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(57) Abstract: There are provided a food container having a silicon incorporated diamond like carbon (Si-DLC) layer and a method
thereof. The food container includes a container made of a plastic material; an intermediate thin layer formed on a surface of the con-
tainer; and a Si-DLC layer formed on the intermediate thin layer. Accordingly, it is possible to provide porous plastic container hav -
ing a Si-DLC layer and a manufacturing method thereof, which can implement high oxygen barrier properties and excellent mechan -
ical characteristics by stably depositing a Si-DLC layer on a food container having lower surface energy without breaking the Si-
DLC layer.
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Description

Title of Invention: FOOD CONTAINER HAVING SI-DLC LAYER

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

AND MANUFACTURING METHOD THEREOF
Technical Field

An aspect of the present invention relates to a food container having a silicon in-
corporated diamond like carbon (Si-DLC) layer and a manufacturing method thereof.
More particularly, an aspect of the present invention relates to a food container having
a Si-incorporated diamond like carbon (Si-DLC) layer and a manufacturing method
thereof, which can implement high oxygen barrier properties and excellent mechanical
characteristics by stably depositing a Si-DLC layer on a porous plastic container

having lower surface energy without breaking the Si-DLC layer.

Background Art

In order to keep perishable foods for a long period of time, it is very important to
provide oxygen barrier performance to food containers.

Plastic food containers have advantages of low cost of production and easiness of
mass production, but have a disadvantage that oxygen barrier properties are re-
markably lowered by a porous structure that is a unique feature of plastic.

In order to solve such a disadvantage, a technique for coating a thin layer on a plastic
food container using a plasma method has been studied.

A diamond like carbon (DLC) layer has not only high oxygen barrier properties but
also excellent mechanical characteristics (friction resistance and abrasion resistance).
Hence, studies on the DLC have been conducted for a long period of time.

However, the high stress energy of the DLC layer allows a material having the DLC
layer coated thereon to be limited to only plastic having a relatively high surface
energy (0.031 to 0.047N/m, Accu dyne test), such as polyethylene terephthalate (PET).
In other words, the DLC layer is not stably adhered to plastic having a low surface
energy (0.023 to 0.038N/m, Accu dyne test), such as polypropylene (PP), and
therefore, high oxygen barrier properties cannot be obtained.

From this point of view, it is known that properties of the PP that is more porous than
the PET also have influence on the DLC layer [Reference document: N. Inagaki, et al.,
Journal of Applied Polymer Science 78 (2000) 2389-2397].

Consequently, while the PET has a property that as the thickness of a thin layer
deposited on a surface of the PET is increased, oxygen barrier properties are increased,
the PP has a property that although the thickness of a thin layer deposited on a surface
of the PP is increased, oxygen barrier properties are not improved [Reference
document: D.S. Finch, et al., Packaging Technology and Science 9 (1996) 73-85].
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This is because the thin layer deposited on the surface of the PP is not well adhered
to the surface of the PP due to its low surface energy and porous structure, but is taken
off or broken.

For this reason, products to which the oxygen barrier properties are added by coating
a thin layer on the PP using a plasma method could not be produced. However, the PP
has advantages such as price competitiveness, thermal resistance and stability against
endocrine disrupting chemicals as compared with other plastic materials. Hence, when
the PP having the oxygen barrier properties is applied to food containers, it is expected

that the PP will have a great economic value.
Disclosure of Invention
Technical Problem

Accordingly, an object of the present invention is to provide a food container having
a silicon incorporated diamond like carbon (Si-DLC) layer and a manufacturing
method thereof, which can implement high oxygen barrier properties and excellent me-
chanical characteristics by stably depositing a Si-DLC layer on a porous plastic
container having lower surface energy without breaking the Si-DLC layer.

Solution to Problem

According to an aspect of the present invention, there is provided a food container
having a silicon incorporated diamond like carbon (Si-DLC) layer, including: a
container made of a plastic material; an intermediate thin layer formed on a surface of
the container; and a Si-DLC layer formed on the intermediate thin layer.

A plasma pretreatment may be performed on the surface of the container so as to
improve the adhesion between the surface of the container and the intermediate thin
layer.

The container may be formed of polypropylene (PP).

The intermediate thin layer may be formed of silicon (Si).

According to another aspect of the present invention, there is provided a manu-
facturing method of a food container having a Si-DLC layer, the method including the
steps of: preparing a container made of a plastic material; performing a plasma
treatment on a surface of the container; depositing an intermediate thin layer on the
surface of the container; and depositing a Si-DLC layer on the intermediate thin layer.

In the step of performing of the plasma treatment, the plasma treatment may be
performed using argon (Ar).

The container may be formed of PP.

The intermediate thin layer may be formed of Si.

The step of depositing the intermediate thin layer and the step of depositing the Si-

DLC layer may be performed through plasma chemical vapor deposition.
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Advantageous Effects of Invention

As described above, according to the present invention, it is possible to provide a
food container having a silicon incorporated diamond like carbon (Si-DLC) layer and a
manufacturing method thereof, which can implement high oxygen barrier properties
and excellent mechanical characteristics by stably depositing a Si-DLC layer on a
porous plastic container having lower surface energy without breaking the Si-DLC
layer.
Brief Description of Drawings

FIG. 1 is a view showing a food container according to an embodiment of the present
invention.

FIG. 2 is a sectional view illustrating a manufacturing method of a food container

according to an embodiment of the present invention.

Mode for the Invention

Hereinafter, preferred embodiments of the present invention will be described in
detail with reference to the accompanying drawings. However, the present invention is
not limited to the embodiments but may be implemented into different forms. These
embodiments are provided only for illustrative purposes and for full understanding of
the scope of the present invention by those skilled in the art. Throughout the drawings,
like elements are designated by like reference numerals.

Hereinafter, a food container having a silicon incorporated diamond like carbon
(Si-DLC) layer and a manufacturing method thereof according to embodiments of the
present invention will be described with reference to the accompanying drawings.

FIG. 1 is a view showing a food container according to an embodiment of the present
invention. Particularly, FIG. 1 shows a sectional view of the food container for con-
venience of illustration.

Referring to FIG. 1, the food container 1 having a Si-DLC (hereinafter, referred to as
the ‘food container’) according to the embodiment of the present invention includes a
container 10, an intermediate thin layer 20 and a Si-DLC layer 30.

The container 10 may have a predetermined accommodation space in which foods
are contained, and is formed of a plastic material.

The container 10 is preferably formed of a material such as polypropylene (PP),
which has low surface energy and is porous, but may be formed of another plastic
material which has a lower surface energy and is more porous than the PP. The
container 10 may also be formed of a plastic material such as polyethylene
terephthalate (PET), which has high surface energy.

The intermediate thin layer 20 is formed on a surface of the container 10 so that the
Si-DLC layer 30 is stably adhered to the surface 12 of the container 10. Therefore, the
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intermediate thin layer 20 may be interposed between the container 10 and the Si-DLC
layer 30.

[31] In order to implement excellent oxygen barrier properties, it is not preferable that the
Si-DLC layer 30 is formed directly on the container 10 made of the material such as
the PP. This is because the Si-DLC layer 30 is not stably adhered to the container 10
due to the low surface energy and porous structure of the PP, and therefore, a
breakdown phenomenon or the like occurs.

[32] The intermediate thin layer 20 is preferably formed of silicon (Si) that is well
adhered to the PP and has excellent chemical compatibility with Si-DLC.

[33] In case where the intermediate thin layer 20 is formed of another material such as
plasma polymerized HMDSO (pp-HMDSO), the chemical compatibility of the in-
termediate thin layer 20 with the Si-DLC layer 30 is lowered, and therefore, the Si-
DLC thin layer 30 may be easily taken off or broken. Accordingly, the oxygen barrier
properties may be lowered.

[34] Preferably, the surface 12 of the container 10 is chemically changed so that the in-
termediate thin layer 20 made of the Si is stably formed on the container 10 made of
the PP.

[35] The Si-DLC thin layer 30 is formed on the intermediate thin layer 20. The Si-DLC
thin layer 30 is formed of Si-DLC having high oxygen barrier properties and strong
mechanical properties such as friction and abrasion properties.

[36] In this case, the content of the Si is important so that the Si-DLC thin layer 30 has
high oxygen barrier properties.

[37] When the content of the Si is appropriate, the Si functions to connect carbons (C) in
the Si-DLC layer 30, thereby forming a dense thin layer. However, when the content of
the Si is too high, such an effect does not occur, and therefore, the high oxygen barrier
properties cannot be obtained.

[38] When only DLC is used without containing the Si, the thin layer may be easily taken
off by high stress energy of the DLC.

[39] FIG. 2 is a sectional view illustrating a manufacturing method of a food container
according to an embodiment of the present invention.

[40] Referring to FIG. 2, the manufacturing method of the food container 1 according to
the present invention includes a container preparation step (S100), a plasma pre-
treatment step (S200), an intermediate thin layer deposition step (S300) and a Si-DLC
layer deposition step (S400).

[41] In the container preparation step (S100), a container 10 made of a plastic material is
prepared.
[42] In this case, the container 10 is preferably formed of PP having low surface energy

and large porosity. However, it is difficult that a thin layer is adhered to the PP.
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Accordingly, in the plasma pretreatment step (S200), a plasma treatment may be
performed on a surface 12 of the container 10 before a buffer thin layer 20 is deposited
on the surface 12 of the container 10.

Specifically, the plasma pretreatment step (S200) will be described. First, the
container 10 made of a PP material is placed in a chamber of a radio frequency-
chemical vapor deposition (RF-CVD) apparatus (not shown), and a vacuum state is
formed in the chamber through a pump or the like.

Then, argon (Ar) gas is injected into the chamber at a certain flow rate, and a plasma
state is formed by applying RF-power to the chamber, thereby performing a plasma
pretreatment process.

As the plasma state is formed, a self-bias voltage is generated in the chamber, and ac-
cordingly, Ar particles having energy react with the surface 12 of the container 10.
Thus, high kinetic energy of the Ar particles is transferred to the surface 12 of the
container 10.

Since the surface 12 of the container 10 is in a state in which the energy of the
surface 12 of the container 10 is higher than balance energy, the surface 12 of the
container 10 is combined with another material, so as to be in a state in which the
surface 12 of the container 10 intends to decrease its energy (in a state in which the re-
activity is increased).

In the plasma pretreatment step (S200), the Ar gas used in plastic surface pre-
treatment is preferably injected into the chamber of the RF-CVD apparatus.

The intermediate thin layer 20 made of a Si material having excellent chemical com-
patibility with the Si-DLC layer 30 is preferably formed on the surface 12 of the
container 10. This is because the intermediate thin layer 20 made of the Si material, on
which O, plasma treatment is performed, is further stably adhered to the surface 12 of
the container 10 as compared with that on which Ar plasma treatment is performed.

Thus, when the Ar plasma treatment is performed on the surface 12 of the container
10 made of the PP material, the surface 12 of the container 10 has high oxygen barrier
properties. On the other hand, when the O, plasma treatment is performed on the
surface 12 of the container 10 made of the PP material, the intermediate thin layer 20 is
easily taken off or broken, and therefore, the surface 12 of the container 10 has low
oxygen barrier properties.

In the intermediate thin layer deposition step (S300), the intermediate thin layer 20
may be deposited on the surface 12 of the container 10, on which the plasma treatment
is performed.

The intermediate thin layer 20 does not provide a mechanical deformation of the
container 10 directly to the Si-DLC layer 30 to be deposited on the intermediate thin

layer 20 but absorbs the mechanical deformation of the container 10.
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The intermediate thin layer 20 is relatively well deformed due to its low Young’s
modulus. The intermediate thin layer 20 is preferably formed of the Si having high
chemical compatibility with the Si-DLC layer 30 to be deposited on the intermediate
thin layer 20.

When the intermediate thin layer 20 is formed of another material such as pp-
HMDSO, the chemical compatibility of the intermediate thin layer 20 with the Si-DLC
layer 30 is lowered, and therefore, the Si-DLC layer 30 may be easily taken off or
broken. Accordingly, the oxygen barrier properties of the intermediate thin layer 20 are
lowered.

Specifically, the intermediate thin layer deposition step (S300) will be described.
After the plasma pretreatment step (S200) is performed, a plasma state is formed by
injecting reactive gas (e.g., SiH, or the like) into the chamber of the RF-CVD
apparatus.

The intermediate thin layer 20 made of the Si may be formed on the surface 12 of the
container 10 by means of the reaction between plasma and the reactive gas such as SiH
4

In the Si-DLC layer deposition step (S400), the Si-DLC layer 30 performing an
oxygen blocking function may be deposited on the intermediate thin layer 20 formed in
the intermediate thin layer deposition step (S300).

Specifically, the Si-DLC layer deposition step (S400) will be described. The Si-DLC
layer 30 performing the oxygen blocking function may be formed on the intermediate
thin layer 20 by injecting a mixed gas of C¢He and SiH, as an appropriate flow rate into
the chamber of the RF-CVD apparatus and then performing a plasma reaction.

Here, the mixed gas of C¢Hs and SiH, is used as an example of the reactive gas.
However, it will be apparent that another reactive gas capable of forming the Si-DLC
may be used.

In this case, the content of the Si is important for the Si-DLC layer 30 to have high
oxygen barrier properties.

When the Si is not contained at all in a thin layer, the thin layer may be easily taken
off due to the high stress energy of DLC. When the Si is excessively contained in the
thin layer, the density of the thin layer decreases, and therefore, the thin layer cannot
have high oxygen barrier properties.

Consequently, through the steps described above, the thin layer made of a DLC
material, which was difficult to be coated on the container 10 made of the PP material,
can be stably coated on the container 10 without occurring the phenomenon that the
thin layer made of the DLC material is taken off or broken. Accordingly, it is possible
to implement high oxygen barrier properties.

In addition, since the Si-DLC is a material known that the Si-DLC has very excellent
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mechanical properties such as friction and abrasion, it can be expected that the me-
chanical stability of the food container 1 will be improved.

Conventionally, a method was used in which the oxygen barrier properties were
improved by allowing high-priced ethylene vinyl alcohol (EVOH) to be mixed with or
adhered to the PP. However, in the present invention, the EVOH is not used, so that
manufacturing cost can be reduced, thereby securing price competitiveness.

In the method using the EVOH, a large amount of substance except the PP is
contained in a food container, and therefore, it is difficult to recycle the food container.
However, in the present invention using the plasma method, the food container can be
easily recycled.

While the present invention has been described in connection with certain exemplary
embodiments, it is to be understood that the invention is not limited to the disclosed
embodiments, but, on the contrary, is intended to cover various modifications and
equivalent arrangements included within the spirit and scope of the appended claims,

and equivalents thereof.
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PCT/KR2013/001924

Claims

A food container having a silicon incorporated diamond like carbon
(Si-DLC) layer, including:

a container made of a plastic material;

an intermediate thin layer formed on a surface of the container; and

a Si-DLC layer formed on the intermediate thin layer.

The food container of claim 1, wherein a plasma pretreatment is
performed on the surface of the container so as to improve the adhesion
between the surface of the container and the intermediate thin layer.
The food container of claim 1, wherein the container is formed of
polypropylene (PP) with Si-DLC coated layer.

The food container of claim 1, wherein the intermediate thin layer is
formed of silicon (Si).

A manufacturing method of a food container having a Si-DLC layer,
the method comprising the steps of:

preparing a container made of a plastic material;

performing a plasma treatment on a surface of the container;

depositing an intermediate thin layer on the surface of the container;
and

depositing a Si-DLC layer on the intermediate thin layer.

The method of claim 5, wherein in the step of performing of the plasma
treatment, the plasma treatment is performed using argon (Ar).

The method of claim 5, wherein the container may be formed of PP.
The method of claim 5, wherein the intermediate thin layer is formed of
Si.

The method of claim 5, wherein the step of depositing the intermediate
thin layer and the step of depositing the Si-DLC layer are performed

through plasma chemical vapor deposition.
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