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Abstract

Provided is a semiconductor nanoparticle-encapsulating vinyl polymer including vinyl
polymer particles; and semiconductor nanoparticles, uniformly dispersed in the vinyl polymer
particles, having an average particle size of 1 to 150 nm, wherein the semiconductor
nanoparticles are encapsulated by the vinyl polymer particles. Provided is also a mixture of the
semiconductor nanoparticle-encapsulating vinyl polymer with a commercially available vinyl
polymer. In the nanoparticle-encapsulating vinyl polymer and the mixture, since the semi-
conductor nanoparticles are encapsulated by the vinyl polymer particles, they are highly
dispersed even in vinyl polymer products. Therefore, an aggregation phenomenon of semi-
conductor nanoparticles that may be caused by physical mixing of semiconductor nanoparticles
and a commercially available vinyl polymer can be prevented, thereby remarkably increasing a
reduction in dioxin emission during incineration of the wastes of vinyl polymer products.
Furthermore, the semiconductor nanoparticles of the semiconductor nanoparticle-encapsulating
vinyl polymer can remarkably increase photodegradation efficiency due to the photocatalytic
activity of the nanoparticles. In addition, the semiconductor nanoparticles of the semiconductor
nanoparticle-encapsulating vinyl polymer can serve as fillers, thereby enhancing mechanical
properties such as tensile strength and modulus of elasticity without lowering impact strength. In
particular, in a flexible polyvinylchloride compound manufactured using semiconductor
nanoparticle-encapsulating polyvinylchloride and a commercially available phthalate-based low-
molecular weight liquid phase plasticizer, a plasticizer migration phenomenon can be prevented
by adsorptivity of highly dispersed semiconductor nanoparticles.
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Description
SEMICONDUCTOR NANOPARTICLE-ENCAPSULATING
VINYL POLYMER, VINYL POLYMER MIXTURE INCLUDING

THE SAME, AND PROCESS OF PREPARING THE SAME
Technical Field

[1] The present invention relates to a semiconductor nanoparticle-encapsulating vinyl
polymer, a polymer mixture including the same, and a process of preparing the same.
More particularly, the present invention relates to a semiconductor nanoparticle-en-
capsulating vinyl polymer that can efficiently adsorb dioxins and precursors thereof
produced during incineration of wastes of vinyl polymer products and remarkably
enhance photodegradation efficiency, a polymer mixture including the same, and a
process of preparing the same.

Background Art

[2] Synthetic polymer products have been widely utilized in various industrial fields
such as living necessaries, construction, medical supplies, and agriculture to make
human lives more convenient and comfortable. Thus, the consumption of synthetic
polymer products has been continuously increased. However, since synthetic polymers
can not be easily degraded after their life cycle has been completed, unlike natural
polymers , the disposal or management of the wastes of synthetic polymer products is
now arising as a serious problem. Vinyl polymers are representative general-purpose
resins constituting synthetic polymer products. Vinyl polymers are excellent in
physical properties such as weather resistance, water resistance, chemical resistance,
flame retardant, and insulating property, and are relatively inexpensive. Also, since the
physical, chemical, and electrical properties of vinyl polymers can be easily controlled
by use of various additives , it is easy to design desired products. Thus, an enormous
quantity of vinyl polymers have been spent in various applications such as clothes,
packages, storage vessels, construction materials, toys, and sealants for hermetically
sealing medical supplies.

[3] Wastes of vinyl polymer products after their life cycle has been completed have
been buried, incinerated, or recycled. However, waste disposal through burial results in
environmental problems such as ground water contamination and soil devastation due
to very low biodegradability of vinyl polymer products in a buried environment.
Furthermore, in Korea, about 90% of the wastes of vinyl polymer products have been
disposed through burial. Such a high landfill rate is not preferable in Korea with a
limited land area and thus an alternative waste disposal technique is strongly being

required. With respect to waste recycling, various additives contained in large quantity
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in vinyl polymer products to impart specific characteristics to the vinyl polymer
products make it difficult to collect recyclable materials from the vinyl polymer
products. Further, reduction in quality of recycled products restricts waste recycling
application. In this regard, it is required that the most widely practiced burial for waste
disposal is mostly replaced by incineration. However, fatally hazardous contaminants
such as dioxins produced in large amount during incineration cause environmental
contamination and adversely affect the ecosystem, which restricts incineration ap-
plications. For example, polyvinylchloride (PVC), which is one of representative vinyl
polymer products, is considered to be a major causative material producing dioxins
known as an environmental hormone during incineration of PVC wastes. Dioxins are
known to be produced during incineration of organic chlorinated compounds or
incomplete combustion of organic compounds in the presence of chlorine and a
chlorine compound. In particular, it is reported that dioxin decomposition does not
occur in a common incinerator burning wastes with high moisture content. According
to a foreign report about the contents of wastes affecting dioxin production, the
greatest amount of dioxins are contained in a smoke released from the wastes of vinyl
polymer products burnt in urban incinerators. In particular, it is reported that PVC is a
major causative material producing dioxin. Dioxins thus produced contaminate the sur-
roundings and thus impart toxicity to human beings via their accumulation in the food
chain, resulting in ecosystem destruction and extinction of mankind.

Existing apparatuses for reducing an amount of dioxin emission during incineration
of the wastes of vinyl polymer products are generally classified into three groups: elec-
trostatic precipitators, wet-cleaning systems, and selective reduction catalytic systems.

Electrostatic precipitators are operated at a temperature range in which dioxins are
easily formed, considering precipitation efficiency, and thus, a dioxin reduction effect
is insufficient. Wet-cleaning systems can very efficiently remove acidic gases,
mercury, etc. but require an additional waste disposal system and involve a system
erosion problem by acidic cleaning water. Thus, there are many problems in ap-
plications of these two apparatuses.

Recently, TiO2 has received much interest due to photocatalytic activity and
excellent dioxin adsorption-oxidative decomposition property. Thus, TiOz—based
selective reduction catalytic systems exhibit an excellent dioxin removal effect but
there arise several economical difficulties due to technical defects of process in-

stallations.
Disclosure of Invention
Technical Problem

The above-described apparatuses for reducing the amount of dioxin emission during
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incineration of the wastes of vinyl polymer products have a common limitation in that
they are impractical in small incinerators.

Meanwhile, it is generally known that TiO2 nanoparticles, which are representative
semiconductor nanoparticles with a particle size of several nanometers to several tens
nanometers, generate active oxygen species capable of decomposing organic
compounds through oxidation-reduction reaction under UV radiation, and thus, have
perfect or efficient decomposition characteristics for various types of low molecular
weight compounds or some polymers. Application examples of TiO2 nanoparticles
based on their organic compound decomposition characteristics and antibacterial char-
acteristics, such as construction materials, wallpapers, sheets, car interior materials,
lamps, visitor spectacles, air conditioners, microwave ovens, floor materials, and re-
frigerators, have been published in patent documents or papers. In addition to these ap-
plication examples, the applications of TiO2 nanoparticles to incineration or pho-
todegradation of vinyl polymer products have been recently reported. Sun et al.
reported that a dispersion of TiO2 nanoparticles in a vinyl polymer could primarily
prevent the emission of toxic gases such as dioxins during incineration due to the
adsorption and oxidative decomposition properties of the TiO2 nanoparticles [Polymer
Degradation and Stability, 2002, Vol. 78, P. 479 'TiOz/polyrner composite materials
with reduced generation of toxic chemicals during and after combustion-effect of HF-
treated TiO2 ']. Horikoshi et al. reported that a vinyl polymer in a TiO2 nanoparticle-
blended vinyl polymer dispersion was photocatalytically degraded under UV radiation
due to the photocatalytic degrading activity of the TiO2 nanoparticles [Environmental
Science and Technology, 1998, Vol. 32, P. 4010 "Photocatalyzed degradation of
polymers in aqueous semiconductor suspension. 3. Photooxidation of a solid polymer:
TiOz—blended poly(vinyl chloride)']. Such a TiO2 nanoparticle-blended vinyl polymer
dispersion can be applied in reduction of dioxin emission in existing incinerators, and
furthermore, in a photodegradable waste disposal system releasing no contaminants.
However, the TiO2 nanoparticle-blended vinyl polymer dispersion may cause ag-
gregation of TiO2 nanoparticles, thereby reducing the surface areas of TiO2
nanoparticle surfaces on which catalytic reaction occurs, resulting in reduction in
dioxin emission reduction efficiency and photodegradation efficiency, which renders
the TiO2 nanoparticle-blended vinyl polymer dispersion impractical.

Erova et al. reported that the incorporation of TiO2 nanoparticles as fillers into
polyester polymers enhanced mechanical properties such as tensile strength,
compression strength, and impact strength [Materials Science & Engineering A, 2003,
Vol. 361, P. 358 'Fabrication, characterization, and dynamic behavior of polyester/TiO2
nanocomposite']. However, reportedly, when the TiO2 nanoparticles are used in an
amount of 1% by volume or more based on the total volume of the polyester polymers,
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aggregation of the TiO2 nanoparticles occurs, which limits an enhancement in
mechanical properties. Ooka et al. reported that TiO2 nanoparticles were used in a large
quantity for plasticization of PVC which was a vinyl polymer, and could adsorb a
phthalate plasticizer considered as an environmental hormone [Applied Catalysis B:
Environmental, 2003, Vol. 41, P. 313 'Adsorptive and photocatalytic performance of
TiO2 pillared montmorillonite in degradation of endocrine disruptors having different
hydrophobicity']. However, there were no reports about prevention of phthalate
plasticizer migration by TiO2 nanoparticles in flexible PVC products manufactured
using TiO2 nanoparticle-incorporated PVC and a phthalate plasticizer.

Technical Solution

The present invention provides a semiconductor nanoparticle-encapsulating vinyl
polymer that can reduce dioxin emission during incineration of vinyl polymer
products, remarkably increase photodegradation efficiency, enhance mechanical
properties, and prevent the migration of a low-molecular weight liquid phase
plasticizer during plasticization of vinyl polymers.

The present invention also provides a mixture of the semiconductor nanoparticle-
encapsulating vinyl polymer and a common vinyl polymer, which can economically
reduce generation of environmental contaminants, enhance mechanical properties, and
prevent plasticizer migration.

The present invention also provides a process of preparing the semiconductor
nanoparticle-encapsulating vinyl polymer.

Advantageous Effects

Since the semiconductor nanoparticles of the semiconductor nanoparticle-en-
capsulating vinyl polymer are not aggregated during manufacturing products using the
vinyl polymer, an aggregation phenomenon that may be caused by simple physical
mixing of a vinyl polymer and semiconductor nanoparticles can be prevented.
Therefore, dioxin emission during incineration can be more efficiently reduced and
high-efficiency photodegradation can be facilitated. Still furthermore, since the semi-
conductor nanoparticles of the semiconductor nanoparticle-encapsulating vinyl
polymer can serve as fillers, mechanical properties of vinyl polymer products can be
efficiently enhanced. In addition, the semiconductor nanoparticles of the semi-
conductor nanoparticle-encapsulating vinyl polymer can efficiently adsorb a toxic,
low-molecular weight, liquid phase plasticizer used for manufacturing a flexible
compound, and thus plasticizer migration is prevented.

Description of Drawings

FIG. 1 is a diagram illustrating a semiconductor nanoparticle-encapsulating vinyl

polymer particle according to the present invention;
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FIG. 2 is a Transmission Electron Microscopic (TEM) image of titanium dioxide
(TiOZ) nanoparticle-encapsulating polystyrene particles prepared using TiO2
nanoparticles and a styrene monomer according to an embodiment of the present
invention;

FIG. 3A is a graph illustrating results of Experimental Example 1 of the present
invention performed to evaluate a reduction in dioxin emission during incineration of
TiO2 nanoparticle-encapsulating polystyrenes;

FIG. 3B is a graph illustrating results of Experimental Example 1 of the present
invention performed to evaluate a reduction in dioxin emission during incineration of
TiO2 nanoparticle-encapsulating polyvinylchlorides;

FIG. 3C is a graph illustrating results of Experimental Example 2 of the present
invention performed to evaluate a reduction in dioxin emission during incineration of
mixtures of TiO2 nanoparticle-encapsulating polystyrenes and commercially available
polystyrene and mixtures of TiO2 nanoparticle-encapsulating polyvinylchlorides and
commercially available polyvinylchloride;

FIG. 4A is a graph illustrating results of Experimental Example 3 of the present
invention performed to evaluate the photodegradation performance of TiO2
nanoparticle-encapsulating polystyrenes with respect to UV radiation duration;

FIG. 4B is a graph illustrating results of Experimental Example 3 of the present
invention performed to evaluate the photodegradation performance of TiO2
nanoparticle-encapsulating polyvinylchlorides with respect to UV radiation duration;
and

FIG. 4C is a graph illustrating results of Experimental Example 4 of the present
invention performed to evaluate the photodegradation performance of mixtures of TiO2
nanoparticle-encapsulating polystyrenes and commercially available polystyrene and
mixtures of TiO2 nanoparticle-encapsulating polyvinylchlorides and commercially
available polyvinylchloride with respect to UV radiation duration.

Best Mode

A semiconductor used for preparation of a semiconductor nanoparticle-en-
capsulating vinyl polymer according to the present invention is not particularly limited.
For example, there may be used a metal oxide semiconductor such as titanium dioxide
(TiOZ), zinc oxide (Zn0O), ferric oxide (FezO3), tungsten oxide (WO3), cadmium oxide
(CdO), copper oxide (CuZO), manganese oxide (MnOz), silver oxide (AgZO), indium
oxide (In203), tin oxide (SnOz), vanadium oxide (VZOS), and niobium oxide (Nb203), or
a metal sulfide semiconductor such as zinc sulfide (ZnS), cadmium sulfide (CdS),
indium sulfide (InZS3), lead sulfide (PbS), copper sulfide (CUZS), molybdenum sulfide
(MoSZ), tungsten sulfide (WSZ), antimony sulfide (SbZS3), and bismuth sulfide (BiZS3).
TiO2 is particularly preferable due to its excellent catalytic activity and commercial ap-
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plicability into various graded products. These semiconductors may be used alone or in
combination of two or more. To enhance photocatalytic activity and the adsorption-
oxidative decomposition performance for dioxins, one species of the above-mentioned
semiconductor nanoparticles may be used as support materials, and one or more
species different from the species used as the support materials may be loaded on the
support materials. For example, TiO2 nanoparticle-loaded VZO, WO3, FeZO3, and/or
SnO2 may be used.

Preferably, the semiconductor nanoparticles have an average particle size of 1 to
150 nm to increase photocatalytic active surface areas. Semiconductor nanoparticles
with an average particle size of less than 1 nm cannot be easily attained under the
present technical level. If the particle size of the semiconductor nanoparticles exceeds
150 nm, an increase in particle surface area may be insufficient, which makes it
difficult to sufficiently accomplish desired effects of the present invention. The semi-
conductor nanoparticles may be directly used without pretreatment, or alternatively
may also be chemically surface-modified to increase affinity with a vinyl monomer,
thereby facilitating encapsulation by the vinyl polymer. Here, a chemical substance
that can be used for the surface modification of the semiconductor nanoparticles is not
particularly limited. For example, 3-methacryloxypropyltrimethoxysilane, trimethoxy-
octylsilane, etc. may be used.

The semiconductor nanoparticles may be used in an amount of 0.1 to 90 wt% based
on the weight of the vinyl monomer, and at least one chemical substance having a
functional group having affinity with the semiconductor nanoparticles and a functional
group having affinity with the vinyl monomer may be used in an amount of 0.1 to 90
wt% based on the weight of the semiconductor nanoparticles to modify the surfaces of
the semiconductor nanoparticles.

A vinyl monomer that can be used for preparation of the vinyl polymer of the
present invention is not particularly limited. For example, there may be used vinyl
halide, styrene derivative, olefin, [metha]acrylic acid, [metha]acrylic ester, [metha]
acrylonitrile, [metha]acrylamide, vinyl ester, [metha]acrolein, maleic acid derivative,
fumaric acid derivative, etc. Vinyl halide, styrene derivative, [metha]acrylic ester,
[metha]acrylonitrile, and vinyl ester are preferable. Vinyl chloride, styrene derivative,
[metha]acrylic ester, and [metha]acrylonitrile are particularly preferable. These vinyl
monomers may be used alone or in combination of two or more.

The vinyl halide is not particularly limited but may be vinyl chloride, vinyl
dichloride, vinyl tetrachloride, vinyl tetrafluoride, etc.

The styrene derivative is not particularly limited but may be a -methylstyrene, p-
methoxystyrene, p-phenoxystyrene, p-t-butoxystyrene, m-methoxystyrene, o-
methoxystyrene, p-methylstyrene, p-phenylstyrene, p-chloromethylstyrene, p-
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t-butylstyrene, m-methylstyrene, p-trimethylsiloxystyrene, o-chlorostyrene, etc.

The olefin is not particularly limited but may be ethylene, propylene, butadiene,
isoprene, etc.

The [metha]acrylic ester is not particularly limited but may be methyl[metha]
acrylate, ethyl[metha]acrylate, n-propyl[metha]acrylate, isopropyl[metha]acrylate, n-
butyl[metha]acrylate, isobutyl[metha]acrylate, tert-butyl[metha]acrylate, pentyl[metha]
acrylate, n-hexyl[metha]acrylate, isohexyl[metha]acrylate, n-octyl[metha]acrylate,
isooctyl[methaJacrylate, 2-ethylhexyl[metha]acrylate, nonyl[metha]acrylate,
decyl[metha]acrylate, dodecyl[metha]acrylate, phenyl[metha]acrylate, toluyl[metha]
acrylate, benzyl[metha]acrylate, stearyl[metha]acrylate, 2-hydroxyethyl[metha]
acrylate, 3-methoxypropyl[metha]acrylate, etc. When needed, [methalacrylic acid,
[metha]acrylic ester, [metha]acrylonitrile, [metha]acrylamide, and [metha]acrolein may
have a substituent on the alkyl chain. As used herein, the term "[metha]acrylic acid'
refers to a methacrylic acid or an acrylic acid.

The vinyl ester is not particularly limited but may be vinyl acetate, vinyl formate,
vinyl propionate, vinyl butyrate, vinyl n-caproate, vinyl isocaproate, vinyl octanoate,
vinyl laurate, vinyl palmitate, vinyl stearate, vinyl trimethylacetate, vinyl
chloroacetate, vinyl trichloroacetate, vinyl trifluoroacetate, vinyl benzoate, etc.

These vinyl monomers may be used alone or in combination of two or more.
Further, a vinyl monomer which is the same as or different from a vinyl monomer used
to induce the inclusion of semiconductor nanoparticles in monomer droplets may be
used in preparation of a semiconductor nanoparticle-encapsulating vinyl polymer of
the present invention.

The type of a copolymer that can be obtained using two or more vinyl monomers is
not particularly limited but may be a random copolymer or a block copolymer. A
preparation process of the copolymer is also not particularly limited. For example, a
block copolymer may be prepared by adding a second monomer to a reaction system
immediately after a first monomer is consumed.

The present invention also provides a vinyl polymer mixture obtained by mixing a
semiconductor nanoparticle-encapsulating vinyl polymer of the present invention with
a common vinyl polymer. Here, the semiconductor nanoparticle-encapsulating vinyl
polymer is used in an amount of 1 to 99 wt%, preferably 20 to 60 wt%, based on the
total weight of the vinyl polymer mixture. The common vinyl polymer used for
preparation of the vinyl polymer mixture may be obtained by polymerization of at least
one vinyl monomer which is the same as or different from a vinyl monomer used for pr
eparation of the semiconductor nanoparticle-encapsulating vinyl polymer.

In the vinyl polymer mixture of the present invention, the encapsulation of semi-
conductor nanoparticles by vinyl polymer particles can be performed by common het-



WO 2005/108473 PCT/KR2005/001377

[35]

[37]

[38]

erogeneous polymerization such as suspension polymerization and emulsion poly-
merization, and common homogeneous polymerization such as bulk polymerization.
The use of common heterogeneous or homogeneous polymerization for the en-
capsulation of the semiconductor nanoparitcles eliminates additional installation costs
since conventional equipment and installations can be utilized with slight process mod-
ification, which makes the present invention cost-effective.

With respect to plastics manufactured using the semiconductor nanoparticle-en-
capsulating vinyl polymer or the vinyl polymer mixture of the present invention, semi-
conductor nanoparticles highly dispersed therein adsorb dioxins and their precursors
produced during incineration of the wastes of the plastics, thereby preventing toxic
dioxin emission into atmosphere.

Furthermore, a photodegradation treatment based on the photocatalytic activity of
the semiconductor nanoparticles of the semiconductor nanoparticle-encapsulating vinyl
polymer or the vinyl polymer mixture of the present invention can facilitate uniform
photodegradation due to an increase of photocatalytic active surface areas by high
particle dispersibility. The photodegradation treatment can be utilized in a waste
disposal system in which discharge of contaminants into an ambient air is fun-
damentally prohibited.

With respect to plastics manufactured using the semiconductor nanoparticle-en-
capsulating vinyl polymer or the vinyl polymer mixture of the present invention, semi-
conductor nanoparticles highly dispersed therein can serve as fillers and thus enhance
the mechanical properties of the plastics. Furthermore, due to adsorptivity of the semi-
conductor nanoparticles, a toxic, low-molecular weight, liquid phase plasticizer that
may be contained in the plastics can be anchored to surfaces of the semiconductor
nanoparticles, thereby preventing the migration of the plasticizer into an ambient air.

Hereinafter, processes for preparing a semiconductor nanoparticle-encapsulating
vinyl polymer and a vinyl polymer mixture including the semiconductor nanoparticle-
encapsulating vinyl polymer according to the present invention will be described in
detail. Meanwhile, the term 'vinyl polymer' as used herein is used for convenience of
expression and intended to embrace a homopolymer or copolymer obtained by poly-
merization of one or more selected from a vinyl monomer, an olefin monomer, an acryl
monomer, a methacryl monomer, a substituted vinyl monomer such as a vinyl halide
monomer, a substituted olefin monomer, a substituted acryl monomer, and a
substituted methacrylate monomer.

First, a process of preparing a semiconductor nanoparticle-encapsulating vinyl
polymer by suspension polymerization will be described.

A dispersion medium, a vinyl monomer, semiconductor nanoparticles, a surfactant,

a dispersion stabilizer, an initiator, a buffer, etc. are placed in a reactor and vacuum is



WO 2005/108473 PCT/KR2005/001377

[41]

[42]

[43]

[45]

added thereto, thereby providing an oxygen-free atmosphere. Then, the resultant
mixture is sufficiently stirred and heated to a reaction temperature to induce poly-
merization.

At this time, the polymerization may be performed in a diverse manner according to
an addition method of the reactants, for example by (1) adding all reactants at a time to
induce polymerization, (2) adding the vinyl monomer to the reactor in a lump or
patches after sufficiently mixing the other reactants except the vinyl monomer and
removing oxygen, or (3) adding some reactants to the reactor followed by addition of
residual reactants in a lump or patches during polymerization. However, the present
invention is not limited to the above-illustrated examples.

The dispersion medium may be water or a mixture of water with a water-soluble
organic solvent such as methanol, ethanol, isopropanol, or acetone. When a mixture of
water with a water-soluble organic solvent is used as the dispersion medium, an excess
use of the organic solvent may destruct a dispersion phase. In this regard, it is
preferable to use the organic solvent in an amount of 70 wt% or less.

The surfactant assists in forming stable vinyl monomer droplets in the dispersion
medium. Preferably, the surfactant has a hydrophobic end group with good miscibility
with the vinyl monomer and the other hydrophilic end group with good miscibility
with the dispersion medium. For example, the surfactant may be a vinyl acetate-maleic
anhydride copolymer, a fatty acid ester, pentaerythritol, a mixture of cellulose ether
and polyvinylacetate or polyvinylalcohol, polyvinylpyrrolidone, vinyl ether, gelatin,
starch, etc. In the present invention, one or more surfactants may be used considering
the final particle size and distribution, and yield of a semiconductor nanoparticle-en-
capsulting vinyl polymer to be obtained.

The dispersion stabilizer is responsible for stably dispersing the semiconductor
nanoparticles in the vinyl monomer without aggregation of the semiconductor
nanoparticles. The semiconductor nanoparticles may be used in an amount of 0.1 to 90
wt% based on the weight of the vinyl monomer, and at least one dispersion stabilizer
having a functional group having affinity with the semiconductor nanoparticles and a
functional group having affinity with the vinyl monomer may be used in an amount of
0.1 to 90 wt% based on the weight of the vinyl monomer. The semiconductor
nanoparticles may be used in an amount of 0.1 to 90 wt% based on the weight of the
vinyl monomer, and at least one chemical substance having a functional group having
affinity with the semiconductor nanoparticles and a functional group having affinity
with the vinyl monomer may be used in an amount of 0.1 to 90 wt% based on the
weight of the semiconductor nanoparticles to modify the surfaces of the semiconductor
nanoparticles.

Similarly to the surfactant, the dispersion stabilizer has a hydrophobic end group
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with good miscibility with the vinyl monomer and the other functional end group with
good miscibility with the semiconductor nanoparticles. For example, the dispersion
stabilizer may be a AB or ABA type copolymer in which one end of the main chain of
the copolymer has a butadiene group, an ethylene group, or a propylene group capable
of being attached to surfaces of the semiconductor nanoparticles and the other end of
the main chain has a styrene group or an amine group which is miscible with the vinyl
monomer. The dispersion stabilizer may also be a basic polymer dispersing agent
having a number-average molecular weight of several thousands or more, a main chain
incorporated therein a material such as a nitrogen atom or a sulfur atom with high ad-
sorptivity for the semiconductor nanoparticles, and multiple side chains having affinity
with the vinyl monomer. The basic polymer dispersing agent may be commercially
available, for example, Stereon 840A or 730A (trade name, Firestone), KRATON
GX657, G1650, G1701, G1702, or FG1901X (trade name, Shell), OLOA 370 (trade
name, Chevron Oronite), Solsperse 26000, 28000, or 32500 (trade name, Avecia), etc.
In the present invention, one or more dispersion stabilizers may be used considering
the particle size and distribution, and yield of semiconductor nanoparticles in a semi-
conductor nanoparticle-encapsulting vinyl polymer to be obtained.

The initiator may be a material that can be dissolved in the vinyl monomer, for
example, organic peroxide such as benzoyl peroxide, cumyl hydroperoxide, propionyl
peroxide, lauryl peroxide, or acetyl peroxide, or an azo initiator such as azo isobuty-
ronitrile. Preferably, the initiator may be used in an amount of 0.1 to 5 wt% based on
100 wt% of the vinyl monomer.

The reaction temperature of the suspension polymerization for preparation of a
semiconductor nanoparticle-encapsulating vinyl polymer according to the present
invention is determined by the thermal decomposition temperature of the initiator.
Preferably, the reaction temperature of the suspension polymerization is in the range
from 40 to 90 °C .

A process of preparing a semiconductor nanoparticle-encapsulating vinyl polymer
by emulsion polymerization will now be described.

The emulsion polymerization is substantially the same as the suspension poly-
merization. A dispersion medium, a vinyl monomer, semiconductor nanoparticles, an
emulsifier, a dispersion stabilizer, an initiator, etc. are sufficiently stirred in a reactor
and heated to a reaction temperature to induce polymerization.

Similarly to the suspension polymerization, the emulsion polymerization may be
performed in a diverse manner according to an addition method of the reactants, for
example by (1) adding all reactants at a time to induce polymerization, (2) adding the
vinyl monomer to the reactor in a lump or patches after sufficiently mixing the other

reactants except the vinyl monomer and removing oxygen, or (3) adding some
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reactants to the reactor followed by addition of residual reactants in a lump or patches
during polymerization. However, the present invention is not limited to the above-
illustrated examples.

The dispersion medium may be water or a mixture of water with a water-soluble
organic solvent such as methanol, ethanol, isopropanol, or acetone. It is preferable to
use the organic solvent in an amount of 70 wt% or less.

The emulsifier permits the vinyl monomer to form stable micelles in the dispersion
medium and must be used in an amount which is above its critical micelle con-
centration (CMC). Preferably, the emulsifier is a sodium or potassium salt of
alkylsulfate with 4-30 carbon atoms. In more detail, the emulsifier may be one or more
selected from the group consisting of sodium laurylsulfate, sodium dodecylsulfate,
sodium dioctylsulfosuccinate, sodium dodecylbenzenesulfate, sodium laurate,
potassium laurate, sodium oleate, potassium oleate, rosin, and fatty acid salt.
Preferably, the emulsifier is used in an amount of 0.1 to 30 wt%, based on 100% of the
vinyl monomer.

The dispersion stabilizer is responsible for stably dispersing the semiconductor
nanoparticles in the vinyl monomer without aggregation of the semiconductor
nanoparticles. Thus, the dispersion stabilizer is substantially the same as that used for
the suspension polymerization.

The initiator may be both a oil-soluble initiator that can be dissolved in the vinyl
monomer and a water-soluble initiator that can be dissolved in the dispersion medium.
The water-soluble initiator may be selected from persulfates such as potassium
persulfate or ammonium persulfate, and water-soluble peroxides such as t-butyl hy-
droperoxide or hydrogen peroxide. The oil-soluble initiator may be organic peroxide
such as benzoyl peroxide, cumyl hydroperoxide, propionyl peroxide, lauryl peroxide,
or acetyl peroxide, or an azo initiator such as azo isobutyronitrile. Preferably, the
initiator is used in an amount of 0.1 to 5 wt%, based on 100 wt% of the vinyl
monomer.

The reaction temperature of the emulsion polymerization for preparation of a semi-
conductor nanoparticle-encapsulating vinyl polymer according to the present invention
is determined by the thermal decomposition temperature of the initiator, like in the
suspension polymerization. Preferably, the reaction temperature of the emulsion poly-
merization is in the range from 40 to 90 °C .

A process of preparing a semiconductor nanoparticle-encapsulating vinyl polymer
by dispersion polymerization will now be described.

The dispersion polymerization is substantially the same as the suspension poly-
merization and the emulsion polymerization. A dispersion medium, a vinyl monomer,

semiconductor nanoparticles, a surfactant, a dispersion stabilizer, an initiator, etc. are
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sufficiently stirred in a reactor and heated to a reaction temperature to induce poly-
merization.

Similarly to the suspension polymerization and the emulsion polymerization, the
dispersion polymerization may be performed in a diverse manner according to an
addition method of the reactants, for example by (1) adding all reactants at a time to
induce polymerization, (2) adding the vinyl monomer to the reactor in a lump or
patches after sufficiently mixing the other reactants except the vinyl monomer and
removing oxygen, or (3) adding some reactants to the reactor followed by addition of
residual reactants in a lump or patches during polymerization. However, the present
invention is not limited to the above-illustrated examples.

The dispersion medium may be a water-soluble organic solvent such as methanol,
ethanol, isopropanol, or acetone, or a mixture of the water-soluble organic solvent with
water so that the vinyl monomer is uniformly dispersed without forming monomer
droplets in an initial stage. It is preferable to use water in an amount of 50 wt% or less
so that the vinyl monomer and the dispersion medium do not undergo phase separation.

A process of preparing a semiconductor nanoparticle-encapsulating vinyl polymer
by bulk polymerization will now be described.

Unlike the suspension polymerization and the emulsion polymerization, the bulk
polymerization for preparation of the semiconductor nanoparticle-encapsulating vinyl
polymer is performed under a high pressure in the presence of a vinyl monomer, an
initiator, and a dispersion stabilizer, without excess addition of a dispersion medium.
The dispersion stabilizer is used to uniformly disperse the semiconductor nanoparticles
in the vinyl monomer, and thus, may be substantially the same as that used in the
suspension or emulsion polymerization. The content of the dispersion stabilizer is
affected by the specific surface area of the semiconductor nanoparticles. Thus, the
content of the dispersion stabilizer varies according to the type of the semiconductor
nanoparticles. The larger the specific surface area of the semiconductor nanoparticles,
the dispersion stabilizer is used in a larger amount. Preferably, the dispersion stabilizer
is used in an amount of 10 to 100 parts by weight based on the total weight of the
semiconductor nanoparticles.

The reaction temperature of the bulk polymerization for preparation of a semi-
conductor nanoparticle-encapsulating vinyl polymer according to the present invention
is determined by the thermal decomposition temperature of the initiator and the
thermal polymerization temperature of the vinyl monomer. Preferably, the reaction
temperature of the mass polymerization is in the range from 40 to 90 °C .

FIG. 1 is a diagram illustrating a semiconductor nanoparticle-encapsulating vinyl
polymer particle according to the present invention.

FIG. 2 is a Transmission Electron Microscopic (TEM) image of TiO2 nanoparticle-
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encapsulating polystyrene particles prepared using TiO2 nanoparticles and a styrene
monomer according to an embodiment of the present invention.

FIG. 3A is a graph illustrating results of Experimental Example 1 of the present
invention performed to evaluate a reduction in dioxin emission during incineration of
TiO2 nanoparticle-encapsulating polystyrenes, FIG. 3B is a graph illustrating results of
Experimental Example 1 of the present invention performed to evaluate a reduction in
dioxin emission during incineration of TiO2 nanoparticle-encapsulating
polyvinylchlorides, and FIG. 3C is a graph illustrating results of Experimental
Example 2 of the present invention performed to evaluate a reduction in dioxin
emission during incineration of mixtures of TiO2 nanoparticle-encapsulating
polystyrenes and commercially available polystyrene and mixtures of TiO2
nanoparticle-encapsulating polyvinylchlorides and commercially available
polyvinylchloride.

FIG. 4A is a graph illustrating results of Experimental Example 3 of the present
invention performed to evaluate the photodegradation performance of TiO2
nanoparticle-encapsulating polystyrenes with respect to UV radiation duration, FIG.
4B is a graph illustrating results of Experimental Example 3 of the present invention
performed to evaluate the photodegradation performance of TiO2 nanoparticle-en-
capsulating polyvinylchlorides with respect to UV radiation duration, and FIG. 4C is a
graph illustrating results of Experimental Example 4 of the present invention
performed to evaluate the photodegradation performance of mixtures of TiO2
nanoparticle-encapsulating polystyrenes and commercially available polystyrene and
mixtures of TiO2 nanoparticle-encapsulating polyvinylchlorides and commercially
available polyvinylchloride with respect to UV radiation duration.

Referring to FIG. 1, semiconductor nanoparticles are uniformly dispersed in a
finally obtained vinyl polymer particle. The semiconductor nanoparticles are not
aggregated even under various processing conditions. Therefore, aggregation of semi-
conductor nanoparticles that may be caused during simply mixing a vinyl polymer and
the semiconductor nanoparticles in a conventional technique can be avoided. The semi-
conductor nanoparticles of FIG.1 can exhibit sufficient photodegradation activity
during photodegradation treatment of the waste of a vinyl polymer product.

The TEM image of FIG. 2 is based on an electron density difference between semi-
conductor nanoparticles and organic vinyl polymer particles and easily visualizes the
degree of dispersion of the semiconductor nanoparticles in the vinyl polymer particles.
Referring to FIG. 2, it can be seen that TiO2 nanoparticles with a domain size of
several tens nanometers are uniformly dispersed in vinyl polymer particles without
being aggregated.

Referring to FIG. 3A, samples 1 through 4, which are prepard using TiO2



14

WO 2005/108473 PCT/KR2005/001377

nanoparticle-encapsulating polystyrenes of the present invention, exhibit more
excellent dioxin emission reduction effects, as compared to sample 5 which is prepared
using commercially available polystyrene and sample 6 which is prepared using a
mixture obtained by simply mixing commercially available polystryene with TiO2
nanoparticles. Referring to FIG. 3B, samples 7 through 9, which are prepared using
TiO2 nanoparticle-encapsulating polyvinylchlorides of the present invention, exhibit
more excellent dioxin emission reduction effects, as compared to sample 10 which is
prepared using commercially available polyvinylchloride and sample 11 which is
prepared using a mixture obtained by simply mixing commercially available
polyvinylchloride with TiO2 nanoparticles. Referring to FIG. 3C, samples 12 through
15 which are prepared using mixtures obtained by physically mixing TiO2
nanoparticle-encapsulating polystyrenes of the present invention and commercially
available polystyrene and samples 16 through 18 which are prepared using mixtures
obtained by physically mixing TiO2 nanoparticle-encapsulating polyvinylchlorides of
the present invention and commercially available polyvinylchloride exhibit excellent
dioxin emission reduction effects.

[70] Referring to FIG. 4A, samples 1 through 4, which are prepared using TiO2
nanoparticle-encapsulating polystyrenes of the present invention, exhibit more
excellent photodegradation efficiency, as compared to sample 5 which is prepared
using commercially available polystyrene and sample 6 which is prepared using a m
ixture obtained by simply mixing commercially available polystryene with TiO2
nanoparticles. Referring to FIG. 4B, samples 7 through 9, which are prepared using
TiO2 nanoparticle-encapsulating polyvinylchlorides of the present invention, exhibit
more excellent photodegradation efficiency, as compared to sample 10 which is
prepared using commercially available polyvinylchloride and sample 11 which is
prepared using a mixture obtained by simply mixing commercially available
polyvinylchloride with TiO2 nanoparticles. Referring to FIG. 4C, samples 12 through
15 which are prepared using mixtures obtained by physically mixing TiO2
nanoparticle-encapsulating polystyrenes of the present invention and commercially
available polystyrene and samples 16 through 18 which are prepared using mixtures
obtained by physically mixing TiO2 nanoparticle-encapsulating polyvinylchlorides of
the present invention and commercially available polyvinylchloride exhibit excellent
photodegradation efficiency.

Mode for Invention
[71] The present invention will further be described by reference to the following

nonlimiting examples.

[72] Examples
[73] Example 1
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In this Example, semiconductor nanoparticle-encapsulating vinyl polymers were
prepared by suspension polymerization. For this, TiO2 nanoparticles were used as the
semiconductor nanoparticles and styrene was used as a vinyl monomer.

Additives used in this Example are presented in Table 1 below. In Table 1, a styrene
monomer and polyvinylalcohol (PVA) were commercially available from Aldrich, TiO
, nanoparticles from Degussa under the trade name of P25, and azoisobutyronitrile
(AIBN) from Junsei. As a dispersion stabilizer, there was used Solsperse 24000
(available from Avecia KK) having a number-average molecular weight of several
thousands or more, a main chain incorporated therein a material such as a nitrogen
atom or a sulfur atom having high affinity with the semiconductor nanoparticles, and
multiple side chains having affinity with the styrene monomer.

First, the dispersion stabilizer was dissolved in the styrene monomer with stirring
and the TiO2 nanoparticles were gradually added with sufficiently stirring to stabilize a
monomer mixture. AIBN was then added to the monomer mixture, placed in a three-
neck flask containing a mixture of deionized water and sodium lauryl sulfate (SLS),
and sufficiently stirred, to form stable monomer droplets. Pressure reduction and
nitrogen charging were repeated twice or three times to remove oxygen in the flask.
The resultant suspension was heated to a reaction temperature of 70 °C , maintained at
the same temperature for 12 hours, cooled to room temperature, and filtered under
reduced pressure to obtain solids. The solids were separated and dried to give TiO2
nanoparticle-encapsulating polystyrene powders.

Dynamic Light Scattering (DLS) analysis (Photal DLS7000) and Scanning Electron
Microscopic (SEM) image (JEOL JSM 633) showed that the TiO2 nanoparticle-en-
capsulating polystyrene powders had a particle size of about several hundreds
nanometers to about several hundreds micrometers. A TEM analysis (JEM-2000EX)
showed that TiO2 nanoparticles with an average particle size of 1 to 150 nm were
uniformly dispersed in the polystyrene powders.

Example 2

In this Example, semiconductor nanoparticle-encapsulating vinyl polymers were
prepared by emulsion polymerization. For this, TiO2 nanoparticles were used as the
semiconductor nanoparticles and styrene was used as a vinyl monomer.

The emulsion polymerization of this Example was performed in substantially the
same manner as in Example 1 except that SLS (available from Aldrich) was used as an
emulsifier instead of PVA used as the surfactant in Example 1 and potassium
persulfate (KPS) (available from Aldrich) was used as an initiator. Compositional
components used in this Example and their contents are presented in Table 1 below. A
reaction emulsion was centrifuged at 27,000 rpm using a centrifuge for two hours to
obtain solids. The solids were separated and dried to give TiO2 nanoparticle-en-



16

WO 2005/108473 PCT/KR2005/001377

[81]
[82]

[83]

[84]
[85]

[86]

[87]

capsulating polystyrene powders. DLS analysis and SEM image showed that a powder
size was in the range from several tens nanometers to several micrometers. TEM
analysis showed that TiO2 nanoparticles with an average particle size of 1 to 150
nanometers were uniformly dispersed in the polystyrene powders.

Example 3

In this Example, semiconductor nanoparticle-encapsulating vinyl polymers were
prepared by dispersion polymerization. For this, TiO2 nanoparticles were used as the
semiconductor nanoparticles and styrene was used as a vinyl monomer.

The dispersion polymerization of this Example was performed in substantially the
same manner as in Example 1 except that a mixture (94.5:5.5) of ethanol to deionized
water was used as a dispersion medium and polyvinylpyrrolidone (PVP) (available
from Aldrich) was used as an emulsifier instead of PV A used as the surfactant in
Example 1. In addition, in this Example, instead of using the dispersion stabilizer
(Solsperse) of Example 1, the TiO2 nanoparticles were used after being surface-
modified with 3-methacryloxypropyltrimethoxysilane. Compositional components
used in this Example and their contents are presented in Table 1 below. A reaction
dispersion was centrifuged at 27,000 rpm using a centrifuge for two hours to obtain
solids. The solids were separated and dried to give TiO2 nanoparticle-encapsulating
polystyrene powders. DLS analysis and SEM image showed that that a powder size
was in the range from several tens nanometers to several micrometers. TEM analysis
showed that TiO2 nanoparticles with an average particle size of 1 to 150 nanometers
were uniformly dispersed in the polystyrene powders.

Example 4

In this Example, semiconductor nanoparticle-encapsulating vinyl polymers were
prepared by bulk polymerization. For this, TiO2 nanoparticles were used as the semi-
conductor nanoparticles and styrene was used as a vinyl monomer.

Reactants were placed in a three-neck flask and pressure reduction and nitrogen
charging were performed twice or three times to remove oxygen in the flask. A
reaction mixture was heated to 70 °C , maintained at that temperature for 12 hours,
poured to cold methanol with rapidly stirring to obtain a precipitate, filtered under
reduced pressure, and dried, to obtain TiO2 nanoparticle-encapsulating polystyrene
powders. DLS analysis and SEM image showed that that a powder size was in the
range from several hundreds nanometers to several hundreds micrometers. TEM
analysis showed that TiO2 nanoparticles with an average particle size of 1 to 150
nanometers were uniformly dispersed in the polystyrene powders.

Table 1

Section Example 1 Example 2 Example 3 Example 4
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Dispersio | Deioniz | 90 ml |Deionize| 90 ml | Ethanol, | 94.5 g,
n ed d water Deionize | 5.5g

medium | water d water

Monome |Styrene | 30 g |Styrene | 30g | Styrene 10g |Styrene| 30 g

r

Semicon | TiO 03g | TiO 0.3G |Modified| 0.3g | TiO 03¢g

2 2 2

ductor TiO

nanoparti

2

cles

Initiator | AIBN | 3.5¢ | KPS | 35g | AIBN | 0.1g |AIBN | 35¢

Dispersio [Solspers [0.036 g | Solspers | 0.036 g Solsper | 0.036g
n e e se
stabilizer

Surfactan| PVA [0.45¢g | SLS 045¢ PVP
t/

emulsifie

r

Example 5
In this Example, semiconductor nanoparticle-encapsulating vinyl polymers were

prepared by suspension polymerization. For this, TiO2 nanoparticles were used as the
semiconductor nanoparticles and vinyl chloride was used as a vinyl monomer.
Additives used in this Example are presented in Table 2 below. The vinyl chloride
monomer was commercially available from Hanhwa Co., Ltd (Korea). Since the vinyl
chloride monomer is present in a gas phase under an atmospheric pressure unlike
styrene, in this Example, liquidation of the vinyl chloride monomer was additionally
performed and the suspension polymerization was performed in a 1-liter autoclave
reactor made of stainless steel permitting high pressure reaction and temperature
control. First, deionized water, PVA, and an initiator were placed in the autoclave
reactor according to composition ratios presented in Table 2 and stirred to obtain a
uniform mixture. TiO2 nanoparticles modified with
3-methacryloxypropyltrimethoxysilane were then added to the uniform mixture in an
amount presented in Table 2, like in Example 3. The autoclave reactor was sealed, and
the sealing state and internal pressure of the autoclave reactor were determined using
high-pressure nitrogen. Then, the vinyl chloride monomer in a vinyl chloride storage

vessel was injected to the autoclave reactor in an amount given in Table 2. A reaction




18

WO 2005/108473 PCT/KR2005/001377

[91]
[92]

[93]

[94]
[95]

[96]

suspension was heated to 60 °C , maintained at that temperature for 12 hours, and
cooled to room temperature. Unreacted vinyl chloride monomer was removed by
venting in a hood. The resultant suspension was filtered under reduced pressure to
obtain solids. The solids were separated and dried to give TiO2 nanoparticle-en-
capsulating polyvinylchloride powders. DLS analysis and SEM image showed that that
a powder size was in the range from several hundreds nanometers to several hundreds
micrometers. TEM analysis showed that TiO2 nanoparticles with an average particle
size of several tens nanometers were uniformly dispersed in the polyvinylchloride
powders.

Example 6

In this Example, semiconductor nanoparticle-encapsulating vinyl polymers were
prepared by emulsion polymerization. For this, TiO2 nanoparticles were used as the
semiconductor nanoparticles and vinyl chloride was used as a vinyl monomer.

The emulsion polymerization of this Example was performed in substantially the
same manner as in Example 5 except that SLS was used instead of PVA and KPS was
used as an initiator. Compositional components used in this Example and their contents
are presented in Table 2 below . A reaction emulsion was centrifuged at 27,000 rpm
using a centrifuge for two hours to separate solids and dried to give TiO2 nanoparticle-
encapsulating polyvinylchloride powders. DLS analysis and SEM image showed that
that a powder size was in the range from several tens nanometers to several mi-
crometers. TEM analysis showed that TiO2 nanoparticles with an average particle size
of several tens nanometers were uniformly dispersed in the polyvinylchloride powders.

Example 7

In this Example, semiconductor nanoparticle-encapsulating vinyl polymers were
prepared by bulk polymerization. For this, TiO2 nanoparticles were used as the semi-
conductor nanoparticles and vinyl chloride was used as a vinyl monomer.

In this Example, since bulk polymerization was performed in the absence of a
dispersion medium, a surfactant, and an emulsifier, reactants given in Table 2 were
directly placed in a stainless steel autoclave reactor, which had been set to -40 °C or
less, and stirred at 300 rpm or more for 30 minutes, to obtain a stable dispersion phase.
Pressure reduction in a vacuum and nitrogen charging were then repeated twice or
three times to remove oxygen from the autoclave reactor. Then, the resultant dispersion
phase was heated to 60 °C , maintained at that temperature for 12 hours, and cooled to
room temperature. Unreacted vinyl chloride monomer was removed by venting in a
hood. Reaction products were maintained in a solid particle phase since the vinyl
chloride monomer was a non-solvent for polyvinylchloride. The solids were separated
and dried to give TiO2 nanoparticle-encapsulating polyvinylchloride powders. DLS
analysis and SEM image showed that that a powder size was in the range from several
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hundreds nanometers to several hundreds micrometers. TEM analysis showed that TiO
, nanoparticles with an average particle size of several tens nanometers were uniformly

dispersed in the polyvinylchloride powders.

[97] Table 2
Section Example 5 Example 6 Example 7
Dispersion | Deionized | 420 ml | Deionized | 420 ml
medium water water
Monomer Vinyl 230 g Vinyl 230 ¢ Vinyl 770 g
chloride chloride chloride
Semicondu | Modified 23¢g TiO2 23¢g TiO2 7.70 g
ctor TiO2
nanoparticl
es
Initiator |di-2-ethylhe| 0.1 g, KPS 05¢g AIBN 0.436 ¢
xyl peroxy-| O0.lg
dicarbonate,
1,1,3,3-tetra
methylbutyl
peroxyneod
ecanoate
Surfactant / PVA 56¢g SLS 56¢g
emulsifier
[98] Experimental Example 1
[99] In this Experimental Example, a reduction in dioxin emission during incineration of

the TiO2 nanoparticle-encapsulating polystyrene powders prepared in Example 1-4 and

the TiO2 nanoparticle-encapsulating polyvinylchloride powders prepared in Examples

5-7 was evaluated.
[100] Samples used in this Experimental Example were prepared according to Table 3
below. In detail, samples 1, 2, 3, and 4 were prepared using the TiO2 nanoparticle-en-
capsulating polystyrene powders prepared in Examples 1, 2, 3, and 4, respectively, and
samples 5 and 6 were prepared using common polystyrene (number-average molecular
weight: 60,000, polydispersity: 2) prepared by common polymerization. The sample 5
was prepared using the common polystyrene in the absence of TiO2 nanoparticles,
whereas the sample 6 was prepared using a mixture obtained by physically mixing the
common polystyrene with TiO2 nanoparticles. Meanwhile, samples 7-9 were prepared

using the TiO2 nanoparticle-encapsulating polyvinylchloride powders prepared in
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Examples 5-7, respectively, and samples 10 and 11 were prepared using commercially
available polyvinylchloride (number-average molecular weight: 80,000, polydispersity:
1.5, glass transition temperature: 83 °C ) prepared by common suspension poly-
merization.

These samples were prepared as follows. First, in connection with the samples 1-4,
30 g of the TiO2 nanoparticle-encapsulating polystyrene powders prepared in each of
Examples 1-4 was pressed into sheets at 200 °C for one minute using a hot press
(Model: SPEX CertiPrep, Carver). The sample 5 was prepared in the same manner as
in the preparation of the sample 1-4 using 30 g of commercially available polystyrene
instead of the TiO2 nanoparticle-encapsulating polystyrene powders. The samples 7-10
were also prepared in the same manner as in the preparation of the samples 1-4 using
the TiO2 nanoparticle-encapsulating polyvinylchloride powders prepared in Examples
5-7 and commercially available polyvinylchloride, respectively. Meanwhile, in
connection with the sample 6, 30 g of commercially available polystyrene and 0.3 g of
TiO2 nanoparticles were mixed using a spatula and molten-pressed into sheets in the
same manner as in the preparation of the samples 1-4. The sample 11 was prepared in
the same manner as in the preparation of the sample 6 except that commercially
available polyvinylchloride was used.

Table 3
Sample Used vinyl polymer (g) TiO2 (2)
1 Example 1 (30) 0
2 Example 2 (30) 0
3 Example 3 (30) 0
4 Example 4 (30) 0
5 Commercially available polystyrene 0
(30)
6 Commercially available polystyrene 0.3
(30)
7 Example 5 (30) 0
8 Example 6 (30) 0
9 Example 7 (30) 0
10 Commercially available 0
polyvinylchloride (30)
11 Commercially available 0.3
polyvinylchloride (30)
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To evaluate a reduction in dioxin emission during incineration, each of the samples
1-6 was incinerated together with a sheet sample made using 30 g of commercially
available polyvinylchloride emitting a large amount of dioxin. Each of the samples
7-11 was incinerated alone. Incineration and dioxin emission measurement were
performed as follows. First, each sample was placed in an electric furnace and heated
at 350 °C under a nitrogen atmosphere for one hour. At this time, generated gases were
collected using a collector. The collected gases were subjected to analysis pretreatment
as follows. First, the collected gases were added to a bottle containing 200 mL of water
and 300 mL of diethyleneglycol and washed with 50 mL of ethanol and 50 mL of
toluene. The resultant mixture was extracted with 100 mL of toluene (x2), dried over
magnesium sulfate, and concentrated at 40 °C using an aspirator until the mixture
reached 40 mL. Then, toluene was added thereto so that the concentrate reached 50
mL. The concentrate was purified with silica cartridge and concentrated to 500 [l at 35
°C using a Kuderna Danish concentrator to obtain final analysis samples. For the
pretreated samples, dioxins produced during incineration were quantified by High
Resolution Gas Chromatography-Mass Spectrometry, (HRGC/MS). At this time, the
amount of dioxin emission for the samples 1-6 was expressed by percentages based on
the amount (100) of dioxin emission during simultaneous incineration of commercially
available polyvinychloride and the sample 5 containing no TiO2 nanoparticles. The
amount of dioxin emission for the samples 7-11 was expressed by percentages based
on the amount (100) of dioxin emission during incineration of the sample 10
containing no TiO2 nanoparticles. The results are presented in Table 4 below.

Table 4

Sectio |Sampl|Sampl|Sampl|Sampl |Sampl |Sampl|{Sampl|Sampl|Sampl|Sampl | Sampl
n el e2 | e3 | e4 | e5 [eb6 [eT7 | e8 | e9 |el0 |ell

Emiss| 34 32 28 90 100 90 31 30 36 100 88
ion
amou

nt
(%)

As shown in Table 4, the samples 1-4 and the sample 6 exhibited a reduced dioxin
emission due to a reduction effect in dioxin emission of TiO2 nanoparticles, as
compared to the sample 5. The samples 1-4 more efficiently reduced dioxin emission
due to excellent dispersibility of TiO2 nanoparticles, as compared to the sample 6
obtained by physically mixing commercially available polystyrene with TiO2
nanoparticles. Similarly, the samples 7-9 exhibited a more efficient reduction in dioxin
emission due to excellent dispersibility of TiO2 nanoparticles, as compared to the
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sample 11 obtained by physically mixing commercially available polyvinylchloride
with TiO2 nanoparticles.

Experimental Example 2

In this Experimental Example, a reduction in dioxin emission during incineration of
mixtures obtained by physically mixing the TiO2 nanoparticle-encapsulating
polystyrene powders prepared in Example 1-4 and commercially available polystyrene
and mixtures obtained by physically mixing the TiO2 nanoparticle-encapsulating
polyvinylchloride powders prepared in Examples 5-7 and commercially available
polyvinylchloride was evaluated.

Samples used in this Experimental Example were prepared according to
composition ratios presented in Table 5 below. Samples 12-15 were prepared using
mixtures obtained by physically mixing commercially available polystyrene with the
TiO2 nanoparticle-encapsulating polystyrene powders prepared in Examples 1-4, re-
spectively, (1:1, w/w). Samples 16-18 were prepared using mixtures obtained by
physically mixing commercially available polyvinylchloride with the TiO2
nanoparticle-encapsulating polyvinylchloride powders prepared in Examples 5-7, re-
spectively, (1:1, w/w). These samples were prepared in the same manner as in Ex-
perimental Example 1.

Table 5
Section | Sample | Sample | Sample | Sample | Sample | Sample | Sample
12 13 14 15 16 17 18
Vinyl |Example| Example | Example | Example | Example | Example | Example
polymer | 1: 15g | 2:15g 3: 15¢g 4:15g | 5:15g | 6:15¢g 7:15 ¢
of the
present
invention
Commerci| Polystyr | Polystyre | Polystyre | Polystyre |PVC 15g |PVC 15g |PVC 15g
ally enc 15g | ne15g | ne 15g | ne 15g
available
vinyl
polymer

PVC: polyvinylchloride

Incineration and dioxin emission measurement of the samples 12-18 were

performed in substantially the same manner as in Experimental Example 1. The

amount of dioxin emission for the samples 12-15 was expressed by percentages based

on the amount (100) of dioxin emission during incineration of the sample 5 of Ex-
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perimental Example 1 and the amount of dioxin emission for the samples 16-18 was

expressed by percentages based on the amount (100) of dioxin emission during in-

cineration of the sample 10 of Experimental Example 1. The results are presented in

Table 6 below.
Table 6
Section | Sample | Sample | Sample | Sample | Sample | Sample | Sample
12 13 14 15 16 17 18
Emission 47 45 53 39 43 40 45
amount
(%)

As show in Table 6, even though the content of encapsulated TiO2 nanoparticles in
the samples 12-18 was reduced by half that in the samples 1-4 and 7-9, the samples
12-18 exhibited more efficient reduction in dioxin emission due to TiO2 nanoparticles
highly dispersed in each sample, as compared to the samples 5 and 10 of Experimental
Example 1 containing no TiO2 nanoparticles.

Experimental Example 3

In this Experimental Example, photodegradation characteristics of the TiO2
nanoparticle-encapsulating polystyrene powders prepared in Examples 1-4 and the TiO
, nanoparticle-encapsulating polyvinylchloride powders prepared in Examples 5-7
were evaluated.

The samples 1-11 used in Experimental Example 1 were used in this Experimental
Example. Photodegradation characteristics were evaluated as follows. First, the
molecular weights of the TiO2 nanoparticle-encapsulating polystyrenes of the samples
1-4 and the commercially available polystyrenes of the samples 5 and 6 were measured
using Gel Permeation Chromatography (GPC). The molecular weights of the TiO2
nanoparticle-encapsulating polyvinylchlorides of the samples 7-9 and the com-
mercially available polyvinylchlorides of the samples 10 and 11 were also measured in
the same manner. To induce photodegradation, the samples 1-11 were exposed to UV
radiation during predetermined times as given in Table 7 below. Based on an initial
molecular weight before UV radiation, a relative ratio (photodegraded portion, %) of
polymer chains exhibiting a molecular weight of less than a half of the initial
molecular weight due to UV photodegradation was calculated to obtain the pho-
todegradation efficiency of the samples with respect to UV radiation. The results are
presented in Table 7 below.

Table 7
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Section UV radiation duration (weeks)

0 1 2 3 4
Photodegraded Sample 1 0 22 59 89 100
portion (%) Sample 2 0 18 57 87 100
Sample 3 0 29 60 90 100
Sample 4 0 22 46 80 100

Sample 5 0 6 14 30 41

Sample 6 0 11 21 34 52
Sample 7 0 20 59 87 100
Sample 8 0 18 53 82 100
Sample 9 0 22 45 77 100

Sample 10 0 7 15 22 31

Sample 11 0 10 19 31 47

[118] As shown in Table 7, in connection with the samples 1-4, the ratio of polymer

chains having a small molecular weight of less than a half of the initial molecular
weight with respect to UV radiation duration remarkably increased compared to the
sample 5 containing no TiO2 nanoparticles and the sample 6 obtained by physically
mixing TiO2 nanoparticles with commercially available polystryrene. This shows that
TiO2 nanoparticles of the TiO2 nanoparticle-encapsulating polystyrenes of the samples
1-4 were highly dispersed without being aggregated, thereby remarkably increasing
photocatalytic active surface areas, i.¢., the surface areas of the TiO2 nanoparticles,
resulting in high-efficiency photodegradation of the samples 1-4. That is, this means
that photodegradation of polymer chains was facilitated by UV radiation. Similarly, in
connection with the samples 7-9, the ratio of polymer chains having a small molecular
weight of less than a half of the initial molecular weight with respect to UV radiation
duration remarkably increased compared to the sample 10 containing no TiO2
nanoparticles and the sample 11 obtained by physically mixing TiO2 nanoparticles with
commercially available polyvinylchloride. From these results, it can be seen that TiO2
nanoparticle-encapsulating polyvinylchloride of the present invention exhibits more
excellent photodegradation efficiency by excellent dispersibility of TiO2 nanoparticles,
relative to a mixture obtained by physically mixing TiO2 nanoparticles with com-
mercially available polyvinylchloride.

[119] Experimental Example 4
[120] In this Experimental Example, photodegradation characteristics for mixtures
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[121]

[122]

[123]

[124]
[125]

obtained by physically mixing the TiO2 nanoparticle-encapsulating polystyrene
powders prepared in Examples 1-4 with commercially available polystyrene and
mixtures obtained by physically mixing the TiO2 nanoparticle-encapsulating
polyvinylchloride powders prepared in Examples 5-7 with commercially available
polyvinylchloride were evaluated.

The samples 12-18 used in Experimental Example 2 were used in this Experimental
Example. The photodegradation characteristics of the samples 12-18 were evaluated in
the same manner as in Experimental Example 3. A relative ratio (photodegraded
portion, %) of polymer chains exhibiting a molecular weight of less than a half of an
initial molecular weight due to UV photodegradation was calculated to obtain the pho-
todegradation efficiency of the samples. The results are presented in Table 8 below.

Table 8

uv Photodegraded portion (%)

radiation | gample | Sample | Sample | Sample | Sample | Sample | Sample
duration | 1 13 14 15 16 17 18
(weeks)

0 0 0 0 0 0 0 0

1 18 16 20 15 19 16 20

2 50 52 58 42 52 50 45

3 81 88 91 78 83 82 79

4 98 100 100 91 100 100 93

As shown in Table 8, like in Experimental Example 3, as UV radiation duration
increased, the ratio of polymer chains having a molecular weight of less than a half of
an initial molecular weight remarkably increased. Even though the content of en-
capsulated TiO2 nanoparticles in the samples 12-18 was reduced by half that in the
samples 1-4 and 5-7, the samples 12-18 were more broadly photodegraded after UV
radiation for 4 weeks, as compared to the samples 1-4 and 5-7 of Experimental
Example 3. Furthermore, the samples 12-18 were more efficiently photodegraded due
to more excellent dispersibility of the TiO2 nanoparticles in each sample, as compared
to the samples 6 and 11 of Experimental Example 3 in which TiO2 nanoparticles were
physically mixed with commercially available polystyrene and polyvinylchloride, re-
spectively.

Experimental Example 5

In this Experimental Example, dispersibilities of TiO2 nanoparticles of TiO2
nanoparticle-encapsulating polystyrenes, TiO2 nanoparticle-encapsulating
polyvinylchlorides, mixtures of TiO2 nanoparticle-encapsulating polystyrenes and
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commercially available polystyrene, and mixtures of TiO2 nanoparticle-encapsulating
polyvinylchlorides and commercially available polyvinylchloride according to the
present invention were evaluated.

[126] The samples 1-11 prepared in Experimental Example 1 except the samples 5 and 10
containing no TiO2 nanoparticles and the samples 12-18 prepared in Experimental
Example 2 were used for evaluation of dispersibility of TiO2 nanoparticles. Domain
sizes of the TiO2 nanoparticles in each sample were measured using SEM and TEM
and the results are presented in Table 9 below.

[127] Table 9

Sample Domain size (nm)
1 20-80
2 20-80
3 20-80
4 50-200
6 300-1,000
7 20-80
8 20-80
9 50-200
11 300-1,000
12 20-80
13 20-80
14 20-80
15 50-200
16 20-80
17 20-80
18 50-200
[128] As shown in Table 9, in connection with the samples 1-4 prepared using TiO2

nanoparticle-encapsulating polystyrenes of the present invention and the samples 7-9
prepared using TiO2 nanoparticle-encapsulating polyvinylchlorides of the present
invention, TiO2 nanoparticles of a domain size of 200 nm or less were highly dispersed
in each sample. In particular, the samples 1-3, 7, and 8 prepared by suspension,
emulsion, or dispersion polymerization had a TiO2 nanoparticle domain size of 80 nm

or less, and thus, exhibited excellent dispersibility. On the other hand, the samples 6
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[129]

[130]
[131]

[132]

[133]

and 11 prepared using mixtures obtained by physically mixing TiO2 nanoparticles with
commercially available polystyrene and polyvinylchloride, respectively, exhibited a
TiO2 nanoparticle domain size of 1,000 nm. This shows that simple physical mixing
causes aggregation of TiO2 nanoparticles, which makes it difficult to ensure high
dispersion.

The samples 12-15 prepared using mixtures obtained by physically mixing com-
mercially available polystyrene with TiO2 nanoparticle-encapsulating polystyrenes of
the present invention (1:1, w/w) and the samples 16-18 prepared using mixtures
obtained by physically mixing commercially available polyvinylchloride with TiO2
nanoparticle-encapsulating polyvinylchlorides of the present invention (1:1, w/w)
contained highly dispersed TiO2 nanoparticles, like the samples 1-4 and 7-9. This
result shows that even when a semiconductor nanoparticle-encapsulating vinyl
polymer of the present invention is mixed with a commercially available vinyl
polymer, it can stably maintain high dispersion of semiconductor nanoparticles.

Experimental Example 6

In this Experimental Example, mechanical properties of TiO2 nanoparticle-en-
capsulating polystyrenes, TiO2 nanoparticle-encapsulating polyvinylchlorides,
mixtures of TiO2 nanoparticle-encapsulating polystyrenes and commercially available
polystyrene, and mixtures of TiO2 nanoparticle-encapsulating polyvinylchlorides and
commercially available polyvinylchloride according to the present invention were
evaluated.

For this, the samples 1-11 prepared in Experimental Example 1 and the samples
12-18 prepared in Experimental Example 2 were used. These samples were cut by a
dumbbell knife with a gauge length of 15.5 mm according to American Society for
Testing and Materials (ASTM) D638-91. A tensile test was performed as follows:
loads were measured by elongating each sample at a crosshead speed of 150 mm/min
using a universal testing machine (UTM) (LR 10K, Lloyd) equipped with 100N load
cells, thereby plotting a strain-stress curve. From the strain-stress curve, tensile
strength and modulus of elasticity were determined. The tensile strength and modulus
of elasticity of the samples 1-4, 6, 12-15 containing polystyrenes were expressed by
percentages based on those (100) of the sample 5 containing no TiO2 nanoparticles.
The tensile strength and modulus of elasticity of the samples 7-9, 11, 16-18 containing
polyvinylchlorides were expressed by percentages based on those (100) of the sample
10 containing no TiO2 nanoparticles. The results are presented in Table 10 below.

Table 10

Sample Tensile strength (%) Modulus of elasticity (%)

1 150 128
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2 160 131
3 170 135
4 155 122
5 100 100
6 120 109
7 160 131
8 162 135
9 155 128
10 100 100
11 124 110
12 140 119
13 151 122
14 155 128
15 144 114
16 151 121
17 160 122
18 149 116
[134] As shown in Table 10, the samples 1-4 prepared using TiO2 nanoparticle-en-

capsulating polystyrenes of the present invention and the samples 7-9 prepared using
TiO2 nanoparticle-encapsulating polyvinylchlorides of the present invention exhibited
remarkably increased tensile strength and modulus of elasticity due to excellent dis-
persibility of TiO2 nanoparticles serving as fillers, as compared to the sample 5
containing no TiO2 nanoparticles and the sample 6 prepared using a mixture obtained
by physically mixing TiO2 nanoparticles with commercially available polystyrene.
Furthermore, even though the content of encapsulated TiO2 nanoparticles in the
samples 12-18 was reduced by half that in the samples 1-4 and 7-9, the samples 12-18
exhibited more excellent mechanical properties compared to the samples 6 and 11

containing twice the content of TiO2 nanoparticles in the samples 12-18.

[135] Experimental Example 7
[136] In this Experimental Example, a preventive effect for liquid phase plasticizer

migration was evaluated for flexible polyvinylchloride compounds prepared using TiO
, nanoparticle-encapsulating polyvinylchlorides and a low-molecular weight liquid

phase plasticizer.
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[137] For this, the following samples were prepared. The TiO2 nanoparticle-encapsulating
polyvinylchlorides prepared in Examples 5-7 were used for samples 19-21, re-
spectively, and the same commercially available polyvinylchloride as used in Ex-
perimental Example 3 was used for sample 22. These samples 19-22 were prepared as
follows. 10 g of each polyvinylchloride, 6 g of diethylhexyl phthalate (DEHP), which
is a representative low-molecular weight liquid phase plasticizer, 0.2 g of a thermal
stabilizer, and 0.5 g of epoxidized soybean oil were mixed and stirred to obtain typical
plastisols. The plastisols were pretreated as follows: degassing under vacuum and
keeping at room temperature for seven days. Then, the pretreated plastisols were cured
at 190 °C in an oven to obtain flexible polyvinylchloride compounds. The flexible
polyvinylchloride compounds were thermally pressed into square samples (0.40 mm
(thickness) x 50 mm (width) x 50mm (length)).

[138] The migration behavior of the used plasticizer was evaluated by the following
experiment. Each of the samples 19-22 was added to a container containing 120 [
active carbons and then covered with 120 [ active carbons. The container was placed in
a vacuum oven and kept at room temperature for 72 hours to induce the migration of
the plasticizer. Then, the container was removed from the vacuum oven and
maintained at room temperature and in + 50% relative humidity for 20 hours or more
for stabilization. The migration behavior of the plasticizer in the flexible
polyvinylchloride compounds was relatively evaluated based on a weight reduction

(%) calculated by the following equation, and the results are presented in Table 11

below.
[139] Weight reduction (%) = [(W1 - W2) /W] X 100
[140] W : total weight of plasticizer contained in sample
[141] W1 : weight of sample before migration test
[142] W2 : weight of sample after migration test
[143] Table 11
Sample 19 20 21 22
Weight 13 12 15 25
reduction (%)

[144] Referring to Table 11, it can be seen that TiO2 nanoparticle-encapsulating
polyvinylchloride of the present invention efficiently prevents a plasticizer migration
compared to commercially available polyvinylchloride.

Industrial Applicability

[145] As described above, a process of preparing a semiconductor nanoparticle-en-
capsulating vinyl polymer of the present invention includes dispersing semiconductor
nanoparticles in vinyl monomer droplets. Therefore, after polymerization, the semi-
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[146]

[147]

conductor nanoparticles can be highly dispersed in spherical vinyl polymer particles
without being aggregated. Furthermore, since the semiconductor nanoparticles of the
semiconductor nanoparticle-encapsulating vinyl polymer are not aggregated during
manufacturing products using the vinyl polymer, an aggregation phenomenon that may
be caused by simple physical mixing of a vinyl polymer and semiconductor
nanoparticles can be prevented. Therefore, dioxin emission during incineration can be
more efficiently reduced and high-efficiency photodegradation can be facilitated. Still
furthermore, since the semiconductor nanoparticles of the semiconductor nanoparticle-
encapsulating vinyl polymer can serve as fillers, mechanical properties of vinyl
polymer products can be efficiently enhanced. In addition, the semiconductor
nanoparticles of the semiconductor nanoparticle-encapsulating vinyl polymer can ef-
ficiently adsorb a toxic, low-molecular weight, liquid phase plasticizer used for manu-
facturing a flexible compound, and thus plasticizer migration is prevented.

Effective reduction in dioxin emission during incineration can solve emission of
toxic contaminants during incineration of wastes of plastics made of a vinyl polymer.
Furthermore, due to high photodegradation efficiency, the semiconductor nanoparticle-
encapsulating vinyl polymer can be applied as a material releasing no contaminants
during photodegradation treatment of waste plastics. Still furthermore, mechanical
property enhancement and prevention of migration of toxic plasticizers make it
possible to manufacture more highly functional, environmental-friendly products
compared to conventional vinyl polymer products, thereby remarkably enhancing
product competitiveness in industrial applications.

In addition, slight modification of a process of preparing a semiconductor
nanoparticle-encapsulating vinyl polymer of the present invention makes it possible to
utilize a conventional vinyl polymer preparation system, thereby minimizing additional
equipment or installation costs. Therefore, technical and commercial cooperation with
existing vinyl polymer manufacturing companies can be accomplished, which greatly
contributes to reduction in environmental contamination. Furthermore, a mixture of a
semiconductor nanoparticle-encapsulating vinyl polymer of the present invention with
commercially available vinyl polymer lowers manufacturing costs, thereby raising
industrial applicabilities of the semiconductor nanoparticle-encapsulating vinyl

polymer.
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Claims

[1] A semiconductor nanoparticle-encapsulating vinyl polymer comprising:
vinyl polymer particles; and
semiconductor nanoparticles, uniformly dispersed in the vinyl polymer particles,
having an average particle size of 1 to 150 nm,
wherein the semiconductor nanoparticles are encapsulated by the vinyl polymer
particles.

[2] The semiconductor nanoparticle-encapsulating vinyl polymer of claim 1, wherein
the content of the semiconductor nanoparticles is in the range from 0.1 to 90 wt%
based on the weight of the vinyl polymer.

[3] The semiconductor nanoparticle-encapsulating vinyl polymer of claim 1, wherein
the semiconductor nanoparticles are metal oxide semiconductor nanoparticles,
metal sulfide semiconductor nanoparticles, or a mixture thereof.

[4] The semiconductor nanoparticle-encapsulating vinyl polymer of claim 1, wherein
the semiconductor nanoparticles are composite semiconductor nanoparticles in
which at least one selected from a metal oxide semiconductor and a metal sulfide
semiconductor is used as a support, and a metal oxide semiconductor or a metal
sulfide semiconductor different from the support is loaded on the support.

[5] The semiconductor nanoparticle-encapsulating vinyl polymer of claim 1, wherein
a vinyl polymer of the vinyl polymer particles is a homopolymer or copolymer of
vinyl halide selected from vinyl chloride, vinyl dichloride, vinyl tetrachloride,
and vinyl tetrafluoride; a styrene derivative selected from a -methylstyrene, p-
methoxystyrene, p-phenoxystyrene, p-t-butoxystyrene, m-methoxystyrene, o-
methoxystyrene, p-methylstyrene, p-phenylstyrene, p-chloromethylstyrene, p-
t-butylstyrene, m-methylstyrene, p-trimethylsiloxystyrene, and o-chlorostyrene;
an olefin selected from ethylene, propylene, butadiene, and isoprene; [metha]
acrylic acid; [metha]acrylic ester selected from methyl[metha]acrylate,
ethyl[metha]acrylate, n-propyl[metha]acrylate, isopropyl[metha]acrylate, n-
butyl[metha]acrylate, isobutyl[metha]acrylate, tert-butyl[metha]acrylate,
pentyl[metha]acrylate, n-hexyl[metha]acrylate, isohexyl[metha]acrylate, n-
octyl[metha]acrylate, isooctyl[metha]acrylate, 2-ethylhexyl[metha]acrylate,
nonyl[metha]acrylate, decyl[metha]acrylate, dodecyl[metha]acrylate,
phenyl[metha]acrylate, toluyl[metha]acrylate, benzyl[metha]acrylate,
stearyl[metha]acrylate, 2-hydroxyethyl[metha]acrylate, and
3-methoxypropyl[metha]acrylate; [metha]acrylonitrile; [metha]acrylamide; vinyl
ester; [methajacrolein; a maleic acid derivative; a fumaric acid derivative; or a

mixture thereof.
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[6]

[8]

[10]

A vinyl polymer mixture comprising:

1 to 99 wt% of a semiconductor nanoparticle-encapsulating vinyl polymer
comprising a first vinyl polymer and semiconductor nanoparticles, uniformly
dispersed in the first vinyl polymer, having an average particle size of 1 to 150
nm; and

1 to 99 wt% of a second vinyl polymer,

wherein the semiconductor nanoparticles are encapsulated by the first or second
vinyl polymer.

The vinyl polymer mixture of claim 6, wherein the content of the semiconductor
nanoparticles is in the range from 0.1 to 90 wt% based on the weight of the vinyl
polymer mixture.

The vinyl polymer mixture of claim 6, wherein the semiconductor nanoparticles
are metal oxide semiconductor nanoparticles, metal sulfide semiconductor
nanoparticles, or a mixture thereof.

The vinyl polymer mixture of claim 6, wherein the semiconductor nanoparticles
are composite semiconductor nanoparticles in which at least one selected from a
metal oxide semiconductor and a metal sulfide semiconductor is used as a
support, and a metal oxide semiconductor or a metal sulfide semiconductor
different from the support is loaded on the support.

The vinyl polymer mixture of claim 6, wherein the first vinyl polymer and the
second vinyl polymer are the same or different and are each a homopolymer or
copolymer of vinyl halide selected from vinyl chloride, vinyl dichloride, vinyl
tetrachloride, and vinyl tetrafluoride; a styrene derivative selected from a -
methylstyrene, p-methoxystyrene, p-phenoxystyrene, p-t-butoxystyrene, m-
methoxystyrene, o-methoxystyrene, p-methylstyrene, p-phenylstyrene, p-
chloromethylstyrene, p-t-butylstyrene, m-methylstyrene, p-
trimethylsiloxystyrene, and o-chlorostyrene; an olefin selected from ethylene,
propylene, butadiene, and isoprene; [methalacrylic acid; [metha]acrylic ester
selected from methyl[metha]acrylate, ethyl[metha]acrylate, n-propyl[metha]
acrylate, isopropyl[methajacrylate, n-butyl[metha]acrylate, isobutyl[metha]
acrylate, tert-butyl[methajacrylate, pentyl[metha]acrylate, n-hexyl[metha]
acrylate, isohexyl[metha]acrylate, n-octyl[methalacrylate, isooctyl[metha]
acrylate, 2-ethylhexyl[metha]acrylate, nonyl[metha]acrylate, decyl[metha]
acrylate, dodecyl[metha]acrylate, phenyl[metha]acrylate, toluyl[metha]acrylate,
benzyl[metha]acrylate, stearyl[metha]acrylate, 2-hydroxyethyl[metha]acrylate,
and 3-methoxypropyl[metha]acrylate; [metha]acrylonitrile; [metha]acrylamide;
vinyl ester; [methajacrolein; a maleic acid derivative; a fumaric acid derivative;

or a mixture thereof.
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[11]

[12]

[13]

[14]

[15]

[16]

A process of preparing a semiconductor nanoparticle-encapsulating vinyl
polymer, the process comprising:

(a) uniformly dispersing semiconductor nanoparticles in vinyl monomer droplets;
and

(b) polymerizing the vinyl monomer droplets in which the semiconductor
nanoparticles are uniformly dispersed.

The process of claim 11, wherein in (a), the semiconductor nanoparticles are
used in an amount of 0.1 to 90 wt% based on the weight of the vinyl monomer,
and at least one dispersion stabilizer having a functional group having affinity
with the semiconductor nanoparticles and a functional group having affinity with
the vinyl monomer is used in an amount of 0.1 to 90 wt% based on the weight of
the vinyl monomer.

The process of claim 11, wherein in (a), the semiconductor nanoparticles are
used in an amount of 0.1 to 90 wt% based on the weight of the vinyl monomer,
and at least one chemical substance having a functional group having affinity
with the semiconductor nanoparticles and a functional group having affinity with
the vinyl monomer is used in an amount of 0.1 to 90 wt% based on the weight of
the semiconductor nanoparticles to modify the surfaces of the semiconductor
nanoparticles.

The process of claim 11, wherein the semiconductor nanoparticles are metal
oxide semiconductor nanoparticles, metal sulfide semiconductor nanoparticles,
or a mixture thereof.

The process of claim 11, wherein the semiconductor nanoparticles are composite
semiconductor nanoparticles in which at least one selected from a metal oxide
semiconductor and a metal sulfide semiconductor is used as a support, and a
metal oxide semiconductor or a metal sulfide semiconductor different from the
support is loaded on the support.

The process of claim 11, wherein the vinyl polymer is a homopolymer or
copolymer of vinyl halide selected from vinyl chloride, vinyl dichloride, vinyl
tetrachloride, and vinyl tetrafluoride; a styrene derivative selected from a -
methylstyrene, p-methoxystyrene, p-phenoxystyrene, p-t-butoxystyrene, m-
methoxystyrene, o-methoxystyrene, p-methylstyrene, p-phenylstyrene, p-
chloromethylstyrene, p-t-butylstyrene, m-methylstyrene, p-
trimethylsiloxystyrene, and o-chlorostyrene; an olefin selected from ethylene,
propylene, butadiene, and isoprene; [metha]acrylic acid; [metha]acrylic ester
selected from methyl[metha]acrylate, ethyl[metha]acrylate, n-propyl[metha]
acrylate, isopropyl[methaJacrylate, n-butyl[metha]acrylate, isobutyl[metha]
acrylate, tert-butyl[metha]acrylate, pentyl[metha]acrylate, n-hexyl[metha]
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[18]

acrylate, isohexyl[metha]acrylate, n-octyl[metha]acrylate, isooctyl[metha]
acrylate, 2-ethylhexyl[metha]acrylate, nonyl[metha]acrylate, decyl[metha]
acrylate, dodecyl[metha]acrylate, phenyl[metha]acrylate, toluyl[metha]acrylate,
benzyl[metha]acrylate, stearyl[metha]acrylate, 2-hydroxyethyl[metha]acrylate,
and 3-methoxypropyl[metha]acrylate; [metha]acrylonitrile; [metha]acrylamide;
vinyl ester; [metha]acrolein; a maleic acid derivative; a fumaric acid derivative;
or a mixture thereof.

The process of claim 12, wherein the dispersion stabilizer is at least one of a AB
or ABA type copolymer in which one end of a main chain of the copolymer has a
butadiene group, an ethylene group, or a propylene group and the other end of
the main chain has a styrene group or an amine group which is miscible with the
vinyl monomer; and a basic polymer dispersing agent having a main chain in-
corporated therein a material having affinity with the semiconductor
nanoparticles selected from a nitrogen atom, a sulfur atom, and a phosphorus
atom, and multiple side chains having affinity with the vinyl monomer.

A use of the vinyl polymer or the vinyl polymer mixture of any one of claims 1
through 16 as an environmental contaminant-generating inhibitor during in-
cineration, a photodegradation promoter of waste plastics, a mechanical property
enhancer of plastics, or a migration inhibitor of a toxic, low-molecular weight

plasticizer.
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FIG. 1

Vinyl polymers encapsulating
semiconductor nanoparticles
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FIG. 3A
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FIG. 3C
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