having a 

water/methanol weight ratio of 35/65 and an EVOH re sin 15 

concentration of 40%) of an ethylene-vinyl alcohol copolymer 

intermediate product having an ethylene content of 32 mol %, 

a saponification degree of 99.5 mol %, and an MFR o f 12 g/10 

minutes (measured at 210 °C with a load of 2160 g) was prepared.  

Then, the solution of the EVOH intermediate product  was 20 

extruded into a strand form in a water bath contain ing cold 

water.  The resulting strands were solidified, and then cut 

by a cutter, whereby cylindrical pellets of the EVO H 

intermediate product (having a water content of 100  parts based 

on 100 parts of the EVOH intermediate product) were  produced. 25 
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[0110] Subsequently, the EVOH intermediate product pellets 

were fed into an aqueous solution containing 350 pp m of acetic 

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

dihydrogenphosphate, and 57 ppm of boric acid, and stirred at 

30°C to 35 °C for 1 hour.  Then, this stirring process was 5 

performed five times by changing the aqueous soluti on 

(first-stage chemical treatment step).  The weight- based 

concentration ratio of the carboxylic acid concentr ation to 

the metal ion concentration of the carboxylic acid metal salt 

in the aqueous solution used in the first-stage che mical 10 

treatment step (carboxylic acid concentration/metal  ion 

concentration) was 3.0. 

[0111] Then, the resulting EVOH intermediate produc t pellets 

were fed into an aqueous solution containing 700 pp m of acetic 

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

dihydrogenphosphate, and 57 ppm of boric acid, and stirred at 

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

the EVOH intermediate product pellets was adjusted 

(second-stage chemical treatment step).  The weight -based 

concentration ratio of the carboxylic acid concentr ation to 20 

the metal ion concentration of the carboxylic acid metal salt 

in the aqueous solution used in the second-stage ch emical 

treatment step (carboxylic acid concentration/metal  ion 

concentration) was 6.7. 

[0112] The resulting EVOH intermediate product pell ets were 25 
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dried to a water content of 20% in a fluid bed drye r of batch 

tower type by passing nitrogen gas at 75 °C through the fluid 

bed dryer for 3 hours.  Then, the EVOH intermediate  product 

pellets were further dried in a ventilation dryer o f batch box 

type by passing nitrogen gas at 125 °C through the ventilation 5 

dryer for 18 hours.  Thus, EVOH pellets (each havin g a diameter 

of 2.3 mm and a length of 2.4 mm) were produced.  T he 

measurement results for the EVOH pellets thus produ ced are 

shown below in Table 1. 

[0113] [Example 1] 10 

 EVOH pellets were produced in substantially the sa me 

manner as in Reference Example 1, except that the a mount of 

acetic acid contained in the aqueous solution used in the 

second-stage chemical treatment step was changed fr om 700 ppm 

to 1,400 ppm and the weight-based concentration rat io of the 15 

carboxylic acid concentration to the metal ion conc entration 

of the carboxylic acid metal salt in the aqueous so lution used 

in the second-stage chemical treatment step (carbox ylic acid 

concentration/metal ion concentration) was 13.5.  T he 

measurement results for the EVOH pellets thus produ ced are 20 

shown below in Table 1. 

[0114] [Example 2] 

 EVOH pellets were produced in substantially the sa me 

manner as in Reference Example 1, except that the a mount of 

acetic acid contained in the aqueous solution used in the 25 
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second-stage chemical treatment step was changed fr om 700 ppm 

to 2,450 ppm and the weight-based concentration rat io of the 

carboxylic acid concentration to the metal ion conc entration 

of the carboxylic acid metal salt in the aqueous so lution used 

in the second-stage chemical treatment step (carbox ylic acid 5 

concentration/metal ion concentration) was 23.6.  T he 

measurement results for the EVOH pellets thus produ ced are 

shown below in Table 1. 

[0115] [Example 3] 

 EVOH pellets were produced in substantially the sa me 10 

manner as in Reference Example 1, except that the a mount of 

acetic acid contained in the aqueous solution used in the 

second-stage chemical treatment step was changed fr om 700 ppm 

to 2,450 ppm, that the weight-based concentration r atio of the 

carboxylic acid concentration to the metal ion conc entration 15 

of the carboxylic acid metal salt in the aqueous so lution used 

in the second-stage chemical treatment step (carbox ylic acid 

concentration/metal ion concentration) was 23.6, an d that the 

temperature of nitrogen gas in the ventilation drye r of batch 

box type in the drying step was changed from 125 °C to 150 °C.  20 

The measurement results for the EVOH pellets thus p roduced are 

shown below in Table 1. 

[0116] [Example 4] 

 EVOH pellets were produced in substantially the sa me 

manner as in Reference Example 1, except that the a mount of 25 
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acetic acid contained in the aqueous solution used in the 

second-stage chemical treatment step was changed fr om 700 ppm 

to 3,500 ppm and the weight-based concentration rat io of the 

carboxylic acid concentration to the metal ion conc entration 

of the carboxylic acid metal salt in the aqueous so lution used 5 

in the second-stage chemical treatment step (carbox ylic acid 

concentration/metal ion concentration) was 33.7.  T he 

measurement results for the EVOH pellets thus produ ced are 

shown below in Table 1. 

[0117] [Example 5] 10 

 EVOH pellets were produced in substantially the sa me 

manner as in Reference Example 1, except that the a mount of 

acetic acid contained in the aqueous solution used in the 

second-stage chemical treatment step was changed fr om 700 ppm 

to 3,500 ppm, that the weight-based concentration r atio of the 15 

carboxylic acid concentration to the metal ion conc entration 

of the carboxylic acid metal salt in the aqueous so lution used 

in the second-stage chemical treatment step (carbox ylic acid 

concentration/metal ion concentration) was 33.7, an d that the 

temperature of nitrogen gas in the ventilation drye r of batch 20 

box type in the drying step was changed from 125 °C to 150 °C.  

The measurement results for the EVOH pellets thus p roduced are 

shown below in Table 1. 

[0118] [Comparative Example 1] 

 EVOH pellets were produced in substantially the sa me 25 



Finalized Mirror Translat ion 
Client ref.F17-26; Our ref.1734-EP,SG 

 

53 
 

manner as in Reference Example 1, except that the a mount of 

acetic acid contained in the aqueous solution used for the 

adjustment of the acetic acid content was changed f rom 700 ppm 

to 350 ppm, that the weight-based concentration rat io of the 

carboxylic acid concentration to the metal ion conc entration 5 

of the carboxylic acid metal salt in the aqueous so lution used 

in the second-stage chemical treatment step (carbox ylic acid 

concentration/metal ion concentration) was 3.4, and  that the 

temperature of nitrogen gas in the ventilation drye r of batch 

box type in the drying step was changed from 125 °C to 118 °C.  10 

The measurement results for the EVOH pellets thus p roduced are 

shown below in Table 1. 

[0119] [Comparative Example 2] 

 EVOH pellets were produced in substantially the sa me 

manner as in Reference Example 1, except that the w ater content 15 

of the EVOH pellets was adjusted to 1.1% by control ling the 

drying conditions.  The measurement results for the  EVOH 

pellets thus produced are shown below in Table 1. 
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[0120]     Table 1 

 Reference 

Example 1 

Example 

1 

Example 

2 

Example 

3 

Example 

4 

Example 

5 

Comparative 

Example 1 

Comparative 

Example 2 

Carboxylic acid content (X) (mol %) 0.09 0.08 0.08 0.08 0.08 0.09 0.11 0.09 

Lactone ring content (Y) (mol %) 0.12 0.13 0.13 0.1 2 0.14 0.14 0.12 0.12 

Lactone ring content ratio (Y/Z) (mol %) 57 60 62 6 1 64 62 52 57 

Water content (%) 0.22 0.21 0.43 0.26 0.42 0.13 0.1 9 1.1 

Thermal stability ( °C) [5% weight reduction] 361 363 363 362 363 363 34 3 345 

Thermal stability ( °C)  

[weight reduction of 5% + water content] 362 364 364 364 365 363 345 350 
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[0121] The above results indicate that Examples, wh ich 

satisfy the requirements of the present disclosure for the 

lactone ring content ratio (Y/Z) with respect to th e sum (Z) 

of the carboxylic acid content (X) and the lactone ring content 

(Y) in the EVOH terminal structures and for the wat er content, 

are excellent in high-temperature thermal stability .  On the 

other hand, Comparative Example 1, which does not s atisfy the 

requirement for the lactone ring content ratio (Y/Z ), and 

Comparative Example 2, which does not satisfy the r equirement 

for the water content, are both poorer in thermal s tability 

(as evaluated based on the 5% weight reduction).  I n the 

evaluation for the thermal stability based on the a dditional 

weight reduction corresponding to the original wate r content, 

Comparative Examples 1 and 2 are poorer in thermal stability. 

[0122] In the evaluation for the thermal stability,  a 

temperature difference of 1 °C or greater at higher temperatures 

is significant from the viewpoint of reaction kinet ics in 

practical applications, because the oxidative degra dation and 

the thermal decomposition of the resin occur due to  chemical 

reactions and, in general, the reaction rates of th e chemical 

reactions are exponentially increased with temperat ure 

increase.  More specifically, where a resin composi tion is 

used in an industrial extruder, the resin inevitabl y stagnates 

in an adapter, a feeding block, a die, and other me chanical 

structural portions of the extruder.  The stagnatin g resin is 
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liable to be exposed to conditions that are much se verer than 

the aforementioned evaluation conditions.  Therefor e, it is 

considered that the differences between Examples an d 

Comparative Examples in the evaluation are signific antly 

enhanced in the practical applications. 

[0123] While specific forms of the embodiments of t he present 

disclosure have been shown in the aforementioned ex amples, the 

examples are merely illustrative of the disclosure but not 

limitative of the disclosure.  It is contemplated t hat various 

modifications apparent to those skilled in the art could be 

made within the scope of the disclosure. 

[0124] The EVOH pellets of the present disclosure a re 

excellent in high-temperature thermal 

decomposition-suppressing effect and thermal stabil ity, and 

are free from odor emanation and coloration even if  being 

processed at a higher temperature, because the lact one ring 

content ratio with respect to the sum of the carbox ylic acid 

content and the lactone ring content and the water content are 

adjusted within the predetermined ranges.  Therefor e, the 

EVOH pellets of the present disclosure can be forme d into cups, 

trays, tubes, and other containers, and the stretch ed film 

formed from the EVOH pellets can be formed into bag s and caps.  

These packaging materials can be widely used for pa ckaging 

foods, beverages, pharmaceutical products, cosmetic s, 

industrial chemicals, detergents, agricultural chem icals, 
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fuels, and the like. 
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CLAIMS 

 

1. Ethylene-vinyl alcohol copolymer pellets comprising: 

 an ethylene-vinyl alcohol copolymer; and 

 water; 

 wherein the ethylene-vinyl alcohol copolymer comprises monomer units 

including at least an ethylene unit and a vinyl alcohol unit, and a carboxylic acid group 

and a lactone ring present in terminal structures of the ethylene-vinyl alcohol 

copolymer; 

 wherein the carboxylic acid group includes carboxylic acid and carboxylic acid 

salt, 

wherein a ratio (Y/Z) of a lactone ring content (Y) to a sum (Z) of a carboxylic 

acid content (X) and the lactone ring content (Y) is not less than 62 % in molar ratio; 

and 

 wherein the pellets have a water content of not higher than 0.5 wt.%. 

2. The ethylene-vinyl alcohol copolymer pellets according to claim 1, wherein the 

sum (Z) of the carboxylic acid content (X) and the lactone ring content (Y) is 0.01 to 

0.3 mol % based on a total amount of the monomer units of the ethylene-vinyl alcohol 

copolymer. 

3. The ethylene-vinyl alcohol copolymer pellets according to claim 1 or 2, wherein 

the lactone ring content (Y) is 0.01 to 0.3 mol % based on the total amount of the 

monomer units of the ethylene-vinyl alcohol copolymer. 

4. The ethylene-vinyl alcohol copolymer pellets according to any one of claims 1 

to 3, wherein the carboxylic acid content (X) is 0.01 to 0.3 mol % based on the total 

amount of the monomer units of the ethylene-vinyl alcohol copolymer. 

5. A resin composition comprising a resin of the ethylene-vinyl alcohol copolymer 

pellets according to any one of claims 1 to 4. 

6. A multilayer structure comprising a plurality of layers at least one of which 

comprises a resin of the ethylene-vinyl alcohol copolymer pellets according to claim 

any one of claims 1 to 4 or a resin of the resin composition according to claim 5. 

 


