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(57) ABSTRACT

There is provided a polyester resin including a 2,5-furandi-
carboxylic acid unit and a cyclohexanedimethanol unit in a
main chain, in which the polyester resin is high in molecular
weight, has heat resistance and hydrolysis resistance, and is
excellent in mechanical properties and melt heat stability.
There is also provided a method for producing a polyester
resin having the above characteristics. A polyester resin
including a 2,5-furandicarboxylic acid unit and a 1,4-cyclo-
hexanedimethanol unit as main constituent components,
wherein the following (I) and (II) are satisfied: (I) the
reduced viscosity (msp/c) is 0.7 dL/g or more; and (II) the
sum of a cyclovinylidene terminal and a methylcyclohexene
terminal is 80 peq/g or less.
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POLYESTER RESIN, PRODUCTION
METHOD FOR SAID POLYESTER RESIN,
AND POLYESTER RESIN COMPOSITION

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This is a continuation of International Application
PCT/IP2016/075716, filed on Sep. 1, 2016, and designated
the U.S., and claims priority from Japanese Patent Applica-
tion 2015-174871 which was filed on Sep. 4, 2015, Japanese
Patent Application 2015-174872 which was filed on Sep. 4,
2015 and Japanese Patent Application 2016-066762 which
was filed on Mar. 29, 2016, the entire contents of which are
incorporated herein by reference.

TECHNICAL FIELD

[0002] The present invention relates to a polyester resin
having a furandicarboxylic acid unit and a cyclohexanedi-
methanol unit. Specifically, the present invention relates to
a polyester resin which has a furandicarboxylic acid unit and
a cyclohexanedimethanol unit in a main chain, which can be
produced from a biomass-derived raw material, which also
has a sufficient molecular weight, which has heat resistance
and hydrolysis resistance and which is excellent in mechani-
cal properties and melt heat stability, as well as a method for
producing the polyester resin.

BACKGROUND ART

[0003] In recent years, resins having biodegradability and
resins using biomass-derived raw materials have been devel-
oped and put into practical use as environmentally conscious
or environmentally persistent materials. Such resins, how-
ever, are currently inferior in production cost, mechanical
properties and thermal properties as compared with conven-
tional general-purpose resins, engineering plastics, and the
like. Such resins also have the disadvantages of being poor
in hydrolysis resistance, light resistance and the like, and
being not endurable against long time use.

[0004] Currently, aromatic polyester resins such as poly-
ethylene terephthalate and polybutylene terephthalate which
are thermoplastic resins excellent in heat resistance and
mechanical properties are widely utilized as general-purpose
materials and engineering component-related materials
including films, food containers, electrical and electronic
components, housings of home electric appliances, automo-
bile materials, and the like. Polyethylene terephthalate and
polybutylene terephthalate, however, have no chance of
being put into practical use because raw materials thereof
are produced from petroleum and production thereof from
biomass is difficult or is very high in cost.

[0005] There has been reported a polyester using furandi-
carboxylic acid which can be produced from biomass, as a
thermoplastic resin excellent in heat resistance (Non-Patent
Document 1).

[0006] The present applicants have developed a polyester
resin having a 2,5-furandicarboxylic acid unit as a dicar-
boxylic acid unit and respective units of ethylene glycol,
trimethylene glycol and 1,4-butanediol, as diol units,
wherein the polyester resin is high in molecular weight and
excellent in heat resistance, mechanical properties and
weather resistance (Patent Document 1).

[0007] The present applicants have also developed a
method for producing a polyester resin, including subjecting
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a furandicarboxylic acid dialkyl ester component and a diol
component to a transesterification reaction and thereafter a
polycondensation reaction in the presence of a titanium
compound (Patent Document 2). The production method can
be used to thereby provide a polyester resin high in molecu-
lar weight and excellent in heat resistance, mechanical
properties and weather resistance.

[0008] There has also been disclosed a homopolymer
(PCF) formed from a 2,5-furandicarboxylic acid unit and a
cyclohexanedimethanol unit (Patent Document 3). PCF is
characterized by being high in melting point and high in
crystallization speed, and is excellent in heat resistance.

PRIOR ART DOCUMENT

Patent Documents

[0009] Patent Document 1: JP 2008-291243 A

[0010] Patent Document 2: JP 2008-291244 A

[0011] Patent Document 3: WO 2013/055860
Non-Patent Document

[0012] Non-Patent Document 1: Y. Hachihama et al,

Osaka Daigaku Kogaku Hokoku, 8, 475-480 (1958)
“Synthesis of Polyesters containing Fran Ring”

SUMMARY OF INVENTION

Problems to be Solved by the Invention

[0013] The present inventors, however, have found that
Patent Documents 1 to 3 above have the following problems.
[0014] The polyester described in Patent Document 1 is
low in melting point as compared with aromatic polyesters
such as PET and PBT, and thus is insufficient in heat
resistance and is limited in terms of application development
as molded products. In the production method of Patent
Document 2, the crystallization speed may be decreased in
production of PCF, and deterioration in heat resistance
and/or any problems about heat stability in melting and
hydrolysis resistance may be caused.

[0015] On the other hand, PCF described in Patent Docu-
ment 3 may be decreased in crystallization speed depending
on the production conditions. In addition, a decomposition
reaction easily occurs during the polymerization reaction,
thereby increasing the carboxylic acid terminal concentra-
tion and the vinyl terminal concentration in some cases, and,
in such cases, there are the following tendencies: the
molecular weight is hardly increased, and deterioration in
heat resistance and/or any problems about heat stability in
melting and hydrolysis resistance are caused.

[0016] An object of the present invention is to provide a
polyester resin which is high in molecular weight, which has
heat resistance and hydrolysis resistance, and which is
excellent in mechanical properties and melt heat stability, by
use of a biomass-derived raw material. A specific object of
the present invention is to provide an industrially useful
material contributing to environmental problems, global
warming problems, food problems, and the like by produc-
tion of a polyester resin by increasing the molecular weight
of a polyester using 2,5-furandicarboxylic acid that can be
produced from a plant-derived raw material such as xylose,
cellulose or glucose which is disposed as an agricultural
waste.
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Means for Solving the Problems

[0017] The present inventors have made intensive studies
for solving the above problems, and as a result, have found
that a specified polyester resin having a 2,5-furandicarbox-
ylic acid unit and a cyclohexanedimethanol unit in a main
chain is high in molecular weight, has heat resistance and
hydrolysis resistance, and is excellent in mechanical prop-
erties and melt heat stability, thereby leading to completion
of the present invention. Furthermore, the inventors have
found that a method for producing the polyester resin is high
in reaction rate and the resulting polyester resin is high in
molecular weight, has heat resistance and hydrolysis resis-
tance, and is excellent in mechanical properties and melt
heat stability, thereby leading to completion of the present
invention.

[0018] Furthermore, the inventors have found a novel
polyester resin having a constituent unit derived from 2,5-
furandicarboxylic acid and a constituent unit derived from a
specified diol, the polyester resin containing a specified
amount of an alkali metal.

[0019] That is, the gist of the present invention is as
follows.

[1] A polyester resin including a 2,5-furandicarboxylic acid
unit and a 1,4-cyclohexanedimethanol unit as main constitu-
ent components, wherein

[0020] the following (I) and (II) are satisfied:

[0021] (I) a reduced viscosity (msp/c) is 0.7 dL/g or more;
and

[0022] (II) a sum of a cyclovinylidene terminal repre-

sented by the following formula (1) and a methylcyclohex-
ene terminal represented by the following formula (2) is 80
peq/g or less.

[Formula 1]

M

@

[2] The polyester resin according to [1], wherein a difference
between a melting point (Tm) and a cooling crystallization
temperature (Tmc) measured by DSC is 50° C. or less.

[3] The polyester resin according to [1] or [2], the following
(II1) is further satisfied:

[0023] (III) a carboxylic acid terminal is 30 peq/g or less.
[4] The polyester resin according to any of [1] to [3],
containing 0.5 to 1000 ppm of an alkali metal.

[5] A polyester resin including a constituent unit derived
from 2,5-furandicarboxylic acid and a constituent unit
derived from a diol having 2 or more and 10 or less carbon
atoms, wherein

[0024] the polyester resin includes 0.5 to 1000 ppm of an
alkali metal.

[6] A polyester resin composition including the polyester
resin according to any of [1] to [5].

[7] The polyester resin composition according to [6], further
including at least one compound selected from the group
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consisting of a phosphorus-based compound, a sulfur-based
compound and a phenol-based compound.

[8] The polyester resin composition according to [6] or [7],
further including at least one compound selected from the
group consisting of an epoxy-based compound, an isocya-
nate-based compound and a carbodiimide-based compound.
[9] The polyester resin composition according to any of [6]
to [8], further including a filler.

[10] A method for producing a polyester resin by melt
polymerization using a dicarboxylic acid and/or a dicarbox-
ylic acid ester, and a diol, wherein

[0025] the dicarboxylic acid and/or the dicarboxylic acid
ester include(s) 2,5-furandicarboxylic acid and/or 2,5-
furandicarboxylic acid ester,

[0026] the diol includes 1,4-cyclohexanedimethanol, and
[0027] the method includes the following step (IV) and
step (V):

[0028] (IV) a step of performing an esterification or trans-

esterification reaction; and

[0029] (V) a step of, thereafter, performing polyconden-
sation under reduced pressure at a temperature (t1) repre-
sented by the following expression (3):

Tmst1<Tm+15° C. 3)

[0030] Tm: melting point of polyester resin.

[11] The method for producing a polyester resin according
to claim 10, further including the following step (VI):
[0031] (VI) a step of performing solid phase polymeriza-
tion at a temperature (t2) represented by the following
expression (4), after melt polymerization:

2<Tm (©)]

[0032] Tm: melting point of polyester resin.

Effect of Invention

[0033] The present invention can provide an industrially
useful material which is high in molecular weight, which has
heat resistance and hydrolysis resistance, and which is
excellent in mechanical properties and melt heat stability, by
a specified polyester resin having a 2,5-furandicarboxylic
acid unit and a cyclohexanedimethanol unit in a main chain,
which can be produced from a biomass raw material. The
invention can also provide a method for producing a poly-
ester resin, wherein the method is high in reaction rate, and
the resulting polyester resin is high in molecular weight, has
heat resistance and hydrolysis resistance and is excellent in
mechanical properties and melt heat stability.

MODE FOR CARRYING OUT THE INVENTION

[0034] Hereinafter, representative embodiments for carry-
ing out the present invention will be specifically described,
but the present invention is not intended to be limited to the
following embodiments as long as it does not depart from
the gist thereof.

[0035] [Polyester Resin]
[0036] <2,5-Furandicarboxylic Acid Unit>
[0037] One embodiment of the present invention relates to

a polyester resin. The polyester resin includes a dicarboxylic
acid unit and a diol unit as main constituent units. The
“main” constituent unit refer to any constituent unit occu-
pying the highest proportion among constituent units con-
stituting the polyester resin, and usually occupies 50% by
mass or more, preferably 60% by mass or more, more
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preferably 70% by mass or more, further preferably 80% by
mass or more, particularly preferably 90% by mass or more
in all the constituent units.

[0038] The dicarboxylic acid unit constituting the polyes-
ter resin includes a 2,5-furandicarboxylic acid unit. When
such a unit is used for production of the polyester resin,
2,5-furandicarboxylic acid and a derivative thereof can be
used. Examples of the derivative of 2,5-furandicarboxylic
acid include an alkyl ester having 1 to 4 carbon atoms, and
in particular, methyl ester, ethyl ester, n-propyl ester, iso-
propyl ester, butyl ester or the like is preferable and methyl
ester is further preferable.

[0039] The proportion of the 2,5-furandicarboxylic acid
unit in the dicarboxylic acid unit constituting the polyester
resin is not particularly limited, and it is preferably 50% by
mass or more, more preferably 60% by mass or more, further
preferably 70% by mass or more, particularly preferably
80% by mass or more. The upper limit is not particularly set,
and it may be 100% by mass. When the proportion falls
within such ranges, crystallinity of the polyester resin tends
to be kept and heat resistance tends to be achieved.

[0040] <Other Dicarboxylic Acid Unit>

[0041] Inthe polyester resin, a dicarboxylic acid unit other
than the 2,5-furandicarboxylic acid unit may also be copo-
lymerized. When the dicarboxylic acid unit other than the
2,5-furandicarboxylic acid unit is copolymerized, the pro-
portion thereof in the entire dicarboxylic acid unit is pref-
erably 10% by mass or less, more preferably 5% by mass or
less, and is preferably 0.1% by mass or more. When the
proportion falls within such ranges, the melting point can be
slightly decreased with no crystallinity being impaired.
Thus, it tends to be possible to set the polymerization
temperature and the processing temperature to slightly lower
values, and to suppress a decomposition reaction and a
decrease in molecular weight in melting.

[0042] Examples of the copolymerizable dicarboxylic acid
unit include an aromatic dicarboxylic acid compound, an
aliphatic (also including alicyclic) dicarboxylic acid, and
derivatives obtained by esterification thereof.

[0043] Specific examples of the copolymerizable aromatic
dicarboxylic acid include terephthalic acid, isophthalic acid,
naphthalenedicarboxylic acid and diphenyldicarboxylic
acid. In addition, derivatives thereof may also be included.
Examples of the derivative of the aromatic dicarboxylic acid
include an alkyl ester having 1 to 4 carbon atoms, and in
particular, methyl ester, ethyl ester, n-propyl ester, isopropyl
ester, butyl ester or the like is preferable and methyl ester is
further preferable.

[0044] These may be used singly or as a mixture of two or
more thereof.
[0045] Specific examples of the copolymerizable aliphatic

(also including alicyclic) dicarboxylic acid include oxalic
acid, succinic acid, glutaric acid, adipic acid, sebacic acid,
dimer acid, dodecanedioic acid and 1,6-cyclohexanedicar-
boxylic acid. Acid anhydrides thereof may also be included.
Examples of the derivative of the aliphatic (also including
alicyclic) dicarboxylic acid include a lower alkyl ester of
such an aliphatic (also including alicyclic) dicarboxylic acid.
Among them, succinic acid, glutaric acid, sebacic acid,
dimer acid, dodecanedioic acid or its lower alkyl (for
example, alkyl having 1 to 4 carbon atoms) ester derivative
is preferable, and in particular, succinic acid, a lower alkyl
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ester derivative of succinic acid, or a mixture thereof is
preferable. These may be used singly or as a mixture of two
or more thereof.

[0046] <1,4-Cyclohexanedimethanol Unit>

[0047] The diol unit constituting the polyester resin pref-
erably includes a 1,4-cyclohexanedimethanol unit.

[0048] When such a unit is used for production of the
polyester resin, 1,4-cyclohexanedimethanol is mainly used.
Examples of 1,4-cyclohexanedimethanol include a cis-iso-
mer, a trans-isomer or a mixture thereof. In the case of the
mixture, the proportion of the trans-isomer is preferably
60% or more, more preferably 65% or more, further pref-
erably 70% or more, and is preferably 90% or less, more
preferably 80% or less. When the proportion of the trans-
isomer falls within the above range, the melting point tends
to fall within a proper range, and heat resistance and
productivity tend to be excellent.

[0049] <Other Diol Unit>

[0050] In the polyester resin, a small amount of a diol unit
other than 1,4-cyclohexanedimethanol may also be copoly-
merized, and the amount of such other diol unit is preferably
less than 1% by mol relative to the diol unit. When the
amount of such other diol unit is less than the above value,
the melting point tends not to be excessively decreased, and
heat resistance tends to be achieved.

[0051] The copolymerizable diol unit is preferably an
aliphatic and/or alicyclic diol having 2 to 10 carbon atoms,
and examples thereof include ethylene glycol, diethylene
glycol, triethylene glycol, 1,3-propanediol, 1,2-propanediol,
1,4-butanediol, 1,5-pentanediol, 1,6-hexanediol, 1,4-cyclo-
hexanediol and isosorbide.

[0052] These may be used singly or as a mixture of two or
more thereof.
[0053] <Diol Unit Having 2 or More and 10 or Less

Carbon Atoms>

[0054] In one embodiment, the polyester resin is a poly-
ester resin including a constituent unit derived from 2,5-
furandicarboxylic acid and a constituent unit derived from a
diol having 2 or more and 10 or less carbon atoms. The diol
having 2 or more and 10 or less carbon atoms here may be
an aliphatic diol or may be an alicyclic diol. Specific
examples include ethylene glycol, diethylene glycol, trieth-
ylene glycol, 1,3-propanediol, 1,2-propanediol, 1,4-butane-
diol, 1,5-pentanediol, 1,6-hexanediol, 1,4-cyclohexanediol
and isosorbide.

[0055] These may be used singly or as a mixture of two or
more thereof.

[0056] <Other Component>

[0057] The polyester resin may include a small amount of

a copolymerization component other than the dicarboxylic
acid unit and the diol unit. The content of such other
component in the polymer is here 10% by mol or less,
preferably 5% by mol or less. When the content is the upper
limit value or less, crystallinity of the polyester resin tends
to be kept and heat resistance tends to be achieved.
Examples of such a small amount of a copolymerization
component include an aromatic dihydroxy compound, bis-
phenol, hydroxycarboxylic acid, diamine, and derivatives
thereof.

[0058] The copolymerizable hydroxycarboxylic acid and
hydroxycarboxylic acid derivative are not particularly lim-
ited as long as these are each a compound or a derivative
thereof having one hydroxyl group and one carboxyl group
in the molecule. Specific examples of the hydroxycarboxylic
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acid and the derivative thereof include lactic acid, glycolic
acid, 2-hydroxy-n-butyric acid, 2-hydroxycaproic acid,
6-hydroxycaproic acid, 2-hydroxy 3,3-dimethylbutyric acid,
2-hydroxy-3-methylbutyric acid, 2-hydroxyisocaproic acid,
mandelic acid, salicylic acid, and esters, acid chlorides and
acid anhydrides thereof.

[0059] These may be used singly or as a mixture of two or
more thereof.
[0060] When any optical isomer is present, it may be any

of'a D-isomer, an [.-isomer or a racemic isomer, and may be
in the form of a solid, a liquid or an aqueous solution.
[0061] A unit containing a tri- or higher functional group,
as any copolymerization component other than the above
copolymerization components, may also be introduced into
the polyester resin.

[0062] Examples of a compound having the constituent
unit having a tri- or higher functional group include at least
one tri- or higher multifunctional compound selected from
the group consisting of: a tri- or higher functional polyhydric
alcohol; a tri- or higher functional polyvalent carboxylic
acid, or an anhydride, an acid chloride or an ester thereof; a
tri- or higher functional hydroxycarboxylic acid, or an
anhydride, an acid chloride or an ester thereof; and a tri- or
higher functional amine.

[0063] Specific examples of the tri- or higher functional
polyhydric alcohol include glycerin, trimethylolpropane and
pentaerythritol. These may be used singly or as a mixture of
two or more thereof.

[0064] Specific examples of the tri- or higher functional
polyvalent carboxylic acid or the anhydride thereof include
trimesic acid, propanetricarboxylic acid, trimellitic anhy-
dride, pyromellitic anhydride, benzophenonetetracarboxylic
acid anhydride and cyclopentanetetracarboxylic acid anhy-
dride. These may be used singly or as a mixture of two or
more thereof.

[0065] Specific examples of the tri- or higher functional
hydroxycarboxylic acid include malic acid, hydroxyglutaric
acid, hydroxymethylglutaric acid, tartaric acid, citric acid,
hydroxyisophthalic acid and hydroxyterephthalic acid.
These may be used singly or as a mixture of two or more
thereof.

[0066] Among them, malic acid, tartaric acid or citric acid
is particularly preferable in terms of availability.

[0067] When the polyester resin contains the constituent
unit having a tri- or higher functional group, the content ratio
of the constituent unit to the total of all the constituent units
constituting the polyester resin is usually 0.0001% by mol or
more, preferably 0.001% by mol or more, further preferably
0.005% by mol or more, sometimes preferably 0.01% by
mol or more, and is usually 5% by mol or less, preferably 4%
by mol or less, further preferably 3% by mol or less in total.
[0068] When the content ratio of the constituent unit
having a tri- or higher functional group in the polyester resin
is the upper limit value or less, polymer crosslinking tends
not to excessively progress, a strand tends to be stably
extracted, and moldability, various physical properties and
the like tend to be achieved. In addition, when the content
ratio of the constituent unit having a tri- or higher functional
group in the polyester resin is the lower limit value or more,
a polyester resin having a proper melt viscosity tends to be
obtained and moldability tends to be enhanced.

[0069] <Chain Extender and Terminal Blocking Agent>
[0070] In production of the polyester resin, a chain
extender such as diisocyanate, diphenyl carbonate, dioxazo-

Jul. 5, 2018

line or silicic acid ester may be used. In particular, when a
carbonate compound such as diphenyl carbonate is used, it
is also preferable to add such a carbonate compound at 20%
by mol or less, preferably 10% by mol or less relative to all
the constituent components of the polyester resin, thereby
providing a polyester carbonate.

[0071] In this case, specific examples of the carbonate
compound include diphenyl carbonate, ditolyl carbonate,
bis(chlorophenyl) carbonate, m-cresyl carbonate, dinaphthyl
carbonate, dimethyl carbonate, diethyl carbonate, dibutyl
carbonate, ethylene carbonate, diamyl carbonate and dicy-
clohexyl carbonate. In addition thereto, a carbonate com-
pound made of a homogeneous or heterogeneous hydroxy
compound, derived from a hydroxy compound such as
phenol or alcohol, can also be used.

[0072] Specific examples of the diisocyanate compound
can include known diisocyanates such as 2,4-tolylene dii-
socyanate, a mixture of 2,4-tolylene diisocyanate and 2,6-
tolylene diisocyanate, diphenylmethane diisocyanate, 1,5-
naphthylene  diisocyanate,  xylylene  diisocyanate,
hydrogenated xylylene diisocyanate, hexamethylene diiso-
cyanate and isophorone diisocyanate.

[0073] Specific examples of the silicic acid ester can
include  tetramethoxysilane, dimethoxydiphenylsilane,
dimethoxydimethylsilane and diphenyldihydroxysilane.
[0074] In order to enhance melt tension, a small amount of
peroxide may also be added.

[0075] These may be each used singly or as a mixture of
two or more thereof.

[0076] The polyester terminal group of the polyester resin
may also be blocked by carbodiimide, an epoxy compound,
a monofunctional alcohol or carboxylic acid.

[0077] In this case, examples of the carbodiimide com-
pound serving as a terminal blocking agent include a com-
pound having at least one carbodiimide group in the mol-
ecule (including a polycarbodiimide compound), and
specific examples of the monocarbodiimide compound
include dicyclohexylcarbodiimide, diisopropylcarbodiim-
ide, dimethylcarbodiimide, diisobutylcarbodiimide, dioctyl-
carbodiimide, t-butylisopropylcarbodiimide, diphenylcarbo-
diimide, di-t-butylcarbodiimide, di-f-naphthyl carbodiimide
and N,N'-di-2,6-diisopropylphenylcarbodiimide.

[0078] These may be used singly or as a mixture of two or
more thereof.

[0079] <Alkali Metal>

[0080] In one embodiment, the polyester resin preferably

includes 0.5 ppm or more, 1000 ppm or less of an alkali
metal. The polyester resin preferably includes such a small
amount of an alkali metal because a thermal decomposition
reaction tends to be suppressed and melt stability tends to be
improved.

[0081] The type of the alkali metal is not particularly
limited, and may be any of Li, Na, K, Rb, Cs and Fr and is
preferably Li, Na or K in terms of availability.

[0082] The content of the alkali metal is preferably 1 ppm
or more, more preferably 5 ppm or more, and is preferably
500 ppm or less, more preferably 250 ppm or less.

[0083]

[0084] The polyester resin satisfies the following (I) and
(II), and preferably satisfies the following (III):

[0085] (I) the reduced viscosity (nsp/c) is 0.7 dL/g or

more;

<Physical Properties of Polyester Resin>
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[0086] (II) the sum of a cyclovinylidene terminal repre-
sented by the following formula (1) and a methylcyclohex-
ene terminal represented by the following formula (2) is 80
peq/g or less; and

[Formula 2]
M

@

(6]
[0087] (III) a carboxylic acid terminal is 30 peq/g or less.
[0088] ((I) Reduced Viscosity)
[0089] The reduced viscosity (nsp/c) of the polyester resin

is 0.7 dL/g or more, may be 0.5 dL/g or more, may be 0.6
dL/g or more, preferably 0.75 dL/g or more, more preferably
0.76 dL/g or more, further preferably 0.77 dL/g or more. The
upper limit of the reduced viscosity is usually 3.0 dL/g or
less, preferably 2.5 dL/g or less, more preferably 2.0 dL./g or
less, further preferably 1.5 dL/g or less, still more preferably
1.2 dL/g or less, yet further preferably 1.1 dL/g or less,
particularly preferably 1.0 dL/g or less. When the reduced
viscosity is the lower limit value or more, a film and an
injection molded product tend to be easily formed, and the
resulting molded article tends to have strength. On the other
hand, when the reduced viscosity is the upper limit value or
less, molding tends to be facilitated.

[0090] In the present invention, the reduced viscosity
(nsp/c) of the polyester resin is determined from the solution
viscosity measured at 30° C. in a polyester resin concentra-
tion of 0.5 g/dL. in phenol/tetrachloroethane (1:1 weight
ratio).

[0091] The method for allowing the reduced viscosity
(nsp/c) to be 0.7 dL/g or more is not particularly limited, and
the reduced viscosity tends to be easily a specified value or
more by use of a melt polymerization method and by control
of a catalyst, the polymerization temperature and the like.
[0092] ((II) Sum of Cyclovinylidene Terminal Repre-
sented by Formula (1) and Methylcyclohexene Terminal
Represented by Formula (2))

[0093] The polyester resin has a cyclovinylidene terminal
represented by formula (1) and/or a methylcyclohexene
terminal represented by formula (2). The sum of the cyclo-
vinylidene terminal represented by formula (1) and the
methylcyclohexene terminal represented by formula (2) is
usually 80 peq/g or less, preferably 70 peq/g or less, more
preferably 65 peq/g or less, further preferably 60 peq/g or
less. The lower limit is not particularly limited, and it is
preferably O or more. When the sum is the upper limit value
or less, a polycondensation reaction tends to easily progress.
In addition, the polyester resin tends to achieve heat resis-
tance, melt stability and the like. Herein, the cyclovinylidene
terminal represented by formula (1) and/or the methylcy-
clohexene terminal represented by formula (2) may be
designated as a vinyl terminal.

[0094] The method for allowing the sum of the cyclovi-
nylidene terminal represented by formula (1) and the meth-
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ylcyclohexene terminal represented by formula (2) to fall
within the above range is not particularly limited, and
examples include a method for controlling a polycondensa-
tion reaction temperature such as t1 described below.
[0095] ((III) Carboxylic Acid Terminal)

[0096] The polyester resin preferably includes 30 peq/g or
less of a carboxylic acid terminal, more preferably 25 peq/g
or less, further preferably 20 peqg/g or less. The lower limit
is not particularly limited, and it is 0 or more. When the
polyester resin includes a carboxylic acid terminal at the
upper limit value or less, heat resistance, hydrolysis resis-
tance, melt stability and the like tend to be achieved.
[0097] The method for allowing the carboxylic acid ter-
minal to be included within the above ranges is not particu-
larly limited, and examples include a method for controlling
a polycondensation reaction temperature such as tl
described below.

[0098] (Difference Between Melting Point (Tm) and Cool-
ing Crystallization Temperature (Tmc) Measured by DSC)
[0099] In the polyester resin, the difference (hereinafter,
sometimes designated as “Tm-Tmc”.) between the melting
point (Tm) and the cooling crystallization temperature
(Tmc) measured by DSC may be 60° C. or less, may be 55°
C. or less, and is preferably 50° C. or less, more preferably
45° C. or less, further preferably 40° C. or less. The lower
limit is not particularly set, and may also be 0 (Tm=Tmc),
provided that Tm=Tmc is satisfied.

[0100] When Tm-Tmc is the upper limit value or less,
crystallization tends to easily progress in molding and a
molded article favorable in heat resistance tends to be
obtained. In addition, favorable releasing in injection mold-
ing is easily made, thereby contributing to an enhancement
in productivity.

[0101] The measurement conditions of DSC are as fol-
lows: the polyester resin is heated from 30° C. to 300° C. at
a rate of 10° C./min, subsequently cooled to 30° C. at the
same rate and further heated to 300° C. at the same rate. The
temperature of the maximum endothermic peak observed in
the second heating step is defined as Tm, the temperature of
the exothermic peak observed in the cooling step is defined
as Tme, and the temperatures of the peak tops are read.
[0102] The method for allowing Tm-Tmc to fall within
the above range is not particularly limited, and examples
include a method for controlling a polycondensation reac-
tion temperature t1 described below so that the temperature
is not excessively raised.

[0103] (Melting Point (Tm) of Polyester Resin)

[0104] Tm of'the polyester resin, measured by DSC, is not
particularly limited as long as Tm-Tmc falls within the
range. Tm is preferably 290° C. or less, further preferably
280° C. or less, and is preferably 240° C. or more, further
preferably 250° C. or more. When Tm falls within such
ranges, a molded article favorable in moldability and excel-
lent in heat resistance tends to be obtained.

[0105] Herein, the method for measuring Tm is the same
as that listed in Tm-Tmc described above.

[0106] The number average molecular weight of the poly-
ester resin is not particularly limited, and it is preferably
30000 or more, further preferably 35000 or more, particular
preferably 37000 or more, and is preferably 100000 or less,
more preferably 80000 or less, further preferably 70000 or
less, still more preferably 50000 or less, yet further prefer-
ably 48000 or less, particular preferably 45000 or less. When
the number average molecular weight falls within such
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ranges, moldability and heat resistance tend to be improved.
Herein, the number average molecular weight can be mea-
sured by GPC as described in Examples.

[0107] [Method for Producing Polyester Resin]

[0108] A known method with respect to polyester resin
production can be adopted in the method for producing a
polyester resin. For example, there can be adopted a com-
mon method for melt polymerization where a dicarboxylic
acid and/or a dicarboxylic acid ester, and a diol are used to
perform an esterification reaction and/or a transesterification
reaction and thereafter a polycondensation reaction under
reduced pressure is performed. In addition, a method for
producing a polyester resin by melt polymerization
described below, the method including further performing
solid phase polymerization, or the like can be used.

[0109] The polyester resin is preferably produced in the
presence of a catalyst. Examples of the catalyst to be used
include catalysts described below, and the timing of addi-
tion, the amount, and the like can also be appropriately
adjusted.

[0110] Examples of raw materials of the polyester resin,
such as a dicarboxylic acid, a dicarboxylic acid ester and a
diol, include respective materials listed with respect to the
above polyester resin.

[0111] <Method for Producing Polyester Resin by Melt
Polymerization>

[0112] The method for producing a polyester resin with a
dicarboxylic acid and/or a dicarboxylic acid ester, and a diol
by melt polymerization preferably includes the following
step (IV) and step (V):

[0113] (IV) a step of performing an esterification or trans-
esterification reaction; and

[0114] (V) a step of, thereafter, performing polyconden-
sation under reduced pressure at a temperature (t1) repre-
sented by the following expression (3):

Tmstl<Tm+15° C. 3)

[0115] Tm: melting point of polyester resin.

[0116] In one embodiment, the dicarboxylic acid includes
2,5-furandicarboxylic acid and/or 2,5-furandicarboxylic
acid ester, and the diol includes 1,4-cyclohexanedimethanol.
[0117] (Catalyst)

[0118] The production of a polyester resin by melt polym-
erization can be made using a catalyst. The time point of
catalyst addition is not particularly limited, and such addi-
tion may be conducted in charging of raw materials, or may
be conducted in the course of a production process. Such
addition may be conducted in portions in charging of raw
materials and in the course of a production process. In other
words, step (IV) and/or step (V) can be performed in the
presence of a catalyst.

[0119] Any catalyst which can be used for production of
polyester can be selected as the catalyst, and a compound of
a metal such as germanium, titanium, zirconium, hafnium,
antimony, tin, magnesium, calcium, zinc, aluminum, cobalt,
lead, cesium, manganese, lithium, potassium, sodium, cop-
per, barium or cadmium is suitable. Among them, a germa-
nium compound, a titanium compound, a magnesium com-
pound, a tin compound, a zinc compound or a lead
compound is suitable, and particularly suitable examples
include a titanium compound or a magnesium compound.
[0120] The titanium compound for use as the catalyst is
not particularly limited. The titanium compound is prefer-
ably tetraalkyl titanate, and specific examples thereof
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include tetra-n-propyl titanate, tetraisopropyl titanate, tetra-
n-butyl titanate, tetra-t-butyl titanate, tetraoctyl titanate,
tetraphenyl titanate, tetracyclohexyl titanate, tetrabenzyl
titanate, and mixed titanates thereof. In addition, examples
also include titanium (oxy) acetylacetonate, titanium tet-
raacetylacetonate, titanium (diisopropoxide) acetylaceto-
nate, titanium bis(ammoniumlactato)dihydroxide, titanium
bis(ethylacetoacetate) diisopropoxide, titanium (triethano-
laminate) isopropoxide, polyhydroxytitanium stearate, tet-
rastearyl titanate, titanium lactate, titanium triethanolami-
nate and a butyl titanate dimer. Furthermore, examples also
include titanium oxide, and a composite oxide including
titanium and silicon.

[0121] Among them, tetra-n-propyl titanate, tetraisopro-
pyl titanate, tetra-n-butyl titanate, tetraoctyl titanate, tita-
nium (oxy) acetylacetonate, titanium tetraacetylacetonate,
titanium bis(ammoniumlactato)dihydroxide, polyhydroxyti-
tanium stearate, tetrastearyl titanate, titanium lactate, a butyl
titanate dimer, titanium oxide or a titania/silica composite
oxide is preferable. Furthermore, tetraisopropyl titanate,
tetra-n-butyl titanate, tetraoctyl titanate, titanium (0Xy)
acetylacetonate, titanium tetraacetylacetonate, polyhy-
droxytitanium stearate, tetrastearyl titanate, titanium lactate,
a butyl titanate dimer or a titania/silica composite oxide is
more preferable.

[0122] The magnesium compound for use as the catalyst is
not particularly limited. Preferable examples include mag-
nesium formate, magnesium acetate, magnesium propi-
onate, magnesium n-butyrate, magnesium n-valerate, mag-
nesium n-caproate, magnesium n-caprate, magnesium
stearate and magnesium oxide. Among them, magnesium
formate, magnesium acetate or magnesium propionate is
suitably used, and magnesium acetate is further suitably
used.

[0123] These catalysts may be used singly or as a mixture
of two or more thereof. Any other catalyst may also be used
in combination as long as the objects of the present invention
are not impaired.

[0124] The catalyst is particular preferably a combination
of tetraalkoxy titanium with the magnesium compound
because of being high in activity, and is particular preferably
a combination of tetrabutyl titanate with magnesium acetate.

[0125] The amount of the catalyst to be used is preferably
0.1 ppm or more, more preferably 0.3 ppm or more, further
preferably 1 ppm or more, and is preferably 3000 ppm or
less, more preferably 500 ppm or less, further preferably 300
ppm or less, in terms of the amount of the metal in the
catalyst relative to a polymer to be produced. When the
amount of the catalyst to be used is the lower limit value or
more, the reaction rate of the polymerization reaction tends
to be high to thereby impart a high production efficiency.
When the amount is the upper limit value or less, the
production cost tends to be decreased and the catalyst
residue also tends to be decreased. The catalyst residue can
be decreased, thereby resulting in a tendency to suppress
coloration of the resulting polyester resin, and deterioration
in melt heat stability and hydrolyzability thereof.

[0126] (Step (IV))

[0127] Step (IV) is for performing an esterification or
transesterification reaction of a dicarboxylic acid and/or a
dicarboxylic acid ester, and a diol.
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[0128] (Temperature, Time and Pressure)

[0129] The conditions such as the temperature, the time
and the pressure in step (IV) can be adopted so as to fall
within the ranges in a conventionally known polyester
production method.

[0130] The lower limit of the temperature of the esterifi-
cation or transesterification reaction of a dicarboxylic acid
and/or a dicarboxylic acid ester, and a diol is usually 100° C.
or more, preferably 120° C. or more, and is usually 300° C.
or less, preferably 290° C. or less, further preferably 280° C.
or less. When the temperature falls within such ranges, the
reaction tends to efficiently progress.

[0131] The reaction atmosphere is usually an atmosphere
of an inert gas such as nitrogen or argon. The reaction
pressure is usually from normal pressure to 10 kPa, and is
preferably normal pressure.

[0132] The reaction time is usually 1 hour or more, and the
upper limit thereof is usually 10 hours or less, preferably 8
hours or less.

[0133] (Step (V)

[0134] Step (V) is subsequent to step (IV) and is for
performing a polycondensation reaction under reduced pres-
sure at a polycondensation reaction temperature (t1) repre-
sented by the following expression (3).

[0135] (Temperature, Time and Pressure)

[0136] The conditions such as the temperature, the time
and the pressure in step (V) can be adopted so as to fall
within the ranges in a conventionally known polyester
production method.

[0137] In the subsequent polycondensation reaction, pres-
sure reduction is started at the time point where the tem-
perature reaches any temperature, and the lower limit of the
final pressure is usually 0.01x10° Pa or more, preferably
0.05x10> Pa or more, and is usually 1.4x10> Pa or less,
preferably 0.6x10° Pa or less, preferably 0.3x10° Pa or less.
When the pressure in the polycondensation reaction is the
upper limit or less, the production time of polyester tends to
be prevented from being too long, a reduction in molecular
weight and coloration of polyester due to thermal decom-
position tend to be suppressed, and it tends to be possible to
produce a polyester exhibiting sufficient characteristics for
practical use. When the pressure is the lower limit value or
more, production can be made without any expensive equip-
ment dealing with extremely high vacuum.

[0138] The lower limit of the reaction time of the poly-
condensation reaction is usually 1 hour or more, and the
upper limit thereof is usually 15 hours. The reaction time is
preferably 10 hours or less, more preferably 8 hours or less.
When the reaction time is the lower limit or more, the
reaction tends to sufficiently occur, to thereby provide a
polyester high in the degree of polymerization, and impart
mechanical properties. When the reaction time is the upper
limit or less, a decrease in the molecular weight of polyester
due to thermal decomposition can be suppressed, and
mechanical properties tend to be achieved. In addition, the
carboxylic acid terminal and vinyl terminal can be
decreased, and therefore heat resistance, hydrolysis resis-
tance, melt heat stability and the like tend to be achieved.
[0139] (Polycondensation Reaction Temperature (t1) in
Melt Polymerization)

[0140] The polycondensation reaction temperature (t1) in
the melt polymerization in step (V) preferably falls within
the range represented by expression (3).

Tmstl<Tm+15° C. 3)
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[0141] Tm represents the melting point of the resulting
polyester resin. A preferable range of Tm is the same range
as that represented with respect to physical properties of the
polyester resin.

[0142] The polycondensation reaction temperature (t1) is
more preferably Tm+13° C. or less, further preferably
Tm+10° C. or less.

[0143] When t1 is Tm or more, a melting form tends to be
obtained, and sufficiently stirred. When Tm+15° C. or less is
satisfied, the crystallization speed of the polyester resin
produced tends to be increased and a molded article favor-
able in heat resistance tends to be obtained. In addition, in
injection molding or the like, mold releasing tends to be
favorably made to thereby impair no appearance of a molded
product, and furthermore thermal decomposition, color-
ation, a side-reaction and the like are suppressed to hardly
cause the concentrations of the carboxylic acid terminal and
the vinyl terminal to be excessive. Therefore, a polyester
resin having a sufficient degree of polymerization tends to be
obtained, and physical properties such as mechanical prop-
erties, heat resistance, melt heat stability and hydrolysis
resistance tend to be achieved.

[0144] Furthermore, when a solid phase polymerization
step described below is included after melt polymerization,
tl falls within the above range, thereby resulting in a
tendency to allow features such as an increase in crystalli-
zation temperature and a decrease in the vinyl terminal to be
taken over even after solid phase polymerization. In addi-
tion, a solid phase polymerization reaction tends to be
efficiently performed, and a polyester resin high in molecu-
lar weight tends to be obtained.

[0145] (Addition of Alkali Metal)

[0146] In the case where the polyester resin contains an
alkali metal, an alkali metal-containing raw material may be
added in step (IV) in the production method, an alkali
metal-containing raw material may be added before step (V),
an alkali metal-containing raw material may be added after
completion of the polycondensation reaction, or an alkali
metal-containing raw material may be added after comple-
tion of the solid phase polymerization. Examples of the
alkali metal-containing raw material to be added include an
alkali metal compound.

[0147] The alkali metal compound is not particularly
limited. Examples thereof suitably include carbonate, hydro-
gen carbonate, sulfate, oxide, hydroxide, chloride, phos-
phate, borate, and organic acid salts such as acetate and
citrate. More preferable is carbonate, hydrogen carbonate,
phosphate, borate, acetate or the like.

[0148] The amount to be added may be set so that the
alkali metal content in the polyester resin is 0.5 to 1000 ppm.
[0149] (Reaction Apparatus)

[0150] A known vertical or horizontal stirring tank type
reactor can be used as the reaction apparatus for producing
a polyester resin. For example, when the melt polymeriza-
tion is performed in two steps including a step of esterifi-
cation and/or transesterification and a step of polyconden-
sation under reduced pressure by use of the identical
reaction apparatus or different reaction apparatuses, a reac-
tor for polycondensation under reduced pressure, preferably
used, is one where a condenser is connected to an exhaust
pipe for pressure reduction, the pipe connecting a vacuum
pump and a reactor, and a volatile component and an
unreacted monomer generated in the polycondensation reac-
tion are recovered in the condenser.
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[0151] A reaction apparatus for continuously producing a
polyester resin is an esterification and/or transesterification
reaction tank system and is not particularly limited, and for
example, a known vertical stirring complete mixing tank,
vertical thermal convection type mixing tank or column type
continuous reaction tank can be used. A polycondensation
reaction system is also not particularly limited, and for
example, a known vertical stirring polymerization tank,
horizontal stirring polymerization tank or thin film evapo-
ration type polymerization tank can be used. The esterifica-
tion and/or transesterification reaction tank and the polycon-
densation reaction tank can be one tank, or can be multiple
tanks where multiple different tanks are aligned in series.
[0152] (Molar Ratio in Charging)

[0153] In the method for producing polyester, the molar
ratio of the dicarboxylic acid and/or the dicarboxylic acid
ester and the diol to be charged is not particularly limited.
The amount of the diol to 1 mol of the total of the
dicarboxylic acid and dicarboxylic acid ester is preferably
0.9 mol or more, more preferably 1.0 mol or more, further
preferably 1.01 mol or more, and is preferably 3.0 mol or
less, more preferably 2.5 mol or less, further preferably 2.0
mol or less. When the molar ratio in charging is set to fall
within such ranges, a sublimate in production tends to be
decreased to thereby block no distillation pipe. In addition,
it tends to be possible to sufficiently increase the molecular
weight of the resulting polyester resin.

[0154] (Solid Phase Polymerization)

[0155] In the method for producing polyester, it is pref-
erable to further perform solid phase polymerization after
the melt polymerization. It is particularly preferable to
perform the following step (VI) after the melt polymeriza-
tion:

[0156] (VI) a step of performing solid phase polymeriza-
tion at a reaction temperature (t2) represented by the fol-
lowing expression (4).

2<Tm )

[0157] Tm represents the melting point of the resulting
polyester resin. A preferable range of Tm is the same range
as that represented with respect to physical properties of the
polyester resin.

[0158] The polyester resin has a high crystallinity, and
thus can be easily increased in the molecular weight by solid
phase polymerization.

[0159] The reaction temperature (t2) is not particularly
limited as long as it is Tm or less, and it is preferably 260°
C. or less, more preferably 250° C. or less and is preferably
80° C. or more, more preferably 100° C. or more, further
preferably 120° C. or more. When the reaction temperature
(12) falls within such ranges, it tends to be possible to further
increase the molecular weight of the resulting polyester
resin.

[0160] The reaction temperature (t2) of the solid phase
polymerization is preferably lower than the polycondensa-
tion reaction temperature (t1) of the melt polymerization.
When the reaction temperature (t2) is lower than t1, thermal
decomposition and a side-reaction are suppressed, the car-
boxylic acid terminal and vinyl terminal concentrations are
low, suppression of coloration is favorable, and a polyester
resin high in molecular weight is easily obtained.

[0161] The solid phase polymerization method is not
particularly limited, and examples include a method includ-
ing heating a polyester resin pellet or powder under an inert
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gas atmosphere or under reduced pressure. Such a reaction
can also be performed even in the state where the pellet or
powder is left to stand or stirred. In the case of stirring, such
stirring may be made by using a reaction vessel equipped
with a stirring blade, or by shaking a reaction vessel.
[0162] The reaction time of the solid phase polymerization
reaction is usually 0.5 hours or more, preferably 1 hour or
more, more preferably 2 hours or more, and is preferably 30
hours or less, more preferably 25 hours or less, further
preferably 20 hours or less. When the reaction time is the
lower limit or more, the molecular weight tends to be high
and sufficient mechanical properties tend to be achieved.
When the reaction time is the upper limit or less, it tends to
be possible to suppress coloration.

[0163] The polyester resin subjected to the solid phase
polymerization is preferably increased in the molecular
weight to some extent by melt polymerization in advance.
The reduced viscosity of the polyester resin here is prefer-
ably 0.1 dL/g or more, more preferably 0.2 dL./g or more,
further preferably 0.3 dL/g or more. The upper limit is not
particularly set, and it is preferably 1 dL/g or less, more
preferably 0.95 dL/g or less, further preferably 0.9 dL/g or
less. When the reduced viscosity falls within the above
ranges, the reaction time of the solid phase polymerization
tends to be prevented from being too long, and it tends to be
possible to sufficiently increase the molecular weight of the
resulting polyester resin, and to suppress coloration.
[0164] The polyester resin subjected to the solid phase
polymerization preferably includes 30 peq/g or less of a
carboxylic acid terminal, further preferably 25 peq/g or less,
more preferably 20 peq/g or less. The lower limit is not
particularly limited, and it is O or more.

[0165] The sum of the cyclovinylidene terminal and the
methylcyclohexene terminal is usually 80 peq/g or less,
preferably 70 peq/g or less, further preferably 65 peq/g or
less, more preferably 60 peg/g or less. The lower limit is not
particularly limited, and it is preferably 0 or more.

[0166] When the sum of the carboxylic acid terminal and
the vinyl terminal falls within the above ranges, the solid
phase polymerization tends to efficiently progress, and a
polyester resin high in molecular weight tends to be
obtained.

[0167] (Heat Stabilizer)

[0168] In production of the polyester resin, a heat stabi-
lizer can also be used. Such use is preferable in that thermal
decomposition in the polymerization reaction can be sup-
pressed and the carboxylic acid terminal and vinyl terminal
can be decreased.

[0169] A known stabilizer can be used as the heat stabi-
lizer, and examples include a hindered phenol-based com-
pound, a hindered amine-based compound and a phospho-
rus-based compound. Among them, a phosphorus-based
compound is preferable. The heat stabilizer may be intro-
duced in charging of raw materials, or in the course of a
production process or at the stage of extraction.

[0170] Various additives such as a heat stabilizer, an
antioxidant, a hydrolysis inhibitor, a crystal nucleating
agent, a flame retardant, an antistatic agent, a release agent
and an ultraviolet absorber may also be added to the poly-
ester resin as long as characteristics of the polyester resin are
not impaired.

[0171] Such additives may be added to a reaction appa-
ratus before the polymerization reaction, may be added to a
conveyance apparatus or the like during a period from the
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start of the polymerization reaction to the end of the polym-
erization reaction, or may be added after completion of the
polymerization reaction and before extraction of a product.
Alternatively, such additives may be added to a product
extracted.

[0172] In molding of the polyester resin, such molding
may be made by adding a crystal nucleating agent, a
reinforcing agent, a thickening agent and the like, for
example, a glass fiber, a carbon fiber, titanium whisker,
mica, talc, boron nitride, CaCO;, TiO,, silica, layered sili-
cate, polyethylene wax, and polypropylene wax, in addition
to various additives described above.

[0173]

[0174] Another embodiment of the present invention
relates to a polyester resin composition, and the polyester
resin composition can include, in addition to the above-
mentioned polyester resin, a filler, a phosphorus-based com-
pound, a sulfur-based compound, a phenol-based com-
pound, an epoxy-based compound, an isocyanate-based
compound and a carbodiimide-based compound.

[0175] (Filler)

[0176] Various inorganic or organic fillers may be added to
the polyester resin composition. Examples of such an inor-
ganic filler include anhydrous silica, isinglass, talc, titanium
oxide, calcium carbonate, diatomous earth, allophane, ben-
tonite, potassium titanate, zeolite, sepiolite, smectite, kaolin,
kaolinite, glass, limestone, carbon, wollastonite, calcined
perlite, silicates such as calcium silicate and sodium silicate,
aluminum oxide, magnesium carbonate, hydroxides such as
calcium hydroxide, ferric carbonate, zinc oxide, iron oxide,
and salts such as aluminum phosphate and barium sulfate.
These may be used singly or as a mixture of two or more
thereof.

[0177] When the polyester resin composition includes
such an inorganic filler, the content of the inorganic filler in
the polyester resin composition is usually 1 to 80% by
weight, preferably 3 to 70% by weight, more preferably 5 to
60% by weight.

[0178] Examples of such an organic filler include raw
starch, modified starch, pulp, chitin/chitosan, a coconut shell
powder, a bamboo powder, a bark powder, and powders of
kenaf, straw, and the like. Examples also include nanofiber
cellulose obtained by breaking a fiber such as pulp at the
nano-level. These may be used singly or as a mixture of two
or more thereof.

[0179] When the polyester resin composition includes
such an organic filler, the content of the organic filler in the
polyester resin composition is usually 0.1 to 70% by weight,
preferably 1 to 50% by weight.

[0180] If the percentage by weight of the inorganic filler
and the organic filler is less than the above range, the amount
of the filler to be added can be small, to thereby cause the
effect of addition not to be sufficiently achieved, and if the
percentage is more than the above range, mechanical prop-
erties such as tensile elongation and impact resistance are
deteriorated.

[0181] (Phosphorus-Based Compound,
Compound and Phenol-Based Compound)

[0182] The polyester resin composition preferably con-
tains at least one compound selected from the group con-
sisting of a phosphorus-based compound, a sulfur-based
compound and a phenol-based compound. Such a compound
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is contained, thereby providing a polyester resin composi-
tion having excellent heat resistance, mechanical properties
and moldability.

[0183] A conventionally known any phosphorus-contain-
ing compound can be used as the phosphorus-based com-
pound, and it is preferably at least one phosphorus-based
compound selected from phosphorous acid, phosphoric acid
and an organic phosphorus-based compound in terms of heat
resistance and moldability of the resulting polyester resin
composition.

[0184] An organic compound including a carbon-phos-
phorus bond can be widely applied as the organic phospho-
rus-based compound. In particular, at least one phosphorus-
based organic compound selected from a phosphite
compound, a phosphate compound and a phosphonite com-
pound is preferable, and phosphite is more preferable from
the viewpoint that burr and warpage in molding are
decreased. Herein, phosphite may be mutually bound to
thereby form diphosphite or the like. Much the same is true
on phosphate and phosphonite.

[0185] Examples of the phosphite compound include tri-
phenyl phosphite, tris(nonylphenyl)phosphite, dilauryl
hydrogen phosphite, triethyl phosphite, tridecyl phosphite,
tris(2-ethylhexyl)phosphite, tris(tridecyl)phosphite,
tristearyl phosphite, diphenyl monodecyl phosphite, mono-
phenyl didecyl phosphite, diphenylmono(tridecyl)phos-
phite, tetraphenyl dipropylene glycol diphosphite, tetraphe-
nyltetra(tridecyl)pentaerythritol tetraphosphite, a
hydrogenated bisphenol A phenolphosphite polymer, diphe-
nyl hydrogen phosphite, 4,4'-butylidene-bis(3-methyl-6-
tert-butylphenyl di(tridecyl)phosphite), tetra(tridecyl)4,4'-
isopropylidenediphenyl diphosphite, bis(tridecyl)
pentaerythritol diphosphite, bis(nonylphenyl)pentaerythritol
diphosphite, dilaurylpentaerythritol diphosphite, distearyl-
pentaerythritol diphosphite, tris(4-tert-butylphenyl)phos-
phite, tris(2,4-di-tert-butylphenyl)phosphite, a hydrogenated
bisphenol A pentaerythritol phosphite polymer, bis(2,4-di-
tert-butylphenyl)pentaerythritol diphosphite, bis(2,6-di-tert-
butyl-4-methylphenyl)pentaerythritol ~ diphosphite, 2,2'-
methylenebis(4,6-di-tert-butylphenyl)octyl phosphite and
bis(2,4-dicumylphenyl)pentaerythritol diphosphite. Among
them, bis(2,6-di-tert-butyl-4-methylphenyl)pentaerythritol
diphosphate is preferable.

[0186] The phosphate compound is preferably a com-
pound represented by the following general formula:

(R10);.,P(=0)OH,

[0187] wherein R, represents an alkyl group or an aryl
group and may be each the same or different; and n denotes
an integer of 0 to 2.

More preferably, examples include a long-chain alkyl acid
phosphate compound wherein R, has 8 to 30 carbon atoms.
Specific examples of such an alkyl group having 8 to 30
carbon atoms include an octyl group, a 2-ethylhexyl group,
an isooctyl group, a nonyl group, an isononyl group, a decyl
group, an isodecyl group, a dodecyl group, a tridecyl group,
an isotridecyl group, a tetradecyl group, a hexadecyl group,
octadecyl group, an eicosyl group and a triacontyl group.
[0188] Examples of the long-chain alkyl acid phosphate
include octyl acid phosphate, 2-ethylhexyl acid phosphate,
decyl acid phosphate, lauryl acid phosphate, octadecyl acid
phosphate, oleyl acid phosphate, behenyl acid phosphate,
phenyl acid phosphate, nonylphenyl acid phosphate, cyclo-
hexyl acid phosphate, phenoxyethyl acid phosphate, alkoxy
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polyethylene glycol acid phosphate, bisphenol A acid phos-
phate, dimethyl acid phosphate, diethyl acid phosphate,
dipropyl acid phosphate, diisopropyl acid phosphate, dibutyl
acid phosphate, dioctyl acid phosphate, di-2-ethylhexyl acid
phosphate, dioctyl acid phosphate, dilauryl acid phosphate,
distearyl acid phosphate, diphenyl acid phosphate and bis-
nonylpheny! acid phosphate.

[0189] Examples of the phosphonite compound preferably
include a compound represented by the following general
formula:

Ry—P(OR3)(ORy)

[0190] wherein each of R,, R; and R, represents a hydro-

gen atom, an alkyl group having 1 to 30 carbon atoms or an

aryl group having 6 to 30 carbon atoms, and at least one of

R,, R; and R, represents an aryl group having 6 to 30 carbon

atoms.

[0191] Examples of the phosphonite compound include

[0192] tetrakis(2,4-di-iso-propylphenyl)-4.,4'-biphenylene
diphosphonite,

[0193] tetrakis(2,4-di-n-butylphenyl)-4,4'-biphenylene
diphosphonite,

[0194] tetrakis(2,4-di-tert-butylphenyl)-4,4'-biphenylene
diphosphonite,

[0195] tetrakis(2,4-di-tert-butylphenyl)-4,3'-biphenylene
diphosphonite,

[0196] tetrakis(2,4-di-tert-butylphenyl)-3,3'-biphenylene
diphosphonite,

[0197] tetrakis(2,6-di-iso-propylphenyl)-4.,4'-biphenylene
diphosphonite,

[0198] tetrakis(2,6-di-n-butylphenyl)-4,4'-biphenylene
diphosphonite,

[0199] tetrakis(2,6-di-tert-butylphenyl)-4,4'-biphenylene
diphosphonite,

[0200] tetrakis(2,6-di-tert-butylphenyl)-4,3'-biphenylene
diphosphonite and

[0201] tetrakis(2,6-di-tert-butylphenyl)-3,3'-biphenylene
diphosphonite.

[0202] A conventionally known any sulfur atom-contain-

ing compound can be used as the sulfur-based compound,

and in particular, thioethers are preferable. Specific

examples include didodecyl thiodipropionate, ditetradecyl

thiodipropionate, dioctadecyl thiodipropionate, pentaeryth-

ritol tetrakis(3-dodecylthiopropionate), thiobis(N-phenyl-f3-

naphthyl amine), 2-mercaptobenzothiazole, 2-mercaptoben-

zimidazole, tetramethylthiuram monosulfide,

tetramethylthiuram disulfide, nickel dibutyl dithiocarbam-

ate, nickel isopropyl xanthate and trilaury] trithiophosphite.

Among them, pentaerythritol tetrakis(3-dodecylthiopropi-

onate) is preferable.

[0203] Examples of the phenol-based compound include

[0204] pentaerythritol tetrakis(3-(3,5-di-t-butyl-4-hy-
droxyphenyl)propionate), octadecyl-3-(3,5-di-tert-butyl-
4-hydroxyphenyl)propionate, thiodiethylene

[0205] bis(3-(3,5-di-tert-butyl-4-hydroxyphenyl)propi-
onate) and pentaerythritol

[0206] tetrakis(3-(3,5-di-neopentyl-4-hydroxyphenyl)pro-
pionate).
[0207] Although the detail reason why the polyester resin

composition contains at least one compound selected from
the group consisting of the phosphorus-based compound, the
sulfur-based compound and the phenol-based compound to
thereby have excellent heat resistance, mechanical proper-
ties and moldability is not clear, it is presumed as follows.
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[0208] It is considered that the phosphorus-based com-
pound, the sulfur compound or the phenol-based compound
is added to the polyester resin, to thereby suppress thermal
decomposition in kneading of the resin composition and thus
suppress generation of a low molecular weight component.
It is thus presumed that burr of a molded article is decreased.
It is also presumed that the variation in density and the
variation in the degree of crystallization of the resin are
reduced and thus warpage of a molded article is decreased.
The effect of decreasing warpage of a molded article is an
extremely unexpected effect because it is also unclear how
the phosphorus-based compound, the sulfur compound or
the phenol-based compound acts.

[0209] The content of at least one compound selected from
the group consisting of the phosphorus-based compound, the
sulfur-based compound and the phenol-based compound in
the polyester resin composition is usually 0.01 parts by
weight or more, preferably 0.05 parts by weight or more,
more preferably 0.1 parts by weight or more based on 100
parts by weight of the polyester resin, and on the other hand,
the upper limit thereof is usually 5 parts by weight or less,
preferably 3 parts by weight or less, more preferably 1 part
by weight or less. When the content falls within the above
ranges, heat stability tends to be enhanced and also burr and
warpage tend to hardly occur in molding.

[0210] (Epoxy-Based Compound, Isocyanate-Based
Compound and Carbodiimide-Based Compound)

[0211] The polyester resin composition preferably con-
tains at least one compound selected from the group con-
sisting of an epoxy-based compound, an isocyanate-based
compound and a carbodiimide-based compound. The poly-
ester resin composition contains such a compound, and thus
has excellent heat resistance, residence heat stability and
mechanical properties.

[0212] The epoxy-based compound is not particularly
limited as long as it is a compound having an epoxy group.
The functional group in the epoxy-based compound may
have monofunctionality, or di- or higher functionality, and a
di- or higher functional epoxy-based compound is preferable
and an epoxy-based compound having two or more epoxy
groups in one molecule is more preferable from the view-
point of enhancing residence heat stability.

[0213] Examples of the epoxy-based compound include
glycidyl ethers such as methyl glycidyl ether, butyl glycidyl
ether, 2-ethylhexyl glycidyl ether, decyl glycidyl ether,
stearyl glycidyl ether, phenyl glycidyl ether, butylphenyl
glycidyl ether and allyl glycidyl ether; diglycidyl ethers such
as bisphenol A diglycidyl ether, neopentyl glycol diglycidyl
ether, ethylene glycol diglycidyl ether, glycerin diglycidyl
ether and propylene glycol diglycidyl ether; glycidyl esters
such as benzoic acid glycidyl ester and sorbic acid glycidyl
ester, diglycidyl esters such as adipic acid diglycidyl ester,
terephthalic acid diglycidyl ester and orthophthalic acid
diglycidyl ester; alicyclic diepoxy-based compounds such as
3,4-epoxycyclohexylmethyl-3',4'-epoxycyclohexyl car-
boxylate; glycidylimide compounds such as N-glycidyl-
phthalimide; and novolac-type epoxy-based compounds
such as phenol novolac and cresol novolac.

[0214] Among them, a phenol novolac-type epoxy-based
compound is preferable which is a polyfunctional epoxy-
based compound obtained by a reaction of phenol novolac
and epichlorohydrin.
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[0215] The epoxy equivalent in the epoxy-based com-
pound is not particularly limited, and it is usually 50 to 5000
g/eq, preferably 100 to 1000 g/eq, more preferably 120 to
250 gleq.

[0216]

[0217] The isocyanate-based compound is not particularly
limited as long as it is a compound having an isocyanate
group. The functional group in the isocyanate-based com-
pound may have monofunctionality, or di- or higher func-
tionality, and a di- or higher functional isocyanate-based
compound is preferable and a compound having two or more
isocyanate groups in one molecule is more preferable from
the viewpoint of enhancing residence heat stability.

[0218] Examples of the isocyanate-based compound
include monoisocyanate compounds such as methyl isocya-
nate; and diisocyanate compounds such as 2.4-tolylene
diisocyanate, a mixture of 2,4-tolylene diisocyanate and
2,6-tolylene diisocyanate, diphenylmethane diisocyanate,
1,5-naphthylene diisocyanate, xylylene diisocyanate, hydro-
genated xylylene diisocyanate, hexamethylene diisocyanate
and isophorone diisocyanate.

[0219] Preferably, diphenylmethane diisocyanate is used
in terms of residence heat stability of the resin composition.

[0220] <Carbodiimide-Based Compound>

[0221] The carbodiimide-based compound is a compound
(including a polycarbodiimide compound) having at least
one carbodiimide group in the molecule. The functional
group in the carbodiimide-based compound may have
monofunctionality, or di- or higher functionality.

[0222] Examples of the carbodiimide-based compound
include dicyclohexylcarbodiimide, diisopropylcarbodiim-
ide, dimethylcarbodiimide, diisobutylcarbodiimide, dioctyl-
carbodiimide, t-butylisopropylcarbodiimide, diphenylcarbo-
diimide, di-t-butylcarbodiimide, di-f-naphthyl
carbodiimide, N,N'-di-2,6-diisopropylphenylcarbodiimide
and carbodiimide-modified isocyanate, and among them,
carbodiimide-modified isocyanate is preferable.

[0223] Although the detail reason why the polyester resin
composition contains at least one compound selected from
the group consisting of the epoxy-based compound, the
isocyanate-based compound and the carbodiimide-based
compound to thereby have excellent heat resistance, resi-
dence heat stability and mechanical properties is not clear, it
is presumed as follows.

[0224] A polyester resin including a 2,5-furandicarboxylic
acid unit and an alicyclic diol unit as main constituent units
is remarkably low in residence heat stability. It is, however,
presumed from the following reason that residence heat
stability is enhanced by use of the epoxy-based compound,
the carbodiimide-based compound and/or the isocyanate-
based compound.

[0225] It is considered that, when the epoxy-based com-
pound, the carbodiimide-based compound and the isocya-
nate-based compound are monofunctional compounds, resi-
dence heat stability is enhanced by blocking a terminal
carboxylic acid group serving as the origin of point of
decomposition.

[0226] It is also considered that, when the epoxy-based
compound, the carbodiimide-based compound and the iso-
cyanate-based compound are polyfunctional compounds,
such compounds promote a chain extension or crosslinking
reaction of a polyester molecular chain generated by decom-

<Isocyanate-Based Compound>
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position during residence of heat and allow re-binding to
occur, thereby resulting in a significant enhancement in
residence heat stability.

[0227] While a polyfunctional compound is generally a
compound for use in chain extension of a low molecular
weight polymer, and, after added to a common high molecu-
lar weight polymer and then heated, the compound may
cause an increase in molecular weight and gelation, it is
considered that the polyester resin is extremely low in
residence heat stability and equilibrates between thermal
decomposition and a chain extension reaction with the
compound, thereby allowing the above effect to be achieved.
[0228] That is, it is considered that an epoxy-based com-
pound, a carbodiimide-based compound or an isocyanate-
based compound which is a compound having reactivity at
the same level as in the thermal decomposition rate is used,
to thereby enhance residence heat stability with gelation in
melt-kneading being suppressed.

[0229] The content of the epoxy-based compound, the
carbodiimide-based compound and/or the isocyanate-based
compound in the resin composition is usually 0.1 parts by
weight or more, preferably 0.3 parts by weight or more,
more preferably 0.5 parts by weight or more based on 100
parts by weight of the polyester resin, and on the other hand,
the upper limit thereof is usually 5 parts by weight or less,
preferably 3 parts by weight or less, more preferably 2 parts
by weight or less. When the content of the above compound
(s) in the resin composition falls within the above ranges,
residence heat stability tends to be enhanced.

[0230] <Crystal Nucleating Agent>

[0231] While a polyester resin according to an embodi-
ment of the present invention is excellent in crystallinity, a
crystal nucleating agent may also be added thereto in order
to further increase the degree of crystallization. As the
crystal nucleating agent, talc, boron nitride, silica, layered
silicate, polyethylene wax and polypropylene wax are pref-
erable, and talc and polyethylene wax are further preferable.
These may be used singly or as a mixture of two or more
thereof. When the crystal nucleating agent is an inorganic
material, the effect of the nucleating agent is more preferable
as the particle size of the nucleating agent is smaller. A
preferable average particle size of the crystal nucleating
agent is preferably 5 um or less, more preferably 3 pm or
less, further preferably 1 um or less, particular preferably 0.5
um or less. Herein, the lower limit of the average particle
size of the crystal nucleating agent is 0.1 pm.

[0232] A preferable amount of the crystal nucleating agent
to be added to the polyester resin is preferably 0.001% by
weight or more, more preferably 0.01% by weight or more,
further preferably 0.1% by weight or more. In addition, the
amount of the crystal nucleating agent to be added is
preferably 30% by weight or less, more preferably 10% by
weight or less, further preferably 5% by weight or less,
particular preferably 1% by weight or less. When the amount
of the crystal nucleating agent to be added is the lower limit
value or more, the effect of crystallization promotion due to
addition of the crystal nucleating agent tends to be suffi-
ciently achieved, and when the amount is the upper limit
value or less, the resulting polyester resin tends to achieve
characteristics such as mechanical properties and flexibility.
[0233] Herein, even when the nucleating agent is added
not for the purpose of exhibiting the function thereof, the
nucleating agent may act for the purpose of exhibiting other
effects, for example, a function effect as an inorganic filler
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to be added for an improvement in rigidity and a function
effect as an organic stabilizer to be added as a heat stabilizer,
or a foreign substance such as an inorganic substance or an
organic substance incorporated in a production process or
molding process of a resin also serves as a crystal nucleating
agent. Accordingly, the crystal nucleating agent herein refers
to all inorganic substances and organic substances which are
solids at normal temperature.

[0234] <Application of Polyester Resin (Resin Composi-
tion)>
[0235] The polyester resin and the polyester resin compo-

sition can be subjected to molding according to various
molding methods applied to general-purpose plastics.

[0236] Examples of such a molding method include com-
pression molding (compression molding, lamination mold-
ing, stampable molding), injection molding, extrusion and
co-extrusion molding (film forming, laminate forming, pipe
forming, wire/cable forming and profile forming by an
inflation method or a T-die method), hollow molding (vari-
ous blow moldings), calender molding, foam molding (melt
foam molding, solid-phase foam molding), solid forming
(uniaxial stretching molding, biaxial stretching molding,
rolling molding, stretched oriented nonwoven fabric form-
ing, thermoforming (vacuum forming, compressed air form-
ing), plastic forming), powder molding (rotation molding)
and various unwoven fabric formings (dry method, adhesion
method, entangling method, spunbond method, and the
like).

[0237] The polyester resin and the polyester resin compo-
sition are particularly preferably applied to an injection-
molded article, an extruded article, a foam-molded article or
a hollow-molded article, and specifically, are preferably
applied to various parts in the electrical and electronic fields
and parts for automobiles, films, containers, and fibers.

[0238] Such a molded product can also be subjected to
various purposeful secondary processings for the purpose of
imparting surface functions such as a chemical function, an
electrical function, a magnetic function, a mechanical func-
tion, a frication/abrasion/lubrication function, an optical
function and a thermal function. Examples of the secondary
processing include embossing, painting, adhesion, printing,
metalizing (plating or the like), mechanical processing, and
surface treatments (antistatic treatment, corona discharge
treatment, plasma treatment, photochromism treatment,
physical vapor deposition, chemical vapor deposition, coat-
ing, and the like).

[0239] In particular, such a molded article is suitable for
use in various film applications and injection-molded prod-
uct applications.

EXAMPLES

[0240] Hereinafter, the present invention will be more
specifically described with reference to Examples, but the
present invention is not intended to be limited to these
Examples as long as it does not depart from the gist thereof.
[0241] Herein, measurement methods of various physical
properties and evaluation methods of molded articles in
Examples A and Comparative Examples A are as follows.
[0242]
[0243] The reduced viscosity was determined from the
solution viscosity obtained by subjecting a solution of a
polyester resin obtained in each of Examples and Compara-

[Reduced Viscosity (msp/c)]
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tive Examples in phenol/1,1,2,2-tetrachloroethane (1:1
weight ratio), having a concentration of 0.5 g/dL, to mea-
surement at 30° C.

[0244] [DSC Measurement]

[0245] The measurement apparatus used was DSC 6100
manufactured by SII Nanotechnology Inc. The sample used
was a pellet obtained by cooling and cutting immediately
after extraction after melt polymerization, or a pellet after
solid phase polymerization. 5 to 7 mg of the sample was
precisely weighed, heated from 30° C. to 300° C. at a rate
of 10° C./min, and thereafter cooled to 30° C. and heated
again to 300° C. The temperature of the maximum endo-
thermic peak observed in the second heating was defined as
the melting point Tm, the temperature of the exothermic
peak observed in the cooling was defined as the cooling
crystallization temperature Tmc, and the respective tempera-
tures of the peak tops were read.

[0246] [Carboxylic Acid Terminal]

[0247] The polyester resin obtained in each Examples and
Comparative Examples was precisely weighed in an amount
0t 0.4 10 0.5 g, 25 mL of benzyl alcohol was added thereto,
and the resultant was stirred at 195° C. for 9 minutes and
completely dissolved. After dissolution, the solution was
cooled in an ice bath. After cooling, 2 mL of ethanol was
added thereto, and titration was made using a 0.01 N NaOH
benzyl alcohol solution by an automatic titration apparatus
“GT100” manufactured by Mitsubishi Chemical Corpora-
tion (the amount of titration was defined as A (ml).). Next,
the same measurement was performed using only benzyl
alcohol, to determine the blank value (B (ml)), and calcu-
lation with respect to the carboxylic acid terminal was made
according to the following expression.

Carboxylic acid terminal (peq/g)=(4-B)xFx10/W

[0248] A (ml): Amount of titration measured

[0249] B (ml): Amount of titration of blank

[0250] F: Factor of 0.01N NaOH benzyl alcohol solution
[0251] W (g): Sample weight

[0252] [Sum (Vinyl Terminal Concentration) of Cyclovi-

nylidene Terminal Represented by Formula (1) and Meth-
ylcyclohexene Terminal Represented by Formula (2)]
[0253] The sample was dissolved in a mixed solvent of
hexafluoroisopropanol-d2/deuterated chloroform (weight
ratio: 1/5), and subjected to "H-NMR measurement using
400 MHz NMR manufactured by Brucker Japan K.K. The
cyclovinylidene terminal represented by formula (1) was
subjected to determination based on the peak at 4.6 to 4.7
ppm, and the methylcyclohexene terminal represented by
formula (2) was subjected to determination based on the
peak at 5.3 to 5.4 ppm. In addition, pyridine-d5 or Pr[fod],
was used as a shifting agent.

[0254] [Number Average Molecular Weight (Mn) and
Weight Average Molecular Weight (Mw)]

[0255] The number average molecular weight (Mn) and
the weight average molecular weight (Mw) were measured
by performing GPC measurement according to the following
measurement equipment and measurement conditions.

[0256] Measurement equipment: Tosoh HL.C-8220 GPC
©)
[0257] Detector: RI
[0258] Mobile phase: hexafluoroisopropanol

[0259] (5 mM of sodium trifluoroacetate added)
[0260] Flow rate: 0.2 ml/min
[0261] Injection: 0.1% by weightx10 ul
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[0262] Column: Tosoh TSKgel GMHhr-M

[0263] Column temperature: 40° C.

[0264] Calibration method: PMMA conversion

[0265] [Solid Phase Polymerization Rate]

[0266] The pellet after completion of melt polymerization

was placed in a vacuum oven (about 130 Pa) at 240° C. and
treated for 6 hours, and the nsp/c after solid phase polym-
erization was measured.

[0267] The value obtained by dividing (msp/c after solid
phase polymerization)—-(msp/c after melt polymerization) by
the solid phase polymerization reaction time (6 hours) was
represented as the solid phase polymerization rate (A (msp/
c)/hr).

[0268] [Melt Stability Test]

[0269] The resulting polyester resin was heat-treated for
30 minutes by use of a Flowtester CF'T-500 manufactured by
Shimadzu Corporation which was heated to 290° C. The
nsp/c and the carboxylic acid terminal after the heat treat-
ment were measured.

[0270] [Injection Molding]

[0271] The resulting polyester resin was injection-molded
by use of a micro-injection molding machine (10 cc) manu-
factured by DSM Xplore, thereby producing a bending test
piece. The barrel set temperature was 290° C., and the mold
temperature was 80° C. Furthermore, the bending test piece
produced was annealed at 150° C. for 8 hours.

[0272] [Bending Test]

[0273] The test piece obtained by the above injection
molding was used to perform a bending test by a method
according to ISO 178.

[0274] [Press Molding]

[0275] A sheet of 5 cmx5 cmx]1 mm in thickness was
formed from the resulting polyester resin by use of a
small-sized press machine manufactured by Imoto Machin-
ery Co., Ltd. The press temperature was 290° C. Cooling
was performed by the same type of press machine at 80° C.
[0276] [Haze Measurement)]

[0277] The press sheet obtained above was subjected to
haze measurement with a haze computer manufactured by
Suga Test Instruments Co., Ltd.

[0278] [Dynamic Viscoelasticity Measurement]

[0279] The press sheet obtained above was cut to a width
of 6 mm, and subjected to a dynamic viscoelasticity test by
use of DMS 6100 manufactured by SII Nanotechnology Inc.
The measurement mode was a tensile mode, the measure-
ment frequency was 10 Hz, and the distance between chucks
was 20 mm. The temperature condition was as follows: from
30° C. to 200° C. at a rate of 2° C./min. The heat resistance
was determined from the storage elastic modulus (E'30) at
30° C. and the storage elastic modulus (E'90) at 90° C. The
heat resistance was also determined from the rate of elon-
gation of the sample sheet at the time point where the
temperature reached 180° C.

Example Al

[0280] Into a reaction vessel equipped with a stirring
apparatus, a nitrogen introduction port, a heating apparatus,
a thermometer and a pressure reduction port were loaded, as
raw materials, 69.7 parts by weight of dimethyl 2,5-furandi-
carboxylate, 60.0 parts by weight of 1,4-cyclohexanedime-
thanol (cis/trans ratio=29/71) and 0.36 parts by weight of a
toluene solution where 2% by weight of titanium tetrabu-
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tylate was dissolved in advance, and a nitrogen atmosphere
was made by repeating introduction of a nitrogen gas and
pressure reduction.

[0281] Next, the reaction vessel was loaded into an oil
bath at 160° C. and stirring was started. A distillate generated
by a reaction was started to remain in a trap after a lapse of
about 30 minutes, and the temperature was raised to 275° C.
over 2 hours and 30 minutes and the reaction was allowed
to run at that temperature for 30 minutes to perform a
transesterification reaction. Next, 0.28 parts by weight of a
1,4-butanediol solution where 10% by weight of titanium
tetrabutylate was dissolved in advance was added, subse-
quently pressure reduction was gradually made over 1 hour
and 30 minutes so that the pressure was 130 Pa or less, and
an increase in stirring torque was stopped after a lapse of 6
hours from the start of the pressure reduction and therefore
a polycondensation reaction was terminated, thereby pro-
viding polyester resin A1. The evaluation results of polyester
resin Al obtained were represented in Table 1.

Example A2

[0282] Into a reaction vessel equipped with a stirring
apparatus, a nitrogen introduction port, a heating apparatus,
a thermometer and a pressure reduction port were loaded, as
raw materials, 69.7 parts by weight of dimethyl 2,5-furandi-
carboxylate, 55.7 parts by weight of 1,4-cyclohexanedime-
thanol (cis/trans ratio=29/71) and 0.53 parts by weight of a
1,4-butanediol solution where 4% by weight of titanium
tetrabutylate was dissolved in advance, and a nitrogen
atmosphere was made by repeating introduction of a nitro-
gen gas and pressure reduction.

[0283] Next, the reaction vessel was loaded into an oil
bath at 160° C. and stirring was started. A distillate generated
by a reaction was started to remain in a trap after a lapse of
about 20 minutes, and the temperature was raised to 275° C.
over 2 hours and 30 minutes and the reaction was allowed
to run at that temperature for 30 minutes to perform a
transesterification reaction. Subsequently, pressure reduc-
tion was gradually made over 1 hour and 30 minutes so that
the pressure was 130 Pa or less, and an increase in stirring
torque was stopped after a lapse of 2 hours and 25 minutes
from the start of the pressure reduction and therefore a
polycondensation reaction was terminated, thereby provid-
ing polyester resin A2. The evaluation results of polyester
resin A2 obtained were represented in Table 1.

Example A3

[0284] Into a reaction vessel equipped with a stirring
apparatus, a nitrogen introduction port, a heating apparatus,
a thermometer and a pressure reduction port were loaded, as
raw materials, 69.7 parts by weight of dimethyl 2,5-furandi-
carboxylate, 65.5 parts by weight of 1,4-cyclohexanedime-
thanol (cis/trans ratio=27/73) and 0.12 parts by weight of a
1,4-butanediol solution where 6% by weight of titanium
tetrabutylate was dissolved in advance, and a nitrogen
atmosphere was made by repeating introduction of a nitro-
gen gas and pressure reduction.

[0285] Next, the reaction vessel was loaded into an oil
bath at 120° C., stirring was started, and the temperature was
raised to 280° C. over 2 hours. On the way, when the
temperature reached around 250° C., 0.24 parts by weight of
a 1,4-butanediol solution where 6% by weight of titanium
tetrabutylate was dissolved in advance was added. After the
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temperature reached 280° C., a reaction was allowed to run
for 30 minutes to perform a transesterification reaction.
Pressure reduction was gradually made over 1 hour and 30
minutes, with the temperature being kept at 280° C., so that
the pressure was 130 Pa or less, and an increase in stirring
torque was stopped after a lapse of 4 hours and 30 minutes
from the start of the pressure reduction and therefore a
polycondensation reaction was terminated, thereby provid-
ing polyester resin A3. The evaluation results of polyester
resin A3 obtained were represented in Table 1.

Example A4

[0286] The same production as in Example A3 was con-
ducted except that 69.7 parts by weight of dimethyl 2,5-
furandicarboxylate, 60.0 parts by weight of 1,4-cyclo-
hexanedimethanol (cis/trans ratio=27/73), and 0.01 parts by
weight of ORGATICS TC-1040, as a titanium catalyst,
manufactured by Matsumoto Fine Chemical Co. Ltd. and
0.02 parts by weight thereof at the time point where the
temperature reached 250° C. were loaded as raw materials
into a reaction vessel equipped with a stirring apparatus, a
nitrogen introduction port, a heating apparatus, a thermom-
eter and a pressure reduction port. A polycondensation
reaction was terminated after a lapse of 4 hours and 25
minutes from the start of the pressure reduction, thereby
providing polyester resin A4. The evaluation results of
polyester resin A4 obtained were represented in Table 1.

Example AS

[0287] The same production as in Example A3 was con-
ducted except that 69.7 parts by weight of dimethyl 2,5-
furandicarboxylate and 60.0 parts by weight of 1,4-cyclo-
hexanedimethanol (cis/trans ratio=27/73) were loaded as
raw materials and the final reaching temperature was 290° C.
An increase in stirring torque was stopped after a lapse of 2
hours and 40 minutes from the start of the pressure reduction
and therefore a polycondensation reaction was terminated,
thereby providing polyester resin AS. The evaluation results
of polyester resin AS obtained were represented in Table 1.

Example A6

[0288] Loaded were 69.0 parts by weight of dimethyl
2,5-furandicarboxylate, 0.7 parts by weight of dimethyl
terephthalate, 56.2 parts by weight of 1,4-cyclohexanedime-
thanol (cis/trans ratio=29/71) and 0.18 parts by weight of a
toluene solution where 2% by weight of titanium tetrabu-
tylate was dissolved in advance, as raw materials, and the
same reaction as in Example 1 was allowed to run. Added
was 0.24 parts by weight of a 1,4-butanediol solution where
6% by weight of titanium tetrabutylate was dissolved in
advance, at the time point where the temperature reached
275° C.

[0289] A polycondensation reaction was terminated after a
lapse of 3 hours and 30 minutes from the start of the pressure
reduction, thereby providing polyester resin A6. The evalu-
ation results of polyester resin A6 obtained were represented
in Table 1.

Example A7

[0290] Into a reaction vessel equipped with a stirring
apparatus, a nitrogen introduction port, a heating apparatus,
a thermometer and a pressure reduction port were loaded, as
raw materials, 15.6 parts by weight of 2,5-furandicarboxylic
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acid, 15.8 parts by weight of 1,4-cyclohexanedimethanol
(cis/trans ratio=29/71) and 0.13 parts by weight of an
ethylene glycol solution where 6% by weight of titanium
tetraisopropoxide was dissolved in advance, and a nitrogen
atmosphere was made by repeating introduction of a nitro-
gen gas and pressure reduction.

[0291] Next, the reaction vessel was loaded into an alu-
minum block heater at 200° C. and stirring was started, to
allow a reaction to run at 200° C. for about 1 hour and 30
minutes. Thereafter, the temperature was raised to 280° C.
over 15 minutes and left for about 25 minutes, to perform an
esterification reaction. Pressure reduction was gradually
made over 1 hour and 30 minutes, with the temperature
being kept at 280° C., so that the pressure was 130 Pa or less,
and an increase in stirring torque was stopped after a lapse
of 4 hours and 15 minutes from the start of the pressure
reduction and therefore a polycondensation reaction was
terminated, thereby providing polyester resin A7. The evalu-
ation results of polyester resin A7 obtained were represented
in Table 1.

Example A8

[0292] Into a reaction vessel equipped with a stirring
apparatus, a nitrogen introduction port, a heating apparatus,
a thermometer and a pressure reduction port were loaded, as
raw materials, 59.1 parts by weight of 2,5-furandicarboxylic
acid, 57.3 parts by weight of 1,4-cyclohexanedimethanol
(cis/trans ratio=27/73), 0.42 parts by weight of a 1,4-bu-
tanediol solution where 6% by weight of titanium tetrabu-
tylate was dissolved in advance, and 0.2 parts by weight of
Irganox 1330, and a nitrogen atmosphere was made by
repeating introduction of a nitrogen gas and pressure reduc-
tion.

[0293] Next, the reaction vessel was loaded into an oil
bath at 185° C. and stirring was started. After a lapse of
about 30 minutes, the temperature was raised to 280° C. over
2 hours, to perform an esterification reaction. Next, pressure
reduction was gradually made over 1 hour and 30 minutes so
that the pressure was 130 Pa or less, and an increase in
stirring torque was stopped after a lapse of 2 hours and 45
minutes from the start of the pressure reduction and there-
fore a polycondensation reaction was terminated, thereby
providing polyester resin A8. The evaluation results of
polyester resin A8 obtained were represented in Table 1.

Comparative Example Al

[0294] The same manner as in Example A1 was performed
except that the polycondensation reaction temperature was
changed to 290° C. An increase in stirring torque was
stopped after a lapse of 2 hours and 30 minutes from the start
of the pressure reduction and therefore a polycondensation
reaction was terminated, thereby providing polyester resin
A9. The evaluation results of polyester resin A9 obtained
were represented in Table 1.

Comparative Example A2

[0295] The same production as in Example A3 was con-
ducted except that 69.7 parts by weight of dimethyl 2,5-
furandicarboxylate and 70.9 parts by weight of 1,4-cyclo-
hexanedimethanol (cis/trans ratio=27/73) were loaded as
raw materials. A polycondensation reaction was terminated
after a lapse of 4 hours and 45 minutes from the start of the
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pressure reduction, thereby providing polyester resin A10.
The evaluation results of polyester resin A10 obtained were
represented in Table 1.

Comparative Example A3

[0296] The same production as in Example A6 was con-
ducted except that the final reaching temperature was 293°
C. An increase in stirring torque was stopped after a lapse of
2 hours and 10 minutes from the start of the pressure
reduction and therefore a polycondensation reaction was
terminated, thereby providing polyester resin All. The
evaluation results of polyester resin All obtained were
represented in Table 1.

Comparative Example A4

[0297] Into a reaction vessel equipped with a stirring
apparatus, a nitrogen introduction port, a heating apparatus,
a thermometer and a pressure reduction port were loaded, as
raw materials, 15.7 parts by weight of 2,5-furandicarboxylic
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acid, 15.1 parts by weight of 1,4-cyclohexanedimethanol
(cis/trans ratio=29/71) and 0.079 parts by weight of an
ethylene glycol solution where 10% by weight of titanium
tetraisopropoxide was dissolved in advance, and a nitrogen
atmosphere was made by repeating introduction of a nitro-
gen gas and pressure reduction.

[0298] Next, the reaction vessel was loaded into an alu-
minum block heater at 200° C. and stirring was started, to
allow a reaction to run at 200° C. for about 40 minutes.
Thereafter, the temperature was raised to 285° C. over 15
minutes and left for about 20 minutes, to perform an
esterification reaction. Pressure reduction was gradually
made over 1 hour and 30 minutes, with the temperature
being kept at 285° C., so that the pressure was 130 Pa or less,
and an increase in stirring torque was stopped after a lapse
of 1 hour and 35 minutes from the start of the pressure
reduction and therefore a polycondensation reaction was
terminated, thereby providing polyester resin Al12. The
evaluation results of polyester resin A12 obtained were
represented in Table 1.

TABLE 1
Polymerization DSC
temperature nsp/c Vinyl AV Tm Tme Tm - Tme
<) (dL/g) (neq/g) (neq/g) <) <) <)

Example Al 275 0.788 53 8 270 230 40
Example A2 275 0.84 36 9 269 224 45
Example A3 280 0.826 53 10 272 236 36
Example A4 280 0.704 39 12 272 236 36
Example A5 290 0.769 75 22 271 232 39
Example A6 275 0.825 52 13 269 228 41
Example A7 280 0777 49 4 268 228 40
Example A8 280 0.76 56 6 271 235 36
Comparative 290 0.642 88 22 269 210 59
Example Al
Comparative 280 0.666 36 7 273 232 41
Example A2
Comparative 293 0.751 86 32 271 219 52
Example A3
Comparative 285 0.632 90 19 266 200 66
Example A4

Bending test Appearance

Bending  Amount of  of molded Viscoelasticity measurement

Melt stability test Bending  elastic bending piece Rate of
nsp/c AV strength modulus displacement Haze E'at 30° C. E'at90° C. elongation
(dL/g) (ueq/g) (MPa) (MPa) (mm) (%) (MPa) (MPa) at 180° C.

Example Al 0.555 48 110 2260 9.7 93 2600 280 0.8%
Example A2 0.569 51 — — 39 2500 120 8.0%
Example A3 0.560 48 91 2320 6.6 96 2800 1600 0.4%
Example A4 0.510 58 67 2290 4.5 96 2900 1600 0.8%
Example A5 0.536 66 98 2220 7.3 66 2400 160 4.6%
Example A6 — — — — — — — —
Example A7 0.520 56 — — 96 2800 700 0.2%
Example A8 0.522 49 70 2320 4.7 96 2900 1700 0.7%
Comparative  0.517 73 60 2120 4.1 13 2100 89 7.3%
Example Al
Comparative  0.471 54 57 2200 3.8 91 2500 140 5.2%
Example A2
Comparative  0.516 78 81 2270 5.6 12 2600 89 10.2%
Example A3
Comparative  0.459 72 — — 11 2500 49 14.0%

Example A4
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Example A9 and Comparative Example A5

[0299] In a vacuum oven heated to 240° C. was placed 2
g of a pellet of each of the polyester resins obtained in
Example A2 and Comparative Example Al, and treated
under vacuum for 6 hours, to perform a solid phase polym-
erization reaction. The respective resultants were defined as
Example A9 (polyester resin Al3) and Comparative
Example AS (polyester resin A14). The evaluation results of
polyester resins A13 and Al4 after solid phase polymeriza-
tion were represented in Table 2.
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Example A10

[0306] Into a reaction vessel equipped with a stirring
apparatus, a nitrogen introduction port, a heating apparatus,
a thermometer and a pressure reduction port were loaded, as
raw materials, 69.7 parts by weight of dimethyl 2,5-furandi-
carboxylate, 60.0 parts by weight of 1,4-cyclohexanedime-
thanol (cis/trans ratio=30/70), 0.12 parts by weight of a
1,4-butanediol solution where 6% by weight of titanium
tetrabutylate was dissolved in advance, and sodium hydro-
gen carbonate so that the ratio of sodium to a polymer

TABLE 2
Solid phase
DSC polymerization
nsp/c Vinyl AV Tm Tmc Tm - Tme rate A
(dL/g)  (peq/g) (neg/g)  Mn Mw (°C) (°C) (°C) (nsp/c)/hr
Example A2 Before solid 0.84 36 9 42000 78900 269 224 45 0.043
phase
polymerization
Example A9 After solid 1.098 38 5 47000 94500 269 227 42
phase
polymerization
Comparative Before solid 0.642 88 22 36000 65900 269 210 59 0.033
Example Al phase
polymerization
Comparative After solid 0.84 84 10 — — 269 213 56
Example A5 phase
polymerization
[0300] As shown in Examples Al to A8 and Comparative produced was 15 ppm, and a nitrogen atmosphere was made

Examples Al to A4, when the polycondensation reaction
temperature of melt polymerization is high, the concentra-
tions of the carboxylic acid terminal and the vinyl terminal
tend to be increased, resulting in a reduction in crystalliza-
tion temperature (Tmc).

[0301] When the carboxylic acid terminal concentration is
high, hydrolysis resistance tends to be deteriorated.

[0302] When the vinyl terminal concentration is high, the
molecular weight tends not to be sufficiently increased. In
addition, when the vinyl terminal concentration is high, a
reduction in M and an increase in the carboxylic acid
terminal after the melt stability test tend to be promoted, and
any problem about melt stability can be caused.

[0303] When the molecular weight is not sufficiently
increased (lower msp/c), reductions in the bending strength
and the amount of bending displacement are exhibited.
[0304] When the crystallization temperature is low, a
molded piece low in the degree of crystallization tends to be
obtained, and in this case an increase in the degree of
transparency of a press-molded piece is indicated by haze
measurement. In addition, it is indicated by viscoelasticity
measurement that, when the degree of crystallization is low,
a reduction in elastic modulus at high temperatures is
increased. Similarly, when the degree of crystallization is
low, there tends to be any concern about heat resistance, for
example, an increase in the elongation of a sample at
elevated temperatures.

[0305] It is shown from Example A9 and Comparative
Example A5 that, when the vinyl terminal concentration is
high, the solid phase polymerization rate is decreased. It is
also shown therefrom that the vinyl terminal concentration
and the crystallization temperature (Tmc) after solid phase
polymerization are not almost different from those before
solid phase polymerization.

by repeating introduction of a nitrogen gas and pressure
reduction.

[0307] Next, the reaction vessel was loaded into an oil
bath at 120° C., stirring was started, and the temperature was
raised to 280° C. over 2 hours. On the way, when the
temperature reached around 250° C., 0.24 parts by weight of
a 1,4-butanediol solution where 6% by weight of titanium
tetrabutylate was dissolved in advance was added. After the
temperature reached 280° C., a reaction was allowed to run
for 15 minutes to perform a transesterification reaction.
Pressure reduction was gradually made over 1 hour and 30
minutes, with the temperature being kept at 280° C., so that
the pressure was 130 Pa or less, and an increase in stirring
torque was stopped after a lapse of 3 hours and 45 minutes
from the start of the pressure reduction and therefore a
polycondensation reaction was terminated, thereby provid-
ing polyester resin A15. Polyester resin A15 obtained was
subjected to a melt heat stability test at 290° C. The
evaluation results were represented in Table 3.

Example A1l

[0308] The same manner as in Example A10 was per-
formed except that sodium hydrogen carbonate was loaded
so that the ratio of sodium to a polymer produced was 30
ppm. A polycondensation reaction was terminated after a
lapse of 4 hours and 5 minutes from the start of the pressure
reduction, thereby providing polyester resin A16. Polyester
resin A16 obtained was subjected to a melt heat stability test
at 290° C. The evaluation results were represented in Table
3.

Example A12

[0309] Into a reaction vessel equipped with a stirring
apparatus, a nitrogen introduction port, a heating apparatus,
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a thermometer and a pressure reduction port were loaded, as
raw materials, 87.6 parts by weight of dimethyl 2,5-furandi-
carboxylate, 66.4 parts by weight of 1.,4-butanediol, 2.2
parts by weight of a 1,4-butanediol solution where 2% by
weight of titanium tetraisopropoxide was dissolved in
advance, and sodium hydrogen carbonate so that the ratio of
sodium to a polymer produced was 15 ppm, and a nitrogen
atmosphere was made by repeating introduction of a nitro-
gen gas and pressure reduction.

[0310] Next, the reaction vessel was loaded into an oil
bath at 160° C., stirring was started to allow a reaction to run
for 180 minutes, and thereafter the temperature was raised to
240° C. over 2 hours. Pressure reduction was started after 30
minutes from the start of temperature rise, such pressure
reduction was gradually made over 1 hour and 30 minutes so
that the pressure was 130 Pa or less, and a polycondensation
reaction was terminated after a lapse of 2 hours and 15
minutes from the start of the pressure reduction, thereby
providing polyester resin A17. Polyester resin A17 obtained
was subjected to a melt heat stability test at 240° C. The
evaluation results were represented in Table 3.

Comparative Example A6

[0311] The same manner as in Example Al12 was per-
formed except that no sodium hydrogen carbonate was
loaded. A polycondensation reaction was terminated after a
lapse of 2 hours and 42 minutes from the start of the pressure
reduction, thereby providing polyester resin A18. Polyester
resin A18 obtained was subjected to a melt heat stability test
at 240° C. The evaluation results were represented in Table
3.
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[0317] Resin B1; described in Production Example below
[0318] Resin B2: polybutylene terephthalate (product
reinforced by glass fiber at 30%); Novaduran 5010G30
manufactured by Mitsubishi Engineering-Plastics Corpora-
tion

[0319] Resin B3: syndiotactic polystyrene (product rein-
forced by glass fiber at 30%); XAREC C132S manufactured
by Idemitsu Kosan Co., Ltd.

[0320] Resin B4: polyphenylene sulfide (product rein-
forced by glass fiber at 30%); Durafide 1130A1 manufac-
tured by Polyplastics Co., Ltd.

[0321] Resin BS: polycyclohexylenedimethylene
terephthalate (product reinforced by glass fiber at 30%);
Thermix TXCG033 manufactured by Celanese Corporation

[0322] The followings were each used as a resin including
no glass fiber.
[0323] Resin B6: polybutylene terephthalate; Novaduran

5010R5 manufactured by Mitsubishi Engineering-Plastics
Corporation

[0324] Resin B7: syndiotactic polystyrene; XAREC S100
manufactured by Idemitsu Kosan Co., Ltd.

[0325] Resin B8: polyphenylene sulfide; Durafide 0220C9
manufactured by Polyplastics Co., Ltd.

[0326] [Compound (B)]

[0327] B-1; phosphorus-based heat stabilizer “PEP36”
manufactured by ADEKA CORPORATION (bis(2,6-di-tert-
butyl-4-methylphenyl)pentaerythritol diphosphite)

[0328] B-2; sulfur-based compound; pentaerythritol-tetra-
kis-(3-dodecylthiopropionate), “SEENOX 412S” manufac-
tured by SHIPRO KASEI KAISHA, LTD.

TABLE 3
Polymerization Amount of Melt stability at 290° C. and 30 min
temperature  alkali metal nsp/c  Vinyl AV nsp/c AV
e added (dl/g)  (ueq/g) (weq/g) (dL/g) (neq/g)
Example A10 280 Na 15 ppm 0.887 43 7 0.614 36
Example A1l 280 Na 30 ppm 0.76 38 6 0.554 33
Example A3 280 None 0.826 53 10 0.560 48
Polymerization Amount of Melt stability at 240° C. and 30 min
temperature  alkali metal nsp/c AV nsp/c AV
cc) added (dL/g)  (peq/g) (dL/g) (neq/g)
Example A12 240 Na 15 ppm 1.452 51 1.249 67
Comparative 240 None 1.371 69 1.058 112
Example A6
[0312] Itis shown in Table 3 that, when the alkali metal is [0329] [Release Agent (C)]

added for polymerization, the carboxylic acid terminal con-
centration in the resulting polyester resin is decreased and
melt heat stability is enhanced.

[0313] Next, raw materials and evaluation methods for use
in Example B are represented.

[0314] <Raw Materials>
[0315] [Resin]
[0316] The followings were each used as a resin (product

reinforced by GF at 30%) where 43 parts by weight of a
glass fiber was compounded based on 100 parts by weight of
a base resin.

[0330] C-1; paraffin wax “155° F. wax” manufactured by
NIPPON SEIRO CO., LTD.

[0331] C-2; microcrystalline wax “Hi-Mic-1080” manu-
factured by NIPPON SEIRO CO., LTD.

[0332] [Filler (D)]

[0333] D-1; glass fiber T187 manufactured by Nippon
Electric Glass Co., Ltd.

[0334] [Evaluation Methods]

[0335] The polyester resin or each resin composition was
evaluated according to the following methods.

[0336] (1) Test Piece Production Method

[0337] Each pellet was dried under a nitrogen atmosphere
at 120° C. for 6 hours. Next, the pellet dried was fed to an
injection molding machine (EC-75SX manufactured by
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TOSHIBA MACHINE CO., LTD.), and an ISO test piece
and an injection-molded plate (100 mm in widthx100 mm in
lengthx1 mm in thickness) were formed at a predetermined
resin temperature and a predetermined mold temperature.
The resin temperature and the mold temperature are repre-
sented in Table 4.

[0338] The ISO test piece was subjected to a high-tem-
perature annealing treatment (150° C.x8 hr) before various
evaluations (measurement of mechanical properties, and
solder heat-resistance test).

[0339] The injection-molded plate was obtained by injec-
tion at 50 mm/sec until the filling rate was about 95%, and
thereafter switching to pressure keeping. The holding pres-
sure was gradually increased, and set to such an extent that
the molded product had no sink marks.

TABLE 4
Molding conditions
Base resin Resin Mold
Melting point  temperature temperature
Type °C. “C) °C)
Example B1 Resin Bl 270 290 20
Comparative Resin Bl 270 290 20
Example B1
Reference Resin B2 224 250 20
Example B1
Reference Resin B3 270 290 20
Example B2
Reference Resin B4 278 300 20
Example B3
Reference Resin B5 290 310 20
Example B4
Example B2 Resin Bl 270 290 20
Comparative Resin Bl 270 290 20
Example B2
Reference Resin B6 224 250 20
Example B5
Reference Resin B7 270 290 20
Example B6
Reference Resin B8 278 300 20
Example B7
[0340] (2) Evaluation of Mechanical Properties (Bending

Test and Notched Charpy Test)

[0341] The ISO test piece obtained in (1) above was used
to perform a bending test by a method according to ISO178.
In addition, the ISO test piece was used to performa notched
Charpy test by a method according to ISO179.

[0342] (3) Heat Resistance Test (Solder Heat Resistance)
[0343] The ISO test piece obtained in (1) above was
immersed in a solder bath manufactured by Nihon Dennetsu
Co., Ltd., controlled to a predetermined temperature, for 20
seconds, and the degree of deformation was rated according
to the following criteria.

O; almost no deformation; A; deformation; x; significant
deformation

[0344] (4) Burr Evaluation

[0345] The injection-molded plate obtained in (1) above
was observed at a position 10 mm away from the side gate
thereof by a digital microscope (KH-7700) manufactured by
HIROX Co., Ltd., to measure the amount of burr. Herein, the
amount of burr was obtained by measuring the length of the
remaining object located outside of the intended molded
article, according to the definition of JIS B 0051.
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[0346] (5) Warpage Evaluation

[0347] The injection-molded plate obtained in (1) above
was placed on a surface plate, and subjected to measurement
of the amount of warpage at four corners, and the average
value was defined as the amount of warpage of each mate-
rial. Herein, any resin(s) not reinforced were/was slightly
deformed in releasing, and evaluation of warpage thereof
was not performed.

[0348] [Reduced Viscosity (nsp/c)]

[0349] The reduced viscosity was determined from the
solution viscosity obtained by subjecting a solution of a
polyester resin obtained in each of Examples and Compara-
tive Examples in phenol/1,1,2,2-tetrachloroethane (1:1
weight ratio), having a concentration of 0.5 g/dL, to mea-
surement at 30° C.

[0350] [Sum (Vinyl Terminal Concentration) of Cyclovi-
nylidene Terminal Represented by Formula (1) and Meth-
ylcyclohexene Terminal Represented by Formula (2)]
[0351] The sample was dissolved in a mixed solvent of
hexafluoroisopropanol-d2/deuterated chloroform (weight
ratio: 1/5), and subjected to "H-NMR measurement using
400 MHz NMR manufactured by Brucker Japan K.K. The
cyclovinylidene terminal represented by formula (1) was
subjected to determination based on the peak at 4.6 to 4.7
ppm, and the methylcyclohexene terminal represented by
formula (2) was subjected to determination based on the
peak at 5.3 to 5.4 ppm. In addition, pyridine-d5 or Pr[fod],
was used as a shifting agent.

Production Example B1: Production of Resin Bl

Production Example B1

[0352] The same production as in resin A3 was performed,
thereby providing resin Bl having a reduced viscosity
(msp/c) of 0.850 dL/g. The sum (vinyl terminal concentra-
tion) of the cyclovinylidene terminal represented by formula
(1) and the methylcyclohexene terminal represented by
formula (2) was 60 peq/g.

Example B1

[0353] Resin Bl, compound B-1, release agent C-1 and
filler D-1 were melt-kneaded at proportions represented in
Table 5 by a biaxial extruder (KZW-15-30MG-NH) manu-
factured by TECHNOVEL, extruded in the form of a strand
through the outlet of the biaxial extruder, cooled and solidi-
fied by water, and thereafter formed into a pellet by a
rotation type cutter. The resulting pellet was dried under a
nitrogen stream at 120° C. for 6 hours, thereby providing a
polyester resin composition. Herein, the set temperature in
kneading was 280° C. and the number of screw rotations was
200 rpm.

[0354] The resulting polyester resin composition was used
to form an ISO test piece and an injection-molded plate by
injection molding as described above.

[0355] The resulting test piece was used to perform vari-
ous evaluations. The results are represented in Table 5.

Comparative Production Example B1

[0356] Various evaluations were performed in the same
manner as in Example Bl except that melt-kneading was
made in the formulation represented in Table 5. The results
are represented in Table 5.
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Reference Examples Bl to B4 made in the formulation represented in Table 6. The results
) ) are represented in Table 6.
[0357] Each of the resins represented in Table 5 was c ve Production E le B2 and
injection-molded in the same conditions as in Example B1, omparaftlve ro uctlorll Xample an
thereby forming an ISO test piece and an injection-molded Reference Examples BS to BY
plate. The resulting test piece was used to perform various [0359] Each of the resins represented in Table 6 was
evaluations. The results are represented in Table 5. injection-molded in the same conditions as in Example B1,
thereby forming an ISO test piece and an injection-molded
Example B2 plate. The resulting test piece was used to perform various
evaluations. The results are represented in Table 6. Herein,
[0358] Various evaluations were performed in the same any blank column in “Evaluation results” in Table 6 means
manner as in Example Bl except that melt-kneading was that no evaluation was made.
TABLE 5
Resin composition
Resin Compound (B) Release agent (C) Filler (D)
parts by parts by parts by parts by
Type weight Type  weight Type weight Type  weight
Example Bl Resin Bl 100 B-1 021 C-1 029 D-1 43
Comparative Resin Bl 100 — — — — D-1 43
Reference
Example B1
Reference Resin B2
Example B1
Reference Resin B3
Example B2
Reference Resin B4
Example B3
Reference Resin BS
Example B4
Evaluation results
Mechanical properties
Notched Moldability
Bending  Charpy Heat resistance Amount Amount
Bending  elastic impact 260° 265° 270° of of
strength modulus  value C. C. C. burr warpage
MPa MPa kI/m? — — pm mm
Example B1 182 7790 5.9 <) <) <) 96 1.3
Comparative 184 7760 5.6 <) <) <) 184 23
Reference
Example B1
Reference 179 7970 7.4 X X X 191 6.3
Example B1
Reference 157 8680 8.3 o o o 120 21
Example B2
Reference 221 9860 7.5 o o o 119 1.1
Example B3
Reference 150 7430 5.2 o o o 89 5.6

Example B4
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TABLE 6

Evaluation results

Mechanical properties

Composition Bending Notched Moldability
Resin Compound (B) Release agent (C) Bending  elastic Charpy Heat resistance Amount
parts by parts by parts by strength modulus impact value 260° C. 265° C. 270° C. of burr
Type weight Type  weight Type weight  MPa MPa kJ/m? — — — pm
Example B2 Resin Bl 100 B-2 0.20 C-2 0.30 113 2530 1.7 <) <) A 99
Comparative Resin Bl 100 — — — — 118 2510 1.9 o o — 185
Reference
Example B2
Reference Resin B6 87 2400 3.0 X X X 197
Example B5
Reference Resin B7 68 2780 26.7 — — — 155
Example B6
Reference Resin B8 139 3390 1.6 — — — 128
Example B7
[0360] As clear from Examples B1 to B2 and Comparative manufactured by SII Nanotechnology Inc. Herein, the melt-

Production Examples B1 to B2, any resin to which com-
pound (B) was added had excellent moldability as compared
with a single PCF resin to which no compound (B) was
added. Furthermore, as clear from Examples B1 to B2 and
Reference Examples B1 to B7, such any resin satisfied
mechanical properties, heat resistance and moldability in an
extremely well-balanced manner as compared with a con-
ventionally known resin.

[0361] Next, additives for use in Example C and evalua-
tion methods are represented.

[0362] [Additives]

[0363] E-1;epoxy “JER152” (polyglycidyl ether of phenol
novolac) manufactured by Mitsubishi Chemical Corporation
[0364] E-2; epoxy “jER828” (polycondensate of 4,4'-iso-
propylidene diphenol and 1-chloro-2,3-epoxypropanc)
manufactured by Mitsubishi Chemical Corporation

[0365] E-3; carbodiimide compound “Carbodilite LA-1”
(carbodiimide-modified isocyanate) manufactured by Nis-
shinbo Chemical Inc.

[0366] [Evaluation Methods]
[0367] (1) Residence Heat Stability Evaluation
[0368] Into a cylinder of a capillary rheometer (Capilo-

graph 1B) manufactured by Toyo Seiki Seisaku-sho, Ltd.
was loaded 8 g of each polyester resin composition, and the
melt viscosity was measured at the time points where 5
minutes, 10 minutes and 20 minutes passed, respectively. In
addition, the melt viscosity retention rate was calculated
with respect to the melt viscosity retention rate after a lapse
of 10 minutes (101)/5m) and the melt viscosity retention rate
after a lapse of 20 minutes (20n/51) based on the melt
viscosity after a lapse of 5 minutes. In the measurement, the
set temperature of the cylinder was 290° C., the shear speed
was 91.2 sec™, the length of the capillary was 10 mm, and
the diameter of the capillary was 1 mm.

[0369] In order that evaluation could be made by 8 g of
each polyester resin composition, down stroke of a piston
was made after 2 to 5 minutes, after 7 to 10 minutes and after
17 to 20 minutes, and the piston was not moved at any
timings other than them.

[0370] (2) Heat Resistance Evaluation

[0371] Heat resistance evaluation was performed using a
high sensitivity differential scanning calorimeter (DSC7020)

ing point was defined as the temperature of the endothermic
peak observed in temperature rise of a sample from 30° C.
to 300° C. at a rate of temperature rise of 10° C./min.
[0372] (3) Bending Test

[0373] A bending test piece (ISO test piece) was used to
perform a bending test by a method according to ISO178.
[0374] [Reduced Viscosity (nsp/c)]

[0375] The reduced viscosity was determined from the
solution viscosity obtained by subjecting a solution of a
polyester resin obtained in each of Examples and Compara-
tive Examples in phenol/1,1,2,2-tetrachloroethane (1:1
weight ratio), having a concentration of 0.5 g/dL, to mea-
surement at 30° C.

[0376] [Sum (Vinyl Terminal Concentration) of Cyclovi-
nylidene Terminal Represented by Formula (1) and Meth-
ylcyclohexene Terminal Represented by Formula (2)]
[0377] The sample was dissolved in a mixed solvent of
hexafluoroisopropanol-d2/deuterated chloroform (weight
ratio: 1/5), and subjected to 'H-NMR measurement using
400 MHz NMR manufactured by Brucker Japan K.K. The
cyclovinylidene terminal represented by formula (1) was
subjected to determination based on the peak at 4.6 to 4.7
ppm, and the methylcyclohexene terminal represented by
formula (2) was subjected to determination based on the
peak at 5.3 to 5.4 ppm. In addition, pyridine-d5 or Pr[fod],
was used as a shifting agent.

Production Example C1: Production of Resin C1

Production Example C1

[0378] The same production as in resin A3 was performed,
thereby providing resin C1 having a reduced viscosity
(msp/c) of 0.879 dL/g. The sum (vinyl terminal concentra-
tion) of the cyclovinylidene terminal represented by formula
(1) and the methylcyclohexene terminal represented by
formula (2) was 63 eq/g.

Production Example C2: Production of Resin C2

[0379] Resin C2 was obtained in the same manner as in
Production Example C1. Resin C2 had a reduced viscosity
(msp/c) of 0.929 dL/g. The sum (vinyl terminal concentra-
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tion) of the cyclovinylidene terminal represented by formula
(1) and the methylcyclohexene terminal represented by
formula (2) was 56 eq/g.

Example C1

[0380] Resin C1 and compound E-1 were melt-kneaded at
proportions represented in Table 1 by a small-sized kneader
(Xplore 15) manufactured by DSM Xplore, extruded in the
form of a strand through the outlet of the kneader, cooled
and thereafter formed into a pellet by a rotation type cutter.
The resulting pellet was dried in vacuum at 100° C. for 4
hours, thereby providing a polyester resin composition for
residence heat stability evaluation. Herein, the set tempera-
ture in kneading was 280° C., the number of screw rotations
was 100 rpm, and the residence time was 3 minutes.
[0381] A bending test piece (ISO test piece) for the
melting point measurement and the bending test was pre-
pared by melt-kneading in the same manner as described
above, extracting from the outlet of the kneader to a dedi-
cated barrel, mounting of this dedicated barrel on a micro-
injection molding machine (10 cc) manufactured by DSM
Xplore, and thereafter injection molding. In the molding, the
set temperature of the dedicated barrel was 290° C. and the
mold temperature was 80° C. Furthermore, the bending test
piece prepared was subjected to high-temperature annealing
at 150° C. for 8 hours, and used for melting point measure-
ment and the bending test.

[0382] The resulting polyester resin composition and the
bending test piece subjected to high-temperature annealing
were used to perform various evaluations. The results are
represented in Table 7.

Example C2 to C6 and Comparative Production
Examples C1 to C2

[0383] Each resin composition was produced in the same
conditions as in Example C1 except that melt-kneading was
made in the formulation represented in Table 7. The result-
ing resin composition was used to perform various evalua-
tions in the same manner as in Example C1. The results are
represented in Table 7. Herein, any blank column in “Evalu-
ation results” in Table 7 means that no evaluation was made.
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[0384] It has been found from Examples C1 to C6 and
Comparative Production Examples C1 to C2 that a specified
compound is added to a polyester resin, thereby resulting in
a remarkable enhancement in residence heat stability with-
out impairing of any heat resistance (melting point; Tm) and
bending properties. Therefore, there is considered to be
extremely useful for wide applications including automobile
parts and electrical and electronic components.

1. A polyester resin comprising a 2,5-furandicarboxylic
acid unit and a 1,4-cyclohexanedimethanol unit as main
constituent components, wherein

the following (I) and (II) are satisfied:

(D a reduced viscosity (nsp/c) is 0.7 dL/g or more; and

(II) a sum of a cyclovinylidene terminal represented by

the following formula (1) and a methylcyclohexene
terminal represented by the following formula (2) is 80
neq/g or less.

[Formula 1]
@®
)26
H,C Cc —0—C
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2. The polyester resin according to claim 1, wherein a
difference between a melting point (Tm) and a cooling
crystallization temperature (Tmc) measured by DSC is 50°
C. or less.

3. The polyester resin according to claim 1, wherein the
following (III) is further satisfied:

(IIT) a carboxylic acid terminal is 30 peq/g or less.

4. The polyester resin according to claim 1, comprising
0.5 to 1000 ppm of an alkali metal.

TABLE 7

Evaluation results

Residence heat stability

Mechanical strength

Composition Melt viscosity Melt viscosity Bending  Amount of Heat
Resin Compound  After After After retention rate  Bending  elastic bending resistance
parts by parts by 5 min 10 min 20 min 10n/5n 20m/5n strength modulus displacement Tm
Type weight  Type weight Pa-s Pa-s Pa-s % % MPa MPa mm °C.

Example C1 Resin C1 100 E-1 0.6 101.8 784 49.3 77.0 48.4 111 2440 8.9 276
Example C2 Resin C1 100 E-1 1 1227 956 68.5 77.9 55.8 112 2400 9.9 276
Example C3 Resin C1 100 E-1 1.5 1263 100.3 93.2 79.4 73.8 111 2440 9.3 276
Example C4 Resin C1 100 E-1 2 1353 101.8 84.8 75.2 62.7 — — — —
Example C5 Resin C1 100 E-2 0.6 103.1 67.0 39.7 65.0 38.5 — — — —
Comparative Resin C1 100 — — 89.5 54.2 29.8 60.5 333 103 2400 8.1 277
Reference
Example C1
Example C6 Resin C2 100 E-3 2 2202 1699 88.3 77.2 40.1 — — — —
Comparative Resin C2 100 — — 100.0 53.6 20.7 53.6 20.7 — — — —
Reference

Example C2
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5. A polyester resin comprising a constituent unit derived
from 2,5-furandicarboxylic acid and a constituent unit
derived from a diol having 2 or more and 10 or less carbon
atoms, wherein

the polyester resin comprises 0.5 to 1000 ppm of an alkali
metal.

6. A polyester resin composition comprising the polyester
resin according to claim 1.

7. The polyester resin composition according to claim 6,
further comprising at least one compound selected from the
group consisting of a phosphorus-based compound, a sulfur-
based compound and a phenol-based compound.

8. The polyester resin composition according to claim 6,
further comprising at least one compound selected from the
group consisting of an epoxy-based compound, an isocya-
nate-based compound and a carbodiimide-based compound.

9. The polyester resin composition according to claim 6,
further comprising a filler.

10. A method for producing a polyester resin by melt
polymerization using a dicarboxylic acid and/or a dicarbox-
ylic acid ester, and a diol, wherein
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the dicarboxylic acid and/or the dicarboxylic acid ester
comprise(s) 2,5-furandicarboxylic acid and/or 2,5-
furandicarboxylic acid ester,

the diol comprises 1,4-cyclohexanedimethanol, and

the method comprises the following step (IV) and step

(IV) a step of performing an esterification or transesteri-
fication reaction; and

(V) a step of, thereafter, performing polycondensation
under reduced pressure at a temperature (t1) repre-
sented by the following expression (3):

Tmst1<Tm+15° C. 3)

Tm: melting point of polyester resin.
11. The method for producing a polyester resin according
to claim 10, further comprising the following step (VI):
(V) a step of performing solid phase polymerization at a
temperature (t2) represented by the following expres-
sion (4), after melt polymerization:

2sTm ]
Tm: melting point of polyester resin.
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