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Description
[Technical Field]

[0001] The present invention relates to a polyvinylidene chloride composition for producing a monolayer film having
an improved shrinkage and a food packaging container containing the same.

[Background Art]

[0002] In the field of food packaging, when products sensitive to oxygen or moisture are packaged, contact with oxygen
and moisture should be prevented in order to prevent food spoilage, and therefore a general food packaging film includes
a barrier layer. Among barrier materials, polyvinylidene chloride (PVDC) has excellent oxygen and moisture barrier
properties, and in the cases of barrier materials such as ethylene vinyl alcohol (EVOH) and nylon, the oxygen barrier
property is rapidly deteriorated when the ambient humidity is high, whereas PVDC exhibits excellent barrier properties
regardless of humidity. Therefore, PVDC has been widely used in a food packaging film that requires a sterilization
process using high-temperature steam, such as retort packaging used for fresh foods, oris used in hot and humid climates.
[0003] Since the food packaging films require a wide variety of physical properties depending on the type of food to
be packaged, packaging process, transport, storage conditions, and the like, it is common to produce a multi-layer film
by bonding films of various materials to satisfy these physical properties. Among them, a multi-layer thermal lamination
method has been widely used because of its wide selection of materials and its relatively simple production process. In
order to apply PVDC to such a thermal lamination film, a PVDC monolayer film is required, and a cast film obtained by
a casting process or a film to which a double bubble extrusion process is applied is used.

[0004] Among them, the double bubble extrusion process has advantages in that the equipment investment cost is
low and the physical properties of the film are more uniform compared to the cast film production process. When the
PVDC monolayer film is molded by applying the double bubble extrusion process, the film inevitably shrinks. Unlike
materials such as polyolefin, which have a significantly fast crystallization rate and may maintain the shape of the film
relatively well, PVDC is a polymer having a significantly slow crystallization rate, such that crystallization may proceed
slowly until the later part of the film molding process, and as a result, the film cannot maintain its shape and shrinks at
a certain rate. The formation of polymer crystals (crystalline) is derived from an alignment of polymer chains, and as a
volume of the polymer shrinks, an area of the film also shrinks. In this case, when the film shrinks, since an edge portion
becomes thicker and the shape becomes irregular, more parts of the produced film should be cut as a shrinkage is
higher. The cut parts are generally used for low-cost recycled products, but materials that are easily deformed by heat,
such as PVDC, are discarded in some cases, which causes a reduction in cost-effectiveness. In particular, when a high-
temperature aging treatment such as heat setting is performed to improve high-temperature stability of the monolayer
film, the shrinking of the film may be maximized due to additional crystallization and a stress relaxation phenomenon in
which the polymer tends to return to its original state.

[0005] Although various methods for reducing the shrinking of the film are known, it is not desirable that additional
equipment is required or physical properties other than the shrinkage are deteriorated.

[0006] For example, there is a method of controlling a shrinkage by crosslinking a film using strong light irradiation,
such as e-beam crosslinking, but to this end, expensive equipment is required and a lot of energy is consumed in the
light irradiation process.

[0007] As another example, there is a method of mixing materials having a low shrinkage, but in the case of barrier
films for food packaging, selection of materials is limited because high barrier properties are also required for the mixed
materials.

[0008] Patent Document 1 (Japanese Patent No. 3461369 B2) relates to a barrier blend for a food packaging film,
and has the purpose of promoting the efficiency of processing by lowering an extrusion temperature and improving an
extrusion rate compared to the related art. Patent Document 1 has a technical feature of using a copolymer blend
containing 90 to 50 wt% of a vinylidene chloride-vinyl chloride copolymer and 10 to 50 wt% of a vinylidene chloride-
methyl acrylate copolymer, but is for producing a multi-layer film by coextrusion to improve thermal shrinkability of the
produced film, and is not a technique for improving a shrinkage of a monolayer film by the double bubble extrusion
process. In addition, since a content of a methyl acrylate comonomer in the vinylidene chloride-methyl acrylate copolymer
is high, when the composition of the present invention is applied to produce a monolayer film, it is analyzed that a
crystallinity, crystallization rate, and content of crystals of the composition cannot be easily controlled in the process.
[0009] Patent Document 2 (Japanese Patent Laid-Open Publication No. 1995-076643 A) relates to a barrier blend
and a food packaging film containing the same, and is technically characterized by a copolymer blend composed of 2
to 20 wt% of a CO-modified ethylene vinyl acetate copolymer or a CO-modified ethylene alkyl acrylate copolymer with
respect to the total weight of a vinylidene chloride-vinyl chloride copolymer, a vinylidene chloride-methyl acrylate copol-
ymer, or a mixture thereof and the copolymer blend. However, like Patent Document 1, Patent Document 2 relates to
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production of a multi-layer film and is different from the present invention in the technical field, and it is analyzed that a
crystallinity, crystallization rate, and content of crystals of the composition cannot be easily controlled.

[Disclosure]
[Technical Problem]

[0010] In the presentinvention, while conducting studies to reduce a shrinkage of a PVDC-VC monolayer film suitable
for a thermal lamination method, it was found that in a case where a monolayer film was produced by mixing a PVDC-
MA product with PVDC-VC under specific conditions, the shrinking of the film after heat setting was reduced.

[0011] In addition, PVDC-MA is a material having a barrier property equivalent to that of PVDC-VC, and has an
advantage of not deteriorating barrier properties of the entire film after mixing these resins.

[Technical Solution]

[0012] Inone general aspect, a monolayer film contains a vinylidene chloride-based copolymer composition containing:
a vinyl chloride comonomer-containing first polyvinylidene chloride copolymer (PVDC-VC); and a methyl acrylate comon-
omer-containing second polyvinylidene chloride copolymer (PVDC-MA), wherein a crystallinity of the vinylidene chloride-
based copolymer composition is 25 to 45%.

[0013] The first polyvinylidene chloride copolymer may be contained in an amount of more than 50 wt% and less than
90 wt% with respect to the total weight of the monolayer film, and the second polyvinylidene chloride copolymer may
be contained in an amount of more than 10 wt% and less than 50 wt% with respect to the total weight of the monolayer film.
[0014] The first polyvinylidene chloride copolymer may contain 10 to 25 wt% of the vinyl chloride comonomer, and the
second polyvinylidene chloride copolymer may contain 2 to 8 wt% of the methyl acrylate comonomer.

[0015] A crystallization rate of the vinylidene chloride-based copolymer composition may be 7 to 25 minutes.

[0016] A content of crystals melted at 170°C of the vinylidene chloride-based copolymer composition may be 5 to 45%
of the total content of crystals.

[0017] The monolayer film may further contain a plasticizer, an additive, or a combination thereof.

[0018] The plasticizer may include epoxidized soybean oil (ESO), dibutyl sebacate (DBS), acetyl tri-n-butyl citrate
(ATBC), or a combination thereof.

[0019] The additive may include a polyolefin-based wax, an oxidized polyolefin-based wax, an acrylic wax, an ester-
based wax, an amide-based wax, a stearic acid salt, derivatives of the additives, or a combination thereof.

[0020] In another general aspect, a method for producing a monolayer film includes: a) melting and extruding a
vinylidene chloride-based polymer mixture; b) heat-stretching the extrudate in at least a biaxial orientation; and c) heat
setting the stretched product.

[0021] The step b) may be performed by simultaneous biaxial stretching in which the extrudate is simultaneously
stretched in a longitudinal orientation and a transverse orientation.

[0022] The step b) may be performed at a temperature higher than a glass transition temperature (Tg) of the extrudate
and lower than a melting temperature (Tm) of the extrudate.

[0023] In still another general aspect, a container includes the monolayer film.

[Advantageous Effects]

[0024] As set forth above, when a PVDC-based monolayer film is produced, a shrinkage of the film may be reduced
to significantly improve cost-effectiveness.

[0025] When a PVDC-based monolayer film is produced by applying a double bubble extrusion process, a double
bubble is symmetrically formed, such that a normal monolayer film may be produced and process efficiency may be
improved.

[Description of Drawings]
[0026]

FIG. 1 is a schematic view of a process of producing a PVDC monolayer film.

FIGS. 2A to 2C are measurement results using differential scanning calorimetry (DSC), in which FIG. 2A is a graph
showing contents of crystals melted at 170°C of monolayer films produced in Examples 1 to 3 and Comparative
Examples 1 and 2, FIG. 2B is a graph showing crystallization rates of the monolayer films produced in Examples 1
to 3 and Comparative Examples 1 and 2, and FIG. 2C is a graph showing a DSC measurement sequence for
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calculating a crystallinity of the monolayer film.
FIGS. 3A and 3B are photographs showing double bubble shapes produced by Example 1 and Comparative Example
2.

[Best Mode]

[0027] The advantages and features of the present invention and methods accomplishing them will become apparent
from embodiments described below in detail with the accompanying drawings. However, the present invention is not
limited to embodiments to be disclosed below, but may be implemented in various different forms. These embodiments
will be provided only in order to make the present invention complete and allow those skilled in the art to completely
recognize the scope of the presentinvention, and the presentinvention will be defined by the scope of the claims. Specific
contents for implementing the present invention will be described in detail with reference to the accompanying drawings.
The same reference numerals refer to the same components regardless of the drawings. The term "and/or" includes
any and all combinations of one or more of the listed items.

[0028] Unless defined otherwise, all terms (including technical and scientific terms) used in the present specification
have the same meanings as commonly understood by those skilled in the art to which the present invention pertains.
Throughout the present specification, unless explicitly described to the contrary, "comprising" any components will be
understood to imply further inclusion of other components rather than the exclusion of any other components. In addition,
singular forms are intended to include plural forms, unless the context clearly indicates otherwise.

[0029] In the present specification, it will be understood that when an element such as a layer, a film, a region, a plate,
or the like, is referred to as being "on" or "above" another element, it may be directly on another element or may have
an intervening element present therebetween.

[0030] An embodiment of the present invention provides a monolayer film containing a vinylidene chloride-based
copolymer composition. The monolayer film contains a vinylidene chloride-based copolymer composition containing: a
vinyl chloride comonomer-containing first polyvinylidene chloride copolymer (PVDC-VC); and a methyl acrylate comon-
omer-containing second polyvinylidene chloride copolymer (PVDC-MA), wherein a crystallinity of the vinylidene chloride-
based copolymer composition is 25 to 45%.

[0031] As described above, when the PVDC-MA copolymer is mixed with the PVDC-VC copolymer and used for
producing a monolayer film, a shrinkage of the film may be reduced, and in addition, since the PVDC-MA copolymer is
a material having a barrier property equivalent to that of the PVDC-VC copolymer, the barrier properties of the entire
film may not be deteriorated.

[0032] In the case of PVDC-VC, a crystallization rate is relatively fast because the vinyl chloride comonomer has a
structure that is chemically similar to vinylidene chloride (VDC), but a final crystallinity is relatively low due to a high
content of the VC comonomer. On the other hand, in the case of PVDC-MA, the methyl acrylate comonomer is relatively
larger in size than VC and has low structural similarity with VDC, such that the crystallization rate may be relatively
slowed down. Therefore, the crystallization rate depends on a content of MA in PVDC-MA. When a slow crystallization
rate is advantageous due to a need for post-processing of the film, a product having a content of MA of about 7 to 10
wt% may be used, and a product having a content of MA of about 3 to 6 wt% may be used for a monolayer film in which
the shape of the film should be rapidly formed. Meanwhile, for the purpose of producing a PVDC monolayer film, PVDC-
VC, which is cheaper for cost-effectiveness and more mature in terms of a resin preparation technique compared to
PVDC-MA, may be mainly used.

[0033] In the present invention, as a crystallization rate and a melting temperature distribution of crystals resulting
from molecular structure characteristics of the PVDC-VC copolymer and the PVYDC-MA copolymer are controlled, shrink
characteristics of a film produced through a double bubble stretching process may be remarkably improved.

[0034] The first polyvinylidene chloride copolymer (PVDC-VC) may be contained in an amount of more than 50 wt%
and less than 90 wt% and preferably 60 to 80 wt% with respect to the total weight of the monolayer film, and the second
polyvinylidene chloride copolymer (PVDC-MA) may be contained in an amount of more than 10 wt% and less than 50
wt% and preferably 20 to 40 wt% with respect to the total weight of the monolayer film. Within the above content range,
shrinking of the monolayer film after heat setting may be reduced, and as PVDC-MA and PVDC-VC are mixed with each
other, the barrier properties of the entire film may be maintained without deterioration. In addition, when the content of
PVDC-MA is 50 wt% or more with respect to the total weight of the monolayer film, at the time of producing the monolayer
film by biaxial stretching, a content of crystals initially formed may be too high, and thus deformation during stretching
becomes difficult, such that a bubble is not formed well and an asymmetric bubble shape may appear.

[0035] The first polyvinylidene chloride copolymer may contain 10 to 25 wt%, preferably 11 to 20 wt%, and more
preferably 12 to 18 wt% of the vinyl chloride comonomer. When the content of the vinyl chloride comonomer is less than
10%, the content of the comonomer is low, such that the melting temperature of the copolymer is increased, and
processing using heat, such as extrusion molding, becomes difficult. When the content of the vinyl chloride comonomer
exceeds 25%, the shape of the film is not maintained due to a low crystallinity, and usefulness as an oxygen barrier film
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is lost due to a low oxygen barrier property.

[0036] The second polyvinylidene chloride copolymer may contain 2 to 8 wt%, preferably 2.5 to 7 wt%, and more
preferably 3 to 6 wt% of the methyl acrylate comonomer. When the content of the methyl acrylate comonomer is less
than 2%, the content of the comonomer is low, such that the melting temperature of the copolymer is increased, and
processing using heat, such as extrusion molding, becomes difficult. When the content of the methyl acrylate comonomer
exceeds 8%, the shape of the film is not maintained due to a low crystallinity, and usefulness as an oxygen barrier film
is lost due to a low oxygen barrier property.

[0037] Meanwhile, both the polyvinylidene chloride copolymers PVDC-VC and PVDC-MA show a characteristic in
which the crystallinity decreases as the content of the comonomer increases, which is a general characteristic of almost
all polymer materials. In a case of a homopolymer obtained by polymerization of one kind of monomer, the crystallinity
is the highest due to chemical structural similarity. On the other hand, when structurally different monomers are copol-
ymerized, crystals are not formed well due to a difference in chemical structure, such that the crystallinity of the polymer
is generally low.

[0038] Asdescribed above, inthe double bubble stretching process, the crystallization rate and the melting temperature
distribution of crystals of the copolymer composition are controlled, such that the shrink characteristics of the finally
produced monolayer film may be improved.

[0039] The crystallinity of the vinylidene chloride-based copolymer composition may be 25 to 45%, preferably 30 to
40%, and more preferably 35 to 38%. The crystallinity of the vinylidene chloride-based copolymer composition represents
a value obtained by dividing heat of fusion measured when the crystals formed during a cooling process after melting
of the composition are melted again by a theoretically achievable maximum crystallinity of a homopolymer composed
of only VDC. This may be represented as wt% of a crystalline phase among the amorphous phase and the crystalline
phase in the composition, and the crystallinity may be measured by differential scanning calorimetry (DSC), but the
present invention is not limited thereto.

[0040] The crystallization rate of the vinylidene chloride-based copolymer composition may be 7 minutes to 25 minutes,
preferably 9 minutes to 23 minutes, and more preferably 12 minutes to 20 minutes. The crystallization rate of the vinylidene
chloride-based copolymer composition is a value measured under arbitrary conditions to relatively compare rates at
which the composition forms polymer crystals after melting, and does not mean a rate at which crystals are formed
during the actual film processing process.

[0041] Meanwhile, the crystallization rate may be measured by differential scanning calorimetry (DSC), but the present
invention is not limited thereto. For example, the measurement of the crystallization rate by DSC may be performed by
sealing a sample, applying a DSC sequence of heating (20°C to 180°C), maintaining (180°C, 1 min), cooling (180°C to
130°C), and maintaining (130°C, 60 min), and then measuring the time at a point when the maximum value of the peak
is obtained in the obtained crystallization peak according to the time.

[0042] A content of crystals melted at 170°C of the vinylidene chloride-based copolymer composition may be 5% to
45%, preferably 7% to 42%, and more preferably 11% to 29%, with respect to the total content of crystals. A content of
crystals melted at 170°C of the vinylidene chloride-based copolymer composition is measured by measuring a relative
content of crystals formed when the monolayer film composition is cooled after melting for each temperature section,
and is represented by a ratio obtained by dividing the content of crystals formed at 170°C, which is the highest temperature
measurement section, by the total amount of crystals. The crystals formed at a high temperature of 170°C are related
to the crystallization rate and are crystals to be formed first. The content of crystals formed at 170°C may be measured
by differential scanning calorimetry (DSC), but the present invention is not limited thereto.

[0043] An area of a film to be obtained may be maximized by improving the shrinkage when producing a monolayer
film within the above range of the crystallization rate and the above content range of the crystals formed at 170°C.
[0044] At least one of the first polyvinylidene chloride copolymer and the second polyvinylidene chloride copolymer
may contain a plasticizer, an additive, or a combination thereof.

[0045] The plasticizer is for reducing a viscosity of a melt of the polyvinylidene chloride copolymer, and is used to
improve flexibility, processing workability, or expansibility of the film. For example, the plasticizer may include epoxidized
soybean oil (ESO), dibutyl sebacate (DBS), acetyl tri-n-butyl citrate (ATBC), or a combination thereof, but is not limited
thereto.

[0046] The plasticizer may be contained in an amount of 1 to 10 wt% and preferably 2 to 8 wt% with respect to the
total weight of the polyvinylidene chloride copolymer.

[0047] The additive may be a lubricant that helps a flow by lubricating a metal surface to be in contact during processing,
molding, and extrusion of the melt, and for example, may include a polyolefin-based wax, an oxidized polyolefin-based
wax, an acrylic wax, an ester-based wax, an amide-based wax, a stearic acid salt, derivatives of the additives, or a
combination thereof, but is not limited thereto.

[0048] The additive may be contained in an amount of 0.01 to 5.0 wt% and preferably 0.1 to 3.5 wt% with respect to
the total weight of the polyvinylidene chloride copolymer.

[0049] Another embodiment of the present invention provides a method for producing the monolayer film. The pro-
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duction method includes: a) melting and extruding a vinylidene chloride-based polymer mixture; b) stretching the extrudate
in at least a biaxial orientation; and c) heat setting the stretched extrudate.

[0050] FIG. 1 is a schematic view of a process of producing a PVDC monolayer film. The method for producing the
monolayer film of the present invention will be described with reference to FIG. 1. It is characterized in that a primary
bubble is formed in the step a) (), a secondary bubble is formed in the step b) (®), and the stress relaxation and
additional crystallization are performed by the heat setting in the step ¢) (®), and the film is aged at a certain temperature,
which prevents the film from being further deformed even when heat is applied when producing a thermal lamination
film with another polymer layer.

[0051] In the process of producing the polyvinylidene chloride monolayer film, the shrinking of the film mainly occurs
in the step c), and an area of the film that cannot not be used due to the shrinking of the film is represented by a difference
between an area of the film subjected to the step b) and an area of the film subjected to the step c). As for the shrinkage
of the vinylidene chloride-based polymer film, which affects the cost-effectiveness of the film, the crystallization charac-
teristics of the vinylidene chloride-based polymer composition for forming a film is controlled within a specific range,
such that a film having a significantly low shrinkage compared to the related art is produced, thereby maximizing a usable
area of the film.

[0052] Specifically, in the step a), a cylindrical blown film (primary bubble) may be produced using a small-diameter
circular die from the vinylidene chloride-based polymer melt from an extruder, but the present invention is not limited
thereto.

[0053] The extrusion may be performed in an extruder in a temperature range in which a vinylidene chloride-based
polymer mixture is melted. When the extrusion is performed in a temperature range excessively higher than the melting
temperature, excessive thermal decomposition may occur and bubbles may be generated in the blown film, and in the
opposite case, the polymer may not be sufficiently melted and the quality of the film may not be excellent.

[0054] Astheextruder, a known extruder used in film production may be used, and for example, the vinylidene chloride-
based polymer mixture powder may be injected into a single screw and then melted and extruded.

[0055] Subsequently, the produced extrudate (blown film) may be quenched in a quenching bath at 5 to 25°C to
maintain the shape of the extrudate, and the quenched blown film may be preheated in a warming bath, thereby preparing
the heat-stretching step (b) step).

[0056] Meanwhile, the vinylidene chloride-based polymer mixture is a mixture containing the first polyvinylidene chloride
copolymer (PVDC-VC) and the second polyvinylidene chloride copolymer (PVDC-MA), and is the same as described
above.

[0057] The b) step is a step of heat-stretching the extrudate in at least a biaxial orientation.

[0058] The heat-stretching may be performed at a temperature higher than a glass transition temperature (Tg) of the
extrudate and lower than a melting temperature (Tm) of the extrudate. For example, the heat-stretching may be performed
at a temperature of 5 to 50°C and preferably 10 to 40°C.

[0059] Meanwhile, the first polyvinylidene chloride copolymer (PVDC-VC) has a glass transition temperature of -20 to
20°C and a melting temperature of 140 to 170°C, and the second polyvinylidene chloride copolymer (PVDC-MA) has a
glass transition temperature of -20 to 20°C and a melting temperature of 140 to 170°C.

[0060] The stretching may be heat-stretching the extrudate in at least a biaxial orientation, and for example, may be
performed by simultaneous biaxial stretching in which the extrudate is simultaneously stretched in a longitudinal orien-
tation and a transverse orientation. In this case, a stretch ratio (diameter ratio: die/final film) may be 2 to 8 or 2 to 6 and
preferably 2.5 to 5, but the present invention is not limited thereto.

[0061] In the step c), the stretched film in the step b) may be subjected to heat setting to relieve internal stress of the
stretched film and induce additional crystallization, thereby improving thermal stability.

[0062] The heat setting may be performed in an oven at 80 to 150°C for 10 to 60 minutes, and may be preferably
performed in an oven at 100 to 130°C for 20 to 40 minutes to produce a final monolayer film.

[0063] Inthe method for producing a monolayer film of the present invention, the steps a), b), and ¢) may be performed
so that the usable area of the polyvinylidene chloride monolayer film may be maximized when producing the monolayer
film using a method such as thermal lamination using a polyvinylidene chloride polymer monolayer film. In the case of
using the vinylidene chloride-based copolymer composition containing the first polyvinylidene chloride copolymer and
the second polyvinylidene chloride copolymer, the crystallinity of the blown film (primary bubble) produced in the step
a) is determined according to the composition ratio of the first and second polyvinylidene chlorides and the composition
of the comonomer. In addition, in a case where the composition with rapid crystal formation is stretched in the step b),
a yield point may be quickly reached when the film is stretched, and when the yield point is exceeded, the film is
permanently deformed, and the shrinkage of the film may be significantly reduced. When the crystal formation is late,
the yield point is not reached even after stretching, and the film still exists in an elastic region, and thus the shrinkage
of the film may be increased. In this case, when the yield point is exceeded by stretching, since the force to restore the
film to its original state is lowered, the shrinkage of the final film and the content of the second polyvinylidene chloride
copolymer may not be linearly proportional.
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[0064] Hereinafter, preferred Examples and Comparative Examples of the present invention will be described. How-
ever, each of the following Examples is merely a preferred example of the present invention, and the present invention
is not limited to the following Examples.

Examples
(Examples 1 to 3 and Comparative Examples 1 and 2)

[0065] Ablend containing the PVDC-based copolymer shown in Table 1 was prepared, and a blown film was processed
at 150°C using a 3.5" single screw extruder having L/D = 22.4 manufactured by Egan Machinery. Specific conditions
are as described in <Processing Conditions> below.

[0066] Subsequently, a film having a width of 34 cm and a thickness of 1 mil (one layer) was produced using the
double bubble method for stretching the produced blown film.

[0067] In the heat setting process, a 10*10 cm film was placed on a Teflon film, the film was put in an oven preheated
to 120°C for 30 minutes and taken out, and then a length deformed in a machine direction (MD) and a transverse direction
(TD) was measured. The results are summarized in Table 1.

<Processing Conditions>
[0068]
Feed rate (kg/hr) = 120
Single screw rpm = 40
Temp (SV) 175-180-156-153-150°C
Quenching bath (°C) = 10
Warming bath (°C) = 25
Stretch ratio (diameter ratio: dieffinal film) = 3.2

Evaluation Examples

Evaluation Example 1: Evaluation of Shrinkage of Monolayer Film

[0069]
[Table 1]
Shrinkage
PVDC resin composition (wt%)
MD (%) | TD (%)
Comparative Example 1 | PVDC-VC (100) -20.9 -14.5
Example 1 PVDC-VC (80) 16.6 10.9
xample PVDC-MA (20) 1o o
Example 2 PVDC-VC (70) 16.7 11.3
xample PVDC-MA (30) 1o -
Example 3 PVDC-VC (60) 16.9 10.2
xample PVDC-MA (40) 1o e
C five Example 2 | - 2C™VC (50) 16.4 12.6
omparative Example PVDC-MA (50) -16. -12.

[0070] (InTable 1, PVDC-VC resin (2051 product of Nantong SKT New Material Co., Ltd., VC monomer content: 12.0
wt%) and PVDC-MA resin (32088.00 product of SK chemicals, MA monomer content: 4.8 wt%) were used as PVDC
resins.)

[0071] Referring to Table 1, it could be confirmed that in the case of Comparative Example 1 in which the PVDC-MA
resin was not added, the shrinkage of the monolayer film was the highest, and in Examples 1 to 3 and Comparative
Example 2 in which the PVDC-MA resin was added, the shrinkage was improved.
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Evaluation Example 2: Evaluation of Shape of Double Bubble

[0072] The shapes of the double bubbles produced in Example 1 and Comparative Example 2 were visually observed.
The results thereof are illustrated in FIGS. 3A and 3B.

[0073] Referring to FIGS. 3A and 3B, it could be confirmed that in the case of Example 1 in which the PVDC-based
copolymer of the present invention was contained, the double bubble was formed into a symmetrical shape and a normal
film was obtained, but in the case of Comparative Example 2, the double bubble was formed into an asymmetrical shape
because 50 wt% or more of the PVDC-MA resin was contained.

Evaluation Example 3: Formation of Monolayer Film According to Change in Crystallinity of PVDC-Based Resin

1) Method of Measuring Crystallinity

[0074]

Crystallinity = A/B*100

A: Heat of fusion of film subjected to no heat setting
B: Theoretical heat of fusion of VDC homopolymer

[0075] The heat of fusion was measured using differential scanning calorimetry (DSC). First, several mg of a sample
was placed in an aluminum pan and hermetically sealed, and then the heat of fusion (J/g) was measured in DSC (model
name: DSC822) of METTLER TOLEDO under a condition of a heating rate of 20 °C/min. For the theoretical heat of
fusion of the VDC homopolymer, the literature "Vinylidene chloride monomer and polymer" (Encyclopedia of chemical
technology, 4th edition, vol 24, 1997, John Wiley & Sons, Inc.) was used as reference.

2) Crystallinity and Content of Crystals Having Melting Temperature of 170°C

[0076] The content of crystals having a melting temperature of 170°C was measured using differential scanning ca-
lorimetry (DSC). First, several mg of a sample was placed in an aluminum pan and hermetically sealed, and then a value
was calculated by dividing an integral value of a peak of heat of fusion appearing around 170°C in the DSC peak pattern
of FIG. 2A obtained by applying the sequence in DSC (model name: DSC822) of METTLER TOLEDO by an integral
value of the entire peak.

[0077] The crystallinity was calculated by dividing the integral value of the entire peak by the theoretical heat of fusion
value of the VDC homopolymer. For the theoretical heat of fusion value, the literature "Vinylidene chloride monomer
and polymer" (Encyclopedia of chemical technology, 4th edition, vol 24, 1997, John Wiley & Sons, Inc.) was used as
reference.

3) Method of Measuring Crystallization Rate

[0078] The crystallization rate was measured using differential scanning calorimetry (DSC). First, several mg of a
sample was placed in an aluminum pan and hermetically sealed, and the time at a point when the maximum value of
the peak was obtained in the crystallization peak according to the time obtained by applying the following sequence in
DSC (model name: DSC Q2000) of TA Instruments was measured.

* DSC crystallization rate measurement sequence
[0079]

1. Ramp 20°C — 180°C

2. Isothermal for 1 min.

3. Jump to 130°C

4. Isothermal for 60 min.

4) DSC Measurement Sequence

[0080] Measurement was performed according to the sequence of 21 steps as illustrated in FIG. 2C. Steps 1 to 20
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are processes of forming crystals at each temperature illustrated in FIG. 2C, and Step 21 is a process of measuring the
content of crystals in each temperature section by measuring the heat of fusion while melting the formed crystals.

5) Evaluation of Bubble Shape

[0081] The bubble shapes obtained by stretching the monolayer films produced in Examples 1 to 3 and Comparative
Examples 1 and 2 in the biaxial orientation were visually observed and evaluated based on the following criteria. The
results thereof are shown in Table 2.

[0082] (Evaluation criteria - symmetric shape: O, asymmetric shape: A, impossible to form bubble: X)

[Table 2]

PVDC Resin Crystallization characteristics Bubble

o o
composition (wt%) Content of crystals Crystallization | Crystallinity shape
melted at 170°C (%) rate (min) (%)
Comparative PVDC-VC (100) 0.00 19.6 33.0 0
Example 1

E le 1 PVDC-VC (80) 11.68 17.1 35.0 o)
xample PVDC-MA (20) ' ' '

Example 2 PVDC-VC (70) 14.94 14.3 33.9 0
xample PVDC-MA (30) ' ' '

E le 3 PVDC-VC (60) 28.29 12.4 37.7 o)
xample PVDC-MA (40) ' : :

Comparative PVDC-VC (50)
Example 2 PVDC-MA (50)

39.28 13.6 37.5 X

[0083] Referring to Table 2, it can be seen that the crystallinities of the compositions used in Comparative Examples
and Examples do not differ significantly depending on the composition. However, it can be seen that the shrinkage and
the stability of the bubble shape of the film subjected to the step c) are significantly different. The shrinkage of the film
is related to the crystallization rate. The deformation mode when the film is stretched may be completely different
depending on the rate of crystal formation in the step a) and immediately before stretching in the step b). The monolayer
film produced in Comparative Example 1 in which the rate of crystal formation is slow may have a large elastic region
while the amorphous region is stretched when the monolayer film is stretched. On the other hand, in the monolayer films
produced in Examples 1 to 3 and Comparative Example 2, the rate of crystal formation is relatively fast, and the elastic
properties to be restored beyond the yield point are lost when the film is stretched, and thus the deformation of the
monolayer film may be reduced even when the heat setting in the step c) is performed (see Table 1).

[0084] Meanwhile, the content of crystals melted at 170°C is a content of crystals that are formed most quickly, and
as in Examples 1 to 3, at an appropriate level of the content of crystals, an excellent bubble shape is shown in the step
b). However, as in Comparative Example 2, when the content of crystals initially formed is too large, deformation during
stretching becomes difficult, such that the bubble is not formed well and the bubble shape may be asymmetric.

[0085] Although embodiments of the present invention have been described, the present invention is not limited to
the embodiments, and may be prepared in various different forms, and it will be apparent to those skilled in the art to
which the present invention pertains that the embodiments may be implemented in other specific forms without departing
from the spirit or essential feature of the present invention. Therefore, it is to be understood that the embodiments
described hereinabove are illustrative rather than restrictive in all aspects.

Claims
1. A monolayer film comprising a vinylidene chloride-based copolymer composition containing:
a vinyl chloride comonomer-containing first polyvinylidene chloride copolymer (PVDC-VC); and

a methyl acrylate comonomer-containing second polyvinylidene chloride copolymer (PVDC-MA),
wherein a crystallinity of the vinylidene chloride-based copolymer composition is 25 to 45%.

10
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The monolayer film of claim 1, wherein the first polyvinylidene chloride copolymer is contained in an amount of more
than 50 wt% and less than 90 wt% with respect to the total weight of the monolayer film, and

the second polyvinylidene chloride copolymer is contained in an amount of more than 10 wt% and less than 50 wt%
with respect to the total weight of the monolayer film.

The monolayer film of claim 1, wherein the first polyvinylidene chloride copolymer contains 10 to 25 wt% of the vinyl
chloride comonomer, and

the second polyvinylidene chloride copolymer contains 2 to 8 wt% of the methyl acrylate comonomer.

The monolayer film of claim 1, wherein a crystallization rate of the vinylidene chloride-based copolymer composition
is 7 to 25 minutes.

The monolayer film of claim 1, wherein a content of crystals melted at 170°C of the vinylidene chloride-based
copolymer composition is 5 to 45% of the total content of crystals.

The monolayer film of claim 1, further comprising a plasticizer, an additive, or a combination thereof.

The monolayer film of claim 6, wherein the plasticizer includes epoxidized soybean oil (ESO), dibutyl sebacate
(DBS), acetyl tri-n-butyl citrate (ATBC), or a combination thereof.

The monolayer film of claim 6, wherein the additive includes a polyolefin-based wax, an oxidized polyolefin-based
wax, an acrylic wax, an ester-based wax, an amide-based wax, a stearic acid salt, derivatives of the additives, or
a combination thereof.
A method for producing a monolayer film, comprising:

a) melting and extruding a vinylidene chloride-based polymer mixture;

b) heat-stretching the extrudate in at least a biaxial orientation; and

c) heat setting the stretched product.

The method of claim 9, wherein the step b) is performed by simultaneous biaxial stretching in which the extrudate
is simultaneously stretched in a longitudinal orientation and a transverse orientation.

The method of claim 9, wherein the step b) is performed at a temperature higher than a glass transition temperature
(Tg) of the extrudate and lower than a melting temperature (Tm) of the extrudate.

A container comprising the monolayer film of any one of claims 1 to 8.

1"
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