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DESCRIPTION

METHOD FOR PRODUCING ETHYLENE-VINYL ALCOHOL COPOLYMER
RESIN, ETHYLENE-VINYL ALCOHOL COPCLYMER RESIN, AND
LAMINATE

[TECHNICAL FIELD]
[0001]

The present invention relates to a method for
producing an ethylene-vinyl alcohol copolymer resin, an
ethylene-vinyl alcohol copolymer resin obtained by this
method for production, and a laminate having a layer
containing this resin.

[BACKGROUND ART]
[0002]

Ethylene-vinyl alcohol copolymers (hereinafter, may
be abbreviated as “EVQOH”) are superior in oxygen barrier
properties, transparency, oil resistance, antistatic
properties, mechanical strength and the like, and thus
have been widely wused as various types of wrapping
material and the like such as films, sheets, containers,
etc.

[000C3]

These films and the like are usually formed by a
melt molding methcocd. Therefore, EVOH is expected to have
superior appearance characteristics in melt mclding (being
enabling molded articles having superior appearances
without generation of gels and seeds (dirt under paint),
occurrence of coloring such as yellowing, and the like to
be obtained), long-run workability (a property enabling a
molded article to be cobtained without change of physical
properties such as viscosity, etc., and without occurrence
of fish-eye, streak, etc., if molded for a long pericd of
time), and the 1like. In additicn, films, sheets and the
like are often formed with a multilayered structure having
an EVOH layer for the purpose cf improving oxyden barrier
properties and the like. When such a laminate is to be
cbtained, a metal salt is often contained in an EVOH resin
in crder to improve adhesiveness between layers. However,
it 1s known that particularly when a metal salt is
included in an EVOH resin, coloring such as yellowing is

more likely to be caused, and thus appearance
characteristics are deteriorated.
[0004]

Under such circumstances, in order tco improve
various characteristics demanded for EVOH, particularly
appearance characteristics, a variety of processes such as
a process of irradiating EVCH with an ultraviolet ray (see
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Japanese Unexamined Patent Application, Publication No.
S50-100194) and a process of irradiating EVOH with a
microwave (see Japanese Unexamined Patent Application,
Publication No. H11-291245) were proposed.

[0005]

However, according to these methods for production,
coloring such as yellowing is not sufficiently prevented,
and they are further disadvantageous in zrunning costs
being high, influences on human bodies being significant,
difficulty in adjusting the drying time, and the Ilike.
Specifically, for example, when EVOH is irradiated with an
ultravielet ray, energy of the ultraviolet ray is so great
that significant negative influences on human bodies may
be concerned. Alsc, when, for example, a microwave 1is
irradiated, deterioration occurs even if irradiated for a
short time period of time, and is thus disadvantageocus 1in
deteriorated long-run workability.

[C0C6]

Also, 1in general, EVOH resins are obtained by:
subjecting an ethylene-vinyl acetate polymer to
saponification; granulating EVOH obtained by
saponification; and drying the granular matter. In this

process, the moisture absorbed into the granular matter
may account for molding defects such as occurrence of
bubbling during molding processing carried out using the
granular matter. Therefore, it is important to decrease a
water content of the granular matter by sufficiently
drying in producing an EVOH resin.

[COC7]

In general drying methods of granular matters (solid
matters) of EVOH, heating gas 1is used (see Japanese
Examined Patent Application, Publication No. S546-037665,
Japanese Unexamined Patent Application, Publication No.
H11-291244), and a method in which a microwave is used as
described above has been alsc proposed. However, since
EVOE has a high affinity to water, drying must be carried
out for a long pericd of time when the heating gas 1is
used. Furthermore, heating at a high temperature =for
shortening the drying time may account for occurrence of
coloring, fish-eyes generated during molding, and the
like, thereby 1leading to deterioration of quality.
Although the aforementioned method in which a microwave is
used has been proposed for solving such problems, it 1is
not acceptable as an effective means since granular matter
particles are 1likely to agglutinate with one another
through fusion, and the like, according to this method.
[PRICR ART DOCUMENTS]
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[PATENT DOCUMENTS]
[0008]

Patent Document 1: Japanese Unexamined Paztent
Application, Publicaticn No. $50-100194

Patent Document 2: Japanese Unexamined Patent
Lpplication, Publication No. H11-291245

Patent Document 3: Japanese Examined Patent
Application, Publication No. S46-037665

Patent Document 4; Japanese Unexamined Patent

Application, Publication No. H11-291244
[SUMMARY OF THE INVENTIOCN]

[PROBLEMS TC BE SOLVED BY THE INVENTION]
[0009]

The present invention was made in view of the
foregoing circumstances, and an object ¢f the invention is
to provide a method for preducing an EVOH resin having
sufficient long-run workaebility in melt molding and
enabling prevention of coloring such as yellowing, an EVOH
resin obtained by this method for production, and a
laminate obtained from this resin. Additionally, another
object of the present invention is to provide a method for
producing an ethylene-vinyl alcohol copolymer resin
enabling efficient drying while inhibiting detericration
of qualities.

[MEANS FOR SOLVING THE PROBLEMS])
[0010]

The present inventors found that an EVOH resin
enabling prevention o0f coloring such as yellowing can be
obtained without deteriorating long-run workability by

lrradiating an ethylene-vinyl ester copcoclymer
(hereinafter, may be abbreviated as “EVAc”) that 1is a
precursor of EVOH, or EVOH with an infrared ray. In
addition, it was found that the irradiation with an

infrared ray enables solid matters containing an ethylene-
vinyl alcohol copolymer and water to be dried within a
short period of time, and deterioration of qualities
during the drying is less likely to occur. Moreover, the
present inventors thoroughly investigated, and
consequently the present invention was accomplished.

[0011]

An aspect of the invention made in order to solve
the foregoing problems relates to a method for producing
an ethylene-vinyl alcohol copolymer resin, the method
comprising:

an step of irradiation with an infrared ray in which
an ethylene-vinyl alcohol copeolymer or an ethylene-vinyl
ester copolymer that is a precursor of the ethylene-vinyl
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alcohol copolymer 1s irradiated with an infrared ray.
(0012]

According to the method for producing an EVOH resin,
vellowing of the resulting EVCOH resin can be prevented
without deteriorating long-run workability by incliuding a
step of irradiation with an infrared ray. In addition,
according to the method for producing an EVOH resin, by
irradiating with an infrared ray on a solid matter
containing EVOH and water, drying of the solid matter 1is
enabled within a short period of time while inhibiting
deterioration of gualities.

[0013]

The irradiation with an infrared ray in the step of
irradiation with an infrared ray is preferably carried out
with an infrared ray lamp. Also, 1in the step of
irradiation with an infrared ray: the wavelength of the
infrared ray is preferably 700 nm or greater and 1,000,000
nm or less; the intensity of +the infrared ray 1is
preferably 30 x 10° W/m® or greater and 3,000 x 10° W/m’ or
less; and the irradiation time of the infrared ray is
preferably 0.1 hours or longer and 20 hours or shorter.
When the wavelength, the intensity and irradiation time of
the infrared ray fall within the above range, yellowing,
etc., of EVOH can be further prevented, and also
efficiency of drying can be enhanced. In addition, when
irradiation is carried out with an infrared ray lamp, the
conditions and the like can be readily adjusted.

100141

It is preferred that the method further includes the
step of saponifying the ethylene-vinyl ester copolymer to
obtain an ethylene-vinyl alcohol copolymer.

[0015]

When the step of irradiation with an infrared ray is
carried out not before the saponification step, the
temperature of the ethylene-vinyl alcohol copolymer resin
in this step of irradiation with an infrared ray 1is
preferably the glass transition temperature or greater and
the melting temperature or less of the ethylene-vinyl
alcohol copolymer. Yellowing can be further prevented by
irradiating the EVOH resin with an infrared ray at a
temperature within this range.

[0016]

When the step of irradiation with an infrared ray 1is
carried out pricr to the saponification step, the
temperature of the ethylene-vinyl ester copolymer resin in
this step of irradiation with an infrared ray 1is
preferably 40°C or greater and 110°C or less. The
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yellowing can be further prevented by irradiating the EVAc
resin with an infrared ray at a temperature within this
range.
[0017]

Provided that the method for production further has
a pelletization step of obtaining a pellet including an
ethylene-vinyl alcohol copolymer from & sclution or paste
containing the ethylene-vinyl alcohol copolymer obtained
by the saponification step, the step of irradiation with
an infrared ray is preferably carried out simultaneously
with or after the pelletization step.

{0018]

When the irradiation with an infrared ray is carried
out prior to the drying step, the water content of the
pellet befcore irradiating with an infrared ray is
preferably 10% by mass or greater and 200% by mass or
less.

[0019]

Provided that the method for producticn further has
a drying step of drying the pellet to give a water content
of 0.01% by mass or greater and less than 10% by mass, the
step of idrradiation with an infrared ray 1is preferably
carried out simultaneously with or after the drying step.
([0020]

Provided that the method for procduction further has
a molding step of melding the pellet to obtain a molded
product including an ethylene-vinyl alcohol copolymer, it
is also preferred that the step of irradiation with an
infrared ray 1is carried out simultaneously with or after
the molding step.

[0021]

Provided that the irradiation with an infrared ray
is carried out not before the dryving step, the pellet or
the molded product preferably has a water content before
irradiating with an infrared ray of 0.01% by mass or
greater and less than 10% by mass.

[0022]

When the step of irradiation with an infrared ray is
carried out not before the saponification step, the
yellowing of the resulting EVCH resin can be further
prevented Dby irradiation with an infrared ray that 1is
carried out under the aforementioned each condition.

[0023]

The irradiation with an infrared ray is preferably
carried out on solid matters containing an ethylene-vinyl
alcohol copolymer and water. Furthermore, it is preferred
that the solid matter is dried by the irradiation with an
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infrared ray. Thus drying by the irradiation with an
infrared ray enables the solid matter containing EVOH to
be efficiently dried even at a low atmospheric temperature
and within a short drying time peried. The drying time
period which <can be shortened allows for the size
reduction of a facility required for achieving a
processing capacity equivalent to that 1in conventiocnal
technologies, thereby leading to an advantage such as a
reduction in cost for establishment of the facility. In
addition, according to this aspect, an EVOH resin
sufficiently dried and accompanied by less deterioration
of gualities can be ocobtained.

[0024]

When the solid matter is dried by the irradiation
with an infrared ray, the atmospheric temperature in the
step of irradiation with an infrared ray 1is preferably
10°C or greater and 100°C or less. By drying at an
atmospheric temperature falling within the above range,
efficiency of drying can be enhanced, and deterioration of
gualities of the resulting resin can be further inhibited.
[0025]

When the so0lid matter 1s dried by the irradiation
with an infrared ray, the temperature of the sclid matter
in the step of 4irradistion with an infrared ray is
preferably 80°C or greater and 160°C or less. By drying
with a temperature of the solid matter falling within the
above range, efficiency of drying can be enhanced, and
deterioration of gualities of the resulting resin can be
further inhibited.

[0026]

When the solid matter is dried by the irradiation
with an infrared ray, the water content of the solid
matter subjected to the step of irradiation with an
infrared ray is preferably 0.5% by mass or greater and
200% by mass or less. According to the methed for
producticn, the solid matter having a water content
falling within the above range can be efficiently dried.
[0027]

When the so0lid matter is dried by the irradiation
with an infrared ray, the water content of the solid
matter after subjecting tc the step of irradiation with an
infrared ray 1s preferably less than 0.5% by mass. When
the solid matter is dried to have the water content
falling within the above range 1in the method for
production, formability and the like of the obtained resin
can be improved.

[0028]
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When the irradiation with an infrared ray is carried
out on the so0lid matter, the so0lid matter is preferably
granular. By carrying out the irradiaticon with an
infrared ray on the granular solid matter (granular
matter), efficiency of irradiation (efficiency of drying)
and the 1ike can be further enhanced.

[0029]

When the irradiation with an infrared ray is carried
out on the solid matter, it is preferred that the granular
solid matter is irradiated with the infrared ray while
agitating in the step of irradiation with an infrared ray.
By thus irradiating the granular solid matter with an
infrared ray while agitating, the so0lid matter can be
uniformly irradiated, whereby efficiency of drying can be
enhanced, and deterioration of qualities can be inhibited.
[0030]

When the irradiation with an infrared ray is carried
out on the solid matter, it is also preferred that in the
step of irradiaticn with an infrared ray, the infrared ray
is irradiated while conveying the granular solid matter on
a conveyor. When the granular solid matter is irradiated
with an infrared ray while conveying on a conveyor in this
manner, adjustment of the irradiation dose and the like
can be facilitated, and producticn efficiency of the resin
can be also improved.

[0031]

The ethylene-vinyl alcohol copolymer resin of the
present invention is a resin obtained by the methed for
producing an ethylene-vinyl alcohol copolymer resin.

[0032]

The ethylene-vinyl alcohecl copolymer has an ethylene
content of preferably 20 mol% or greater and 60 mol% or
less, and a degree of saponification of preferably 90 mol%
or greater.

[0033]

The ethylene-vinyl alcohel copolymer resin
preferably has a pellet form or film form.
[0034]

The laminate of the present invention is a laminate
having at least one layer containing the ethylene-vinyl
alcohol copolymer resin.

([0035]

Herein, the term “ethylene-vinyl alcohol copolymer
(EVOH) resin” means a resin containing EVCOH as a principal
component, and this resin may contain other component.
The principal component as referred to herein means a
component included in the greatest amount on a mass basis.
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Further, the form of this resin is not particularly
limited, and may include, for example, a solid form, a
ligquid form, a sclution form, and the like. When the
resin has a solid form, the shape 1s not particularly
limited, and the resin may be molded to give a granular
form, film form, fiker form, or other specific form.
[Effects of the Invention]

[0036]

As explained 1in the foregoing, according to the
method for producing an EVOH resin of the present
invention, an EVOH resin that is superior 1in appearance
characteristics of having sufficient long-run workability
in melt molding, and enabling prevention o¢f coloring such
as yellowing can be obtained. In addition, according to
the method for producing an EVOH resin of the present
invention, efficient drying is enabled while inhibiting
deterioration of qualities. Furthermore, according to the
resin obtained by the method for production, various types
of molded products such as pellets, monolayer or
multilayer films, sheets, pipes, vessels and fibers that
are superior in appearance characteristics can be obtained
while enabling prevention of yellowing.

[BRIEF DESCRIPTION OF THE DRAWINGS]
[0037]

Fig. 1 shows a schematic perspective view
illustrating a drying device used in one embodiment of the
present invention; and

Fig. 2 shows a schematic <c¢ross sectional view
illustrating the drying device shown in Fig. 1.
[Description of Embodiments]

[0038]

Hereinafter, preferred embodiments for carrying out
the present invention are explained in detail.
[C039]

The method for producing an EVOH resin of the
present invention includes an step of irradiation with an
infrared ray in which an ethylene-vinyl alcohol copolymer
(EVOH) or an ethylene-vinyl ester copolymer (EVAc) that is
a precursor of the EVOH is irradiated with the infrared
ray.

[0040]

<Infrared Ray>

In the method for ©production of the present
invention, due to having a step of irradiation of EVAc or
EVOH with an infrared ray for irradiating with an infrared
ray in a production step of an EVOH resin as described
above, coloring such as yellowing of the resulting EVOH
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resin is prevented, and an EVOH resin having further
sufficient long-run workability in melt molding can be
obtained. Although the mechanism of achieving such
effects has not been necessarily known, for example, the
following mechanism may be envisaged. Irradiation with an
infrared ray activates movement of molecular chains, and
thus poclyene compounds ({particularly poelyene ccompounds
having 4 to 8 carbon atoms) that are presumed to be the
cause of coloring being present in the resin are
volatilized. Accordingly, coloring such as yellowing 1is
prevented, and still further generation of fine seeds
(dirt under paint} can be suppressed even in melt molding
at a comparatively high temperature. Moreover, according
to the method for producing an EVOH resin, the irradiation
with an infrared ray carried out on the solid matter
containing EVOH and water enables the solid matter to be
dried within a short period of time while inhibiting
deterioration of gualities.

[0041]

The radiation source cof the infrared ray is not
particularly limited, and an infrared ray lamp in which
any of wvarious types of filament such as nichrome,
tungsten or carbon 1s used, as well as any of various
types of infrared ray lasers such as a carbon dioxide gas
laser and an YAG laser, or the like may be used. of
these, an infrared ray lamp is preferably used in light of
ease in handling and the like.

[0042]

The wavelength of the infrared ray irradiated 1is
preferably 700 nm or greater and 1,000,000 nm or less.
When the wavelength of the infrared ray falls within this
range, the movement of the molecular chain is activated.
In this step, when the wavelength of the light emitted
from the light source has a width, it 1is preferred that
the wavelength to be the dominant wavelength of the light
falls within this range. The lower limit of the
wavelength of the infrared ray is preferably 700 nm, more
preferably 800 nm, still more preferably 900 nm, and
particularly preferably 1,000 nm. ©On the other hand, the
upper limit of the infrared ray wavelength is preferably
1,000,000 nm, more preferably 10,000 nm, still more
preferably 4,000 nm, even more preferably 3,000 nm, and
particularly preferably 2,500 nm. When the wavelength of
the infrared ray is below the lower limit, movement of the
molecular chain in the resin may be less likely to be
activated. On the other hand, when the wavelength of the
infrared ray 1s beyond the upper 1limit, a dehydration
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reaction proceeds to increase double bonds in the main
chain due to excessively elevated temperature of the resin
containing EVAc or EVOH, leading to enhanced coloring,
whereby the appearance may be deteriorated. It is to be
noted that the wavelength of the infrared ray as referred
to herein means a maximum energy wavelength of the light
source of the infrared ray, and may be measured using a
radiance spectrum or the like.

[0043]

Although the intensity of the infrared ray is not
particularly limited, it is preferably 30 x 10° W/m® or
greater and 3,000 x 10%® w/m® or less. When the intensity
of the infrared ray falls within this range, coloring such
as yellowing can be further prevented.

[0044]

The lower limit of the intensity of the infrared ray
is preferably 30 =x 10° W/m®, more preferably 100 x 10°
W/m?, still more preferably 150 X 10°  w/m?, and
particularly preferably 240 x 10% W/m>. On the cther
hand, the upper limit of the intensity of the infrared ray
is preferably 3,000 x 10° W/m®, more preferably 2,000 x
10° W/m®, still more preferably 1,400 x 10° wW/m®, and
particularly preferably 350 x 10° wW/m’. When the
intensity of the infrared ray is smaller than the lower
limit, the coloring may not be sufficiently prevented. ©On
the other hand, when the intensity of the infrared ray is
beyond the upper limit, the dehydration reaction proceeds
to increase the double bonds in the main chain of EVCH due
to excess elevation of the resin temperature, whereby the
appearance may be deteriorated, and handleability may be
impaired as a result of dissoluticon of the resin.

[0045]

In this regard, the intensity of the infrared ray
can be determined by calculating according to the
following formula (I) when a columnar vessel charged with
a resin prepared as a scolution 1s irradiated with an
infrared ray from above.

[0046]

Intensity of infrared radiation

wattage of infrared radiation lamp

(1)
distance from the infrared y area of the vessel
radiation light source to irradiated with the
the vessel infrared radiation

[0047]

It should be noted that alse in the case of resins
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having a granular form such as pellets or a film form, the
intensity of the infrared ray can be calculated according
to the above calculation process.

[0048]

The irradiaticn time of the infrared ray 1is
preferably 0.1 hours cor longer and 20 hours or shorter.
When the irradiation time of the infrared ray falls within
this range, occurrence of coloring such as yellowing can
be further prevented.

[0049]

Accordingly, in the case of infrared rays,
deterioration of the resin is not found when the
irradiation time is 20 hours or shorter. Whereas,

deterioration c¢f the resin is found for 300 sec longer
when the wavelength of the infrared ray is Dbeyond
1,000,000 nm (for example, microwave}; therefore, 1t 1is
concluded that the irradiation time of the irradiation
with an infrared ray can be easily adjusted.

[0050]

The lower 1limit of the irradiation time of the
infrared ray is preferably 0.1 hours, more preferably 0.3
hours, still more preferably 0.4 hours, and particularly
preferably 0.5 hours. On the other hand, the upper limit
of the irradiation time of the infrared ray is preferably
20 hours, more preferably 10 hours, still more preferably
5 hours, and particularly preferably 1 hour. When the
irradiation time of the infrared ray 1is shorter than the
lower limit, the coloring may not be sufficiently
prevented. On the other hand, when the irradiation time
is Dbeyond the upper limit, elevation of the resin
temperature becomes drastic, whereby deterioration of the
resin 1s significantly enhanced, and alsc handieability
may be deteriorated due to dissolution of the resin.

[0051]

<Method fcr Producing EVOH Resin>

Hereinafter, the method for producing an EVOE resin
of the present invention is specifically explained.
Specifically, the method for producing an EVOH resin of
the present invention has, similarly to general methods
for producing EVOH resins:

a polymerization step for copolymerizing ethylene
and a vinyl ester to obtain EVAc;

a saponification step for saponifying the EVAc to
obtain EVOH;

a pelletization step for obtaining a pellet
containing EVOE from a scluticn or paste containing EVCH
cbtained in the saponification step:;
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a washing step for washing the pellet;

a drying step for drying the pellet; and

a molding step for molding the pellet to obtain a
molded product including EVQOH,

and furthermore, the aforementioned step of
irradiation with an infrared ray is included. It should
be noted that steps other than the saponificaticn step are
not prereguisite.

[0C52]

(Polymerization Step)

Although a copolymerization process of ethylene with
the vinyl ester 1is not particularly limited, for example,
any of solution polymerization, suspension polymerization,
emulsion polymerization, bulk polymerization and the like

may ke employed. Also, either a continucus system or a
batchwise system may be employed.
[0053]

As the wvinyl ester used 1in polymerization, fatty
acid wvinyl such as wvinyl acetate, vinyl propionate or
vinyl pivalate, or the like may be suitably used.

[0054]

In the polymerization described above, in addition
to the aforementioned <components, a copolymerizable
monomer may be also copolymerized in a small amount as a
copolymerization component such as, for example, an alkene
other than those described above; an unsaturated acid such
as acrylic acid, methacrylic acid, crotonic acid, maleic
acid or itaconic acid, or an anhydride, a salt, a mono- or
dialkyl ester thereof, or the 1like; nitrile such as

acrylonitrile or methacrylonitrile; amide such as
acrylamide or methacrylamide; olefin sulfonic acid such as
vinylsulfonic acid, allylsulfonic acid or

metaallylsulfonic acid, or a salt thereof; an alkyl vinyl
ether, wvinyl ketone, N-vinylpyrrolidone, wvinyl chloride,
vinylidene chloride or the like.
[0C55]

Additicnally, a vinylsilane compound may be included
in an amount of 0.0002 mol% or greater and 0.2 mol% cr

less as a copolymerization component. Herein, the
vinylsilane compound may include, for example,
vinyltrimethoxysilane, vinyltriethoxysilane, vinyltri(p-
methoxy-ethoxy)silane, V-

methacryloyloxypropylmethoxysilane or the like. Of these,
vinyltrimethoxysilane, or vinyltriethoxysilane is suitably
used.
[0056]

A solvent which may be used in the polymerization is
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not particularly 1limited as long as 1t 1s an organic
solvent which can dissolve ethylene, vinyl ester and the
ethylene-vinyl ester copolymer. As such a solvent, for
example, an alcohol such as methancl, ethancl, propanol,
n-butanol or tert-butenol; dimethyl sulfoxide or the like
may be used. Of these, methanol is particularly preferred
in light c¢f ease 1in removal and separation after the
reaction,
[0057]

As a catalyst for use in the polymerization, for
example, an azonitrile based initiator such as 2,2-

azobisisobutyronitrile, 2,2-azobis-(2,4-
dimethylvaleronitrile), 2,2-azobis-(4-methoxy-2,4-
dimethylvaleronitrile) or 2,2=-azobis~-(2-
cyclopropylpropicnitrile); an organic peroxide based
initiator such as isobutyryl peroxide, cumyl
peroxyneodecanoate, diisopropyl peroxycarbonate, di-n-
propyl percxydicarbonate, t-butyl peroxyneodecanoate,

lauroyl peroxide, benzoyl peroxide, t-butyl hydroperoxide,
or the like may be used.
[0058]

The polymerization temperature is preferably 20°C or
greater and 90°C or less, and more preferably 40°C or
greater and 70°C or less. Polymerization time is
preferably 2 hours or longer and 15 hours or shorter, and
more preferably 3 hours or longer and 11 hours or shorter.
The rate of polymerization is preferably 10% or greater
and 20% or less, and more preferably 30% or greater and
80% or less relative to the vinyl ester charged. The
resin content in the soclution after the polymerization is
preferably 5% by mass or greater and 85% by mass or less,
and more preferably 20% by mass or greater and 70% by mass
or less.

[0059]

After carrying out the polymerization for a
predetermined time, or after reaching a predetermined rate
of polymerization, a polymerization inhibitor is added if
necessary, and unreacted ethylene gas 1is removed by
evaporation, followed by removing unreacted vinyl ester.
As a process of removing an unreacted vinyl ester, for
example, a process including continuously supplying the
copolymer scolution at a constant rate through an upper
part of a tower filled with Raschig ring, blowing therein
an organic solvent wvapor such &as methanol through a lower
part of the tower, distilling off mixed wvapor of the
organic solvent such as methanol and unreacted vinyl ester
through the top of the tower, and taking ocut the copolymer
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solution from which the unreacted vinyl ester was removed
through the bottom of the tower, or the 1like may be
employed.

[0060]

{Step of Irradiation with Infrared Ray 1:
Irradiation on EVAcC)

By irradiating the ethylene-vinyl ester copolymer
(EVAC) prior to saponification obtained by the
aforementioned process with an infrared ray, an EVOH resin
having sufficient long-run workability in melt molding,
and enabling prevention of coloring such as yellowing can
be finally obtained. The temperature of the EVAcC resin in
irradiation with an infrared ray is preferably 40°C or
greater and 110°C or less. When the temperature of the
EVAc resin falls within this range, the polyene compounds
included in the resin are volatilized, and thus occurrence
of coloring such as yellowing can be further prevented.
In this respect, the EVAc resin on which an infrared ray
is irradiated may be either a paste composed of the
cepolymer, or a solution containing the copolymer.

[0C61]

Note that in the case in which a solution containing
the EVAc resin is employed, the temperature of the EVAc
resin i1s equal to the temperature of the solution. 1In the
case of a solid such as a paste, the temperature of the
EVAc resin is determined by measuring the temperature of
the paste or the like with a thermometer inserted into the
paste every 5 min until a constant measurement 1s found,
and calculating an average temperature of the measurements
found at five sites.

[0062]

The lower limit of the temperature of EVAc during
the irradiation with an infrared ray is preferably 40°C,
more preferably 45°C, still more preferably 50°C, and
particularly preferably 60°C. On the other hand, the
upper limit of the temperature o¢f the copolymer is
preferably 110°C, more preferably 90°C, still nmore
preferably 80°C, and particularly preferably 70°C. When
the temperature of the copolymer is below the lower limit,
mcvement of the molacular chain of EVAC becomes
insufficient, volatilization of the polyene compounds that
become the cause of coloring does not occur sufficiently.
On the other hand, when the temperature 1s beyond the
upper limit, deterioration of the copoclymer proceeds,
leading to enhanced coloring, and thus the appearance of
the resulting EVOH resin may be finally deteriorated.
[0063]
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(Saponification Step)

Next, a step of saponifying EVAc 1s included in the
present invention. The saponification process may be
either continuous system, or a batchwise system. The
catalyst which may be used in the saponificaticon is not
particularly limited, but is preferably an alkali
catalyst, and for example, sodium hydroxide, potassium
hydroxide, alkali metal alcoholate or the 1like may be
used.

[0064]

Conditions of saponification may include, for
example, in the case of batchwise system: copolymer
sclution concentration being 10% by mass or greater and
50% by mass or less; the reaction temperature being 30°C
or greater and 60°C or less; the amount of the catalyst
used being 0.02 mol or greater and 0.6 mol or less per mol
of the vinyl ester structural unit; and the saponification
time being 1 hour or leonger and % hours or shorter.

[0065]

In this manner, a solution or a paste containing
EVOH is obtained. Since EVOH yielded after completing the
saponification reaction contains the alkali catalyst, by-
product salts such as sodium acetate and potassium
acetate, and other impurities, these are preferably
removed by neutralizing and washing as needed. When EVOH
after completing the saponification reaction 1s washed
with 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 remein.

[0066]

(Pelletization Step)

Next, in the pelletization step, the EVOH solution
or paste obtained as described above i1s pelletized.
Pelletization method 1is not particularly limited, and a
method in which a soclution of EVOH in a mixture of an
alcohol and water 1s coocled to permit coagulation,
followed by cutting; a method in which EVOH 1is melt
kneaded 1in an extruder and discharged, followed by
cutting, and the 1like may be exemplified. Specific
examples of the cutting method of EVCH include: a method
in which EVOH is extruded to give a strand form, followed
by cutting with a pelletizing machine; a method in which
EVOH discharged from a die is cut by a hot center cutting
system or an underwater cutting system, etc.; and the
like.

[0067]
When an EVOH solution is pelletized by extrusion to
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give a strand form, water or a water/alcochol mixed
solvent, aromatic hydrocarbons such as benzene, ketones
such as acetone and methyl ethyl ketone, ethers such as
dipropyl ether, organic acid esters such as methyl
acetate, ethyl acetate and methyl propionate, and the like
may be used as a solidification liquid for wuse in
coagulation, but water or a water/alcohcl mixed sclvent is
preferred in light of easy handling. As the alcochol,
methanol, ethanol, propanol or the like may be used, and
methanol is preferably used 1In terms of 1industrial

aspects, Although the mass ratic of the solidification
liquid to the strand of EVOH in the solidification liquid
{solidification ligquid/ strand of EVOH) is not

particularly limited, it is preferably 50 or greater and
10,000 or 1less, and -more preferably 100 or greater and
1,000 or less. When the mass ratie falls within this
range, to obtain an EVOH pellet having uniform size
distributicn is enabkled.

[0068]

The temperature at which the EVOH solution 1is
brought into contact with the solidification liguid is
preferably -10°C or greater and 40°C or less, more
preferably 0°C or greater and 20°C or less, and
particularly preferably 0°C or greater and 10°C or less.
The EVCOH solution 1is extruded into the solidification
ligquid as described above to give a strand form with a
nozzle having an arbitrary form. Althcocugh the shape of
such a nozzle 1is not particularly limited, it is
preferably a circular cylindrical shape. Thus, EVOH
(solution) is extruded to give a strand form <from the
nozzle. In this process, the strand may not necessarily
be single, and can be extruded to provide arbitrary number
of several strands to several hundred strands.

[0069]

Next, EVOH extruded tc give a strand form is cut
after sufficiently solidified, and then pelletized
followed by washing with water. With respect to the form
of such a pellet, the diameter 1is preferably 1 mm or
greater and 10 mm or less, and the length is preferably 1
mm or greater and 10 mm or less (more preferably, each
being 2 mm or greater and 6 mm or less) in the case of a
circular cylinder, or the diameter is preferably 1 mm or
greater and 10 mm or less (more preferabkly being 2 mm or
greater and 6 mm or less) in the case of a sphere.

[0C701]
(Washing Step)
Subsequently, the EVOH pellet is preferably washed



Our Ref. No. 12FP-0299/W0O
17

with water at a temperature of 10°C or greater and 80°C or
less in a water bath. Oligomers and impurities in EVOH
are removed by such a washing step with water.

[0071]

(Drying Step)

Thereafter, a dryving step may be included in which
the pellet 1is dried to give a water content of 0.01% by
mass cr greater and less than 10% by mass. Although the
drying process is not particularly limited, hot-air drying
may be exemplified. It is to be noted that the drying
step may be also carried out by irradiaticen with an
infrared ray described later in detail.

[0072]

(Molding Step)

In addition, the dried EVOH resin may be formed into
any of wvarious types of a molded product such as a film,
sheet, container, pipe or fiber by melt molding. It 1is
possible to subject these molded articles to remolding for
the purpose o©f reuse o0f the same after grinding.
Alternatively, the film, sheet, fiber or the like can also
be monocaxially or biaxially stretched.

[0073]

As the melt molding process, extrusion molding,
inflation extrusion, blow molding, melt spinning,
injection molding and the like are permitted.

[0074]

The melt temperature in carrying out the melt
molding is not particularly limited, but 1is preferably
about 150°C or greater and 300°C or less.

[0075]

(Step of Irradiation with Infrared Ray 2
Irradiation on EVOH)

Also by irradiating EVOH with an infrared ray
carried out not before subjecting to the aforementioned
saponification step, an EVOH resin having sufficient long-
run workability in melt molding, and enabling prevention
of coloring such as yellowing can be finally obtained.
The resin containing EVOH irradiated with an infrared ray
may be any one of a solution, a paste, a pellet or a
molded product including EVOH. The timing when the step
of irradiating with an infrared ray is carried out 1is not
particularly limited as 1long as 1t 1s carried out
simultanecusly with the saponification step or following
the saponification step, and the irradiation step may be
carried out at a time of, for example:

(1) simultaneously with the saponification step, or
after the saponification step and before the pelletization
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step;

(2) simultanecusly with the pelletization step, or
after the pelletization step and before the washing step;

(3) simultaneously with the washing step, or after
the washing step and before the drying step;

(4) simultaneously with the drying step, or after
the drying step and before the molding step; or

(5) simultaneously with the molding step, or after
the molding step.
[0076]

Of these, carrying out the step of irradiation with
an infrared ray is carried out preferably not before the
pelletization step, and specifically, carrying out not

before the time (2) above 1is ©preferred since the
concentration of the EVOH resin 1s low in the case of
solution and paste forms. In addition, the pellet before

subjecting to the drying step has a so high water content
that the resin temperature is not satisfacteorily elevated
by irradiation with an infrared ray, whereby the polyene
compound may not be volatilized enough; therefore, the
irradiation with an infrared ray 1is also preferably
carried out not before the drying step, and more
specifically not before the time (4) above. On the other
hand, in the case of molded products such as films, the
water content is low, and thus azeotropy of the polyene
compound with water 1s less likely toc occur; therefore,
the irradiaticn with an infrared ray is carried out
preferably on a dried pellet, and more specifically
according to the (4) above. When the irradiation with an
infrared ray is carried out at the time (4),
volatilization of the moisture of EVOH 1is enabled;
therefore, the irradiaticn with an infrared ray can
achieve a function as a drying step as described later.
Also, in light of effective volatilization of the polyene
compound on the surface of the final molded product and

prevention of vyellowing, irradiating an infrared ray
according to the (5) above is preferred.
[0077]

The lower limit of the temperature of the EVOH resin
in the irradiation with an infrared ray is preferably the
glass transition temperature of the EVOH, more preferably
80°C, still more preferably 100°C, and particularly
preferably 120°C. On the other hand, the upper limit of
the resin temperature is preferably the melting
temperature of EVOH, more preferably 160°C, still more
preferably 155°C, and particularly preferably 150°C. When
the resin temperature 1is below the lower 1limit, the
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stretching vibration of the hydroxyl group included in the
resin 1is not sufficient, and thus volatilization of
polyene dces not occur enough. Cn the other hand, when
the resin temperature is beyond the upper limit,
deterioration of the resin proceeds, leading to enhanced
coloring, and thus the appearance may be deteriorated. A
glass transition temperature and a melting temperature of
the EVOH described above are temperature values measured
in a dry state.

[0078]

Note that in the case in which a solution containing
the EVOH resin is employed, the temperature of the EVOH
resin is equal to the temperature of the soclution. In the
case of a paste, a pellet or a molded product, the
temperature of the EVOH resin is determined by measuring
the temperature of the paste, the pellet stacked or the
molded product with a thermometer inserted into it every 5
min until a constant measurement is found, and calculating
an average temperature of the measurements found at five
sites.

[0072]

When the irradiation with the infrared ray is
carried out on a pellet prior to the drying step, the
upper limit of the water content of the pellet before
irradiating with an infrared ray 1is preferably 200% by
mass, more preferably 170% by mass, still more preferably
140% by mass, and particularly preferably 110% Dby mass.
When the water content of the pellet is beyond the upper
limit, the resin temperature is not sufficiently elevated
by the irradiation with an infrared ray due to too high
water content, and thus the polyene compound may not be
volatilized enough. ©n the other hand, although the lower
limit of the water —content of the pellet before
irradiating with an infrared ray 1is not particularly
limited, it may be 10% by mass.

[0080]

Moreover, when the irradiaticn with an infrared ray
is carried out simultaneously with or after the drying
step, the lower limit of the water content o0f the pellet
and the molded product before irradiating with an infrared
ray is preferably 0.01% by mass, more preferably 0.02% by
mass, still mere preferably 0.03% by mass, and
particularly preferably 0.05% by mass. When the water
content of the pellet and the film that 1s a molded
product, or the like is below the lower limit,
volatilization by way of azeotropy of the polyene compound
with water does not sufficiently occcur due to the too low
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water content. On the other hand} although the upper
limit of the water content of the pellet and the molded
product before irradiating with an infrared ray is not
particularly limited, when irradiation with an infrared
ray 1is carried out simultaneously with the drying step,
the upper limit of the water content of the pellet before
the irradiation with an infrared ray is preferably 200% by
mass. Whereas, when the irradiation with an infrared ray
is carried out not before the drying step, the upper limit
of the water content of the pellet and molded product
before the irradiation with an infrared ray is preferably
9% by mass, more preferably 1% by mass, and particularly
preferably 0.5% by mass in terms of its step.

[0081]

It should be noted that the water content wvalue (%
by mass) is on dry basis unless otherwise stated in
particular. The water content on dry basis is a value
derived by dividing the mass of water included in a pellet
by the dry mass of the EVOH resin included in the pellet.
Also with respect to molded products such as films may be
similar determination can be carried out.

[0082]

(Step of Irradiation with Infrared Ray 3 ({Drying
Step): Irradiation as Drying Means) _

Bs described above, it 1is preferred that the
irradiation with an infrared ray 1s carried out on the
solid matter containing EVOH and water (the pellet, etc.),
and that the solid matter is dried by the irradiation with
an infrared ray. Thus drying by the irradiation with an
infrared ray enables the solid matter containing EVOH to
be efficiently dried even at a low atmospheric temperature
and within a short drying time period. The drying time
period which «can be shortened allows for the size
reduction of a facility reguired for achieving a
processing capacity equivalent to that in conventional
technologies, thereby leading to an advantage such as &
reduction in cost for establishment of the facility. In
addition, according to this embodiment, an EVOH resin
sufficiently dried and accompanied by less deterioration
of gualities can be obtained.

[0083]

The solid matter as referred to herein is a generic
name of a composition containing water and an EVOH resin,
and the state of water included is not particularly
limited. For example, also in the case in which water 1is
homogenously retained in the EVOH resin, and the case in
which the EVOH resin and water are nonhomogeneously mixed,
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the effects of the present invention can be achieved
without particular limitation. In specific examples of
the state of water included: water may be included in the
pellet obtained in the pelletization step; or water may
remain in a small amount in the pellet after subjecting to
the drying step, and water may be attached when the EVOH
resin melt molded in the molding step is water-cocled.
[0084]

When the infrared ray is directly irradiated on the
solid matter, energy of the infrared ray can be directly
imparted to the solid matter which is to be heated. In
other words, in the step of irradiation with an infrared
ray 3, drying by radiant heat transfer 1is executed.
Therefore, according to the method for production, more
efficient heating of the soclid matter is enabled as
compared with hot-air drying (drying by convective heat
transfer) carried out wusing conventicnal heating gas.
Furthermore, according to such a drying method, extreme
elevation of the surface temperature of the solid matter
can be prevented, whereby agglutination of sc¢lid matter
particles, and/or deterioration of the resultant resin can
be prevented. In addition, since the drying step enables
a low atmospheric temperature to be maintained, drying
rate can be increased as a result of an increased
difference between the temperatures of the matter tc be
heated and the air.

[0085]

When the solid matter is dried by the irradiation
with an infrared ray, the solid matter is preferably
granular (the pellet, etc.). By carrying out the
irradiation with an infrared ray on the granular solid
matter, efficiency of drying and the like can be further
enhanced. It sheould be noted that the effects of the
embodiment of the present invention can be achieved even
if the infrared ray 1is irradiated on any solid matter

other than the granular matter such as e.g., solid matters
having a film form and fiber form.
[0086]

The shape of the granular solid matter (granular
matter) is not particularly limited, and may be

exemplified by a pellet shape having a cclumnar shape such
as a circular cylindrical shape, or a spherical shape, as
well as a chip shape, a crumb shape, a flake shape, a
powdery shape, etc. Of these, a pellet form is preferred.
By wusing the granular matter having a pellet form,
agglutination of granular matter particles can be
efficaciously inhibited.
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[0087]

The size of the granular matter is not particularly
limited, and for example, 1 mm® or greater and 100 cm® or
less, preferably 3 mm® or greater and 1 cm’ or less, and
more preferably 5 mm® or greater and 200 mm’ or less.
When the granular matter having a size falling within the
above range is used, efficiency of drying, etc., can be
enhanced such as easier irradiation inside, with the
infrared ray.

[0088]

The wavelength of the infrared ray in the step of
irradiation with an infrared ray 3 is preferably 700 nm or
greater and 10,000 nm or less, more preferably 1,000 nm or
greater and 8,000 nm or less, and still more preferably
1,500 nm or greater and 4,500 nm or less. Since the
wavelength range falls within a range of shorter
wavelength in the range of the wavelength of the infrared
rays described above, the energy of the ray of 1ight is
comparatively great, and thus such an infrared ray 1is
suited for drying the solid matter. In particular, since
water molecules have a maximal absorption of infrared rays
at around 2,000 to 4,000 nm, irradiation with the infrared
ray within this range can effectively impart the energy to
the solid matter.

[0089]

The atmospheric temperature in the step of
irradiation with an infrared ray 3 is preferably 10°C or
greater and 100°C or less, more preferably 20°C or greater
and 80°C or 1less, and still more preferably 30°C or
greater and 50°C or less. In this regard, the atmospheric
temperature means a temperature of the air in the vicinity
of the solid matter tc be heated (not far by 30 cm from
the surface). Note that when the drying is carried out in
a space that will have substantially equal temperature,
for example, when the drying of the solid matter 1is
carried out in a vessel into which an infrared ray lamp is
placed, the atmospheric temperature may correspond to the
temperature inside the vessel. Moreover, the atmospheric
temperature as referred to herein means an average
temperature in the step of irradiation with an infrared
ray 3.

[0090]

When the atmespheric temperature is beyond the upper
limit, the surface of the solid matter is likely to be
deteriorated, whereby gelation, coloring and the like may
occur. In addition, when the atmospheric temperature 1is
beyond the upper limit, the difference between the
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atmospheric temperature (the temperature of the air) and
the temperature of the solid matter becomes so small that
drying rate may be decreased. To the contrary, when the
atmospheric temperature 1is below the lower 1limit, dew
condensation of the vapcer generated by drying cccurs, and
the dew drop may attach to the solid matter during drying,
whereby the efficiency of drying may be impaired, and
agglutination of the scolid matter may be caused.

[0091]

The temperature of the solid matter in the step of
irradiation with an infrared ray 3 is preferably 80°C or
greater and 160°C or less, more preferably 90°C or greater
and 150°C or less, and still more preferably 100°C or
greater and 140°C or less. In general, the drying rate
increases as the temperature of the solid matter subjected
to drying is higher. However, EVOH in a wet state has a
lower melting temperature as compared with that of EVOH in
a dry state. Thus, when the temperature of the solid
matter in the step of irradiation with an infrared ray 3
exceeds the upper limit, the so0lid matter particles may
agglutinate with one another by melting. In addition, the
temperature of the solid matter beyond the upper limit may
lead to, even 1if the temperature does not reach the
melting temperature, loss c¢f transparency of the surface
through getting opacity, and/or inclusion of bubbles in
the solid matter etc., whereby the appearance may be
deteriorated. To the contrary, when the temperature of
the sclid matter is belcow the lower limit, evaporation of
water in the solid matter is delayed, and thus a long time
period for drying may be required. Note that the
temperature of the solid matter as referred to herein is a
temperature of the surface of the solid matter, and may be
measured by, for example, a radiation tTemperature sensor
and the like. Furthermore, the temperature of the solid
matter as referred to means an average temperature in the
step of irradiation with an infrared ray 3.

[0092]

The difference between the atmospheric temperature
and the temperature of the solid matter (a value derived
by subtracting the temperature of the solid matter from
the atmospheric tTemperature) in the step of irradiation
with an infrared ray 3, is preferably 10°C or greater,
more preferably 30°C or greater, and still more preferably
50°C or greater. By making such a difference between
temperatures of the air (atmosphere) and the solid matter,
the efficiency of drying can be further enhanced, and the
surface can be prevented from deterioration. Note that
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although the temperature between the atmospheric
temperature and the temperature of the solid matter 1is
preferably as great as possible, the upper limit may be,
for example, 120°C.

[0093]

The upper limit of the water content of the solid
matter subjected to the step of irradiation with an
infrared ray 3 1is preferably 200% by mass, more preferably
50% by mass, still more preferably 10% by mass, and
particularly preferably 5% by mass. Alsc, the lower limit
of the water content is preferably 0.5% by mass.

[0094]

When the water content exceeds the upper limit,
solid matter may be likely to bubble or agglutinate during
drying. Note that 1in the case of drying by convective
heat transfer using a conventional heating gas, the drying
rate may be decreased when the water content of the solid
matter is low (e.g., less than 10% by mass). On the other
hand, the drying carried out wusing an infrared ray
according to the embodiment of the present invention
predominantly utilizes radiant heat transfer; therefore,
the drying rate is less likely to be decreased even in a
poorly wet state with the water content of less than 10%
by mass. Therefore, according to the method for
production, further efficient drying can be executed as
compared with conventional drying methods, particularly in
poorly wet states.

[0095]

The water content of the solid matter after
subjecting to the step of irradiation with an infrared ray
3 is preferably 1less than 0.5% by mass, and more
preferably 0.3% by mass or less. By drying to give such a
water content, formability and the like of the resultant
solid matter can be improved.

[0096]

Although the drying time period 1in the step of
irradiation with an infrared ray 3 (irradiation time of
the infrared ray) 1is not particularly limited, when the
solid matter 1s granular, the drying time period 1is
preferably 0.5 hours or greater and 60 hours, and more
preferably 1 hour or greater and 5 hours or less. When
the drying time period is below the lower limit, achieving
sufficient drying may fail. To the contrary, the drying
time period beyond the upper limit is not preferred in
light of the acceleration of the drying rate.

[0097]
It should be nocted that in the step of irradiation
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with an infrared ray 3 according to the present
embodiment, for example, other drying means such as air
blowing and irradietion with a microwave, etc., may be
incorporated simultaneously with irradiation with the
infrared ray.
(0098]
<Irradiation Method With Infrared Ray>

In the step of irradiation with an infrared ray,
particularly in the step of irradiation with an infrared
ray 3, it is preferred that the infrared ray is irradiated
while agitating the granular matter when the solid matter
is granular. In the step of irradiation with an infrared
ray, when the granular matter is left to stand stiil, the
infrared ray 1is absorbed on the surficial layer of the
granular matter, and thus only the surficial layer of the

pellet 1is heated. In this instance, a portion not
irradiated with the infrared ray fails to be heated;
therefore, efficiency of irradiation (efficiency of

drying) i1s 1impaired, and the portion irradiated in a
concentrated manner may be likely to be deteriorated.
Therefore, by thus agitating the granular matter, and
uniformly heating the granular matter subjected to the
step of irradiation with an iInfrared ray, the granular
matter can be efficiently dried.

[0099]

The method for irradiating with the infrared ray
while agitating the granular matter is not particularly
limited, and is exemplified by: a method for irradiating
with the infrared ray while agitating the granular matter
by placing the granular matter 1in a rotary drum and
rotating the rotary drum; a method for irradiating with
the infrared ray while agitating the granular matter in a
vessel equipped with a screw or a mixing blade; and the
like. Preferred drying devices for irradiating with the
infrared ray while agitating the granular matter in a
rotary drum will be described later in detail.

[010C]

Furthermore, it 1s also preferred that in the step
of irradiation with an infrared ray, the infrared ray 1is
irradiated while conveying the granular solid matter on a
conveyor. By thus irradiating with the infrared ray while
conveying a constant amount of the granular solid matter
on a conveyor at a constant speed, an uniform infrared ray
can be stably irradiated on the granular matter. As a
result, a granular matter having a stable quality (having
a constant water content) can be obtained, and production
efficiency of the EVOH resin can be enhanced.
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[0101]

On the other hand, in the step of irradiation with
an infrared ray, when the granular matter is irradiated
with the infrared ray in a static state without agitation,
it is preferred that the granular matter 1s arranged

without stacking to give multiple layers. Thus arranged
granular matter can be uniformly irradiated with an
infrared ray. Specifically, 1in this process, it 1is

preferred to adjust the thickness of the arranged granular
matter along the direction of irradiation with the
infrared ray to be 30 mm cor less. When the thickness of
the arranged granular matter exceeds 30 mm, irradiation of
the granular matter positioned around the bottom part may
be insufficient, and thus efficiency of irradiation
(efficiency of drying) and the like may be impaired.

[0102] : &
In the step of irradiation with an infrared ray, any
of a batchwise system, and a continuous system may be
applied. In addition, the step of irradiation with an
infrared ray is further divided into a plurality of steps
(for example, first irradiation step with an infrared ray
(drying) and a second irradiation step with an infrared
ray (dry), etc.), and thus the batchwise system and the
continuous system can be combined. When the step of
irradiation with an infrared ray 1is divided into a
plurality of steps, irradiation equipment of an infrared
ray with different output can be used, and/or change of
the wavelength of the infrared ray and the intensity used
in each step 1s also enabled. In addition, the
atmospheric temperature and the temperature of the
granular matter can be changed for each step.

[0103]

For example, when a sclid mater having a high water
content is dried, the drying is carried out at a
comparatively low temperature of the granular matter so as
to be the melting temperature or less of the solid matter,
and thus the drying is enabled such that the temperature
of the solid matter is elevated as the melting temperature
increases due to a decrease of the water content of the
solid matter. According to such a method, the bubbling
and occurrence of opacity of the solid matter as described
above can be inhibited, and the so0lid matter can be
efficiently dried.

[0104]

<Drying Device>

One example of a drying device used in the step of
irradiation with an infrared ray 3 (drying step) will be
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explained with reference to Figs. 1 and 2, but the mode of

the drying device is not limited thereto. Fig. 1 shows a
schematic perspective view illustrating a drying device 1,
and Fig. 2 shows a schematic «cross sectional view

illustrating the drying device 1. It should be noted that
the drying device explained below can be also used as an
irradiation equipment of an infrared ray in the step of
irradiation with an infrared ray other than the step of
irradiation with an infrared ray 3 (drying step).

[0105]

The drying device 1 shown in Fig. 1 principally
includes a rotary drum 2, an infrared ray lamp 3 and a
motor 4.

[0106]

The rotary drum 2 has a circular cylindrical shape.
The size of the rotary drum 2 is not particularly limited,
and may be appropriately designed in accordance with the
amount and the like of the granular matter to be dried at
a time. The rotary drum 2 1s connected to the moteor 4 via
a belt 5. In other words, the rotary drum 2 is configured
so as to rotate along with the rotation of the motor 4. A
granular matter A is charged into the rotary drum 2.

[0107]

The rotation frequency of the rotary drum 2 may be
appropriately set in accordance with the conditions and
the like, and 1s preferably 10 rpm or greater and 50 rpm
or less. When the rotaticn frequency falls within such a
range, efficient and uniform irradiation with an infrared
ray can be carried out, and efficiency of drying and the
like can be enhanced while maintaining the quality of the
resultant resin.

[0108]

The infrared ray lamp 3 has a columnar shape, and is
disposed substantially along a central axis in the rotary
drum 2. One lateral face of the infrared ray lamp 3
serves as a ray exit surface 3a where the infrared ray
emerges. Two ends of the infrared ray lamp 3 are fixed by
way of a shaft 6. The ray exit surface 3a is configured
such that the angle of emergence can be adjusted. The
infrared ray lamp 3 irradiates a part of the interior of
the rotary drum 2, i.e., the granular matter A charged.
[0109]

The distance between the ray exit surface 3a of the
infrared ray lamp 3 and the granular matter A
{hereinafter, referred tc as “irradiation distance X”) 1is
preferably O mm or greater and less than 500 mm. When the
irradiation distance is less than 5 mm, the temperature of
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the granular matter A is significantly elevated soc that
baking and/ocr burning may be caused. To the contrary,
when the irradiation distance X is 500 mm or greater, the
energy of the infrared ray 1s not sufficiently imparted to
the granular matter, whereby the drying rate may be
decreased.

[01101]

The output of the infrared ray lamp 3 is
appropriately adjusted in accordance with the amount of
the granular matter A, the shape of the rotary drum 2 and
the like, and is preferably 1.0 kW or greater and 5.0 kW
or less.

[0111]

Specific examples of the infrared ray lamp 3 include
various types of halogen lamps manufactured by Ushio Inc.,
a short wavelength infrared ray lamp and a middle
wavelength infrared ray lamp manufactured by Heraeus
Holding GmbH, a halogen lamp manufactured by TOKO, INC.,
and the like. A plurality of lamps may be suitably used
at once.

[0112]

According to the drying device 1, since rotary drum
2 is rotated by the motor 4, the granular matter A 1is
agitated in connection with the rotation of the rotary
drum 2. It should be noted that the entire surface of the
granular matter A (flowing face) is inclined in this
process, as shown in Fig. 2. Therefore, the infrared ray
lamp 3 can efficiently irradiate the Infrared ray on the
granular matter A by changing the irradiate angle 1in
accordance with the angle of inclination of the flowing
face.

[0113]

Furthermore, the drying device may be additionally
provided with control means of the lamp output and
rotation freguency, as well as air blowing means, other
drying means, and the like.

[0114]

As the other means described above, the drying
device is preferably provided with, for example, a means
for controlling the irradiation dose and the emergence
dose of the infrared ray depending on the temperature of
the granular matter. When such the drying device 1is
provided with such a means, rapid drying can be executed
while further inhibiting deterioration of the resin.
Examples of the control means of the irradiation dose and
the emergence dose of the infrared ray may involve: (1) a
method which includes connecting the infrared ray lamp
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with an electric power regulation unit, and controlling
the output of the infrared ray on the basis of the
temperature of the granular matter measured; (2) a method
which includes controlling switching of execution of the
irradiation with the infrared ray on the basis of the
temperature of the granular matter measured; and the like.
These controcl methods may be employed in combination using
a plurality of infrared ray lamps.

[0115]

<QOther Step, etc.>

It is also preferred that between the pelletization
step and the step of irradiation with an infrared ray 3
(drying step), a preliminary drying step is included £for
decreasing the water content of the granular matter to
some extent (for example, 10% by mass or less, and
preferably, 5% by mass or less). As described above, the
step of irradiation with an infrared ray 3 can exert the
effect particularly in a state with low water content.
Therefore, by incorporating such a preliminary drying
step, efficiency of drying can be further enhanced. The
drying method in the preliminary drying step may Dbe
exemplified by a method in which heating gas (hot air,
etc.) is used, as well as a method in which a centrifugal
dehydrator 1is used, and the like. Although the drying
time period in this preliminary drying step 1is not
particularly limited, for example, the drying time period
may be 1 hour or greater and 10 hours or less.

[0116]

<EVOH Resin>

The EVOH resin of the present invention is obtained
by the aforementioned method for production. The EVOH
resin has sufficient leng-run workability in melt molding
and enables coloring such as yeliowing to be prevented.
In addition, when subjected to the step of irradiation
with an infrared ray 3 (drying by infrared ray),
deterioration of the EVOH resin is further inhibited;
therefore, such an EVOH resin can be applied to wvarious
types of intended usage as a resin that is superior in
guality.

[0117]

The content of EVOH contained in the EVOH resin is
preferably 60% by mass or greater, more preferably 80% by
mass or dgreater, and still more preferably 95% by mass or
greater.

[0118]

EVCOH in the EVOH resin 1s a polymer having an

ethylene unit (~CH;-CH;-) and a vinyl alcohol unit (-~CHp~-
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CHOH-) as main structural units.
[0119]

The lower limit of the ethylene content of EVCH
(i.e., rate of the number of ethylene units relative to
the total number of monomer units in EVOH) 1is preferably
20 mol%, more preferably 25 mols3, and still more
preferably 30 mol%. On the other hand, the upper limit of
the ethylene content in EVOH is preferably 60 mol%, more
preferably 55 mol%, still more preferably 50 mol%, and
particularly preferably 45 mol%. When the ethylene
content of EVOH falls within this range, sufficient
appearance characteristics and long-run workability can be
achieved. When the ethylene content in EVOH 1is below the
lower 1limit, for example, water resistance, hot water
resistance and gas barrier properties under high humidity
achieved upon molding a laminate may be deteriorated, or
deterioration of melt formability, occurrence of yellowing
and the like may be caused. To the contrary, when the
ethylene content of EVOH 1is beyond the upper limit,
deterioration of gas barrier properties achieved upon
molding & laminate, and occurrence of yellowing and the
like may be 1likely to be caused. Moreover, when the
ethylene content is below the above lower limit,
deterioration of EVOH is likely to proceed when irradiated
with the infrared ray. To the contrary, when the ethylene
content exceeds the upper limit described above, the
melting temperature of EVCH 1s lowered; therefore, the
solid matter may be melted in the drying step (step of
irradiation with an infrared ray 3).

[0120]

The lower limit of the degree of saponification of
EVOH (i.e., rate of the number of wvinyl alcohol units
relative to the total number of vinyl alcohol units and
vinyl ester units in EVOH) 1is preferably 90 mol%, more
preferably 95 mol%, and particularly preferably 99 mol%.
Cn the other hand, the upper 1limit of the degree of
saponification of EVOH is preferably 100 mol%, and still
more preferably 99.99 mol%. When the degree of
saponification of EVOH 1is below the lower 1limit, gas
barrier properties achieved upon molding a laminate may be
deteriorated, and coloring resistance may be
unsatisfactory. Additionally, when the degree of
saponification is less than the above lower limit, the
solid matter may be melted in the drying step (step of
irradiation with an infrared ray 3).

[0121]
In the case in which EVOH is constituted with a
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mixture of two or more kinds of EVOHs having different
ethylene contents, the ethylene content is defined as an
average value calculated from the mixed mass ratio. In
this case, 1t 1is preferred that the maximum difference
between ethylene contents of two EVOHs is 30 mol% or less,
and the difference between degrees of saponification is
preferably 10 mol% or less. When carried out under
conditions out cf these reguirements, gas barrier
properties achieved upon molding a laminate may Dbe
deteriorated. The difference in ethylene contents is more
suitably 20 mel% or less, and more suitably 15 mol% or
less. Also, the difference in the degrees of
saponification is more suitably 7% or less, and still more
suitakly 5% or less.

[0122]

(Additives)

In order to improve each performance, the EVOH resin
obtained by the methed for production of the present
invention preferably contains a variety of additives such
as acid, metal salts, etc. The additives may include
alkali metal salts, carboxylic acids and/or carboxylate
ions, phesphate compounds and boron compcounds described
later. According to the method for production of the
present invention, occurrence of yellowing and the like
can be prevented also when these additives are contained
in the resin.

[(0123]

The EVOH resin of the present inventicn preferably
contains an alkali metal ion in light of thermal
stability. The content of the alkali metal ion in dry EVOH
resin is preferably 2.5 umol/g or greater and 22 umol/g or
less, more preferably 3.5 pmol/g or greater and 16 pmol/g
or less, and particularly preferably 4.5 umol/g or greater
and 10 umcl/g or less in alkali metal element equivalent.
[0124]

The process for adjusting the content of the alkali
metal element to fall within the above range is not
particularly limited. Note that EVOH after subjecting to
the saponificaticn reaction usually contains the alkali
metal element as a saponification catalyst residue. Thus,
a process in which EVOH after subjecting to the
saponification reaction using the aforementioned process
is washed thereby removing the alkali metal element, and
thereafter the alkali metal element is included in a given
amount again to obtain an EVOH resin is preferred.

[0125]
The process for including the alkali metal element in
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the EVCH resin may include: a process of immersing EVOH in
a solution containing an alkali metal element; a process
of melting the EVOH resin and mixing with a solution
containing a compound including an alkali metal element,
or an alkali metal element; a process of dissclving the
EVOH resin in a suitable sclvent and mixing with a
compound including an alkali metal element; and the like.
[Cl26]

In the case in which the EVOH resin is immersed in a
solution containing an alkali metal element, the
concentration of the alkali metal element in this solution
is not particularly limited. Also, the solvent of the
solution is not particularly limited, but is preferably an
aguecus sclution in light of the handleability and the
like. The mass of the solution used for immersing the EVOH
resin is usually at least three times, and preferably at
least 10 times the mass of EVOH as dried. Although
sultable range of the immersicn time may vary depending on
the form of the EVOH resin, it is usually 1 hour or
longer, and preferably 2 hours or longer. The mode of the
immersion in the solution i1s not particularly limited, and
the immersion may be carried out after dividing into a
plurality of aliquots, or the immersicn may be carried ocut
once. In light of simplification of the step, the
immersion 1s preferably carried ocut once. A tower system
apparatus may be suitably used to continuously carry out
the immersion.

[0127]

The EVOH resin of the present invention may aiso
contain a carboxylic acid and/or a carboxylate ion. The
content of the carboxylic acid and/or the carboxylate ion
in the dry EVOH resin is preferably 0.05 upmol/g or greater
and 25 pmol/g or less, more preferably 0.5 umol/g or
greater and 22 pmol/g or less, still more preferably 2
umol/g or greater and 20 pmol/g or less, and particularly
preferably 5 umol/g or greater and 18 umocl/g or less.
Examples of the carboxylic acid include succinic acid,
adipic acid, benzoic acid, capric acid, lauric acid,
stearic acid, glycolic acid, lactic acid, citric acid,
tartaric acid, lactic acid, formic acid, acetic acid,
propionic acid and the like. Of these, acetic acid,
propionic acid and lactic acid are more preferred, and
acetic acid and propionic acid are particularly preferred,
in light of appropriate acidity, and ease in controlling
the pH of the EVOH resin. Anions of these carboxylic acids
are included in preferable carboxylate ions. When the
content of the carboxylic acid and/or the carboxylate ion
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exceeds 25 umol/g, thermal stability of the EVOH resin is
detericrated, and the resulting resin or molded article is
likely tc be accompanied by poor appearance such as
coloring, fish-eye, streak and the like.

[0128]

Moreover, the EVCOH resin of the present invention
preferably contains a phosphate compound in an amocunt of 1
to 500 ppm in phoesphate equivalent. The type of the
phosphate compound is not particularly limited, and any of
various types of acids such as phospheric acid and
phosphorous acid, and salts thereof may be used. The
phosphate may be any one of primary phosphate, secondary
phosphate and tertiary phosphate, Also, the cation species
is not particularly limited; however, it 1s preferably an
alkali metal salt, or an alkaline earth metal salt. In
particular, the phosphate compound is preferably included
in the form of phosphoric acid, sodium dihydrogen
phosphate, potassium dihydrogen phosphate, disodium
hydrogen phosphate or dipotassium hydrogen phosphate, and
adding the phosphate compound in the form of phosphoric
acid, sodium dihydrogen phosphate or potassium dihydrogen
phosphate is more preferred.

[0129]

Furthermore, the upper limit of the content of the
phosphate compound is preferably 400 ppm or less, and more
preferably 300 ppm or less in phosphate eguivalent. Also,
the lower limit of the content of the phcsphate compound
is more preferably 3 ppm or greater, still more preferably
5 ppm or greater, and particularly preferably 10 ppm or
greater.

[0130]

In addition, the EVOH resin may contain a boron
compound in the range not leading to impairment of the
object of the present invention. Examples of the boron
compound include boric acids such as orthoboric acid,
metaboric acid, and tetraboric acid; boric acid esters,
boric acid salts, hydrogenated boron compounds, &and the
like. Examples of the boric acid salt include borax, and
alkali metal salts and alkaline earth metzl salts of the
aforementioned varicus types of boric acids, and the like.
Among these compounds, orthoboric acid is preferred. When
a boron compound is added, the content in terms of boron
element is preferably in the range of 20 to 2,000 ppm, and
more preferably in the range of 50 to 1,800 ppm.

[0131]

As described in the foregoing, the EVOH resin

cbtained by the method for production of the present
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invention may contain at least one selected from the group
consisting of a carboxylic acid, a phosphate compound and
a boron compound as needed, and the process for including
the same 1is not particularly limited. For example, a
process that is similar to the process for including the
aforementioned alkali metal element may be employed.

[0132]

(Other Additives, etc.)

To the EVOH resin obtained by the method Ifor
production of the present invention may be also added in
addition to the aforementioned additives, an appropriate
amount of a plasticizer, a stabilizer, an antioxidant, a
surfactant, a pigment, a fluorescent whitening agent, an
ultraviolet ray absorbing agent, a slip agent, an
antistatic agent, a desiccating agent, a crosslinking
agent, a metal salt other than alkali metal salts, a
filler, a reinforcing agent such as wvarious types of
fiber, and the like in the range not leading to impairment
of the effects of the present invention.

[0133]

Furthermore, an appropriate amount of a
thermoplastic resin other than EVOH may be also blended in
the range not leading to impairment of the effects of the
present invention. Examples of the thermoplastic resin
which may be used include various types of polyolefins
(polyethylene, polypropylene, poly 1l-butene, poly 4-

methyi-l-pentene, ethylene-propylene copolymers,
copolymers of ethylene with a-olefin having 4 or more
carbon atoms, copolymers of polyclefin and maleic

anhydride, ethylene-vinyl ester copoclymers, ethylene-
acrylate copolymer, or modified polyoclefins prepared by
grafting modification of the same with an unsaturated
carboxylic acid or a derivative thereof), various types of
nylon (nylon-6, nylon-6,6, nylon-6/6,6 copolymer, etc.),
polyvinyl chloride, pclyvinylidene chloride, polyesters,
polystyrene, polyacryleonitrile, polyurethane, polyacetal
and modified polyvinyl alcohol resins, and the like.

[0134]

Although the form of the EVOH resin of the present
invention is not particularly limited, a solution form, a
paste form, a powder form, a pellet form, a molded product
form such as a film form is acceptable. The EVOH resin is
preferably in a pellet form or a film form owing to easily
executed irradiation with an infrared ray, easily
achievable effect of preventing yellowing by way of the
irradiation, and the like.

[0135]
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(Laminate)

The laminate of the present invention is a laminate
provided with at least one layer obtained from the EVCH
resin c¢f the present invention. The layer structure of
the laminate 1is not particularly 1limited; however,
provided that: a layer obtained from the resin of the
present iInvention 1is designated as E; a layer obtained
from an adhesive resin is designated as Ad; and a layer
obtained from a thermoplastic resin is designated as T,
examples of the layer structure include T/E/T, E/A4/T,
T/Ad/E/Ad/T, and the like. Each layer of these may be
either a monolayer, or a multilayer.

[0136]

The method for producing the laminate is not
particularly limited. For example, a method of melt
extruding a thermoplastic resin onto a molded product
obtained from the EVOH resin of the present invention
(film, sheet. Etc.); a method of coextruding the EVOH
resin of the present invention and other thermoplastic
resin; a method of coinjecting the EVOH resin of the
present invention with a thermoplastic resin; a method of
laminating a molded article formed from the EVOH resin of
the present invention and a film cor a sheet of other base
material using a well-known adhesive such as an organic
titanium compound, an isocyanate compound or a polyester
based compound; and the like may be exemplified.

[0137]

Among these methods, a method of coextruding the
EVOH resin of the present invention and other
thermoplastic resin is preferably used. The EVOH resin of
the present inventicn 1is superior in long-run workability
and appearance characteristics, and in particular,
coloring 1s less 1likely to occur even 1if melted at a
comparatively high temperature. Therefore, even 1if the
EVOH resin of the present invention and other
thermoplastic resin having a comparatively high melting
temperature are coextruded, a laminate being accompanied
by suppressed occurrence of coloring such as yellowing,
and being superior in the appearance can be obtained.
[0138]

Examples of the thermoplastic resin used for other
layer in the laminate include homopolymers of an olefin or
copolymers thereof such as linear low density
polyethylene, low density polyethylene, medium density
polyethylene, high density polyethylene, ethylene-vinyl
acetate copolymers, ethylene-propylene copolymers,
polypropylene and propylene-c-olefin copolymers (o-olefin
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having 4 to 20 carbon atoms), polybutene, polypentene,
polyesters such as polyethylene terephthalate, polyester
elastomers, polyamides such as nylon-6 and nylcn-6,6,
polystyrene, polyvinyl chloride, polyvinylidene chloride,
acrylic resins, vinyl ester based resins, polyurethane

elastomers, polycarbonate, chlorinated polyethylene,
chlorinated polypropylene, and the like. Of these,
polypropylene, polyethylene, ethylene-propylene

copolymers, ethylene-vinyl acetate copolymers, polyamides,
polystyrene, polyesters are preferably used.
[0139]

The aforementioned adhesive resin is not
particularly limited as long as it has adhesiveness with
the FEVOH resin of the present 1invention and the
thermoplastic resin, but adhesive resins containing a
carboxylic acid modified polyolefin are preferred. As the
carboxylic acld modified polyolefin, a carboxyl group-
containing modified olefin-derived polymer can be suitably
used which is cbtained Dby allowing an ethylenic
unsaturated carboxylic acid or an anhydride thereof to be
chemically bonded (for example, addition reaction, graft
reaction, etc.) to an olefin-derived polymer. In this
regard, examples of the olefin-derived polymer include,
e.g., polyoclefins such as polyethylene (low pressure,
middle pressure, high pressure}, linear low density
polyethylene, polypropylene and polybutene, copolymers
(for example, ethylene-vinyl acetate ccpolymers, ethylene-

ethyl acrylate copolymers, etc.} of olefin and other
monomer (vinyl ester, unsaturated carboxylate ester,
etc.). Among these, linear low density polyethylene,
ethylene-vinyl acetsate copolymers {content of wvinyl

acetate being 5% by mass or greater and 55% by mass or
less} and ethylene-ethyl acrylate copolymers {content of
"ethyl acrylate being 8% by mass or greater and 35% by mass
or less) are preferred, and linear low density
polyethylene and ethylene-vinyl acetate copolymers are
particularly preferred. As the ethylenic unsaturated
carboxylic acid or an anhydride thereof, ethylenic
unsaturated monocarboxylic acids, or esters thereof,
ethylenic unsaturated dicarboxylic acids, or mono- or
diesters thereof, or anhydrides of the same are
exemplified, and of these, ethylenic unsaturated
dicarboxylic acid anhydrides are preferred. Specifically,
maleilc acid, fumaric acid, itacconic acid, maleic
anhydride, itaconic anhydride, maleic monomethyl ester,
maleic monoethyl ester, maleic diethyl ester, fumaric
monomethyl ester and the like are included, and
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particularly, maleic anhydride is suitable.
[0140]

Although the process for coextrusion of the EVOH
resin of the present invention and the thermoplastic
resin, etc., 1s not particularly limited, a multimanifold-
merging T die method, a feedblock-merging T die method, an
inflation method, and the like may be exemplified.

[0141]

By subjecting thus obtained coextrusion laminate to
secondary processing, various types of molded products
(films, sheets, tubes, bottles, etc.) can be obtained.
The various types of molded products include, for exzample,
articles as in the following:

(1) multilaver costretched sheets or films obtained
by stretching a laminate (sheet or film, etc.) in an
moncaxial or biaxial direction, fcllowed by subjecting to
a heat treatment;

(2) multilayer rolled sheets or £films obtained by
rolling a laminate (sheet or film , etc.):

(3) multilayer tray cup shaped containers obtained
by subjecting a laminate (sheet or film , etc.) to a hot
forming process such as wvacuum forming, air-pressure
forming or vacuum air-pressure forming; and

{4} bottles, <cup shaped conatainers and the 1like
obtained by stretch blow molding or the like of a laminate
(pipe, etc.).

[0142]

Note that the secondary processing is not limited to
each process illustrated for obtaining the molded product
described above, and for example, any well-known secondary
processing other than the aforementioned processes such as
blow molding may be used ad libitum.

[0143]

Since the laminate has a layer obtained from an EVOH
resin having appearance characteristics (noncoloring
properties) and sufficient long-run workability, it 1is
accompanied by fewer fish-eye, gel and seed (dirt under
paint) and less coloring such as yellowing and thus, for
example, can be suitably used as a food container and the
like such as a deep draw container, a cup shape contailner,
and a bottle.

EXAMPLES
[(0144]

Hereinafter, the present inventicn will be explained
in more detail by way of Example, but the present
invention is not limited to these Examples.

[0145]
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(Cuantitative Determination Method)

It should be noted that each guantitative
determination in Examples herein was carried out according
to the following method.

[0146]

(1) Ethylene Content of EVOH

The ethylene content of an ethylene-vinyl alcohol
copolymer was determined according to the analysis method
described below by carrying out 11-NMR measurement under
the following measurement conditions.

Measurement Conditions

Name of apparatus: NMR spectrometer “Lambda 500"
manufactured by JEOL Ltd.,

Observation frequency: 500 MHz

Solvent: DMSO-do6

Polymer concentration: 4% by mass

Measurement temperature: 80°C

Cumulated number: 256 times
Analysis Method

The ethylene content was «calculated from the
intensity ratio of: methylene protons of ethylene units,
vinyl alcohol units and vinyl ester units (peak at 0.6 to
2.1 ppm), methine protons of vinyl alcohol units (peak at
3.15 to 4.15 ppm), and methine protons of wvinyl ester
units (peak at 1.95 to 2.00 ppm).

[0147]

(2) Degree of Saponification

Dry EVOH pellet was ground by freeze grinding. Thus
resulting ground EVOH was sieved with a sieve having a
nominal dimension of 1 mm (according to normal sieve
standard JIS-ZB88C1). EVOH 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 hours,
followed by an operation of dewatering and drying repeated
twice. Using thus o¢btained powder EVOH after washing,
measurement of *H-NMR was carried out under the following
measurement conditions, and the degree of saponification
was determined by the analysis method described below.
Measurement Conditions

Name of apparatus: NMR spectrometer “Lambda 5007
manufactured by JEOL Ltd

Observation frequency: 500 MHz

Solvent: DMSO-dé6

Polymer concentration: 4% by mass

Measurement temperature: 40°C and 95°C

Cumulated number: 600 times

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

Pulse width (90° pulse): 6.75 usec
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 of the wvinyl alcchol units
of EVOH. On the other hand, when measured at 95°C, the
overlapping caused at 40°C could be obviated; however, a
peak of hydrogen of the hydroxyl groups of the wvinyl
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
0of methine hydrogen of wvinyl alcohel wunits of EVOH.
Accordingly, for gquantitative determination of methine
hydrcgen of vinyl alcohol units of EVOE (3.1 to 4 ppm),
measurement data at 95°C were employed with respect to the
range of 3.1 to 3.7 ppm, and measurement data 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 cof water
or hydroxyl groups. Thus, the total amount of the methine
hydrogen was quantitatively determined in terms of the
total value of these measurements. Note that 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 wusing both measurement
results at 40°C and 95°C. From the spectrum obtained at
40°C as described above, an integrated value (I;) of the
peak of the chemical shift at 3.7 to 4 ppm, and an
integrated value (I;}) of the peak of the chemical shift at
0.6 to 1.8 ppm were determined. ©On the other hand, from
the spectrum obtained at 95°C, an integrated value (I3) of
the peak of the chemical shift at 3.1 te 3.7 ppm, an
integrated value (I4) of the peak of the chemical shift at
0.6 to 1.8 ppm, and an integrated value (Is) of the peak
of the chemical shift at 1.9 to 2.1 ppm were determined.
In this process, the peak of the chemical shift at 0.6 to
1.8 ppm principally derives from methylene hydrogen,
whereas the peak of the chemical shift at 1.9 tc 2.1 ppm
derives from methyl hydrogen in unsaponified vinyl acetate
units. From these integrated values, a degree of
saponification was calculated according to the following
formula (IZI}.
[0148]

(I1/T2+I13/X4) %100

Degree of saponification {mol %) = o (I1)
(T2/T24T5/ T4} +(Is/T4) /3
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[0149]

(3) Melting temperature of EVOH

The melting temperature of EVOH was determined by a
differential scanning calorimetric analysis. More
specifically, a differential scanning calorimetric
analysis was performed on the pellet of the EVOH resin
according to JIS-K7121 wusing a differential scanning
calorimeter (DSC) model RDC220/5SC5200H (manufactured by
S2iko Electronics Co., Ltd.) by elevating the temperature
from 30°C to 220°C at a rate of 10°C/min, followed by
guenching at a rate of 100°C/min to 30°C and again
elevating the temperature from 30°C to 220°C at a rate of
10°C/min. For calibration of the temperature, indium and
lead were used. A peak melting temperature (Tpm) was
determined from the second run chart as referred to in the
JIS described above, and defined as the melting
temperature.
[0150]

(4) Water content of EVOH Resin Pellet

Using a halogen molsture analyzer “HR73”
manufactured by Mettler-Toledc International Inc., the
water content of the EVOH pellet on dry basis was measured
under conditions of & drying temperature of 180°C, a
drying time of 20 min, and a sample amount of about 10 g.
[0151]

(5) Quantitative Determination of Alkali Metal Ion

The dry EVOH pellet was crushed by freeze crushing.
Thus obtained EVOH powder in an amount of 10 g and 50 mL
of ion exchanged water were charged in a 100 mL stoppered
Erlenmeyer flask equipped with a cooling condenser, and
the mixture was stirred at 95°C for 10 hours to execute
heat extraction. Thus obtained extract in a volume of 2
mlL was diluted with 8 mL of 1on exchanged water. Thus
diluted extract was subjected to a gquantitative analysis
using an ICP emission spectrophotometer “Optima 4300 DV”
manufactured by PerkinElmer Japan Co., Ltd., at an
observation wavelength of 589.592 nm, whereby the amount
of sodium ion was quantitatively determined.
[0152]

(6) Quantitative Determination of Phosphate
Compounds

The dry EVOH pellet was crushed by freeze crushing.
Thus obtained EVOH powder in an amount of 1.0 g, 15 mL of
conc. nitric acid and 4 mL of conc. sulfuric acid were
charged into a stoppered 100 mL Erlenmeyer flask equipped
with a cooling condenser to execute heat degradation at
200 to 230°C. Thus obtained solution was diluted to 50 mL
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with 1ion exchanged water 1in a volumetric flask. The
sclution was subjected to a guantitative analysis using an
ICP 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 equivalent.
[0153]

{7) Quantitative Determination of Boron Compcunds

A dry EVOH pellet provided as a sample in an amount
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 agueous

nitric acid solution. The solution was subjected to a
guantitative analysis using an Icp emission
spectrophotometer “Optima 4300 DV”  manufactured Dby

PerkinElmer Japan Co., Ltd., at an observation wavelength
of 249.667 nm, whereby the content of boron compounds was
obtained in a value of boron element equivalent.
[0154]

(8) Intensity of the Infrared Ray

The intensity of the infrared ray was calculated by
a measuring method illustrated in the foregoing
embodiments.
[C155]

(9) Resin Temperature 1in the Step of Irradiation
with Infrared Ray

The temperature of the EVAc resin pasite was measured
with a thermometer in tTerms of the temperature of this
paste. Also, the temperature of the EVOH resin was
measured by a method illustrated in the foregoing
embodiments.
[0156]

<Example 1-1>

(Production of Ethylene-Vinyl Acetate Copolymer)

To a 250 L pressure reactor equipped with a stirrer,
a nitrogen feed port, an ethylene feed port, an initiator
addition port and a delay (consecutive additicn) sclution
addition port were charged 83.0 kg of vinvl acetate and
26.6 kg of methanol, and the temperature was elevated to
60°C. Thereafter, the system was substituted with
nitrogen by nitrogen bubbling for 30 min. Next, ethylene
was charged such that the reactor pressure became 3.6 MPa.
As an initiator a 2.5 g¢g/L scluticn of 2,2'-azcbis{4-
methoxy-2,4-dimethylvaleronitrile} (AMV) dissolved in
methanol was prepared, and the sclution was substituted
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with nitrogen Dby bubbling nitrogen gas. After the
internal temperature of the polymerization bath was
adjusted to 60°C, 362 mL of the initiator solution 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 initiation solution was
continuously added at 1118.5 mL/hour using the

aforementioned initiator solution to perform
polymerization. 5.0 hours later, the polymerization was
stopped by cooling when the rate of polymerization reached
40%. After the reactor was opened to remove ethylene,

nitrogen gas was bubbled to completely eliminate ethylene.
Next, the copolymer solution was continuously supplied
through an upper part of a tower filled with Raschig ring,
and methanol was blown through a lower part of the tower.
Mixed vapor of methanol and unreacted vinyl acetate
monomer was allowed to outflow through the top of the
tower, whereby unreacted vinyl acetate monomer was removed
through the bottom of the tower to give a methanol
solution of an ethylene-vinyl acetate copolymer (EVAc).
[0157]

(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) was added 76.5 I, of an alkali solution (20%
by mass NaOH solution in methanol, molar ratio (MR)
relative to vinyl acetate units in EVAc: 0.4) and the
mixture was stirred at 60°C for 4 hours to carry out
saponification of EVAc. After 6 hours from starting the
reaction, the reaction ligquid was neutralized by adding
11.0 kg of acetic acid and 60 L of water to terminate the
reaction.

[0158]

(Washing)

The neutralized reaction liquid was transferred from
the reactor to a metal drum, and left to stand at room
temperature for 16 hours, thereby permitting cooling and
hardening to give a paste form. Thereafter, liquid was
removed from the resin in the paste form wusing a
centrifugal separator (“H-130” manufactured by Kokusan
Centrifuge Co., Ltd., number of reveolution: 1,200 rpm).
Next, a step of washing the resin with water was conducted
for 10 hours in which washing was carried out while
continuocusly supplying ion exchanged water to the central
portion of the centrifugal separator from above. The
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conductivity of the washing liguid after 10 hours from
starting washing was 30 uS/cm (measured with “CM-3CET”
manufactured by TOA Electronics Ltd.).

[0159]

(Coagulation and Pelletization)

EVOH in the paste form obtained in this manner was
dried using a dryer at 60°C for 48 hours to give EVOH in
the form of powder. Thus dried EVOH in the form of powder
in an amount of 20 kg was dissolved in 43 L of a water/
methancl mixed soclvent (mass ratio: water/ methanol = 4/6)
while stirring at 80°C for 12 hours. Next, the stirring
was stcopped, and the temperature of the dissolving vessel
was lowered to 65°C. By leaving to stand for 5 hours,
degassing of the water/ methanol solution of EVOH was
carried cut. Then, the EVOH was extruded from a die plate
provided with a circular opening having a diameter of 3.5
mm into a water/ methanol mixed solution (mass ratilo:
water/ methanol = 8/1) at 5°C to allow for coagulation to
give a strand form, and cut to obtain a EVOH pellet having
a diameter of about 4 mm and a length of about 5 mm.

[0160]

(Washing)

Thus obtained EVOH pellet in an amount of 40 kg and
150 L of icn exchanged water were placed in a metal drum
having a height of 900 mm and an opening diameter of 600
mm. An operation of washing at 25°C for 2 hours while
stirring, and eliminating the liquid was repeated twice.
Next, 150 L of 1 g/L aqueocus acetic acid solution was
added to 30 kg of the EVOH pellet, and an operation of
washing at 25°C for 2 hours while stirring, and
eliminating the liguid was repeated twice. Furthermore,
150 L of ion exchanged water was added to 30 kg of the
EVOH pellet, and an operation of washing at 25°C for 2
hours while stirring, and eliminating the liquid was
repeated six times. The conductivity of the washing
liquid after carrying out the sixth washing was measured
with “CM-30ET” manufactured by TCA Electronics Ltd., and
as a result, the washing liquid was revealed to have a
conductivity of 3 uS/cm. Thus resulting EVOH pellet had a
water content of 110% by mass.

[0161]

(Preparation of Each Component and Drying)

Subsequently, 3.0 kg of the EVOH pellet was charged
into 30 L of an agqueous solution for acid treatment
prepared by blending 0.80 g/L acetic acid as a carboxylic
acid, 0.50 g/L sodium acetate as an alkali metal salt,
0.015 ¢/L phosphoric acid as a phosphate compound, and 0.2
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g/L boric acid as a boron compound in water at each blend
rate. Immersion and stirring of the mixture were then
allowed at 25°C for about 5 hours. The pellet after the
treatment was dried at 80°C for 3 hours, and subsequently
at 120°C for 24 hours to obtain an EVOH pellet.

[0162]

(EVOH Pellet)

EVOH in the EVOH pellet after drying had an ethylene
content of 32 mol%, and a degree of saponification of
89.98 mol% or dgreater. Also, the content of carboxylic
acid and carboxylate ion in the EVOH pellet was 16.7
umol/g; the content of alkali metal ion was 7.39 pmol/g;
the content of phosphate compounds was 10 ppm in phosphate
equivalent; and the content of boron compounds was 890 ppm
in a value of boron element equivalent. This EVOH pellet
had a water content of 0.3% by mass. Also, the EVOH
pellet had MFR (melt flow rate: 210°C; load: 2,160 g) of
3.6 g/10 min.

[0163]

(Irradiation with Infrared Ray)

The EVOH pellet was placed into a «cylindrical
vessel. The EVOH pellet was irradiated with an infrared
ray from above the vessel using an Infrared Moisture
Balance “MB-30” manufactured by CBC Co., Ltd. for 1 hour,
to obtain an EVOH pellet, in which coloring such as
yellowing was prevented, as an EVOH resin of Example 1.
The temperature of the EVOH pellet that i1is a resin
temperature during the irradiation with an infrared ray
was from 130°C to 150°C.

[0164]

<Examples 1-2 to 1-7>

EVOH pellets of Examples 1-2 to 1-7 were obtained in
a similar manner to Example 1-1 except that the resin
temperature of the EVOH pellet during the irradiation and
the intensity of the irradiation with an infrared ray were
as shown in Table 1.

[0165]

<Examples 1-8 to 1-11>

EVOH pellets of Examples 1-8 to 1-11 were obtained
in a similar manner to Example 1-1 except that the resin
temperature of the EVOH pellet during the irradiation with
an infrared ray, and irradiation time of the infrared ray
were as shown in Table 1.

[0166]

<Example 1-12>

The EVOH pellet after drying at 80°C for 3 hours in
Example 1-1 was removed and as a result of measurement,
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the water content thereof was 10% by mass. Irradiation of
the EVOH pellet with an infrared ray was carried out by a
similar method to Example 1-1. Subsequently, an EVOH
pellet was obtained by drying with a similar method to
Example 1-1 at 120°C for 24 hours.
[0167]

<Examples 1-13 to 1-15>

The EVOH pellet having a water content of 110% by
mass before the preparation of each component in Example
1-1 was irradiated with an infrared ray for —each
irradiation time changed as shown in Table 1.
Subsequently, EVCH pellets were obtained by preparing each
component and drying according to a similar method to
Example 1-1.
[0168]

<Example 1-16>

The EVCH pellet obtained by a similar method to
Example 1 before the irradiation with an infrared ray was
subjected to monclayer film casting under the following
conditions using a 20 mm Extruder “D2020” (D {(mm) = 20,
L/D = 20, compression ratio = 2.0, screw: full flight)
manufactured by Toyo Seiki Seisaku-sho, Ltd. to obtain an
EVOH monolayer film.

Extrusion temperature: feeding zone/ compression
zone/ metering zone/ die = 180/ 210/ 220/ 220°C

Number of revolution of screw: 80 rpm

Qutput rate: 1.0 kg/hour

Chill roll temperature: B80°C

Winding speed: 3.1 m/min.

Film thickness: 50 pm

Subsequently, the EVOH film was irradiated with an
infrared ray with an apparatus similar to Example 1-1 for
1 hour to obtain an EVOH film, in which coloring such as
yvellowing was prevented, as an EVOH resin of Example 1-16,
The temperature of the EVOH film during irradiation with
an infrared ray was from 130°C to 150°C.
[0169]

<Example 1-17>

A paste composed of a methanol solution o¢f the
ethylene-vinyl acetate copolymer 1in Example 1-1 was
irradiated with an infrared ray for 1 hour in a similar
manner to Example 1-1. The temperature of the EVOH paste
that 1s a resin temperature during irradiation with an
infrared ray was from 60°C to 80°C. Subsegquently, as an
EVOH resin of Example 1-17 an EVOH pellet enabling
prevention of coloring such as vyellowing was obtained by
subjecting the EVCH paste to similar steps (excluding the
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step of irradiation with an infrared ray) to Example 1-1.
[0170]

<Examples 1-18 to 1-19>

EVOH pellets of Examples 1-18 and 1-19 were obtained
in a similar manner to Example 1-1 except that ethylene
contents of the EVOH were as shown in Table 1.
[0171]

<Comparative Example 1-1>

An EVOH pellet of Comparative Example 1-1 was
obtained in a similar manner to Example 1-1 except that
the EVOH pellet was not irradiated with an infrared ray.
[0172]

<Comparative Example 1-2>

An EVOH pellet of Comparative Example 1-2 was
obtained in a similar manner to Example 1-1 except that
hot air at 150°C was blown in place of irradiating the
EVOH pellet with an infrared ray.
[0173]

<Comparative Example 1-3>

An EVOH pellet of Comparative Example 1-3 was
obtained in a similar manner to Example 1-1 except that
the EVOH pellet was irradiated with an ultraviolet ray in
place of irradiating with an infrared ray.
[0174]

[Table 1]
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[0175]

<Evaluation of EVOH Resin>

Evaluations of the EVOH resins of Examples 1-1 to 1-

and Comparative

obtained as

to 1-3

1-1

Examples

19
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described above were performed as in the following. The
results of evaluation are shown in Table 1.

[0176]

(Evaluation Method)

(1) AYT {change in the degree of coloring
(yellowing) between before and after the light or heat
treatment)

YI (yellow index) wvalues of the EVOH pellet or the
EVOH film before and after subjecting to the light or heat
treatment were measured using “LabScan XE Sensor”
manufactured by HunterlLab, and the AYI value was
calculated according to the following formula (III). It
should be noted that the YI value is a marker representing
the yellowness index (yellowishness) of an object. More
specifically, a higher YI wvalue suggests a greater
yellowness index (yellowishness}, whereas a smaller YI
value suggests a lower yellowness index (yellowishness)
indicating being less colored. Also, a higher AYI wvalue
indicates that prevention of coloring such as yellowing by
a light or heat treatment is more significantly enabled.
[0177]

AYI = (YI value before the treatment) -
{(YI value after the treatment): (III1)
[0178]

(2) Appearance Characteristics (Degree of Coloring
(Yellowing) After Light Irradiation)

The degree of coloring of the EVOH pellet or the
EVOH film produced by the aforementioned method was
determined by visual inspection as in the following.
Evaluation: criteria

A: being favorable;

B: being less yellowish; and

C: being yellowish
[0179]

(3) Long-Run Workability (Viscosity Stability)

Change 1in torgque when 60 g o©f the obtained EVOH
pellet was kneaded in a Laboplast Mill (manufactured by
Toyo Seiki Seisaku-sho, Ltd. ™“20R200”; biaxial, counter
rotating type) at 100 rpm and 260°C was measured. The
torgue was measured after 5 min from the beginning of
kneading, and a time period was determined which was
required until the torque value reached 1.5 times the
aforementioned torque value after 5 min from the

beginning. This time period being longer indicates less
change in the viscosity, and more superior long-run
workability.

Evaluation: criteria
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A: 60 min or longer;

B: 40 min or longer and shorter than 60 min; and

C: 20 min or longer and shorter than 40 min
[0180]

As is seen from the results shown in Table 1, it is
revealed that an EVOH resin enabling prevention of
vellowing, and having sufficient long-run workability can
be obtained according to the method for production of
Examples 1-1 to 1-19.

[0181]

<Example 2-1>

(Step {I): Pelletization)

EVOH having an ethylene content of 38 mol%, a degree
of saponification of 100 mol% and a water content of 53%
by mass was charged into a biaxial extruder TEX44q
manufactured by Japan Steel Works, Ltd., and then EVOH was
discharged from a 1liquid addition port of discharge
opening tip portion while an aquecus solution containing
acetic acid, boric acid, sodium acetate and phosphoric
acid (with respect to 1,000 parts by mass of EVOH, the
amount of added components being acetic acid: 7 parts by
mass; boric acid: 15 parts by mass; sodium acetate: 700
parts by mass; and phosphoric acid: 0.5 parts by mass) was

added. The extruder was equipped with a slit for
dehydration, and thus the EVOH pellet was discharged while
eliminating water and water vapor. The output rate of

EVOH on a dry mass unit was 20 kg per hour. The resultant
EVOH pellet (granular sclid matter) was spherical with a
diameter 3.0 mm, and had a water content of 21% by mass.
Specifications o©0f the biaxial extruder employed 1is as
shown below.

Screw Diameter: 44 mmo

Screw: fully intermeshing typé in the same direction

Screw rotation speed: 220 rpm

Heater: segmented type 1into 13 portions, with a
preset temperature of 100 to 120°C

Dehydration opening: provided at three pcints

Liquid addition port: provided at one point

Cutting system: center hot cutter; with two blades;
2,800 rpm

Die: 8 holes, 3 mme; preset temperature: 130°C
(0182]

(Step (II): Irradiation with an Infrared Ray (Dry))

The thus resulting EVOH pellet in an amount c¢f 1.0
kg was charged into a horizontal circular cylindrical drum
(internal diameter: 400 mm; and width: 500 mm), and a
halogen lamp manufactured by TOKO, INC., (rated apparent
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power: 1.0 kW; irradiation wavelength: 1.5 um; lamp width:
600 mm) was inserted into the drum. The EVOH pellet was
irradiated with an infrared ray by the halogen lamp while
agitating the EVOH pellet by rotating the drum. The
infrared ray was 1irradiated with a setting of the
irradiation distance between the halogen lamp and the EVOH
pellet being 150 mm. The rotation frequency of the drum
was adjusted to 20 rpm (driven by inverter reducer CNHMO1
manufactured by Sumitomo Heavy Industries, Ltd.). In
addition, the temperature of the EVOH pellet was measured
with a radiation temperature senscr (manufactured by
Keyence Corporation, FT-H30) connected to a digital
controller (manufactured by TOHO Electronics Inc., TTM-
204), and the output of the halogen lamp was controlled by
switching such that the temperature of the EVOH pellet
became 130°C to 131°C. The atmospheric temperature in the
drum during drying was 47°C. Three hours after starting
the irradiation, the irradiation with the infrared ray was
stopped. As a result of measurement, the resultant dry
EVOH pellet (resin) had a water content of 0.17% by mass.
[0183]
<Evaluation of EVOH Resin>

Evaluations of the EVOH resin obtained as described
above (dry EVOH pellet) were performed as in the
following.
[0184]

(Evaluation Method)

(1) Percentage of Bubbling

The obtained dry EVOH pellet in an amount of 100 g
was sorted by the naked eye, and the percentage of
bubbling (percentage of the pellet in which shape defects
such as recession, air inclusion and bubbling are found)
of the pellet was determined. The percentage of bubbling
was 1% by mass.
[0185]

(2) Transparency

The obtained dry EVOE pellet in an amcunt of 100 g
was placed in a circular cylindrical glass bottle having
an internal diameter of 50 mm, and the transparency of the
pellet was visually observed to make an evaluvation as
follows.
Evaluation: criteria

A: the pellet being transparent, no opacity found;

B: the pellet being transparent, but opaque pellet
found in part;

C: loss of transparency of the pellet found, and
being clouded like a frosted glass; and
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D: the pellet being completely opacified, with the
transparency lost.

As a result of the evaluation, the transparency of
the obtained dry EVOH pellet was evaluated to be “B”.
[0186]

The obtained dry EVOH pellet was subjected tc a test
of monolayer £film casting shown below, whereby the
coloring resistance and the appearance characteristics
were evaluated.

[Test of Monoclayer Film Casting]

A monolayer film was obtained from the dry EVOH
pellet using a 20 mm short-screw extruder manufactured by
Toyo Seiki Seisaku-sho, Ltd. by carrying out monolayer
film casting under the following conditions.

Extrusion temperature: 220°C

Number of revoclution of screw: 40 rpm

Qutput rate: 1.2 kg/hour

Chill roll temperature: 80°C

Winding speed: 2.0 m/min.

Film thickness: 30 um
[0187]

{3) Coloring Resistance

The monolayer film produced by the method described
above was rolled up around a paper tube and the degree of
coloring on the edge of the film roll was evaluated
visually as in the following.

Evaluation: criteria

A: no coloring:;

B: somewhat yellowing;

C: yellowing; and

D: intensely yellowing.

[0188]

{4) Appearance characteristics

The monolayer film produced by the method described
above was visually observed on fish-eye and streak, and
the appearance of the film was evaluated as in the
following.

Evaluation: criteria

A: good appearance, with Zfish-eye and streak being
almocst absent;

B: not bad appearance, with fish-eye and streak
being somewhat noticeable;

C: fish-eye and streak being noticeable, with
somewhat bad appearance; and
D: fish-eye and streak being marked, with

unfaverable transparency of the film.
[0189]
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As a result of the evaluation, the coloring
resistance of the obtained monolayer film was evaluated to

be “A”. In addition, the appearance characteristics of
the monolayer film was evaluated to be “A”.
[0190]

<Example 2-2>

[Step (I)]

An EVOH pellet having a water content of 21% by mass
was obtained according to the method of Example 2-1, and
thereafter preliminarily dried in a hot-air dryer
(manufactured by Advantec Toyo Kaisha, Ltd., FA-620)
preset at 110°C for 3 hours. The water content of the
EVCH pellet after the preliminary drying was 3.2% by mass.
[0191]

[Step (II)]

In a similar manner to Example 2-1 except that the
resin temperature of the EVOH pellet was controlled to be
125°C to 126°C, the EVCH pellet was obtained and after the
preliminary drying, an infrared ray was 1irradiated.
During drying, the atmospheric temperature in the drum was
45°C. Two hours after starting the irradiation, the
irradiation with the infrared ray was stopped. As a
result of measurement, the water content of the obtained
dry EVOH pellet was 0.20% by mass.

[0192]

As a result of evaluation on the percentage of
bubbling and the transparency of the dry EVOH pellet
according to the method of Example 2-1, the percentage of
bubbiing was 0% by mass, and the transparency was
evaluated to be “A”.

[0193]

As a result of the test c¢f monolayer film casting
and the evaluation carried out according to the method of
Example 2-1, the coloring resistance was evaluated to be
“A”, and the appearance characteristic was evaluated to be
WA
[0194]

<Example 2-3>

After the step (I) was carried out similarly to
Example 2-1, the dry EVOH pellet was obtained in a similar
manner to Example 2-1 except that the drum was heated by a
heat transfer heater to adjust the atmospheric temperature
in the drum to Dbe 110°C in the step (II). After
irradiation with the infrared ray for 3 hours, the
obtained dry EVQOH pellet had a water content of 0.31% by
mass.

[0195]
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As a result of evaluation on the percentage of
bubbling and the <{ransparency of the dry EVOH pellet
according to the method of Example 2-1, the percentage of
bubbling was 5% Dby mass, and the transparency was
evaluated to be “B”.

[0196]

As a result of the test of monolayer film casting
and the evaluation carried out according to the method of
Example 2-1, the coloring resistance was evaiuated to be
“B”, and the appearance characteristic was evaluated fto be
wp#

[0197]
<Example 2-4>

In a similar manner to Example 2-1 except that the
resin temperature was controlled to be 80°C to 81°C in the
step (II), the EVOH pellet was irradiated with an infrared
ray. During drying, the atmospheric temperature was 33°C.
After irradiation with the infrared ray for 5 hours, the
EVOH pellet had a water content of 5.3% by mass,
indicating a state of insufficient drying. Furthermore,
drying of the EVOH pellet was continued, and 50 hours
after starting the irradiation with an infrared ray, the
obtained dry EVOH pellet had & water content of 0.24% by
mass.

[0198]

As a result of evaluation on the percentage of
bubbling and the transparency of the dry EVCH pellet
according to the method of Example 2-1, the percentage of
bubbling was 0% by mass, and the transparency was
evaluated to be ™“A”.

[0199]

As a result of the test of monolayer film casting
and the evaluation carried out according to the method of
Example 2-1, the coloring resistance was evaluated to be
“A”, and the appearance characteristic was evaluated to be
“B”.

[0200]

<Example 2-5>

In a similar manner to Example 2-1 except that the
resin temperature was controlled to be 150°C to 151°C in
the step (II), the EVOH pellet was irradiated with an
infrared ray. During drying, the atmospheric temperature
was 53°C. After irradiation with the infrared ray for 3
hours, the dry EVOH pellet had a water content of 0.09% by
mass.

[0201]
As & result of evaluation on the percentage of
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bubbling and the transparency of the dry EVCH pellet
according to the method of Example 2-1, the percentage of
bubbling was 53% by mass, and the transparency was
evaluated to be “C”.

[0202]

As a result of the test of monolayer film casting
and the evaluation carried out according to the method of
Example 2-1, the coloring resistance was evaluated to be
“A”, and the appearance characteristic was evaluated to be
“B7.

[0203]

<Example 2-6>

[Step (I)]

A mixed solution in water and methanol of EVOH
having an ethylene content of 27 mol% and a degree of
saponification of 100 mol% (EVOH concentration: 27% by
mass; and mass ratio of water/methanol = 5/5) was extruded
from a metal plate provided with circular openings having
a diameter of 3.5 mm into a mixed sclution of water and
methanol {mass ratio of water/methancl = 9/1i) at 5°C.
Thus, coagulation to give a strand form was allowed. The
deposit having a strand form was cut to give circular
cylindrical pellets having a diameter of about 4 mm and a
length of about 5 mm.

[0204]

The thus resulting EVOH pellet in an amount of 5.0
kg was introduced into a tower type vessel, and washed for
10 hours by feeding pure water (10 L per hour) from the
bottom of the tower. Subsequently, washing was carried
out for 6 hours by feeding in place of pure water, a
treatment water containing 0.7 g/L acetic acid, 0.2 g¢g/L
boric acid, 0.4 g/L sodium acetate and 0.03 g/L phosphoric
acid. The obtained EVOH pellet had a water content of
183% by mass.

[0205]

[Step (II)]

The thus resulting EVOH pellet in an amount of 1.5
kg was irradiated with an infrared ray using a facility
similar to that of Example 2-1, and the output of the
halogen lamp was controlled by switching such that the
temperature of the EVOH pellet became 130°C to 131°C.
During drying, the atmospheric temperature was 45°C.
Eight hours after starting the irradiation, the
irradiation with the infrared ray was stopped. As a
result of measurement, the dry EVOH pellet had a water
content of 0.17% by mass.

[0206]
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As a result of evaluation on the percentage of
bubbling and the <transparency o¢f the dry EVOH pellet
according to the method of Example 2-1, the percentage of

pubbling was 71% by mass, and the transparency was
evaluated to be “C”.
[0207]

As a result of the test of monolayer film casting
and the evaluation carried out according to the method of
Example 2-1, the coloring resistance was evaluated to be
“A”, and the appearance characteristic was evaluated to be
WA,

[0208]

<Example 2-7>

[Step (I)]

Similar operation to that of Example 2-5 was
performed until the EVCH pellet was washed, which was then
preliminary dried subsequently in a hot-air dryer preset
at 100°C for 5 hours. the water content of the EVOQOEH
pellet after the preliminary drying was 3.8% by mass.
[0209]

[Step (II)]

In a similar manner to Example 2-5 except that the
resin temperature of the EVOH pellet was controlled to be
125°C to 126°C, an infrared ray was irradiated. During
drying, the atmospheric temperature was 44°C. Two hours
after starting the irradiation, the irradiation with the
infrared ray was stopped. As a result of measurement, the
water content of the obtained dry EVOH pellet was 0.27% by
mass.

[0210]

As a result of evaluation on the percentage of
bubbling and the transparency of the dry EVOH pellet
according to the method of Example 2-1, the percentage of
bubbling was 0% by mass, and the transparency was
evaluated to be “A”,

([0211]

As a result of the test of monolayer film casting
and the evaluation carried out according to the method of
Example 2-1, the coloring resistance was evaluated to be
“A”, and the appearance characteristic was evaluated to be
“AT,

[0212]

<Comparative Example 2-1>

EVOH pellet having an ethylene content of 38 mol%, a
degree of saponification of 100 mol% and a water content
of 21% by mass 1.0 kg, which was obtained similarly toc the
step (I} of Example Z2-1 was charged into a hot-air dryer
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(manufactured by Advantec Toyo Kaisha, Ltd., FA-620), and
dried at a preset temperature of 134°C in the hot-air
dryer. During drying, the resin temperature of the EVOH
pellet was measured using a digital thermometer
(manufactured by AS ONE Corporation, TM-300), revealing a
stable temperature within the range of 130 to 131°C.
Three hours after starting drying, the EVOH pellet was
removed, and the water content measured was 0.65% by mass,
indicating insufficient drying of EVOH. Furthermore, the
drying was continued, and 6 hours after starting drying,
the dry EVOH pellet had a water content of 0.15% by mass.
[0213]

As a result of evaluation on the percentage of
bubbling and the transparency of the dry EVOH pellet
according to the method of Example 2-1, the percentage of
bubbling was 12% by mass, and the transparency was
evaluated to be “B”.

[0214]

As a result of the test of monolayer film casting
and the evaluation carried out according to the method of
Example 2-1, the coloring resistance was evaluated to be
“Cc”, and the appearance characteristic was evaluated to be
wR
[0215]

<Comparative Example 2-2>

EVOH pellet having an ethylene content of 38 mol%, a
degree of saponification of 100 mol% and a water content
of 3.2% by mass 1.0 kg, which was obtained similarly to
the step (I) of Example 2-2 was charged into a hot-air
dryer (manufactured by Advantec Toyo Kaisha, Ltd., FA-
620), and dried at a preset temperature of 129°C in the
hot-air dryer. During drying, the temperature of the EVOH
pellet Was measured using a digital thermometer
(manufactured by AS ONE Corporation, TM-300), revealing a
stable temperature within the range of 125 to 126°C.
Three hours after starting drying, the EVOH pellet was
removed, and the water content measured was 0.75% by mass,
indicating insufficient drying of the EVOH pellet.
Furthermore, the drying was continued, and 9 hours atfter
starting drying, the dry EVOH pellet had a water content
of 0.22% by mass.

[0216]

As a result of evaluation on the percentage of
bubbling and the transparency of the dry EVOH pellet
according to the methed of Example 2-1, the percentage of
bubbling was 0% Dby mass, and the transparency was
evaluated to be TA”.
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[0217]

As a result of the test of monolayer film casting
and the evaluation carried out according to the method of
Example 2-1, the coloring resistance was evaluated to be
“B”, and the appearance characteristic was evaluated to be
“AT.

[0218]

<Ccmparative Example 2-3>

EVOH pellet having an ethylene content of 27 mol%, a
degree of saponificaetion of 100 mol% and a water content
of 183% by mass 1.0 kg, which was obtained similarly to
the step (I} of Example 2-6 was charged into a hot-air
dryer (manufactured by Advantec Toyo Kaisha, Ltd., FA-
620), and dried at a preset temperature of 134°C in the
hot-air dryer. During drying, the temperature of the EVQOH
pellet was measured using a digital thermometer
(manufactured by AS ONE Corporation, TM-300), revealing a
stable temperature within the range of 130 to 131°C.
Eight hours after starting drying, the EVOH pellet was
removed, and the water content measured was 1.8% by mass,
indicating insufficient drying. Furthermore, the drying
was continued, and 10 hours after starting drying, the
obtained dry EVOH pellet had & water content of 0.34% by
mass.

[0219]

As a result of evaluation on the percentage of
bubbling and the transparency of the dry EVCH pellet
according to the method of Example 2-1, the percentage of
bubbling was 82% by mass, and the transparency was
evaluated to be “C”.

[0220]

As a result of the test of monolayer film casting
and the evaluation carried out according to the method of
Example 2-1, the coloring resistance was evaluated to be
“C”, and the appearance characteristic was evaluated to be
“C.

[0221]

<Comparative Example 2-4>

EVOH pellet having an ethylene content of 27 mol%, a
degree of saponification of 100 mol% and a water content
of 183% by mass 1.0 kg, which was obtained similarly to
the step (I) of Example 2-6 was charged into a hot-air
dryer (manufactured by Advantec Toyo Kaisha, Ltd., FA-
620), and dried at a preset temperature of 134°C in the
hot-air dryer. During drying, the temperature of the EVOH
pellet Was measured using a digital thermometer
(manufactured by AS ONE Corporation, TM-300}, revealing a
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stable temperature within the range of 130 to 131°C.
Eight hours after starting drying, the EVOH pellet was
remcoved, and the water content measured was 1.8% by mass.
The EVOH pellet in the course of drying in an amount of
0.5 kg was placed into a tray made of Teflon (registered
trademark), and irradiated with & microwave at an output
of 500 W. Although the output of the microwave was
adjusted so as to adjust the resin temperature to be 130
to 131°C, the resin temperature varied within the rang of
110°C to 156°C. During drying, the atmospheric
temperature was 45°C. One hour later, the irradiation
with the microwave was stopped, and the water content of
the EVOH pellet measured was 0.09%. In the obtained dry
EVOH pellet, agglutination of pellet particles with one
another was found in part.

[0222]

As a result of evaluation on the percentage of
bubbling and the transparency of the dry EVOH pellet
according to the method of Example 2-1, the percentage of
bubbling was 93% by mass, and the transparency was
evaluated to be ™“D”.

[0223]

As a result of the test of monolayer film casting
and the evaluation carried out according to the method of
Example 2-1, the coloring resistance was evaluated to Dbe
“B”, and the appearance characteristic was evaluated to be
“B”,

[0224]

Drying conditions, etc., 1in the foregoing Examples
and Comparative Examples and results of evaluation are
again shown in Table 2.

[0225]
[Table 2]
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As shown 1in Table 2 above, according to the method
for production of Examples 2-1 to 2-7, dry EVOH pellets
(EVOH resins) that are excellent in efficiency of drying,
and has superior appearances can be cbtained.

[INDUSTRIAL APPLICABILITY]
[0227]

The EVOH resin of the present invention enables
colering such as yellowing to be prevented, etc.,;
therefore, 1t can be suitably used as a material for
various types of molded products, monolayer or multilayer
films, sheets, pipes, containers and fibers that are
superior in appearance characteristics.

[Explanation of the Reference Symbols]
[0228]

1 drying device

2 rotary drum

3 infrared ray lamp

3a ray exit surface

4 motor

5 belt

6 shaft

A granular matter
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CLATMS
1. A method for producing an ethylene-vinyl alcohol
copolymer resin, the method comprising: a step of

irradiating an ethylene-vinyl alcohol copolymer or an
ethylene-vinyl ester copolymer that i1s a precursor of the
ethylene-vinyl alcohol copolymer with an infrared ray.

2. The method for producing an ethylene-vinyl alcohol
copolymer resin according to claim 1, wherein the
irradiation with an infrared ray in the step of
irradiation with an infrared ray is carried out with an
infrared ray lamp.

3. The method for producing an ethylene-vinyl alcochol
copolymer resin according to claim 1 or 2, wherein the
wavelength of the infrared rey in the step of irradiation
with an infrared ray is 700 nm or greater and 1,000,000 nm
or less.

4, The method for producing an ethylene-vinyl alcohol
copolymer resin according to any one of c¢laims 1 to 3,
wherein the intensity of the infrared ray in the step of
irradiation with an infrared ray is 30 x 10° w/m® or
greater and 3,000 x 10° W/m® or less.

5. The method for producing an ethylene-vinyl alcohol
copolymer resin according to any one of claims 1 to 4,
wherein the irradiation time in the step of irradiation
with an infrared ray is 0.1 hours or longer and 20 hours
or shorter.

6. The method Zfor producing an ethylene-vinyl alcohol
copolymer resin according to any one of claims 1 to 5, the
method further <c¢omprising a saponification step of
saponifying the ethylene-vinyl ester copolymer to obtain
an ethylene-vinyl alcohol copolymer.

7. The method for producing an ethylene-vinyl alcohol
copeclymer resin according to claim 6, wherein the step of
irradiation with an infrared ray is carried out not before
the saponification step, and the temperature of the
ethylene-vinyl alcohol copolymer resin in this step of
irradiation with an infrared ray is the glass transition
temperature or greater and the melting temperature or less
of the ethylene-vinyl alcohol copolymer.
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8. The method for producing an ethylene-vinyl alcchol
copolymer resin according to claim 6 or 7,

further comprising a pelletization step of obtaining
a pellet including an ethylene-vinyl alcohol copolymer
from a solution or paste containing the ethylene-vinyl
alcohol copolymer obtained by the saponification step,
wherein

the step of irradiatien with an infrared ray 1is
carried out simultaneously with or after the pelletization
step.

9. The method for producing an ethylene-vinyl alcohol
copolymer resin according to claim 8,

further comprising a drying step of drying the
pellet to give a water content of 0.01% by mass or greater
and less than 10% by mass, wherein

the step of irradiation with an infrared ray 1is
carried out simultanecusly with or after the drying step.-

10. The method for producing an ethylene-vinyl alcohol
copolymer resin according to claim 9, wherein the pellet
has a water content before irradiating with an infrared
ray of 0.01% by mass or greater and less than 10% by mass.

11. The method for producing an ethylene-vinyl alcohol
copolymer resin according to any one of claims 1 to 10,
wherein the irradiation with an infrared ray 1s carried
cut on a solid matter containing an ethylene-vinyl alcohol
copolymer and water.

12. The method for producing an ethylene-vinyl alcohol
copolymer resin according to claim 11, wherein the solid
matter is dried by the irradiation with an infrared ray.

13. The method for producing an ethylene-vinyl alcohol
copolymer resin according to claim 12, wherein an
atmospheric temperature is 10°C or greater and 100°C or
less in the step of irradiation with an infrared ray.

14. The method for producing an ethylene-vinyl alcohol
copolymer resin according to claim 12 or 13, wherein the
water content of the solid matter subjected to the step of
irradiation with an infrared ray 1is 0.5% Dby mass or
greater and 200% by mass or less.

15o. The method for producing an ethylene-vinyl alcohol
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copolymer resin according to any one of clilaims 12 to 14,
wherein the water content of the solid matter after
subjecting to the step of irradiation with an infrared ray
is less than 0.5% by mass.

le. The method for producing an ethylene-vinyl alcchol
copolymer resin according to any one of claims 11 to 15,
wherein the solid matter is granular, and the infrared ray
is irradiated while agitating the solid matter in the step
of irradiation with an infrared ray.

17. The method for producing an ethylene-vinyl alcochol
copolymer resin according to any one of c¢laims 11 to 15,
wherein the solid matter is granular, and the infrared ray
is irradiated while conveying the solid matter on a
conveyocr in the step of irradiation with an infrared ray.

18. An ethylene-vinyl alcohol copolymer resin obtained
by the method for producing an ethylene-vinyl alcchol
copoclymer resin according to any one of claims 1 to 17.

19. The ethylene-vinyl alcohol copolymer resin according
to claim 18, which has a pellet form cor film form.

20. A laminate having at least one layer comprising the
ethylene-vinyl alcohol copolymer resin according to claim
18.



