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[57] ABSTRACT

A polyester resin (A) having branched chain, a reduction
viscosity (M sp/c) of not less than (.7, and a Z average
molecular weight (Mz) relative to standard polystyrene of
not less than 250x10” and not more than 800x10°, a poly-
ester resin composition comprised of resin (A) and a poly-
ester resin (B) without branched chain and having a reduc-
tion viscosity (1] sp/c) of not less than 0.7., and a polyester
resin composition comprised of resin (A) and a polyester
resin (C) having branched chain and a melting point lower
than that of the polyester resin (A). The sealant made from
the polyester resin (A), or the resin compositions of the
present invention is superior in heat-sealing properties,
flavor retention, and film moldability (extrusion processing
characteristics), and is suitable for a sealant for paper and
plastic tood containers.

23 Claims, No Drawings
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POLYESTER RESIN, COMPOSITIONS
THEREOF AND SEALANT MADE
THEREFROM

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

FIELD OF THE INVENTION

The present invention relates to a novel polyester resin,
compositions thereof and polyester resin sealants made
therefrom. More specifically, the present invention relates to
a polyester resin particularly suitable for a sealant for paper
and plastic food containers, which has excellent heat-sealing
propetties, flavor retention, and film moldability (extrusion
processing characteristics), to compositions thereof, and to
polyester resin sealants made from them.

BACKGROUND OF THE INVENTION

There have been widely used paper food containers and
plastic food containers for weight saving, as well as reduc-
tion of production and distribution costs of containers.
Traditionally, polyethylenes have been used for imparting
heat-sealing properties to the innermost layer of paper
containers and plastic containers. Polyethylenes have excel-
lent heat-sealing properties. and exhibit superior film mold-
ability upon laminating with paper or plastic, which con-
tributes to easy processing and good productivity. For this
reason, polyethylenes have been used for a variety of
purposes in this field.

In the meantime, due to the widened taste of consumers
toward natural fruit juices and alcoholic beverages to be
contained in paper and plastic containers, a sealant superior
to polyethylenes has been demanded. The reason for such
demand is that while polyethylenes have the above-
mentioned superior properties. they have defects in that they
adsorb flavor of beverages, cause change of the taste and/or
flavor of the beverages, and lose original flavor of the
beverages through migration of odor peculiar to the poly-
ethylenes into the beverages. When compared with other
containers such as glass bottles and PET bottles, polyethyl-
enes are poor in flavor retention, and an improvement in this
aspect has been strongly demanded.

On the other hand, polyester resins show good flavor
retention as compared with polyethylenes, and their use as
heat-sealants for food containers has already been proposed
in, for example, Japanese Unexamined Patent Publication
Nos. 206859/1985 and 81042/1988. While polyester resins
are superior in heat-sealing properties and flavor retention,
when melt-extruded on paper or a plastic film, they accom-
pany great neck-in at the bottom of T-die. Theretore, a
high-speed molding into a film which is available with
polyethylenes is extremely difficult with polyesters, which
can result in poor productivity.

SUMMARY OF THE INVENTION

In view of the above-described problems. the present
inventors have conducted intensive studies on polyester
resin sealants excellent in heat-sealing properties, flavor
retention and film moldability (extrusion processing
characteristics), and found that a specific polyester resin
having an adequate amount of branched chain, an appropri-
ate reduction viscosity and an appropriate Z average
molecular weight is particularly excellent as a sealant for the
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innermost layer of food containers, which resulted in the
completion of the invention.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention relates to a polyester resin (A)
having branched chain. a reduction viscosity (1 sp/c) of not
less than 0.7, and a Z average molecular weight (Mz)
relative to standard polystyrene of not less than 250x10° and

not more than 800x10°, a polyester resin composition com-
prised of the polyester resin (A) and a polyester resin (B)
without branched chain and having a reduction viscosity (1)
sp/c) of not less than 0.7, a polyester resin composition
comprised of the polyester resin (A) and a polyester resin
(C) having branched chain and a melting point lower than
that of the polyester resin (A), and sealants made from the
polyester resin (A), or above-mentioned resin compositions.

The reduction viscosity (1 sp/c) of the specific polyester
resin of the present invention is not less than 0.70, preferably
not less than 0.75, and more preferably not less than .80,

and the Z average molecular weight (Mz) relative to stan-
dard polystyrene is not less than 250x 10> and not more than
800x10°, preferably not less than 250x10° and not more
than 600x10°. and more preferably not less than 280x10°
and not more than 600x10° (particularly 550x10°). Where
the reduction viscosity of the polyester resin is less than 0.7,
extrusion processing characteristics become poor, and so do
physical properties of the resin. The Z average molecular
weight (Mz) is critical in the present invention, and where it
is less than 250x10°, extrusion processing characteristics of
film become poor. necking upon film molding occurs, and
normal films cannot be produced. On the other hand, where
the Z average molecular weight (Mz) exceeds 800x10°,
heat-sealing properties and drawing propertics become
undesirably degraded.

The specific polyester resin of the present invention is, for
example, a polyester comprised of acid component mainly
consisting of aromatic dicarboxylic acid containing tereph-
thalic acid as the main component, and glycol component
mainly comprised of ethylene glycol, and contains 0.1-1.5
mol % of polycarboxylic acid, polyol, or oxycarboxylic
acid, all of which having 3 or more functional groups,
relative to the entire acid component or the entire glycol
component. As the acid component, said polyester resin
contains aromatic dicarboxylic acid mainly comprised of
terephthalic acid, in a proportion of 95-100 mol %, and
aliphatic and/or alicyclic dicarboxylic acid in a proportion of
less than 5 mol %. The proportion of terephthalic acid in the
aromatic dicarboxylic acid is 60-90 mol %, preferably
65-87 mol % relative to the entire acid component. The
aromatic dicarboxylic acid is exemplified by orthophthalic
acid, isophthalic acid, 1,5-naphthalenedicarboxylic acid, and
so on besides terephthalic acid. Particularly, a co-use of
terephthalic acid and isophthalic acid is desirable, where
terephthalic acid is used in a proportion of 60-90 mol %,
particularly 65-87 mol %, and isophthalic acid is used in a
proportion of 10—40 mol %, particularly 13-35 mol %. The
aliphatic or alicyclic dicarboxylic acid to be co-used with the
aromatic dicarboxylic acid is exemplified by succinic acid,
adipic acid, sebacic acid, azelaic acid, dodecanedioic acid.
and cyclohexanedicarboxylic acid. Where aromatic dicar-
boxylic acid is contained in a proportion of less than 95 mol
% relative to the entire acid component, the glass transition
temperature of the resin becomes undesirably low, and so do
flavor retention and film moldability. On the other hand,
where terephthalic acid in the aromatic dicarboxylic acid is
less than 60 mol %, film moldability becomes undesirably
poor, and so do mechanical properties of the film.
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The glycol component of the polyester resin is mainly
comprised of ethylene glycol, and its proportion to the
glycol component is 90—100 mol %, preferably 92—-100 mol
%. As the glycol component, other glycols such as diethyl-
ene glycol, 1.4-butanediol, propylene glycol, and 14-
cyclohexanedimethanol may be polymerized in a proportion
of less than 10 mol %. Where these components exceed 10
mol %, flavor retention becomes undesirably poor.

With respect to the polyester resin, it is desirable that
polycarboxylic acid, polyol or oxycarboxylic acid, all of
which having 3 or more functional groups, should be con-
tained in a proportion of 0.1-1.5 mol %, preferably 0.2-1.0
mol % relative to the entire acid component or the entire
glycol component, in order to include branched chain. The
use of polycarboxylic acid, polyol, or oxycarboxylic acid, all
of which having 3 or more functional groups, is critical for
the improvement of the film moldability (extrusion process-
ing characteristics) of the polyester resin of the present
invention, and when contained in an amount of less than 0.1
mol %, the effect cannot be expected, while when contained
in an amount of more than 1.5 mol %, heat-sealing proper-
ties become drastically degraded and gel substances are
produced, despite the improved film moldability.

The polycarboxylic acid having 3 or more functional
groups is exemplified by cyclohexanetricarboxylic acid,
trimellitic acid, trimesic acid, pyromellitic acid, and their
derivatives; polyol having 3 or more functional groups is
exemplified by glycerin, trimethylolpropane, pentaerythritol
and their derivatives; and oxycarboxylic acid having 3 or
more functional groups is exemplified by
B-hydroxypropionic acid, 5-oxyethoxyisophthalic acid, 3.4-
dihydroxybenzoic acid, dihydroxypivalic acid,
e-hydroxypropionic acid and their derivatives.

As the method for obtaining the polyester resin having the
aforementioned characteristics, usable are conventional
methods for producing polyesters, though accompanied by
additional steps of using a given amount of polycarboxylic
acid or polyol as a branching agent, and optionally, solid
phase polymerization subsequent to melt condensation poly-
merization. However, any method can be employed so long
as the reduction viscosity and Z average molecular weight
are within the range specified above. For the improvement
of operability, siloid and/or other inorganic and/or organic
substances may be added to an extent that they are not
detrimental to the characteristic propertics of the polyester
resin of the present invention.

A sealant made from the polyester resin of the present
invention thus produced has not only excellent heat-sealing
properties but also excellent flavor retention as compared
with polyethylenes which have been representatively used as
sealants. For example, adsorption of D-limonene as a way of
evaluating flavor retention, is from one over several to one
over several dozens that of polyethylene, which result indi-
cates that the polyester resin adsorbs little flavor ingredient
of fruit juice and that it hardly causes change of flavor and

taste.

In the present invention, when the polyester resin (A) is
combined with a polyester resin (B) having a reduction
viscosity (1} sp/c) of 0.7 or more and no branched chain,
improved heat-sealing properties, extrusion processing char-
acteristics and flavor retention can be achieved in good
balance.

It 1s needed that the polyester resin (B) does not have

branched chain, and has a reduction viscosity (1] sp/c) of not
less than (.70, preferably not less than (0.75. Where reduc-

tion viscosity of the polyester is less than (.7, extrusion
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processing characteristics become undesirably poor, so do
physical properties of the resin. The proportion of aromatic
dicarboxylic acid relative to the entire acid component of the
aforementioned polyester resin (B) is 95—-100 mol %, and
aliphatic and/or alicyclic dicarboxylic acid can be contained
in a proportion of less than 5 mol %. The proportion of
terephthalic acid in the aromatic dicarboxylic acid is 50-90

mol %, preferably 60-85 mol % relative to the entire acid
component. Where the terephthalic acid is contained in a
proportion of less than 50 mol %, elongation becomes less,
resulting in brittleness, and where it is more than 90 mol %,
heat-sealing properties become markedly poor due to crys-
tallizability. The aromatic dicarboxylic acid is exemplified
by orthophthalic acid, isophthalic acid, 1,5-
naphthalenedicarboxylic acid, and so on besides terephthalic
acid. Two or more aromatic dicarboxylic acids are prefer-
ably used for the improvement of heat-sealing properties and
flavor retention, with particular preference given to a co-use
of terephthalic acid and isophthalic acid. The aliphatic
and/or alicyclic dicarboxylic acid to be used with the aro-
matic dicarboxylic acid are(is) exemplified by succinic acid.,
adipic acid, sebacic acid, azelaic acid, dodecanedioic acid,
and cyclohexanedicarboxylic acid.

The glycol component of the polyester resin (B) of the
present invention mainly consists of ethylene glycol, and its
proportion to the glycol component is 90-100 mol %,
preferably 92-100 mol %. As the glycol component, other
glycols such as diethylene glycol, 1.4-butanediol, propylene
glycol, and 1.4-cyclohexanedimethanol may be copolymer-
ized in a proportion of less than 10 mol %. Where these
components exceed 10 mol %, flavor retention becomes
undesirably poor.

For the improved extrusion processing characteristics,
heat-sealing properties, and flavor retention in good balance,
it 1s essential to contain polyester resin (A) and polyester
resin (B) obtained as in the above. They are mixed at a
weight ratio (A)/(B) of 95/5-40/60, preferably at 90/10-50/
50. The ratio beyond 95/5 results in decreased heat-sealing
properties, and the ratio below 40/60 results in lowered
extrusion processing characteristics, giving rise to necking
upon film molding. In the present invention, polyester resin
(A) and polyester resin (B) may be mixed in a solid state and
subjected to film molding, or the both resins may be taken
out as pellets after melt kneading and subjected to film
molding. For the improvement of operability, siloid and/or
other inorganic and/or organic substances may be added to
an extent that they are not detrimental to the characteristic
properties of the polyester resin composition of the inven-
tion.

In the present invention, by combining polyester resin (C)
having branched chain, and a melting point lower than that
of the aforementioned polyester resin (A), with the polyester
resin (A), an improvement can be also achieved in terms of
heat-sealing properties, flavor retention, impact strength,
and moldability which can result in an increased productiv-
ity.

The polyester resin (C) is needed to have branched chain,
and a melting point lower than that of the aforementioned
polyester resin (A), and preferably has a Z average molecu-
lar weight (Mz) relative to standard polystyrene of 250x
10°-800x10°. Specifically, it is exemplified by polyesters
obtained by copolymerization of aromatic dicarboxylic acid
mainly comprised of terephthalic acid and aliphatic dicar-
boxylic acid, glycol mainly comprised of 1.4-
cyclohexanedimethanol and/or 1,4-butanediol, and polycar-
boxylic acid or polyol, all of which having 3 or more
functional groups. The proportion of the aromatic dicar-
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boxylic acid relative to the entire acid component is 60—100
mol %, and that of the aliphatic dicarboxylic acid to be
co-used is preferably 40-0 mol %. The proportion of the
terephthalic acid in the aromatic dicarboxylic acid is pref-
erably 60—100 mol % relative to the entire acid component.
The aromatic dicarboxylic acid is exemplified by orthoph-
thalic acid, isophthalic acid, 2.6-naphthalenedicarboxylic
acid besides terephthalic acid. The aromatic dicarboxylic
acid to be co-used with the terephthalic acid is preferably
isophthalic acid. The aliphatic dicarboxylic acid to be
co-used with the aromatic dicarboxylic acid is exemplified
by. for example, succinic acid, adipic acid, sebacic acid.
azelaic acid, dodecanedioic acid, and cyclohexanedicar-
boxylic acid, with preference given to sebacic acid and
adipic acid. Where the proportion of the aromatic dicarboxy-
lic acid in the polyester resin (C) is less than 60 mol %
relative to the entire acid component, the glass transition
temperature of the resin becomes undesirably low, and so
does flavor retention.

The glycol component of the polyester resin (C) mainly
consists of aliphatic glycol having 2 to 4 carbon atoms
and/or 1,4-cyclohexanedimethanol, and the proportion of
these one or more kinds of glycol components in total is
preferably not less than 50 mol %, preferably not less than
60 mol % relative to the entire glycol component. The glycol
which can be used in a proportion of less than 50 mol % is
exemplified by 1,6-hexanediol and diethylene glycol. Other
known glycols may be used in a proportion of not more than
10 mol % if the use thereof does not adversely affect the

characteristic properties of the resin.

With regard to the polyester (C) to be used for the
polyester resin composition, polycarboxylic acid. polyol or
oxycarboxylic acid, all of which having 3 or more functional
groups, is preferably contained in a proportion of 0.1-1.5
mol %, preferably 0.15-1.3 mol % relative to the entire acid
component or the entire glycol component. The copolymer-
ization with polycarboxylic acid, polyol. or oxycarboxylic
acid, all of which having 3 or more functional groups, is
critical for the improvement of the film moldability
(extrusion processing characteristics) of the polyester resin
composition of the present invention, and when contained in
an amount of less than 0.1 mol %, the effect cannot be
expected, while when it is contained in an amount of more
than 1.5 mol %, heat-sealing properties become drastically
poor and gel substances are produced, despite the improved
film moldability. The polycarboxylic acid having 3 or more
functional groups to be used for the polyester resin (C) is
exemplified by known polycarboxylic acids such as trimel-
litic acid and pyromellitic acid, and polyol having 3 or more
functional groups is exemplified by known polyhydric alco-
hols such as glycerin, trimethylolpropane and pentaerythri-
tol.

The oxycarboxylic acid having 3 or more functional
groups 1s exemplified by PB-hydroxypropionic acid.
5-oxyethoxyisophthalic acid, 3.4-dihydroxybenzoic acid.
dihydroxypivalic acid, e-hydroxypropionic acid and their
derivatives.

The reduction viscosity (1 sp/c) of the polyester resin (C)
is not less than (.70 and preferably not less than (0.75. Where
the reduction viscosity of the polyester is less than .70,
extrusion processing characteristics become degraded, and
so do physical properties of the resin. It is essential that the
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6

melting point of the polyester resin (C) be lower than that of
the polyester resin (A), and the difference between the two
is preferably not less than 5° C,, particularly not less than

20° C. Specifically, the melting point of the polyester resin
(C) 1s 90°-180° C., preferably 100°-175° C. The glass
transition temperature is preferably —25°-59° C., and par-
ticularly preferably —10°-45° C. Where the melting point is
below 90° C. and the glass transition temperature is below
-25° C., flavor retention becomes drastically poor, while
where the melting point exceeds that of the polyester resin
(A) or the glass transition temperature is beyond 59° C.,
heat-sealing properties remarkably fall. The Z average
molecular weight relative to standard polystyrene of the
polyester resin (C) is the same as for the polyester resin (A)
and is 250x10°-800x10°, preferably 250x10°-600x10°, and
more preferably 300x10°-550x10°. Where the Z average
molecular weight is below 250x10°, extrusion processing
characteristics of film become poor, and neck-in width
widens. On the other hand, where it is beyond 800x10°, gel
substances are produced more often and heat-sealing prop-
erties become undesirably poor.

The polyester resin (A) and polyester resin (C) obtained
as in the above are mixed at a weight ratio (A)/(C) of
95/5-60/40, preferably at 90/10-70/30. The ratio beyond
95/5 results in decreased heat-sealing properties, and the
ratio below 60/40 results in lowered extrusion processing
characteristics, giving rise to necking upon film molding and
poor flavor retention. In the present invention, the polyester
resin (A) and the polyester resin (C) may be mixed in a solid
state and subjected to film molding, or the both resins may
be taken out as pellets after melt kneading, and subjected to
film molding. For the improvement of operability, siloid
and/or other inorganic and/or organic substances may be
added to an extent that they are not detrimental to the
characteristic properties of the polyester resins of the inven-
tion.

The present invention is hereinafter described in detail by
illustrating examples, to which the invention is not limited.
The physical properties shown in the examples were mea-
sured according to the following methods.

Z average molecular weight: By gel permeation
chromatography, a run-off curve was obtained, based on
which the average molecular weight relative to standard
polystyrene was calculated. As the average molecular
weight, Z average molecular weight (Mz) obtained by the
following equation was employed.

Mz=3XWiMi*/TWiMi

wherein Wi is the weight of molecules of molecular weight
M..

Neck-in width: A polyester resin was formed into a film
(40 mm¢ extruder, die shit width 200 mmxdie gap 0.8 mm),
and the difference between the die width and the width of the
film obtained was taken as the neck-in width.

Peeling strength: Using a 20 pm-thick polyethylene
terephthalate film as a protective layer, two polyester resin
sealants were placed face to face, and heat sealed at 150°
C.x2 sec., 2 kgf/cm®. The peeling strength of the sealant
obtained was measured by tensile tester (Tensilon RTM-100.
Toyo Boldwin).
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D-limonene adsorption: A 50 pm-thick polyester sealant
film was placed in a sample bottle, added with D-limonene,
one of the flavor ingredients for fruit juices, and allowed to
stand at 30° C. for 2 weeks. The weight difference between
before and after the immersion was calculated, which was
taken as adsorption of D-limonene. A relative value based on
the adsorption of polyethylene taken as 100 was calculated.

PRODUCTION EXAMPLE 1

Production of Polyester Resins (a)—(1)
Dimethylterephthalate (34.36 kg), dimethylisophthalate
(6.72 kg), ethylene glycol (27.28 kg), zinc acetate (87.8 g),
and antimony trioxide (174.9 g) were charged in a reaction
kettle equipped with a stirrer, a thermometer, and a run-oft
chilling machine, and transesterification was conducted for
3 hours while heat-stirring at 140°-210° C. After the
completion of the transesterification, trimellitic anhydride

1G
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films of Reference Examples to be mentioned later, the film
showed small neck-in width, great peeling strength, and
small adsorption of D-limonene, and had well-balanced
properties.

EXAMPLES 2-6

Experiments were conducted using the resins (b)—(f)
shown in Table 1 in the same manner as in Example 1. The
results are shown in Table 1.

COMPARATIVE EXAMPLES 1 and 2

The films were formed as in Example 1 except that resins
(g) and (h) shown in Table 1 were used. The resin compo-

sitions and physical properties of the films are shown in
Table 1.

TABLE 1
et — e et
Example Comparative Ex.

1 2 3 4 5 6 1 2
e —————————— T ————————————
polyester resin @ @® @© @ @@ ©® (@@ O
terephthalic acid 84.3 84 79.5 69.3 80 84.7 85 85.3
isophthalic acid 15 15 20 30 20 15 15 15
trimellitic acid 0.7 1.0 0.5 0.7 0 0.3 0 0.7
adipic acid 0 0 0 0 0 0 0 0
ethylene glycol 100 100 100 100 99.3 100 100 100
trimethylolpropane 0 0 0 0 0.7 0 0 0
reduction viscosity 0.90 0.90 1.00 0.96 0.91 0.90 0.75 0.63
Z average molecular 430 450 400 410 395 450 190 220
weight (x10%)
neck-m width(mm)* 100 o8 108 105 110 97 135 128
peeking strength 29 17 3.1 3.2 3.0 2.6 2.7 2.0
(kgf/15 mm)
D-limonene 5 6 5 4 6 5 5 6
adsorption
brittleness fine fine fine fine fine fine fine fragile
Note*:
Measured at air gap, 100 mm and temperature, 280° C.

(192 g) was added to conduct esterification over 1 hour PRODUCTION EXAMPLE 2

while raising the temperature from 200° C. to 260° C.
Thereafter, the pressure in the system was gradually reduced
to 5 mmHg in 40 minutes. A condensation polymerization
was conducted at 260° C. and 0.3 mmHg for 82 minutes to
give a polyester resin (a) having a reduction viscosity of
0.90. After ethanolysis, the polyester resin (a) was subjected
to composition analysis by gas chromatography. As a result,
it was found that the composition of the polyester resin was
terephthalic acid 84.3 mol %, isophthalic acid 15 mol %,
trimellitic acid 0.7 mol %, and ethylene glycol 100 mol %.
The Z average molecular weight (Mz) relative to standard
polystyrene was measured by gel permeation
chromatography, and it was found to be 430x10°.

In the same manner as in the above, polyester resin (b)—1)
were obtained. Note that polyester resin (f) was obtained by
subjecting a polyester resin having a reduction viscosity of
0.76 obtained as in the above to a solid phase polymerization
at 190° C. for 7 hours.

EXAMPLE 1

The polyester resin (a) obtained according to the method
of Production Example 1 was formed into 2 50 pm-thick film
by a 40 mm¢ extruder (Nippon Seikosho) using a die of 200
mm slit width. The resin composition and physical proper-
ties of the film are shown in Table 1. Compared with the

45

30

55

65

Production of Polyester Resins (A-1)—-(A-7)

The predetermined amounts of dimethylterephthalate,
dimethylisophthalate, and ethylene glycol, zinc acetate (87.8
g), and antimony trioxide (174.9 g) were charged in a
reaction kettle equipped with a stirrer, a thermometer, and a
run-off chilling machine, and transesterification was con-
ducted for 3 hours while heat-stirring at 140°-210° C. After
the completion of the transesterification, trimellitic anhy-
dride (a given amount) was added to conduct esterification
over 1 hour while raising the temperature from 200° C. to
260° C. Thereafter, the pressure in the system was gradually
reduced to 5 mmHg in 40 minutes. A condensation poly-
merization was conducted at 260° C. and 0.3 mmHg for 64
minutes to give polyester resins (A-1)-(A-7). The reduction
viscosity and the Z average molecular weight of each of the
polyester resins (A-1)-(A-7) obtained are shown in Table 2.
After ethanolysis, the composition of each resin was deter-
mined by gas chromatography, the results of which are also
shown in Table 2.

PRODUCTION EXAMPLE 3

Production of Polyester Resins (B-1) and (B-2)

The predetermined amounts of dimethylterephthalate,
dimethylisophthalate, and ethylene glycol, zinc acetate (87.8
g), and antimony trioxide (174.9 g) were charged in a
reaction kettle equipped with a stirrer, a thermometer, and a
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run-off chilling machine, and transesterification was con-
ducted for 3 hours while heat-stirring at 140°-210° C. After
the completion of the transesterification, esterification was

10

polyester (B-1) as shown in Table 2 were used. The resin
compositions and properties of the compositions obtained
are shown in Table 2.

TABLE 2
Example Compara. Ex.
7 8 9 10 11 3 4
A-1 A-2 A-3 A-4 A-5 A-6 A-7
poly- terephthalic acid 86.3 86 84.1 79.3 87.0 87 86.3
ester 1isophthalic acid 13 13 15 20 13 13 13
resin trimellitic acid 0.7 1.0 0.5 0.7 0 0 0.7
(A) adipic acid 0 0 0 0 0 0 0
ethylene glycol 100 100 100 100 99.3 100 100
trimethylolpropane 0 0 0 0 0.7 0 0
reduction viscosity 0.85 0.80 0.84 0.80 0.81 0.75 0.65
Z average molecular 480 400 450 390 460 180 240
weight (x10%)
A-1 A-2 A-3 A-4 A-5 A-6 A-7
poly-  terephthalic acid 70 70 80 80 70 70 70
ester isophthalic acid 30 30 20 20 30 30 30
resin  ethylene glycol 100 100 100 100 100 100 100
(B) reduction viscosity 0.95 0.95 0.93 0.93 0.95 0.95 0.95
(A)(B) (weight ratio) 60/40 5/S0 80/20 60/40 60/40  T70/30  60/40
neck in width (mm)* 100 110 107 112 102 130 125
peeling strength (kgf/15 mm) 2.8 3.0 2.9 3.1 3.2 2.2 2.5
D-limonene adsorption 5 6 5 5 5 5 6
brittleness fine fine fine fine fine fine fine
Note*:

Measured at air gap, 100 mm and temperature, 280° C.

conducted over 1 hour while raising the temperature from
200° C. to 260° C. Thereafter, the pressure in the system was
gradually reduced to 5 mmHg in 40 minutes. A condensation
polymerization was conducted at 260° C. and 0.3 mmHg for
200 minutes to give polyester resins (B-1) and (B-2). The
reduction viscosity and the Z average molecular weight of
each of the polyester resins obtained are shown in Table 2.
After ethanolysis, the composition of each resin was deter-
mined by gas chromatography, the results of which are also
shown in Table 2.

EXAMPLE 7

The polyester resin (A-1) obtained in Production Example
2 and the polyester resin (B-1) obtained in Production
Example 3 were mixed at a ratio of 60:40, and formed into
a 50 pm-thick film by a 40 mm¢ extruder (Nippon Seikosho)
using a 200 mm die. The resin composition and physical
properties of the film obtained are shown in Table 2. As is
evident from Table 2. the film showed small neck-in width.

great peeling strength, and small adsorption of D-limonene,
and had well-balanced properties as compared with the films
of Comparative Examples to be mentioned later.

EXAMPLES 8-11

Compositions were obtained in the same manner as in
Example 2 except that polyester resins (A-2)—(A-5) and
polyesters (B-1) and (B-2) as shown in Table 2 were used.
The resin compositions and physical properties of the com-
positions obtained are shown in Table 2.

COMPARAITVE EXAMPLES 3 and 4

Compositions were obtained in the same manner as in
Example 2 except that polyester resins (A-6) and (A-7) and
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45

50

35

65

PRODUCTION EXAMPLE 4

Production of Polyester Resin (A-8)

Dimethylterephthalate (837 parts), dimethylisophthalate
(126 parts), ethylene glycol (682 parts). zinc acetate (0.44
part). and antimony trioxide (0.44 part) were charged in a
reaction kettle equipped with a stirrer, a thermometer, and a
chilling machine for run-off, and transesterification was
conducted while heat-stirring at 140°-210° C. After the
completion of the transesterification, trimellitic anhydride
(6.7 parts) was added to conduct esterification over 1 hour
while raising the temperature from 200° C. to 260° C.
Thereafter, the pressure in the system was gradually reduced
to 5 mmHg in 40 minutes. A condensation polymerization
was conducted at 270° C. and 0.3 mmHg for 60 minutes to
give polyester resin (A-8). After alcoholysis, the resin (A-8)
was analyzed by gas chromatography. As a result, it was
found that the composition of the polyester resin was
terephthalic acid 86.3 mol %, isophthalic acid 13 mol %,
trimellitic acid 0.7 mol %, and ethylene glycol 100 mol %.
The melting point of the polyester resin (A-8) was 220° C.,
reduction viscosity was 0.85, the Z average molecular
weight was 480x10°, and the ratio of the weight average
molecular weight to number average molecular weight (Mw/
Mn) was 4.1.

PRODUCTION EXAMPLES 5-16

Production of Polyester Resins (A-9)~«A-15), and Polyester
Resins (C-1)-C-5)
Polyester resins (A-9)>(A-15), and polyester resins (C-1)
—((-5) were obtained in the same manner as in Production
Example 4 except the composition ratios shown in Table 3

and Table 4. The resin composition and physical properties
of each polyester resin obtained are shown in Table 3 and
Table 4.
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EXAMPLES 12-17, COMPARATIVE ratio indicated in Table 3 and Table 4, and formed into 50
EXAMPLES 5-9 um-thick films by a 40 mm ¢ extruder (Nippon Seikosbo)

The polyester resins (A-8)—(A-15) obtained in Production using a 200 mm die. The r?sin composition.s and physical
Examples 411 and the polyester resins (C-1)-(C-5)  Properues of the films obtained are shown in Table 3 and

obtained in Production Examples 12-16 were mixed at a  Table 4.

TABLE 3

Example

12 13 14 15 16 17
A-8 A9 A-10 A-11 A-12 A8

poly- terephthahic acid 86.3 86 84.5 79.3 87.0 86.3
ester isophthalic acid 13 13 15 20 13 13
resin trimeilitic acid 0.7 1.0 0.5 0.7 0 0.7
(A) adipic acid 0 0 0; 0 0 0

ethylene glycol 100 100 100 100 99.3 100

tnmethylol propane 0 0 4; 0 0.7 0

reduction viacosity 0.85 0.80 0.84 0.80 081 085

melting pomt (°C.) 220 219 215 208 222 220

Z average molecular 480 400 450 303 460 480

weight (x10°)

Mw/Mn 4.1 4.6 4.0 3.7 4.0 3.3

©1 c2 c1 C3 C2 4

poly- terephthalic acid 68.8 65 68.8 67.2 65 75
ester isophthalic acid 0 9.5 0 0 9.5 24
resin adipic acid 0 25 0 0 25 0
(C) sebacic acid 30 0 30 22 0 0

trimellitic acid 1.2 0.5 1.2 0.8 0.5 1.0

1,4-butacediol 0 100 0 60 100 62

1,4-cyclohexane- 70 0 70 0 0 0

dimethanol

ethylene glycol 30 0 30 43 0 0

diethylene glycol 0 0 0 0 0 38

reduction viscosity 0.54 0.77 0.94 1.04 0.77 1.15

melting pomt (°C.) 170 166 170 173 166 122

glass transition

temnperature (°C.) 19 -3 19 12 -3 21

Z average molecular 510 300 510 520 300 543

weight (x10?)

Mw/Mn 34 3.1 34 3.7 2.7 39
(AY(C) (mixing weight 80/20  83/17 75/25 80/20 90/10 70/30
ratio)
neck-in width (mm)* 20 28 22 26 22 24
peeling strength (kgf/15 mm) 3.3 39 3.8 4.0 3.0 39
D-limonene adsorption 13 11 17 10 8 15
Note*:
Measured at air gap, SO mm and temperature, 250° C.

TABLE 4

5 6 7 8 9
A-13 A-14 A-15 A-8 A-8
poly-  terephthalic acid 87 86.3 86.3 86.3 86.3
ester isophthalic acid 13 13 13 13 13
resin trimellitic acid 0 0.7 0.7 0.7 0.7
(A) adipic acid 0 0 0 0 0
ethylene glycol 100 100 100 100 100
trimethylolpropane 0 0 0 0 0
reduction viscosity 0.75 0.82 0.65 0.85 0.85
melting pomt (°C.) 221 219 220 220 220
Z. average molecular 180 430 243 480 480
weight (x10%)
Mw/Mn 2.0 4.0 24 3.3 33
C-1 C-1 C-1 C5 A8
poly-  terephthalic acid 68.8 68.8 68.8 65 86.3
ester isophthalic acid 0 0 0 10 13
resin adipic acid 0 0 0 25 0
(C) sebacic acid 30 30 30 0 0
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TABLE 4-continued

14

Comparative Example

5 6 7 8 9

trimellitic acid 1.2 1.2 1.2 0 0.7

1,4-butanediol 0 0 0 100 0

1,4cyclohexane- 70 70 70 0 0

dimethanol

ethylene glycol 30 30 30 0 100

diethylene glycol 0 0 0 0 0

reduction viscosity 0.94 0.94 0.94 0.76 0.85

melting point (°C.) 170 170 170 167 220

glass transition 19 19 19 -3 71

temperature (°C.)

Z average molecular 510 510 513 200 480

weight (x10°)

Mw/Mn 3.4 3.4 34 2.0 3.3
(AY(C) (mixing weight ratio) 80/20 50/50 80/20 75125  100/0
neck-in width (mm)* 72 30 64 68 18
peeling strength (kgf/15 mm) 3.1 4.0 3.0 3.3 1.7
D-limonene adsorption 14 41 13 15 5
Note*:
Measured at air gap, 50 mm and temperature, 250° C.

EXAMPLES 21-26 s EXAMPLES 27-31

Experiments were conducted using resins (1)—(6) shown
in Table 5 in the same manner as in Example 1. The results
are shown in Table 3.

Compositions were obtained in the same manner as in
Example 2 except that polyester resins (A-11)-(A-15) and
polyester resin (B-1) as shown in Table 6 were used, and
subjected to experiments. The results are shown in Table 6.

COMPARATIVE EXAMPLES 23 and 24

COMPARATIVE EXAMPLES 21 and 22 30
_ _ Compositions were obtained in the same manner as in
The films were formed as in Example 1 except thatresins  Example 2 except that polyester resins (A-16) and (A-17)
(7) and (8) shown in Table 5 were used. The resin compo-  and polyester resin (B-1) as shown in Table 2 were used. The
sitions and physical properties of the films are shown in resin compositions and properties of the compositions
Table 5. obtained are shown in Table 0.
TABLE 5
Example Comparative Ex.
21 22 23 24 25 20 21 22
N
polyester resin (1) (2) (3) (4) (3) (6) (7) (8)
terephthalic acid 843 84 795 693 80 847 85 85.3
isophthalic acid 15 15 20 30 20 15 15 15
trimellitic acid 0.7 1.0 0.5 0.7 0 0.3 0 0.7
adipic acid 0 0 0 O 0 0 0
ethylene glycol 100 100 100 100 993 100 100 100
trunethylolpropane 0 0 0 0 0.7 0 0 0
reduction viscosity 0.90 0.90 1.00 0.96 0.91 0.90 0.75 0.65
Z average molecular 420 480 340 440 410 280 100 210
weight (x10°)
neck-in width(mm)* 95 88 109 103 105 115 140 135
peeking strength 2.9 2.7 3.1 3.2 3.0 2.6 2.7 2.0
(kgf/15 mm)
D-limonene 5 6 S 4 6 S 5 6
adsorption
brittleness fine fine fine fine fine fine fine  fragile
Note*:

Measured at air gap, 100 mm and temperature, 280° C.
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TABLE 6
Example Compara. Ex.
27 28 29 30 31 23 24
A-11 A-12 A-13 A-14 A-15 A-16 A-17
poly- terephthalic acid 86.3 86 84.5 79.3 87.0 87 86.3
ester isophthalic acid 13 13 15 20 13 13 13
main trimellitic acld 0.7 1.0 0.1 0.7 0 0 0.7
(A) adipic acid 0 0 0 0 0 0 0
ethylene glycol 100 100 100 100 99.3 100 100
trimethylolpropane 0 0 0 0 0.7 0 1
reduction viscosity 0.85 0.80 0.84 0.80 0.81 0.75 0.65
Z average molecular 380 430 280 285 285 160 210
weight(x10%)
B-1 B-1 B-2 B-2 B-1 B-1 B-1
poly- tertphthalic acid 70 70 80 80 70 70 70
ester isophthalic acid 30 30 20 20 30 30 30
resin ethylene glycol 10 100 100 100 100 100 100
B) reduction viscosity 0.91 0.95 0.93 0.93 0.95 0.95 0.95
(A)/(B) (weight ratio) 60/40 50/50 80/20 60/40 60/40 70/30 60/40
neck-in width (mm)* 102 109 115 113 100 140 130
peeling strength (kgf/15 ) 2.8 3.0 2.9 3.1 3.2 2.2 2.5
D-limonene adsorption 5 6 5 5 5 5 6
brittleness fine fine fine fine fine fine fine
Note*:

Measured at air gap, 100 mm and temperature, 280° C.

As 1s evident from Tables 1-6, the polyester resin of the
present invention has branched chain, high reduction
viscosity, and high Z average molecular weight, and has the
following superior, well-balanced properties.

1. It 1s extremely superior in flavor retention in compari-
son with conventional polyethylenes.

2. It is superior in film moldability (extrusion processing
characteristics), and therefore, markedly superior in
productivity in comparison with conventional polyes-
ters.

3. The adhesion strength, i.c. heat-sealing properties, of

the film obtained is great.

What is claimed is:

1. A polyester resin having branched chain, a reduction
viscosity (1 sp/c) of not less than 0.7, a Z average molecular
weight (Mz) relative to standard polystyrene of not less than
250x10° and not more than 800x10°, an acid component
comprising an aromatic dicarboxylic acid in a proportion of
from about 95 mole percent to about 100 mole percent
relative to the entire acid component, said aromatic dicar-
boxylic acid comprising terephthalic acid in an amount
ranging from about 60 mole percent to about 90 mole
percent, and said polyester resin having a glycol component
comprising ethylene glycol in a proportion of from about 90
mole percent to about 100 mole percent relative to the entire
glycol component.

2. A polyester resin having branched chain, a reduction
viscosity (1] sp/c) of not less than 0.8, a Z average molecular
weight (Mz) relative to standard polystyrene of not less than
280x10> and not more than 600x10°, an acid component
comprising an aromatic dicarboxylic acid in a proportion of
from about 95 mole percent to about 100 mole percent
relative to the entire acid component, said aromatic dicar-
boxylic acid comprising terephthalic acid in an amount
ranging from about 60 mole percent to about 90 mole
percent, and said polyester resin having a glycol component
comprising ethylene glycol in a proportion of from about 90
mole percent to about 100 mole percent relative to the entire
glycol component.
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3. A polyester resin composition comprised of a polyester
resin (A) having branched chain, a reduction viscosity (1
sp/c) of not less than (.7, a Z average molecular weight (Mz)
relative to standard pol;rstyrene of not less than 250x10° and
not more than 800x10°, and said polyester resin (A) having
a glycol component comprising ethylene glycol in a propor-
tion of from about 90 mole percent to about 100 mole
percent relative to the entire glycol component, and a
polyester resin (B) without branched chain and having a
reduction viscosity (1 sp/c) of not less than (.7.

4. A polyester resin composition according to claim 3,
wherein the ratio of the polyester resin (A) and the polyester
resin (B), (A)/(B), is 95/5-40/60.

S. A polyester resin composition comprised of a polyester
resin (A) having branched chain, a reduction viscosity (1
sp/c) of not less than 0.7, a Z average molecular weight gMz)
relative to standard pol;rstyrcnc of not less than 250x10” and

not more than 800x10°, and said polyester resin (A) having
a glycol component comprising ethylene glycol in a propor-
tion of from about 90 mole percent to about 100 mole
percent relative to the entire glycol component, and a
polyester resin (C) having branched chain, a Z average
molecular weight (Mz) relative to standard polystyrene of
not less than 250x10° and not more than 800x10°, and a
melting point lower than that of the polyester resin (A).

6. A polyester resin composition according to claim §,
wherein the ratio of the polyester resin (A) and the polyester
resin (C), (A)/(C), is 95/5-60/40.

7. A polyester resin composition comprised of a polyester
resin (A) having branched chain, a reduction viscosity (1
sp/c) of not less than (.7, a Z average molecular weight (Mz)
relative to standard polystyrene of not less that 250x10> and
not more than 800x10°, and said polyester resin (A) having
a glycol component comprising ethylene glycol in a propor-
tion of from about 90 mole percent to about 100 mole
percent relative to the entire glycol component, and a
polyester resin (C) having branched chain and a melting

point lower than that of the polyester resin (A) in a mixing
weight ratio of (A)/(C)=95/5-60/40.

8. A sealant made from a polyester resin having branched
chain, a reduction viscosity (n sp/c) of not less than 0.7, a
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Z average molecular weight (Mz) relative to standard poly-
styrene of not less than 250x10> and not more that 800x10°,

an acid component comprising an aromatic dicarboxylic
acid in a proportion of from about 95 mole percent to about
100 mole percent relative to the entire acid component, said
aromatic dicarboxylic acid comprising terephthalic acid in
an amount ranging from about 60 mole percent to about 90
mole percent, and said polyester resin having a glycol
component comprising ethylene glycol in a proportion of
from about 90 mole percent to about 100 mole percent
relative to the entire glycol component.

9. A sealant made from a polyester resin having branched
chain, a reduction viscosity (1 sp/c) of not less than 0.8. a
Z average molecular weight (Mz) relative to standard poly-
styrene of not less than 280x10° and not more than 600x10°,
an acid component comprising an aromatic dicarboxylic
acid in a proportion of from about 95 mole percent to about
100 mole percent relative to the entire acid component, said
aromatic dicarboxylic acid comprising terephthalic acid in
an amount ranging from about 60 mole percent to about 90
mole percent, and said polyester resin having a glycol
component comprising ethylene glycol in a proportion of
from about 90 mole percent to about 100 mole percent
relative to the entire glycol component.

10. A scalant made from a polyester resin composition
comprised of a polyester resin (A) having branched chain, a
reduction viscosity (1 sp/c) of not less than 0.7, a Z average
molecular weight (Mz) relative to standard polystyrene of
not less than 250x10° and not more than 800x10°, and said
polyester resin (A) having a glycol component comprising
ethylene glycol in a proportion of from about 90 mole
percent to about 100 mole percent relative to the entire
glycol component, and a polyester resin (B) without
branched chain which has a reduction viscosity (1 sp/c) of
not less than (.7.

11. A sealant made from a polyester resin composition
comprised of a polyester resin (A) having branched chain. a
reduction viscosity (1} sp/c) of not less than 0.7, a Z average
molecular weight (Mz) relative to standard polystyrene of
not less than 250x10° and not more than 800x10°, and said
polyester resin (A) having a glycol component comprising
ethylene glycol in a proportion of from about 90 mole
percent to about 100 mole percent relative to the entire
glycol component, and a polyester resin (C) having
branched chain and a melting point lower than that of the
polyester resin (A).

12. A polyester comprising the following components:

a. an acid component comprising an aromatic dicarboxy-

lic acid in a proportion of from about 95 mole percent
to about 100 mole percent relative to the entire acid
component, said aromatic dicarboxylic acid comprising
terephthalic acid in a proportion of from about 60 mole
percent to about 90 mole percent relative to the entire
acid component and an aliphatic and/or alicyclic dicar-
boxylic acid in a proportion of less than 5 mole percent
relative to the entire acid component;

b. a glycol component comprising ethylene glycol in a
proportion of from about 90 mole percent to about 100
mole percent relative to the entire glycol component,
and less than 10 mole percent glycols relative to the
entire glycol component selected from the group con-
sisting of diethylene glycol, 1.4-butanediol, propylene
glycol, and 1.4-cyclohexanedimethanol; and

c. a compound having 3 or more functional groups
selected from the group consisting of polycarboxylic
acid, polyol, and oxycarboxylic acid in a proportion of
from about (.1 mole percent to about 1.5 mole percent
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relative to either the entire acid component or the entire
glycol component.

13. A polyester resin having branched chain, a Z average
molecular weight (Mz) relative to standard polystyrene of
not less than 250x10° and not more than 800x10°, an acid
component comprising an aromatic dicarboxylic acid in a
proportion of from about 95 mole percent to about 100 mole
percent relative to the entire acid component, said aromatic
dicarboxylic acid comprising terephthalic acid in an amount
ranging from about 60 mole percent to about 90 mole
percent, and said polyester resin having a glycol component
comprising ethylene glycol in a proportion of from about 90
mole percent to about 100 mole percent relative to the entire
glycol component.

14. A polyester resin having branched chain, a Z it
average molecular weight (Mz) relative to standard poly-
styrene of not less than 280x1(° and not more than 600x1 0,
an acid component comprising an aromatic dicarboxylic
acid in a proportion of from about 95 mole percent to about
100 mole percent relative to the entire acid component, said
aromatic dicarboxylic acid comprising terephthalic acid in
an amount ranging from about 60 mole percent to about 90
mole percent, and said polyester resin having a glycol
component comprising ethylene glycol in a proportion of

from about 90 mole percent to about 100 mole percent

relative to the entire glycol componenit.

15. A polyester resin composition comprised of a polyes-
ter resin (A) having branched chain, a Z average molecular
weight (Mz) relative to standard polystyrene of not less than
250x10° and not more than 800x10°, and said polyester
resin (A) having a glycol component comprising ethylene
glycol in a proportion of from about 90 mole percent to
about 100 mole percent relative to the entire glycol
component, and a polyester resin (B) without branched
chain.

16. A polyester resin composition according to claim 15,
wherein the ratio of the polyester resin (A) and the polyester
resin (B), (A)/(B). is 95/5—40/60.

17. A polyester resin composition comprised of a polyes-
ter resin (A) having branched chain, a Z average molecular
weight (Mz) relative to standard polystyrene of not less than
250x10° and not more than 800x10P, and said polyester
resin (A) having a glycol component comprising ethylene
glycol in a proportion of from about 90 mole percent to
about 100 mole percent relative to the entire glycol

component, and a polyester resin (C) having branched
chain, a Z average molecular weight (Mz) relative to stan-

dard polystyrene of not less than 250x10° and not more than
800x10°, and a melting point lower than that of the poly-
ester resin (A).

18. A polyester resin composition according to claim 17,
wherein the ratio of the polyester resin (A) and the polyester
resin (C), (A(O), is 95/5-60/40.

19. A polyester resin composition comprised of a polyes-
ter resin (A) having branched chain, a Z average molecular
weight (Mz) relative to standard polystyrene of not less than
250x10° and not more than 800x1(°, and said polyester
resin (A) having a glycol component comprising ethylene
glycol in a proportion of from about 90 mole percent to
about 100 mole percent relative to the entire glycol
component, and a polyester resin (C) having branched chain
and a melting point lower than that of the polyester resin (A)
in a mixing weight ratio of (A)/(C)=95/5-60/40.

20. A sealant made from a polyester resin having
branched chain, a Z average molecular weight (Mz) relative

to standard polystyrene of not less than 250x10° and not
more than 800x10°, an acid component comprising an
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aromatic dicarboxylic acid in a proportion of from about 95
mole percent to about 100 mole percent relative to the entire
acid component, said aromatic dicarboxylic acid compris-
ing terephthalic acid in an amount ranging from about 60
mole percent to about 90 mole percent, and said polyester
resin having a glycol component comprising ethylene glycol
in a proportion of from about 90 mole percent to about 100
mole percent relative to the entire glycol component.

21. A sealant made from a polyester resin having
branched chain, a Z average molecular weight (Mz) relative
to standard polystyrene of not less than 280x]0° and not
more than 600x10°, an acid component comprising an
aromatic dicarboxylic acid in a proportion of from about 95
mole percent to about 100 mole percent relative to the entire
acid component, said aromatic dicarboxylic acid compris-
ing terephthalic acid in an amount ranging from about 60
mole percent to about 90 mole percent, and said polyester
resin having a glycol component comprising ethylene glycol
in a proportion of from about 90 mole percent to about 100
mole percent relative to the entire glycol component.
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22. A sealant made from a polyester resin composition
comprised of a polyester resin (A) having branched chain, a

Z average molecular weight (Mz) relative to standard poly-
styrene of not less than 250x1(0P and not more than 800x10°,
and said polyester resin (A) having a glycol component
comprising ethylene glycol in a proportion of from about 90
mole percent to about 100 mole percent relative to the entire
glycol component, and a polyester resin (B) without
branched chain. |

23. A sealant made from a polyester resin composition
comprised of a polyester resin (A) having branched chain, a
Z average molecular weight (Mz) relative to standard poly-
styrene of not less than 250x10° and not more than 800x10°,
and said polyester resin (A) having a glycol component
comprising ethylene glycol in a proportion of from about 90
mole percent to about 100 mole percent relative to the entire
glycol component, and a polyester resin (C) having
branched chain and a melting point lower than that of the

polyester resin (A).
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