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POLYESTER RESIN BLEND, POLYESTER
FILM AND PREPARATION METHOD
THEREOF

TECHNICAL FIELD

[0001] The present disclosure relates to a polyester resin
blend, a polyester film and a preparation method of the same.

BACKGROUND OF ART

[0002] A heat shrinkable film has a property of being
shrunk when heated, and is used for a shrinkage packaging,
a shrinkable label, and the like. Among them, polyvinyl
chloride (PVC), polystyrene, and polyester films have been
used as labels or cap seals of various containers, or used as
a direct packaging material.

[0003] However, the film made of polyvinyl chloride is
subject to environmental regulation due to environmental
problems such as hydrogen chloride gas and dioxin-causing
substances upon incineration. In addition, the polystyrene
film has good working stability when undergoing the shrink-
age process and the appearance of the product is good, but
has poor chemical resistance, thereby requiring an ink
having a specific composition for printing. Furthermore, the
polystyrene film has insufficient storage stability at room
temperature, so that it may become spontaneously shrunk,
undesirably deforming the dimensions thereof. In addition,
when the polyvinyl chloride film or the polystyrene film is
used as a shrinkable label of a polyethylene terephthalate
container, or the like, a troublesome process of separating
the label from the container has to be undergone at the time
of reusing the container.

[0004] On the other hand, when the polyester film is used
as a label of a polyethylene terephthalate container, it can be
introduced into a process for recycling the polyethylene
terephthalate container without separation of the label,
thereby improving convenience of the process. In particular,
as the use of the polyethylene terephthalate container has
recently increased, an interest in polyester films that can be
introduced into a recycle process without separating labels
has been gradually increased. However, the conventional
heat shrinkable polyester film does not exhibit sufficient heat
shrinkage, and thus it is necessary to improve shrinkage
properties of the polyester film. In particular, an amorphous
polyester film has a problem that recycling of the container
is impossible due to a fusion phenomenon that sticks to the
container in the process of drying the container after wash-
ing in the recycle process of the polyethylene terephthalate
container.

[0005] Accordingly, there is a demand for research on
recyclable polyester films such as polyethylene terephthalate
containers having superior shrinkage properties than con-
ventional polyester resins.

DETAILED DESCRIPTION OF THE
INVENTION

Technical Problem

[0006] In the present disclosure, there is provided a poly-
ester resin blend capable of providing a heat shrinkable film
having excellent shrinkage properties.

[0007] In the present disclosure, there are also provided a
polyester film prepared from the polyester resin blend and a
preparation method of the same.
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Technical Solution

[0008] According to an embodiment of the present disclo-
sure, there is provided a polyester resin blend including
polyethylene terephthalate; and a polyester resin having a
structure in which an acid moiety derived from a dicarbox-
ylic acid or a derivative thereof and a diol moiety derived
from a diol containing ethylene glycol and a comonomer are
repeated by polymerizing a dicarboxylic acid or a derivative
thereof and a diol containing ethylene glycol and a comono-
mer;

[0009] wherein the comonomer contains cyclohexanedi-
methanol,  4-(hydroxymethyl)cyclohexylmethyl  4-(hy-
droxymethyl)cyclohexanecarboxylate and 4-(4-(hydroxym-
ethyl)cyclohexylmethoxymethyl)cyclohexylmethanol, and
the polyester resin includes 0.2 to 30 mol % of a diol moiety
derived from 4-(hydroxymethyl)cyclohexylmethyl 4-(hy-
droxymethyl)cyclohexanecarboxylate and 4-(4-(hydroxym-
ethyl)cyclohexylmethoxymethyl)cyclohexylmethanol with
respect to the total diol moiety.

Advantageous Effects

[0010] The polyester resin blend according to an embodi-
ment of the present disclosure is capable of providing a heat
shrinkable label that is transparent and has excellent shrink-
age even if it contains recycled polyethylene terephthalate as
well as virgin polyethylene terephthalate. In addition, the
heat shrinkable label can be reused while attached to a PET
container, etc., and is expected to be useful for providing
continuously usable plastics that have been recently attract-
ing attention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0011] Hereinafter, the polyester resin blend and the poly-
ester film prepared therefrom according to specific embodi-
ments of the present disclosure will be described.

[0012] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting of the invention. The singular forms are
intended to include the plural forms as well, unless the
context clearly indicates otherwise. The terms “include”,
“comprise”, and the like of the present disclosure are used
to specify certain features, regions, integers, steps, opera-
tions, elements, and/or components, and these do not
exclude the existence or the addition of other certain fea-
tures, regions, integers, steps, operations, elements, and/or
components.

[0013] According to an embodiment of the present disclo-
sure, there is provided a polyester resin blend including
polyethylene terephthalate; and a polyester resin having a
structure in which an acid moiety derived from a dicarbox-
ylic acid or a derivative thereof and a diol moiety derived
from a diol containing ethylene glycol and a comonomer are
repeated by polymerizing a dicarboxylic acid or a derivative
thereof and a diol containing ethylene glycol and a comono-
mer;
[0014] wherein the comonomer contains cyclohexanedi-
methanol,  4-(hydroxymethyl)cyclohexylmethyl  4-(hy-
droxymethyl)cyclohexanecarboxylate and 4-(4-(hydroxym-
ethyl)cyclohexylmethoxymethyl)cyclohexylmethanol, and
the polyester resin includes 0.2 to 30 mol % of a diol moiety
derived from 4-(hydroxymethyl)cyclohexylmethyl 4-(hy-
droxymethyl)cyclohexanecarboxylate and 4-(4-(hydroxym-
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ethyl)cyclohexylmethoxymethyl)cyclohexylmethanol with
respect to the total diol moiety.

[0015] The polyester resin is obtained by polymerizing a
dicarboxylic acid or a derivative thereof and a diol, and has
a structure in which an acid moiety derived from a dicar-
boxylic acid or a derivative thereof and a diol moiety derived
from a diol are repeated. In the present disclosure, the acid
moiety and the diol moiety refer to a residue remaining after
the dicarboxylic acid or a derivative thereof and the diol are
polymerized to remove hydrogen, hydroxyl or alkoxy
groups from them.

[0016] As used herein, the term ‘dicarboxylic acid or a
derivative thereof” means at least one compound selected
from a dicarboxylic acid and derivatives of the dicarboxylic
acid. In addition, the term ‘derivative of the dicarboxylic
acid” means an alkyl ester of dicarboxylic acid (C1 to C4
lower alkyl ester such as monomethy] ester, monoethyl ester,
dimethyl ester, diethyl ester, dibutyl ester, or the like) or a
dicarboxylic acid anhydride. Accordingly, for example, the
terephthalic acid or the derivative thereof commonly
includes a compound that reacts with a diol to form a
terephthaloyl moiety, such as terephthalic acid; monoalkyl
or dialkyl terephthalate; and terephthalic acid anhydride.

[0017] The polyethylene terephthalate is widely used
commercially due to its low price and excellent physical/
chemical properties, but it has insufficient heat shrinkage to
provide a heat shrinkable label. In addition, it has high
crystallinity, thereby requiring a high temperature during
processing, and has a limitation in providing a transparent
product due to its high crystallization rate.

[0018] The present inventors have researched to solve this
problem, and found that blending polyethylene terephthalate
with the polyester resin including a diol moiety derived from
a comonomer containing cyclohexanedimethanol, 4-(hy-
droxymethyl)cyclohexylmethyl  4-(hydroxymethyl)cyclo-
hexanecarboxylate and 4-(4-(hydroxymethyl)cyclohexyl-
methoxymethyl)cyclohexylmethanol, wherein the diol
moiety derived from 4-(hydroxymethyl)cyclohexylmethyl
4-(hydroxymethyl)cyclohexanecarboxylate and 4-(4-(hy-
droxymethyl)cyclohexylmethoxymethyl)cyclohexylmetha-
nol is included in the above-described range, can provide a
polyester film having excellent transparency and shrinkage,
thereby completing the present invention.

[0019] The polyester film is heat shrinkable at a low
temperature similar to the heat shrink temperature of the
polyvinyl chloride film and exhibits excellent shrinkage, so
that can be used as a heat shrinkable label for PET containers
without deformation or cloudiness of the polyethylene tere-
phthalate container (PET container).

[0020] Conventional heat shrinkable labels are removed
before feeding the PET container to a recycle stream,
because they are fused with the PET container in the process
of drying the used PET container after washing. However, a
heat shrinkable label prepared from the polyester resin blend
according to the above embodiment can be crystallized even
at a high drying temperature, so that it can be supplied to the
recycle stream of the PET container while being attached to
the PET container.

[0021] In this disclosure, 4-(hydroxymethyl)cyclohexylm-
ethyl 4-(hydroxymethyl)cyclohexanecarboxylate is simply
referred to as diol A, and 4-(4-(hydroxymethyl)cyclohexyl-
methoxymethyl)cyclohexylmethanol is simply referred to as
diol B.
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[0022] Hereinafter, the polyester resin blend will be
described in detail.

[0023] The polyester resin according to the embodiment
may be blended with various general-purpose polyethylene
terephthalates to control its shrinkage properties, crystallin-
ity and crystallization rate to appropriate levels, thereby
providing a polyester film or a thick container having high
transparency and excellent shrinkage.

[0024] Accordingly, the type of the polyethylene tereph-
thalate is not particularly limited. For example, the polyeth-
ylene terephthalate is prepared by polymerizing a dicarbox-
ylic acid or a derivative thereof and a diol, and the
dicarboxylic acid or a derivative thereof may be mainly
terephthalic acid or a derivative thereof and the diol may be
mainly ethylene glycol.

[0025] The polyethylene terephthalate may include an
acid moiety derived from a comonomer other than tereph-
thalic acid or a derivative thereof. Specifically, the comono-
mer may be at least one selected from the group consisting
of a C8—C14 aromatic dicarboxylic acid or a derivative
thereof, and a C4—Cl12 aliphatic dicarboxylic acid or a
derivative thereof. Examples of the C8—C14 aromatic
dicarboxylic acid or the derivative thereof may include
aromatic dicarboxylic acids or derivatives thereof that are
generally used in manufacture of the polyester resin, for
example, naphthalene dicarboxylic acid such as isophthalic
acid, dimethyl isophthalate, phthalic acid, dimethyl phtha-
late, phthalic acid anhydride, 2,6-naphthalene dicarboxylic
acid, etc., dialkylnaphthalene dicarboxylate such as dim-
ethyl 2,6-naphthalene dicarboxylate, etc., diphenyl dicar-
boxylic acid, etc. Examples of the C4—C12 aliphatic dicar-
boxylic acid or the derivative thereof may include linear,
branched or cyclic aliphatic dicarboxylic acids or derivatives
thereof that are generally used in manufacture of the poly-
ester resin, for example, cyclohexane dicarboxylic acid such
as 1,4-cyclohexane dicarboxylic acid, 1,3-cyclohexane
dicarboxylic acid, etc., cyclohexane dicarboxylate such as
dimethyl 1,4-cyclohexane dicarboxylate, dimethyl 1,3-cy-
clohexane dicarboxylate, etc., sebacic acid, succinic acid,
isodecylsuccinic acid, maleic acid, maleic anhydride,
fumaric acid, adipic acid, glutaric acid, azelaic acid, etc. The
comonomer may be used in an amount of 0 to 50 mol %, 0
mol % to 30 mol %, 0 to 20 mol % or 0 to 10 mol % with
respect to the total dicarboxylic acid or the derivative
thereof.

[0026] The polyethylene terephthalate may include a diol
moiety derived from a comonomer other than ethylene
glycol. Specifically, the comonomer may be a C8—C40, or
C8—C33 aromatic diol, a C2—C20, or C2—C12 aliphatic
diol, or a mixture thereof. Examples of the aromatic diol
may include ethylene oxide and/or propylene oxide-added
bisphenol A derivatives such as polyoxyethylene- (n)—2,2-
bis(4-hydroxyphenyl)propane, polyoxypropylene- (n)- 2,2-
bis(4-hydroxyphenyl)propane, or polyoxypropylene- (n)-
polyoxyethylene-(n)- 2,2-bis(4-hydroxyphenyl)propane
(wherein n is the number of polyoxyethylene or polyoxy-
propylene units, and may be 0 to 10). Examples of the
aliphatic diol may include linear, branched or cyclic ali-
phatic diols such as diethylene glycol, triethylene glycol,
propanediol  (1,2-propanediol, 1,3-propanediol, etc.),
2-methyl- 1,3-propanediol, 2-methylene-1,3-propanediol,
2-ethyl-1,3-propanediol, 2-isopropyl- 1,3-propanediol, 1,4-
butanediol, 2,3-butanediol, pentanediol (1,5-pentanediol,
2,4-pentanediol, etc.), 3-methyl-1,5-pentanediol, 3-methyl-
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2,4-pentanediol, hexanediol (1,6-hexanediol, etc.), neopen-
tyl glycol (2,2-dimethyl-1,3-propanediol), 1,2-cyclohexane-
diol, 1,4-cyclohexanediol, 1,2-cyclohexanedimethanol, 1,3-
cyclohexanedimethanol, 1,4-cyclohexanedimethanol,
tetramethyl cyclobutanediol, etc. The comonomer may be
used in an amount of 0 to 50 mol %, 0 mol % to 30 mol %,
0 to 20 mol % or 0 to 10 mol % with respect to the total diol.
[0027] The polyethylene terephthalate is not particularly
limited, but may have an intrinsic viscosity of 0.50 to 1.2
dl/g, or 0.50 to 1.0 dl/g to exhibit excellent miscibility with
the polyester resin and have better shrinkage properties,
wherein the intrinsic viscosity is measured at 35° C. after
dissolving the polymer at a concentration of 1.2 g/dl in
orthochlorophenol at 150° C. for 15 minutes.

[0028] The polyester resin according to the above embodi-
ment may not only supplement physical properties of virgin
polyethylene terephthalate, but also supplement reduced
physical properties of recycled polyethylene terephthalate to
a very good level.

[0029] The recycled polyethylene terephthalate can be
understood to include polyethylene terephthalate collected
after use or all obtained therefrom. Specifically, the recycled
polyethylene terephthalate may be obtained by separating
the collected waste plastics according to a certain standard,
pulverizing and washing them and then re-pelletizing them
by melt extrusion, or may be obtained by depolymerizing the
collected waste plastics to a monomer level and repolymer-
izing them. The recycled polyethylene terephthalate may be
used after re-pelletization and crystallization, or after further
polycondensation in a solid state after crystallization
depending on a processing method.

[0030] The recycled polyethylene terephthalate repo-
lymerized by depolymerizing waste plastics to a monomer
level may exhibit good properties that are not easily distin-
guishable from virgin polyethylene terephthalate. However,
recycled polyethylene terephthalate obtained by re-pelleti-
zation of waste plastics is less transparent than virgin
polyethylene terephthalate and has poor physical properties,
making it difficult to produce a film capable of shrinking to
an appropriate level, even if the recycled polyethylene
terephthalate is used alone or mixed with virgin polyethyl-
ene terephthalate. However, the polyester resin according to
an embodiment exhibits excellent miscibility with the
recycled polyethylene terephthalate, and is blended with the
recycled polyethylene terephthalate to provide a polyester
film exhibiting excellent shrinkage properties. In particular,
the polyester resin according to an embodiment can provide
a polyester film having excellent shrinkage without other
additives, because it is highly miscible with recycled poly-
ethylene terephthalate.

[0031] Accordingly, virgin polyethylene terephthalate,
recycled polyethylene terephthalate, or a mixture thereof
may be used as the polyethylene terephthalate.

[0032] In particular, the polyester resin blend according to
an embodiment may exhibit high transparency and excellent
processability by including a resin having an intrinsic vis-
cosity of 0.50 to 1.2 dl/g, or 0.50 to 1.0 dl/g among the
recycled polyethylene terephthalate, wherein the intrinsic
viscosity is measured at 35° C. after dissolving the polymer
at a concentration of 1.2 g/dl in orthochlorophenol at 150°
C. for 15 minutes.

[0033] In addition, the polyester resin according to the
above embodiment is useful for recycling a resin containing
95 mol % or more of an acid moiety derived from tereph-
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thalic acid and 95 mol % or more of a diol moiety derived
from ethylene glycol among the recycled polyethylene tere-
phthalate. Since the resin may be a homopolymer made of
terephthalic acid and ethylene glycol, the upper limits of the
acid moiety derived from terephthalic acid and the diol
moiety derived from ethylene glycol are 100 mol %. When
the acid moiety derived from terephthalic acid or the diol
moiety derived from ethylene glycol is less than 100 mol %,
the acid moiety or the diol moiety derived from the comono-
mer described above may be included within 5 mol %.
Specifically, an acid moiety derived from isophthalic acid
and/or a diol moiety derived from cyclohexanedimethanol
may be included within 5 mol %, respectively.

[0034] The polyester resin may be blended with recycled
polyethylene terephthalate having a crystallization tempera-
ture of 130° C. to 160° C. to effectively control a crystal-
lization rate of the recycled polyethylene terephthalate.

[0035] The polyester resin may be blended with recycled
polyethylene terephthalate having a melting temperature of
250° C. or higher to provide a polyester resin blend with
excellent processability.

[0036] The polyester resin according to the embodiment
has a structure in which an acid moiety derived from a
dicarboxylic acid or a derivative thereof, a diol moiety
derived from ethylene glycol, a diol moiety derived from
cyclohexanedimethanol, a diol moiety derived from diol A
and a diol moiety derived from diol B are repeated by
polymerizing a dicarboxylic acid or a derivative thereof and
a diol containing ethylene glycol and a comonomer (includ-
ing cyclohexanedimethanol, diol A and diol B).

[0037] The polyester resin may provide a polyester resin
blend having excellent shrinkage properties, as the diol
moiety derived from diol A and the diol moiety derived from
diol B are included in an amount of 0.2 to 30 mol % with
respect to the total diol moiety.

[0038] Specifically, a length of the molecular chain above
a certain length related to residual stress in the polyester
resin becomes longer due to the diol moiety derived from
diol A and diol B. Therefore, the residual stress increases
during stretching of the polyester film prepared from the
polyester resin blend, and when heat is supplied to the
polyester film, shrinkage force by the residual stress relief
increases, and thus high shrinkage can be exhibited.

[0039] When the diol moiety derived from diol A and diol
B is less than 0.2 mol %, it is difficult to provide a polyester
film having high shrinkage, because the shrinkage properties
of polyethylene terephthalate cannot be improved. When the
diol moiety derived from diol A and diol B exceeds 30 mol
%, it is difficult to achieve a desired viscosity due to a
decrease in reactivity in the polymerization process of the
polyester resin, and whitening occurs due to over-stretching
in the stretching process of the polyester film prepared from
the polyester resin blend, resulting in a deterioration in value
as a heat shrinkable film.

[0040] The polyester resin may include about 0.2 to 30
mol %, about 0.5 to 30 mol %, about 1 to 30 mol %, about
2 to 30 mol %, about 3 to 30 mol %, about 4 to 30 mol %,
about 5 to 30 mol %, about 6 to 30 mol %, about 7 to 30 mol
%, about 8 to 30 mol %, about 9 to 30 mol %, or about 10
to 30 mol % of the diol moiety derived from diol A and the
diol moiety derived from diol B with respect to the total diol
moiety, in order to exhibit excellent shrinkage even when
blended with crystalline polyethylene terephthalate.
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[0041] The polyester resin may include 0.1 to 15 mol % of
the diol moiety derived from diol A and/or 0.1 to 15 mol %
of the diol moiety derived from diol B with respect to the
total diol moiety to maximize the above-described effect.
[0042] Meanwhile, the polyester resin may include 1 to 35
mol %, 1 to 32 mol % or 1 to 30 mol % of a diol moiety
derived from cyclohexanedimethanol with respect to the
total diol moiety. Within this range, it is possible to provide
a polyester resin blend having excellent shrinkage properties
and transparency.

[0043] The cyclohexanedimethanol may be 1,4-cyclo-
hexanedimethanol, 1,3-cyclohexanedimethanol, 1,2-cyclo-
hexanedimethanol or a mixture thereof, or it may be 1,4-
cyclohexanedimethanol.

[0044] The polyester resin may include 2 to 15 mol %, 3
to 15 mol %, 4 to 15 mol %, 5 to 15 mol %, or 10 to 13 mol
% of a diol moiety derived from diethylene glycol with
respect to the total diol moiety. The diol moiety derived from
diethylene glycol introduced into the polyester resin may be
introduced by reacting two ethylene glycols during polym-
erization of the polyester resin to form diethylene glycol,
and reacting the diethylene glycol with a dicarboxylic acid
or a derivative thereof. However, the present disclosure is
not limited thereto, and the diol moiety derived from dieth-
ylene glycol may be formed by adding diethylene glycol as
a comonomer other than ethylene glycol at the time of
preparing the polyester resin in order to control the content
of the diol moiety derived from diethylene glycol within the
above-described range. The polyester resin may provide a
polyester resin blend having excellent shrinkage properties
and transparency, as the diol moiety derived from diethylene
glycol is included within the above-described range. Par-
ticularly, when diethylene glycol is added as a comonomer
other than ethylene glycol in the preparation of the polyester
resin to include a large amount of the diol moiety derived
from diethylene glycol, elongation of the polyester film is
improved and high magnification stretching is possible, so
that a very thin polyester film having excellent shrinkage
properties may be provided.

[0045] The remaining diol moiety except for the diol
moiety described above in the polyester resin may be a diol
moiety derived from ethylene glycol.

[0046] Meanwhile, the comonomer other than ethylene
glycol may include a diol generally used in manufacture of
the polyester resin in addition to the monomers described
above. Specific examples of the diol may include diols listed
that can be used in the above-described polyethylene tere-
phthalate.

[0047] For example, as the polyester resin is prepared by
using 1,2-propanediol, 1,3-propanediol, 2-methyl-1,3-pro-
panediol, 2-methylene-1,3-propanediol, 2-ethyl-1,3-pro-
panediol, 2-isopropyl-1,3-propanediol, 2,2-dimethyl- 1,3-
propanediol, 1,4-butanediol, 2,3-butanediol, 3-methyl-1,5-
pentanediol, 3-methyl-2,4-pentanediol, 1,6-hexanediol, 1,2-
cyclohexanediol, 1,4-cyclohexanediol, diethylene glycol, or
a mixture thereof as the comonomer other than ethylene
glycol, a diol moiety derived from the comonomer may be
further included. The comonomer can be suitably used to
improve moldability or other physical properties of the
polyester resin to be prepared. However, it is advantageous
for the comonomer other than ethylene glycol to be a
combination of cyclohexanedimethanol, diol A and diol B;
or a combination of the same and diethylene glycol, if
necessary, to satisfy the above-described physical proper-
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ties. When the comonomer contains cyclohexanedimetha-
nol, diol A and diol B; and diols other than diethylene glycol,
if necessary, the content may be 10 mol % or less, 5 mol %
or less, or 2 mol % or less with respect to the total
comonomer.

[0048] In the polyester resin, a dicarboxylic acid or a
derivative thereof may be mainly terephthalic acid or a
derivative thereof like polyethylene terephthalate described
above, and the polyester resin may include a comonomer
other than terephthalic acid or a derivative thereof. The type
and content of the comonomer can be adjusted by referring
to the type and content of the comonomer that can be used
for the above-described polyethylene terephthalate.

[0049] The polyester resin may have an intrinsic viscosity
of about 0.45 to 1.2 dl/g, about 0.55 to 1.0 dl, 0.60 to 1.0
dl/g, or about 0.60 to 0.9 dl/g by the above-described
structure, wherein the intrinsic viscosity is measured at 35°
C. after dissolving the polymer at a concentration of 1.2 g/dl
in orthochlorophenol at 150° C. for 15 minutes. Within this
range, the polyester resin has an appropriate molecular
weight, has excellent mechanical properties, and can be
blended and molded with polyethylene terephthalate under
mild pressure and temperature.

[0050] The polyester resin may have a glass transition
temperature of 60° C. to 80° C., 62° C. to 78° C., or 63° C.
to 75° C. by the above-described structure.

[0051] In addition, a content of an oligomer introduced
therein may be 3.0 area % or less, 2.0 area % or less, 1.5 area
% or less, or 1.0 area % or less with respect to the total area
of the polyester resin. The oligomer refers to a compound
having a molecular weight of 500 to 1000 g/mol. Since the
polyester resin may not contain the oligomer, a lower limit
thereof may be 0 area %. For example, in the polyester resin,
the content of the oligomer introduced into the polyester
resin may be 0.1 to 3 area %, 0.1 to 2 area %, 0.1 to 1.5 area
%, or 0.1 to 1.2 area % with respect to the total area of the
polyester resin. Within this range, it is possible to provide a
polyester film capable of preventing an increase in haze due
to precipitation of oligomers during stretching at a high
temperature, maintaining high transparency even after
stretching, and minimizing a defect rate in a printing pro-
cess, which is a post process.

[0052] Meanwhile, the polyester resin may be prepared
including the steps of performing an esterification reaction
or a transesterification reaction on the above-described
dicarboxylic acid or a derivative thereof and the above-
described diol; and performing a polycondensation reaction
on a product obtained by the esterification or transesterifi-
cation reaction.

[0053] In the esterification reaction or transesterification
reaction, a catalyst is not necessarily required, but a catalyst
may be selectively used to shorten a reaction time. The
catalyst may include methylate of sodium or magnesium;
acetates, borates, fatty acids, or carbonates of Zn, Cd, Mn,
Co, Ca, Ba and the like; metals such as Mg; and oxides of
Pb, Zn, Sb, Ge and the like.

[0054] The esterification or transesterification reaction
may be carried out in a batch, semi-continuous or continuous
manner. Each raw material may be added separately, but it
may preferably be added in a slurry form in which the
dicarboxylic acid or the derivative thereof is mixed in the
diol. The diol may be added in a ratio of about 1.2 to 3.0 mol
per 1 mol of a dicarboxylic acid or a derivative thereof.
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[0055] A polycondensation catalyst, a stabilizer, a coloring
agent, a crystallizing agent, an antioxidant, a branching
agent and the like may be added in the slurry before the
esterification or transesterification reaction or in the product
after completion of the reaction. However, the input timing
of the above-described additive is not limited thereto, and
the above-described additive may be added at any time
during the preparation of the polyester resin.

[0056] As the polycondensation catalyst, at least one of
conventional titanium, germanium, antimony, aluminum,
tin-based compounds may be appropriately selected and
used. Among them, the titanium-based catalyst can copoly-
merize a large amount of cyclohexane dimethanol with
terephthalic acid or a derivative thereof, can perform an
equivalent level of reaction even with a small amount
compared to an antimony-based catalyst, and is cheaper than
a germanium-based catalyst. Examples of the preferable
titanium-based catalyst include tetraethyl titanate, acetyl-
tripropyl titanate, tetrapropyl titanate, tetrabutyl titanate,
polybutyl ftitanate, 2-ethylhexyl titanate, octylene glycol
titanate, lactate titanate, triethanolamine titanate, acetylac-
etonate titanate, ethyl acetoacetic ester titanate, isostearyl
titanate, titanium dioxide, titanium dioxide/silicon dioxide
coprecipitate, titanium dioxide/zirconium dioxide coprecipi-
tate, and the like. The amount of the polycondensation
catalyst used may vary depending on the desired color and
the stabilizer and coloring agent used, but the polyconden-
sation catalyst can be used so that the amount of titanium
element with respect to a weight of the polyester resin is
about 1 to 100 ppm, more preferably about 1 to 50 ppm,
since it affects the color of the polymerized polyester resin.
When the amount of titanium element is less than about 1
ppm, the desired degree of polymerization cannot be
reached, and when it exceeds about 100 ppm, the color of the
polyester resin becomes yellow, which may make it difficult
to obtain a transparent polyester film.

[0057] As the stabilizer, phosphorus-based compounds
such as phosphoric acid, trimethyl phosphate, triethyl phos-
phate and triethylphosphonoacetate may be generally used,
and an added amount thereof may be 10 to 200 ppm with
respect to a weight of the polyester resin based on a
phosphorus element. When the amount of the stabilizer is
less than 10 ppm, the polyester resin may not be sufficiently
stabilized and a color of the polyester resin may become
yellow. When the amount is more than 200 ppm, a polyester
resin having a high degree of polymerization may not be
obtained. Further, examples of the coloring agent to be
added for improving a color of the polyester resin may
include conventional agents such as cobalt acetate, cobalt
propionate, and the like. An added amount thereof may be 1
to 200 ppm with respect to a weight of the polyester resin
based on a cobalt element. If necessary, anthraquionone-
based compounds, perinone-based compounds, azo-based
compounds, methine-based compounds, and the like may be
used as an organic coloring agent, and commercially avail-
able products include toners such as Polysynthren Blue RLS
(manufactured by Clarient) and Solvaperm Red BB (manu-
factured by Clarient). An added amount of the organic
coloring agent may be 0 to 50 ppm with respect to a weight
of the polyester resin. When the coloring agent is used in the
amount out of the above-described range, a yellow color of
the polyester resin may not be sufficiently covered or physi-
cal properties may be reduced.
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[0058] Examples of the crystallizing agent may include a
crystal nucleating agent, an ultraviolet absorber, a poly-
olefin-based resin, a polyamide resin, and the like. Examples
of the antioxidant may include a hindered phenolic antioxi-
dant, a phosphite-based antioxidant, a thioether-based anti-
oxidant, and a mixture thereof. The branching agent may be
a branching agent having at least three functional groups,
and examples thereof include trimellitic anhydride, trimeth-
ylol propane, trimellitic acid and a mixture thereof.

[0059] Moreover, the esterification reaction may be car-
ried out at a temperature of about 200 to 300° C., about 230
to 280° C., about 230 to 265° C., or about 245° C. to 255 and
under a pressure of 0 to 10.0 kgf/cm? (0 to 7355.6 mmHg),
0 to 5.0 kgf/em® (0 to 3677.8 mmHg), 0.1 to 3.0 kgf/cm?
(73.6 t0 2206.7 mmHg), or 1.0 to 3.0 kgf/em?® (736 to 2206.7
mmHg). And the transesterification reaction may be carried
out at a temperature of 150 to 270° C. or 180 to 260° C., and
under a pressure of 0 to 5.0 kgf/em?® (0 to 3677.8 mmHg) or
0.1 to 3.0 kgf/em® (73.6 to 2206.7 mmHg). The pressures
outside the parentheses refer to gauge pressures (expressed
in kgf/cm®) and the pressures inside parentheses refer to
absolute pressures (expressed in mmHg).

[0060] When the reaction temperature and pressure are out
of the above range, physical properties of the polyester resin
may be lowered. The reaction time (average residence time)
is usually 1 to 24 hours, or 100 to 300 minutes, and may vary
depending on the reaction temperature, pressure, and molar
ratio of the diol to the dicarboxylic acid or the derivative
thereof used.

[0061] The product obtained by the esterification or trans-
esterification reaction may be subjected to a polycondensa-
tion reaction to prepare a polyester resin having a high
degree of polymerization. Generally, the polycondensation
reaction may be carried out at a temperature of 150 to 300°
C., 200 to 290° C., 260 to 290° C., 260 to 280° C., or 265
to 275° C. and under a reduced pressure of 400 to 0.01
mmHg, 100 to 0.05 mmHg, or 10 to 0.1 mmHg. Herein, the
pressures refer to absolute pressures. The reduced pressure
of 400 to 0.01 mmHg is for removing by-products of the
polycondensation reaction such as glycol and unreacted
materials such as cyclohexanedimethanol. Therefore, when
the pressure is out of the above range, the removal of
by-products and unreacted materials may be insufficient. In
addition, when the temperature of the polycondensation
reaction is out of the above range, physical properties of the
polyester resin may be lowered. The polycondensation reac-
tion may be carried out for the required time until the desired
intrinsic viscosity is reached, for example, for an average
residence time of 1 to 24 hours.

[0062] In order to reduce the content of the unreacted
materials such as cyclohexanedimethanol remaining in the
polyester resin, the unreacted raw materials may be dis-
charged out of the system by intentionally maintaining the
vacuum reaction for a long period of time at the end of the
esterification reaction or the transesterification reaction or at
the beginning of the polycondensation reaction, that is, in a
state in which the viscosity of the resin is not sufficiently
high. When the viscosity of the resin is high, it is difficult for
the raw materials remaining in the reactor to flow out of the
system. For example, the unreacted materials remaining in
the polyester resin such as ethylene glycol and cyclo-
hexanedimethanol may be removed effectively by leaving
the reaction products obtained by the esterification or trans-
esterification reaction before the polycondensation reaction
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for about 0.2 to 3 hours under a reduced pressure of about
400 to 1 mmHg or about 200 to 3 mmHg. Herein, a
temperature of the product may be controlled to be equal to
that of the esterification or transesterification reaction or that
of the polycondensation reaction, or a temperature there
between.

[0063] As described above, adding a process of discharg-
ing unreacted raw materials out of the system may reduce
the content of unreacted materials such as cyclohexanedi-
methanol remaining in the polyester resin, and as a result, a
polyester resin capable of realizing desired physical prop-
erties at a higher level can be prepared.

[0064] Meanwhile, it is suitable that an intrinsic viscosity
of the polymer obtained after the polycondensation reaction
is 0.30 to 1.0 dl/g. When the intrinsic viscosity is less than
0.30 dl/g, a reaction rate of the solid-phase reaction may be
significantly lowered. When the intrinsic viscosity exceeds
1.0 dl/g, a viscosity of a molten material may be increased
during the melt polymerization, and thus a possibility of
polymer discoloration may be increased by shear stress
between a stirrer and the reactor, resulting in by-products
such as acetaldehyde.

[0065] The polyester resin according to the embodiment
may have a higher degree of polymerization by further
performing a solid-phase reaction after the polycondensa-
tion reaction, if necessary.

[0066] Specifically, the polymer obtained by the polycon-
densation reaction is discharged out of the reactor to perform
granulation. The granulation may be performed by a strand
cutting method in which the polymer is extruded into a
strand shape, solidified in a cooling liquid, and cut with a
cutter, or an underwater cutting method in which a die hole
is immersed in a cooling liquid, the polymer is directly
extruded into the cooling liquid and cut with a cutter. In
general, a temperature of the cooling liquid should be kept
low in the strand cutting method to solidify the strand well,
so that there is no problem in cutting. In the underwater
cutting method, it is preferable to maintain the temperature
of the cooling liquid in accordance with the polymer to make
the shape of the polymer uniform. However, in the case of
a crystalline polymer, the temperature of the cooling liquid
may be intentionally kept high in order to induce crystalli-
zation during the discharge.

[0067] It is possible to remove raw materials soluble in
water among unreacted raw materials such as cyclo-
hexanedimethanol by water-washing the granulated poly-
mer. The smaller the particle size, the wider the surface area
relative to a weight of particles. Accordingly, it is advanta-
geous that a particle size is small. In order to achieve this
purpose, the particles may be made to have an average
weight of about 15 mg or less. For example, the granulated
polymer may be water-washed by leaving it in water at a
temperature equal to the glass transition temperature of the
polymer or lower than that by about 5 to 20° C. for 5 minutes
to 10 hours.

[0068] The granulated polymer is subjected to a crystal-
lization step to prevent fusion during the solid-phase reac-
tion. The crystallization step may be performed under an
atmosphere, inert gas, water vapor, or water vapor-contain-
ing inert gas or in solution, and may be performed at 110 to
210° C.or 120to 210° C. When the temperature is low, a rate
at which crystals of the particles are formed may be exces-
sively slow. When the temperature is high, a rate at which a
surface of the particles is melted may be faster than a rate at
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which the crystals are formed, so that the particles may
adhere to each other to cause fusion. Since the heat resis-
tance of the particles is increased as the particles are
crystallized, it is also possible to crystallize the particles by
dividing the crystallization into several steps and raising the
temperature stepwise.

[0069] The solid-phase reaction may be performed under
an inert gas atmosphere such as nitrogen, carbon dioxide,
argon, and the like or under a reduced pressure of 400 to 0.01
mmHg and at a temperature of 180 to 220° C. for an average
residence time of 1 to 150 hours. By performing the solid-
phase reaction, the molecular weight may be additionally
increased, and the raw materials that do not react in the
melting reaction but just remain, and a cyclic oligomer,
acetaldehyde, and the like that are generated during the
reaction may be removed.

[0070] The solid-phase reaction may be performed until
the intrinsic viscosity of the crystallized polymer reaches
0.65 dl/g or more, 0.70 dl/g or more, 0.75 dl/g or more, or
0.80 dl/g or more, wherein the intrinsic viscosity is mea-
sured at 35° C. after dissolving the polymer at a concentra-
tion of 1.2 g/dl in orthochlorophenol at 150° C. for 15
minutes.

[0071] Meanwhile, the polyester resin blend may provide
a polyester film which is transparent and has excellent heat
shrinkage properties without special additives, even if it
contains up to about 50 wt % of recycled polyethylene
terephthalate as the polyethylene terephthalate. Accordingly,
the mixing ratio of the polyethylene terephthalate and the
polyester resin in the polyester resin blend is not particularly
limited.

[0072] For example, the polyester resin blend may include
the polyethylene terephthalate and the polyester resin in a
weight ratio of 1:99 to 99:1, 1:99 to 80:20, 1:99 to 70:30,
1:99 to 60:40, 1:99 to 50:50, or 5:95 to 50:50.

[0073] For example, when the polyester resin blend
includes the polyethylene terephthalate and the polyester
resin in a weight ratio of 1:99 to 50:50, or 5:95 to 50:50, a
polyester film having excellent shrinkage properties may be
provided.

[0074] The polyester resin blend includes 0.5 to 32 mol %
of the diol moiety derived from the total cyclohexanedime-
thanol contained in the polyethylene terephthalate and poly-
ester resin with respect to the total diol moiety contained in
the polyethylene terephthalate and polyester resin, so that a
polyester film having excellent transparency and shrinkage
properties may be provided, and the polyester film may
exhibit excellent chemical resistance when printed.

[0075] Even if the polyester resin blend according to the
embodiment includes recycled polyethylene terephthalate,
miscibility of the polyester resin with the recycled polyeth-
ylene terephthalate is excellent, and thus there is an advan-
tage that no additive is required to supplement properties of
the recycled polyethylene terephthalate. However, as a non-
limiting example, the polyester resin blend may include an
additive commonly applied in the art.

[0076] According to another embodiment of the present
disclosure, there are provided a polyester film prepared from
the polyester resin blend and a preparation method of the
same.

[0077] The polyester film may exhibit excellent shrinkage
properties while being transparent, as it is formed from the
polyester resin blend according to the embodiment.
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[0078] For example, the polyester film may have a haze of
5% or less, 4% or less, 3% or less, 2.5% or less, 2% or less,
or 1% or less when measured for a 50 um thick specimen
according to ASTM D1003-97, indicating high transpar-
ency. As the haze is most preferably 0% in theory, the lower
limit may be 0% or more.

[0079] Inaddition, since the polyester film has a low initial
shrinkage temperature of 65° C. or less, the polyester film
may be molded in excellent quality without deformation or
cloudiness of the PET container, when used as a heat
shrinkable label of a PET container. In addition, the poly-
ester film can provide a heat shrinkable film with excellent
quality by exhibiting a maximum shrinkage of 55% or more,
60% or more, 65% or more, 70% or more, or 75% or more
at 95 ° C. The upper limit of the maximum shrinkage is not
particularly limited, and may be, for example, 85% or less.
[0080] The polyester film may be a single-layer film or a
multi-layer film including two or more layers.

[0081] When the polyester film is a single-layer film, it
may be suitable for the film to be prepared from the
polyester resin blend including the polyethylene terephtha-
late and the polyester resin in a weight ratio of 1:99 to 50:50
or 5:95 to 50:50 to exhibit excellent shrinkage properties.
[0082] When the polyester film is a multi-layer film, it
may include a core layer (base layer) and a skin layer (resin
layer).

[0083] The skin layer is formed on one side or both sides
of the core layer, and at least one side of the polyester film
may be a skin layer. In this structure, controlling the type and
blending ratio of polyethylene terephthalate and a polyester
resin in the core layer to exhibit excellent shrinkage prop-
erties, and controlling the type and blending ratio of poly-
ethylene terephthalate and a polyester resin in the skin layer
to exhibit crystallinity may provide a heat shrinkable film
which has excellent shrinkage properties and can be
recycled with a PET container, because fusion does not
occur even when it is supplied to a recycle stream with the
PET container.

[0084] For example, when the core layer includes poly-
ethylene terephthalate and a polyester resin in a weight ratio
of 0:100 to 50:50 and the skin layer includes polyethylene
terephthalate and a polyester resin in a weight ratio of 10:90
to 100:0, the polyester film may exhibit excellent shrinkage
properties and crystallinity at the same time.

[0085] Meanwhile, the polyester film may include two or
more core layers and two or more skin layers. For example,
the polyester film may have a structure in which first skin
layer is formed on the first core layer, second core layer is
formed on the first skin layer, and second skin layer is
formed on the second core layer.

[0086] Regardless of whether the polyester film is a
single-layer film or a multi-layer film, the weight ratio of the
polyethylene terephthalate and the polyester resin included
in the entire polyester film is adjusted to 5:95 to 50:50 to
simultaneously exhibit excellent shrinkage properties and
crystallinity.

[0087] Hereinafter, a preparation method of the polyester
film will be described in detail.

[0088] The preparation method of the polyester film
includes the steps of preparing an unstretched film by
molding the polyester resin blend; and stretching the
unstretched film.

[0089] The polyester resin blend may be provided by
preparing polyethylene terephthalate and a polyester resin in
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the form of chips or pellets, drying them and then mixing
them with a stirrer. Specifically, the polyethylene terephtha-
late and the polyester resin may be molded into chips or
pellets by a twin-screw extruder. Then, the polyethylene
terephthalate in the form of chips or pellets may be dried at
about 120 to 160° C., and the polyester resin in the form of
chips or pellets may be dried at about 50 to 75° C., followed
by blending of the above components with a stirrer to
prepare a polyester resin blend. Alternatively, the polyeth-
ylene terephthalate in the form of chips or pellets and the
polyester resin in the form of chips or pellets may be dried
together at about 50 to 160° C., and then the above com-
ponents may be blended with a stirrer to prepare a polyester
resin blend.

[0090] Thereafter, the prepared polyester resin blend may
be molded to prepare an unstretched film. The polyester
resin blend may be molded at a temperature of about 230°
C. to 310° C., about 240° C. to 300° C., or about 250° C. to
290° C. to maintain the long-chain structure of the polymer
by minimizing thermal decomposition of the polymer,
thereby minimizing a problem of damage or breakage of the
film in the subsequent stretching process.

[0091] Specifically, a blend of the polyethylene terephtha-
late and the polyester resin in the form of chips or pellets
may be supplied to an extruder, and the temperature of the
cylinder may be adjusted to the above-described range to
obtain an unstretched film.

[0092] When the polyester film has a multi-layer structure,
two or more layers can be molded sequentially or simulta-
neously. That is, each layer may be sequentially formed by
forming one layer and then forming another layer on the
layer, or two or more layers may be formed at once by
co-extrusion, or the like.

[0093] The unstretched film obtained by the above method
may be cooled to an appropriate temperature. Although not
particularly limited, the prepared unstretched film may be
supplied to the subsequent process after being tightly wound
on a cooling roll of about 10 to 70° C.

[0094] In the step of stretching the unstretched film, the
unstretched film may be stretched in a longitudinal direction
and/or in a transverse direction to provide a uniaxially
stretched film or a biaxially stretched film.

[0095] A stretching temperature of the unstretched film
may be a temperature above the glass transition temperature
of the polyester resin. Specifically, the unstretched film may
be stretched at a temperature of 55° C. to 180° C. or 60° C.
to 170° C.

[0096] The unstretched film may be stretched at a high
magnification. For example, the unstretched film may be
uniaxially stretched with a transverse stretching ratio of 1.5
to 6 times or a longitudinal stretching ratio of 1.1 to 5 times.
In addition, as another example, the unstretched film may be
biaxially stretched with a transverse stretching ratio of 1.5 to
6 times and a longitudinal stretching ratio of 1.1 to 5 times.

[0097] The polyester film may have a crystallization half-
time of 0.1 to 100 minutes, 0.1 to 80 minutes, 0.1 to 70
minutes, 0.1 to 60 minutes, 0.1 to 50 minutes, 0.1 to 40
minutes, 0.1 to 30 minutes, 0.1 to 20 minutes, 0.1 to 10
minutes, 0.1 to 7 minutes, 0.1 to 6 minutes, 0.1 to 5 minutes,
0.1 to 4 minutes, 0.1 to 3 minutes, 0.1 to 2 minutes, 0.1 to
1 minute, or 0.5 to 1 minute, so as not to cause a fusion
problem even when supplied to a recycle stream together
with a PET container.
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[0098] The thickness of the polyester film is not particu-
larly limited, but may be 3 pum to 350 pm. When the
polyester film is a multi-layer film, a percentage of the
thickness of the skin layer to the thickness of the core layer
(thickness of the skin layer/ thickness of the core layerx100)
may be 2.5% to 50%, and a percentage of the thickness of
the skin layer to the thickness of the polyester film (thickness
of the skin layer/ thickness of the polyester filmx100) may
be 1% to 50%.

[0099] The polyester film may be applied to various
technical fields to which the present invention pertains, but
is expected to be usefully used as a heat shrinkable label for
PET containers due to its excellent shrinkage properties and
transparency.

[0100] Hereinafter, action and effects of the present dis-
closure are described by specific Examples in more detail.
Meanwhile, these Examples are provided by way of
example, and therefore, should not be construed as limiting
the scope of the present invention.

[0101] The following physical properties were measured
according to the following methods.

(1) Intrinsic Viscosity (IV)

[0102] After dissolving a sample in o-chlorophenol at
150° C. for 15 minutes at a concentration of 1.2 g/dl, the
intrinsic viscosity of the sample was measured using an
Ubbelohde viscometer. Specifically, a temperature of the
viscometer was maintained at 35° C., and the time taken
(efflux time; t,) for a solvent to pass between certain internal
sections of the viscometer and the time taken (t) for a
solution to pass the viscometer were measured. Subse-
quently, a specific viscosity was calculated by substituting t,
and t into Formula 1, and the intrinsic viscosity was calcu-
lated by substituting the calculated specific viscosity into
Formula 2.

-1y [Formula 1]
Nsp =
o
JT+4dn, -1 [Formula 2]
[n]= TP

[0103] In Formula 2, A was a Huggins constant of 0.247,
and ¢ was a concentration of 1.2 g/dl.

(2) Glass Transition Temperature (Tg)

[0104] The Tg of the polyester resin was measured by
differential scanning calorimetry (DSC). DSC 1 model
manufactured by Mettler Toledo was used as a measuring
device. Specifically, the polyester resin was dried for 5 to 10
hours under a nitrogen atmosphere at 60° C. using a dehu-
midifying dryer (D2T manufactured by Moretto). Therefore,
the Tg was measured in a state in which a moisture content
remaining in the sample was less than 500 ppm. About 6 to
10 mg of the dried sample was taken, filled in an aluminum
pan, and heated at a rate of 10° C/min from room tempera-
ture to 280° C. (1st scan), followed by annealing at 280° C.
for 3 minutes. Thereafter, the sample was rapidly cooled to
room temperature, and then heated at a rate of 10° C/min
from room temperature to 280° C. (2nd scan) to obtain a
DSC curve. Then, the Tg value was analyzed in the second
scan by DSC using a glass transition function in DSC menu
of the related program (STARe software) provided by Met-
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tler Toledo. Herein, the Tg is defined as the temperature at
which a maximum slope of the curve appears when the DSC
curve obtained in the second scan changes stepwise for the
first time during the heating process. The temperature range
of the scan was set from —20° C. to 15° C. to 15° C. to 20°
C. of the midpoint calculated by the program.

(3) Oligomer Content

[0105] After 0.3 g of the polyester resin prepared in
Preparation Example was placed in 15 mL of o-chlorophenol
and dissolved at 150° C. for 15 minutes, it was cooled to
room temperature, and 9 mL of chloroform was added
thereto. Then, gel permeation chromatography was per-
formed using Tosoh’s column and RI detector. Using the
molecular weight graph of the polyester resin thus obtained,
a ratio of the molecular weight area from 500 to 1000 g/mol
to the entire molecular weight area was calculated and
defined as the oligomer content of the polyester resin.

(4) Maximum Shrinkage

[0106] The polyester film prepared in one of Examples
and Comparative Examples was cut into a 5 cmx5 cm square
shape, immersed in hot water at 95° C. for 10 seconds, and
then taken out. Thereafter, a ratio of the reduced length to the
initial length represented by the following Formula 3 was
calculated and defined as the maximum shrinkage at 95° C.
[0107] [Formula 3]

[0108] Maximum shrinkage (%)=(initial length—Ilength
measured after immersion)/initial lengthx100

(5) Initial Shrinkage Temperature

[0109] The polyester film prepared in one of Examples
and Comparative Examples was cut into a 5 cmx5 cm square
shape, immersed in hot water at each temperature from 55°
C. to 100° C. for 10 seconds, and then taken out. Then, the
ratio of the reduced length to the initial length represented by
the Formula 3 was calculated, and the temperature at which
the polyester film shrank to 2% or less was defined as the
initial shrinkage temperature.

(6) Haze

[0110] The polyester film prepared in one of Examples and
Comparative Examples was cut to a size of 10 cmx10 cm
(longitudinal length Xtransverse length) to prepare a speci-
men. Thereafter, parallel transmittance and diffuse transmit-
tance of the specimen were measured in accordance with
ASTM D1003-97 using CM-3600A manufactured by
Minolta. The transmittance is defined as a sum of the parallel
transmittance and the diffuse transmittance, and the haze is
defined as a percentage of the diffuse transmittance to the
transmittance (haze=diffuse transmittance/transmittance
x100). Therefore, the transmittance and haze were deter-
mined from the parallel transmittance and the diffuse trans-
mittance of the specimen.

(7) Occurrence of Fusion Between Polyester Film
and PET Container

[0111] The polyester film and the polyethylene terephtha-
late container (PET container) were simultaneously pulver-
ized to have a bulk density of about 250 to 600 g/L, and
flakes were obtained. The obtained polyester film pieces and
PET container flakes were left at 160° C. for 1 hour to
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visually observe whether or not the polyester film pieces and
PET container flakes were fused. When some fused parts
were observed, it was indicated as ‘0’, and when not
observed, it was indicated as ‘x’.

(8) Crystallization Half-time

[0112] The crystallization half-time of the polyester film
was measured by differential scanning calorimetry (DSC).
Specifically, after the polyester film was rapidly heated to
140° C., the temperature was maintained at 140° C., and the
time (unit: minute) consumed to generate half of the total
heat generated during crystallization was measured.

Preparation Example 1: Preparation of Polyester
Resin

[0113] Terephthalic acid, ethylene glycol, diethylene gly-
col, 1,4-yclohexanedimethanol, 4-(hydroxymethyl)cyclo-
hexylmethyl  4-(hydroxymethyl)cyclohexanecarboxylate
(hereinafter, diol A), and 4-(4-(hydroxymethyl)cyclohexyl-
methoxymethyl)cyclohexylmethanol (hereinafter, diol B)
were placed in a 3 kg batch reactor to which a column, and
a condenser capable of being cooled by water were con-
nected. The monomers were added in an appropriate amount
such that the acid moiety derived from terephthalic acid is
100 mol % with respect to the total acid moiety included in
the prepared polyester resin, the diol moiety derived from
1,4-cyclohexanedimethanol is 7 mol %, the diol moiety
derived from diethylene glycol is 12 mol %, the diol moiety
derived from diol A is 13 mol %, the diol moiety derived
from diol B is 2 mo 1%, and the diol moiety derived from
ethylene glycol is 66 mol % with respect to the total diol
moiety. Then, 0.3 g of tetrabutyl titanate as a catalyst, 0.4 g
of phosphoric acid as a stabilizer, and 2.1 g of cobalt acetate
as a coloring agent were used. Then, nitrogen was injected
into the reactor to form a pressurized state in which the
pressure of the reactor was higher than normal pressure by
1.0 kgf/cm? (absolute pressure: 1495.6 mmHg).

[0114] Then, the temperature of the reactor was raised to
220° C. over 90 minutes, maintained at 220° C. for 2 hours,
and then raised to 260° C. over 2 hours. Thereafter, an
esterification reaction proceeded until the mixture in the
reactor became transparent with the naked eye while main-
taining the temperature of the reactor at 260° C. When the
esterification reaction was completed, the nitrogen in the
pressurized reactor was discharged to the outside to lower
the pressure of the reactor to normal pressure, and then the
mixture in the reactor was transferred to a 3 kg reactor
capable of vacuum reaction.

[0115] Then, the pressure of the reactor was reduced from
normal pressure to 5 Torr (absolute pressure: 5 mmHg) over
30 minutes, and the temperature of the reactor was raised to
270° C. over 1 hour to proceed a polycondensation reaction
while maintaining the pressure of the reactor at 1 Torr
(absolute pressure: 1 mmHg) or less. In the initial stage of
the polycondensation reaction, a stirring rate was set high,
but when the stirring force is weakened due to an increase
in the viscosity of the reactant as the polycondensation
reaction progresses or the temperature of the reactant rises
above the set temperature, the stirring rate may be appro-
priately adjusted. The polycondensation reaction was per-
formed until an intrinsic viscosity (IV) of the mixture (melt)
in the reactor became 0.77 dl/g. When the intrinsic viscosity
of the mixture in the reactor reached a desired level, the
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mixture was discharged out of the reactor and stranded. This
was solidified with a cooling liquid and granulated to have
an average weight of about 12 to 14 mg.

Preparation Examples 2 to 8 and Comparative
Preparation Examples 1 to 4: Preparation of
Polyester Resin

[0116] A polyester resin was prepared in the same manner
as in Preparation Example 1, except that the contents of the
diol moiety derived from 1,4-cyclohexanedimethanol, the
diol moiety derived from diethylene glycol, the diol moiety
derived from diol A, and the diol moiety derived from diol
B with respect to the total diol moiety in the polyester resin
were changed as shown in Table 1.

TABLE 1
diol  diol Tg  Oligomer
CHDM DEG A B IV (°C.) (area %)

Prep. Ex. 1 7 12 13 20 077 68 0.6
Prep. Ex. 2 14 13 0.1 0.1 0.5 70 1.0
Prep. Ex. 3 7 10 1.0 15 0.78 67 0.7
Prep. Ex. 4 2 12 15 15 077 63 0.7
Prep. Ex. 5 10 12 10 1.5 075 68 0.5
Prep. Ex. 6 10 12 5 20 071 69 0.8
Prep. Ex. 7 29 12 01 01 078 73 1.1
Prep. Ex. 8 29 11 0.5 02 0.73 74 0.8
Comp. Prep. 15 10 0 0 074 73 1.7
Ex. 1

Comp. Prep. 20 11 0 0 0.75 71 1.7
Ex. 2

Comp. Prep. 40 10 0 0 079 74 1.5
Ex. 3

Comp. Prep. 7 13 35 10 0.67 60 1.5
Ex. 4

[0117] In Table 1 above, CHDM is in mol % of a diol

moiety derived from 1,4-cyclohexanedimethanol with
respect to the total diol moiety, DEG is in mol % of a diol
moiety derived from diethylene glycol with respect to the
total diol moiety, diol A is in mol % of a diol moiety derived
from diol A with respect to the total diol moiety, diol B is in
mol % of a diol moiety derived from diol B with respect to
the total diol moiety, and the remaining diol moiety is a diol
moiety derived from ethylene glycol.

Example 1: Preparation of Polyester Resin Blend
and Polyester Film 1) Preparation of Polyester
Resin Blend

[0118] The polyester resin prepared in Preparation
Example 1 was blended with recycled PET in a weight ratio
of 95:5 to prepare a polyester resin blend.

[0119] Specifically, recycled PET, which was re-pelletized
by melt-extruding flakes obtained by pulverizing and wash-
ing waste plastics, was dry-mixed at room temperature with
the above polyester resin pelletized separately, and dried at
a temperature of 50° C. to 150° C. to prepare a polyester
resin blend.

[0120] The composition of the recycled PET may vary
depending on where the waste plastics are collected, how to
sort the waste plastics, and how to re-pelletize it. The
recycled PET used in this experiment is a copolymer of
terephthalic acid, isophthalic acid and ethylene glycol,
which contains isophthalic acid within 3 mol % with respect
to the total dicarboxylic acid, and has an intrinsic viscosity
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(IV) of 0.74 dl/g, a crystallization temperature of 130° C.,
and a melting temperature of 250° C.

[0121] The polyester resin blend prepared by blending the
polyester resin with recycled PET in a weight ratio of 95:5
was used as a polyester resin blend for forming a core layer.
In the same manner as described above, the polyester resin
prepared in Preparation Example 1 was blended with
recycled PET in a weight ratio of 90:10 to prepare a
polyester resin blend for forming a skin layer.

2) Preparation of polyester film

[0122] The polyester resin blend for forming a core layer
and the polyester resin blend for forming a skin layer were
coextruded through a die at a temperature of 260° C. to 290°
C., and then cooled to 20° C. to 50° C. to form an
unstretched film having a three-layer structure in which first
and second skin layers are formed on both sides of the core
layer. Thereafter, the unstretched film was stretched 5 times
in the transverse direction while reheating to 75° C. to 90°
C. to prepare a polyester film.

[0123] In the prepared polyester film, the thickness of the
core layer was 40 um, and the thickness of each skin layer
was 5 pum.

Examples 2 to 13 and Comparative Examples 1 to
7: Preparation of polyester Resin Blend and
Polyester Film

[0124] A polyester resin blend and a polyester film were
prepared in the same manner as in Example 1, except that the
type of the polyester resin and the contents of the recycled
PET in the polyester resin blend for forming the core layer
and the polyester resin blend for forming the skin layer were
changed as described in Table 2.

TABLE 2

Recycled PET (wt %)

Type of polyester 1¥skin Core 2"skin Polyester

resin layer layer layer film
Ex. 1 Prep. Ex. 1 10 5 10 6
Ex. 2 Prep. Ex. 1 30 5 30 10
Ex. 3 Prep. Ex. 1 50 5 50 14
Ex. 4 Prep. Ex. 1 50 20 50 26
Ex. 5 Prep. Ex. 1 70 10 70 22
Ex. 6 Prep. Ex. 1 100 35 100 48
Ex. 7 Prep. Ex. 2 30 5 30 10
Ex. 8 Prep. Ex. 3 10 20 10 18
Ex. 9 Prep. Ex. 4 50 1 50 10.8
Ex. 10 Prep. Ex. 5 30 10 30 14
Ex. 11 Prep. Ex. 6 90 10 90 26
Ex. 12 Prep. Ex. 7 50 15 50 22
Ex. 13 Prep. Ex. 8 50 20 50 26
Comp. Ex. 1 Comp. Prep. Ex. 1 10 20 10 18
Comp. Ex. 2 Comp. Prep. Ex. 1 50 20 50 26
Comp. Ex. 3 Comp. Prep. Ex. 2 10 20 10 18
Comp. Ex. 4 Comp. Prep. Ex. 2 50 20 50 26
Comp. Ex. 5 Comp. Prep. Ex. 3 0 30 0 24
Comp. Ex. 6 Comp. Prep. Ex. 4 50 1 50 10.8
Comp. Ex. 7 — 100 100 100 100

Experimental Example: Evaluation of Physical
Properties of Polyester Film

[0125] The polyester films prepared in Examples and
Comparative Examples were evaluated according to the
method described above, and the results are shown in Table
3.
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TABLE 3
Initial
Maximum  shrinkage
shrinkage temperature Haze Occurrence Crystallization
(%) °C) (%) of fusion @ half-time (min)
Ex. 1 78 62 0.8 X 5.2
Ex. 2 77 61 0.7 X 3.5
Ex. 3 76 63 0.9 X 1.7
Ex. 4 75 62 1.2 X 1.5
Ex. 5 76 62 1.8 X 1.1
Ex. 6 56 64 2.1 X 0.5
Ex. 7 63 64 1.3 X 3.8
Ex. 8 72 62 0.9 X 4.8
Ex. 9 77 57 0.9 X 1.6
Ex. 10 76 61 0.8 X 4.2
Ex. 11 64 62 1.1 X 0.8
Ex. 12 73 65 1.1 X 1.7
Ex. 13 74 65 1.2 X 1.7
Comp. 53 68 1.8 O >100
Ex. 1
Comp. 47 69 2.1 X 2.8
Ex. 2
Comp. 59 66 1.0 O >100
Ex. 3
Comp. 54 67 1.8 X 3.6
Ex. 4
Comp. 58 68 4.6 O >100
Ex. 5
Comp. — — — — —
Ex. 6
Comp. 18 72 3.1 X 0.5
Ex. 7

@ Oceurrence of fusion between polyester film and PET container

[0126] Referring to Table 3, in Examples 1 to 13, blending
a polyester resin including 0.2 to 30 mol % of a diol moiety
derived from diol A and diol B with respect to the total diol
moiety with recycled PET effectively slowed the crystalli-
zation rate of the recycled PET to provide a polyester film
with high transparency. It was confirmed that the polyester
film was not fused with PET container flakes at a high
temperature of 160° C. due to the elevated crystallization
temperature. In particular, the polyester film according to
Examples 1 to 13 is expected to be useful as a heat
shrinkable film, because the initial shrinkage temperature
was very low compared to a film made of recycled PET and
the maximum shrinkage was remarkably improved.
[0127] On the other hand, as the polyester films of Com-
parative Examples 1 to 5 were prepared by blending a
polyester resin including no diol moiety derived from diol A
and diol B with recycled PET, they did not exhibit suffi-
ciently low initial shrinkage temperature and sufficient
shrinkage. In addition, as the polyester resin including no
diol moiety derived from diol A and diol B exhibited
amorphousness, when the blending ratio of the recycled PET
was lowered, the polyester film also exhibited amorphous-
ness and was fused with PET container flakes, thereby
cannot be continuously reused.
What is claimed is:
1. A polyester resin blend comprising;
polyethylene terephthalate; and
a polyester resin having a structure in which an acid
moiety derived from a dicarboxylic acid or a derivative
thereof and a diol moiety derived from a diol contain-
ing ethylene glycol and a comonomer are repeated by
polymerizing a dicarboxylic acid or a derivative thereof
and a diol containing ethylene glycol and a comono-
mer;
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wherein the comonomer contains cyclohexanedimetha-
nol,  4-(hydroxymethyl)cyclohexylmethyl  4-(hy-
droxymethyl)cyclohexanecarboxylate and 4-(4-(hy-
droxymethyl)cyclohexylmethoxymethyl)
cyclohexylmethanol, and

the polyester resin comprises 0.2 to 30 mol % of a diol
moiety derived from 4-(hydroxymethyl)cyclohexylm-
ethyl 4-(hydroxymethyl)cyclohexanecarboxylate and
4-(4-(hydroxymethyl)cyclohexylmethoxymethyl)cy-
clohexylmethanol with respect to the total diol moiety.

2. The polyester resin blend of claim 1,

wherein the polyethylene terephthalate is virgin polyeth-
ylene terephthalate, recycled polyethylene terephtha-
late, or a mixture thereof.

3. The polyester resin blend of claim 1,

wherein the polyester resin comprises 0.1 to 15 mol % of
a diol moiety derived from 4-(hydroxymethyl)cyclo-
hexylmethyl 4-(hydroxymethyl)cyclohexanecarboxy-
late with respect to the total diol moiety.

4. tly Amended) The polyester resin blend of claim 1,

wherein the polyester resin comprises 0.1 to 15 mol % of
a diol moiety derived from 4-(4-(hydroxymethyl)cy-
clohexylmethoxymethyl)cyclohexylmethanol with
respect to the total diol moiety.

5. The polyester resin blend of claim 1,

wherein the polyester resin comprises 1 to 35 mol % of a
diol moiety derived from cyclohexanedimethanol with
respect to the total diol moiety.

6. The polyester resin blend of claim 1,

wherein the polyester resin comprises 2 to 15 mo 1% of a
diol moiety derived from diethylene glycol with respect
to the total diol moiety.

7. The polyester resin blend of claim 1,

wherein the comonomer further contains 1,2-propanediol,
1,3-propanediol, 2-methyl-1,3-propanediol, 2-methyl-
ene-1,3-propanediol, 2-ethyl-1,3-propanediol, 2-iso-
propyl-1,3-propanediol, 2,2-dimethyl-1,3-propanediol,
1,4-butanediol,  2,3-butanediol, 3-methyl-1,5-pen-
tanediol, 3-methyl-2,4-pentanediol, 1,6-hexanediol,
1,2-cyclohexanediol, 1,4-cyclohexanediol, diethylene
glycol or a mixture thereof

8. The polyester resin blend of claim 1,

wherein the polyester resin comprises an acid moiety
derived from terephthalic acid or a derivative thereof,
or an acid moiety derived from terephthalic acid or a
derivative thereof and an acid moiety derived from a
comonomer of dicarboxylic acid or a derivative
thereof, and

the comonomer of dicarboxylic acid or a derivative
thereof is at least one selected from the group consist-
ing of isophthalic acid, dimethyl isophthalate, phthalic
acid, dimethyl phthalate, phthalic anhydride, 2,6-naph-
thalene dicarboxylic acid, dimethyl 2,6-naphthalene
dicarboxylate, diphenyl dicarboxylic acid, 1,4-cyclo-
hexane dicarboxylic acid, 1,3-cyclohexane dicarbox-
ylic acid, dimethyl 1,4-cyclohexane dicarboxylate,
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dimethyl 1,3-cyclohexane dicarboxylate, sebacic acid,
succinic acid, isodecyl succinic acid, maleic acid,
maleic anhydride, fumaric acid, adipic acid, glutaric
acid and azelaic acid.

9. The polyester resin blend of claim 1,

wherein a content of an oligomer having a molecular
weight of 500 to 1000 g/mol introduced into the
polyester resin is 3.0 area % or less with respect to the
total area of the polyester resin.

10. A polyester film formed from the polyester resin blend

of claim 1.

11. The polyester film of claim 10,

wherein the polyester film has a haze of 5% or less, when
measured for a 50 pm thick specimen according to
ASTM D1003-97.

12. The polyester film of claim 10,

wherein the polyester film has an initial shrinkage tem-
perature of 65° C. or less.

13. The polyester film of claim 10,

wherein the polyester film has a maximum shrinkage of
55% to 85% at 95° C.

14. The polyester film of claim 10,

wherein the polyester film is a single-layer film.

15. The polyester film of claim 10,

wherein the polyester film is a multi-layer film including
a core layer and a skin layer.

16. The polyester film of claim 15,

wherein the core layer comprises polyethylene terephtha-
late and a polyester resin in a weight ratio of 0:100 to
50:50, and the skin layer comprises polyethylene tere-
phthalate and a polyester resin in a weight ratio of
10:90 to 100:0.

17. The polyester film of claim 10,

wherein the polyester film is uniaxially stretched with a
transverse stretching ratio of 1.5 to 6 times or a
longitudinal stretching ratio of 1.1 to 5 times.

18. The polyester film of claim 10,

wherein the polyester film is biaxially stretched with a
transverse stretching ratio of 1.5 to 6 times and a
longitudinal stretching ratio of 1.1 to 5 times.

19. The polyester film of claim 10,

wherein the polyester film has a crystallization half-time
of 0.1 to 100 minutes.

20. The polyester film of claim 15,

wherein the polyester film has a percentage of a thickness
of the skin layer to a thickness of the core layer of 2.5%
to 50%.

21. The polyester film of Claim 14,

wherein a weight ratio of the polyethylene terephthalate
and the polyester resin included in the entire polyester
film is 5:95 to 50:50.

22. A preparation method of a polyester film, comprising,

preparing an unstretched film by molding the polyester
resin blend of claim 1; and stretching the unstretched
film.
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