
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date WO 2013/089413 Al
20 June 2013 (20.06.2013) P O P C T

(51) International Patent Classification: Haengdang 1-dong, Seongdong-gu, Seoul 133-791 (KR).
C09D 4/02 (2006.0 1) C09D 133/04 (2006.0 1) JUNG, Eun Gu; 103-1302, Yangchon Humansia Apt.,
C09D 7/12 (2006.0 1) C09D 5/00 (2006.0 1) HakUn-ri, Yangchon-myeon, Gimpo-si, Gyeonggi-do 415-

793 (KR).
(21) International Application Number:

PCT/KR20 12/0 10748 (74) Agent: SELIM INTELLECTUAL PROPERTY LAW
FIRM; 9th FL, Seolim Bldg., 115, Teheran-ro, Gang-

(22) International Filing Date: nam-gu, Seoul 135-912 (KR).
11 December 2012 ( 11.12.2012)

(81) Designated States (unless otherwise indicated, for every
(25) Filing Language: English kind of national protection available): AE, AG, AL, AM,
(26) Publication Language: English AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(30) Priority Data: DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

10-201 1-0133373 HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
13 December 201 1 (13. 12.201 1) KR KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,

(71) Applicants: SAMSUNG ELECTRONICS CO., LTD. MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,

[KR/KR]; 129, Samsung-ro, Yeongtong-gu, Suwon-si, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC,

Gyeonggi-do 443-742 (KR). INDUSTRY-UNIVERSITY SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,

COOPERATION FOUNDATION HANYANG UNI¬ TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

VERSITY [KR/KR]; Hanyang Univ., Haengdang-dong, (84) Designated States (unless otherwise indicated, for every
Seongdong-gu, Seoul 133-791 (KR). kind of regional protection available): ARIPO (BW, GH,

(72) Inventors: JUNG, Yeon Kyoung; 2-910, Mujigae Apt., GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,

Seocho 2-dong, Seocho-gu, Seoul 137-771 (KR). KIM, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,

Kyung Kook; 909-1301, Manhyeon Maeul 9-Danji LG-Xi TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

Apt., Sanghyeon-2 dong, Suji-gu, Yongin-si, Gyeonggi-do EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

448-529 (KR). KIM, Kyong II; 2-1302, Hansin Apt., Jam- MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

won-dong, Seocho-gu, Seoul 137-796 (KR). KIM, Joo TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).Ho; 1804, Yeongtong-housestory, 958-3, Yeongtong-dong,

Yeongtong-gu, Suwon-si, Gyeonggi-do 443-470 (KR). Published:
KOO, Sang Man; 301, Mido Green Villa, Dongjak-dong,

— with international search report (Art. 21(3))Dongjak-gu, Seoul 156-080 (KR). KIM, Jung Soo; 306,
New Materials Engineering building, Hanyang Univ.,

00
©

(54) Title: HARD COATING COMPOSITION
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o least one hydrolytically decomposable silane compound and an inorganic oxide particle, and an organic resin solution that is com
posed of a photo-curable acrylic-based compound and various additives capable of providing a functionality, such as a surface im
proving agent and an anti-static agent, the hard coating composition providing pH of between 4 and 6.



Description

Title of Invention: HARD COATING COMPOSITION
Technical Field

[1] Embodiments of the present disclosure relate to a hard coating composition, and

more particularly, to a hybrid coating composition configured to be applicable on a

surface of plastic material of household appliances.

Background Art
[2] The plastic material, such as, PMMA (polymethylmethacrylate), PET

(polyethyleneterehthalate), and PC (polycarbonate) are being used because they are

lightweight, provided with superior durability, and easily molded by heat. However,

the plastic material is provided with low surface hardness, and due to the limit in the

physical/chemical characteristic thereof poor abrasion resistance and solvent re

sistance, a wider use of the plastic material is limited.

[3] As to resolve the difficulties as such, various types of functional hard coating

material are being developed. Particularly, the development of the coating material

using organic/inorganic hybrid material being produced through a sol-gel processing is

being a mainstream.

[4] A hard coating material may be divided into an organic coating material using

melamine, acryl, and urethane, inorganic coating material using silicon-based material,

and organic/inorganic hybrid coating material that uses by combining inorganic-based

material and organic-based material.

[5] A coating composition that is composed of the inorganic material such as silicon

material, when compared to the organic-based coating material, is provided with

superior surface hardness and abrasion resistance. However, such a coating is provided

with brittleness, and at the same time, a thick film coating may be difficult due to the

generation of a crack such as an evaporation of a solvent in a drying process and a

hardening process.

[6] As to overcome the difficulty as such, a development of hybrid coating material that

uses organic/inorganic material is being taken place.

[7] However, the organic/inorganic hybrid coating material and the coating composition

that may be used in coating of transparent plastic material are less sufficient in forming

a coating layer having a satisfactory material characteristic, and since the hardness of

the coating layer is low and the adhesion between the coating layer and the plastic

substrate is low, making such as a product may be difficult.

Disclosure of Invention

Technical Problem



[8] Therefore, it is an aspect of the present disclosure to provide a hard coating com

position including an inorganic dispersion solution that is composed of at least one hy-

drolytically decomposable silane compound and an inorganic oxide particle, and an

organic resin solution that is composed of a photo-curable acrylic-based compound and

various additives capable of providing a functionality, such as a surface improving

agent and an anti- static agent, the hard coating composition providing pH of between 4

and 6.

[9] Additional aspects will be set forth in part in the description which follows and, in

part, will be obvious from the description, or may be learned by practice of the

disclosure.

Solution to Problem
[10] In accordance with one aspect, a hard coating composition includes a surface-

modified Boehmite nano particle of 5 to 50 weight , a photo-hardening-type acrylate

compound of 10 to 50 weight , an organic solvent of 30 to 70 of weight , and a

photo-initiator of 1 to 10 weight , wherein the hard coating composition is provided

with a pH thereof between 4 to 6.

[11] A surface of the Boehmite nano particle may be modified with an alkoxy silane

compound, and the alkoxy silane compound includes at least one of an acrylic-based

alkoxy silane compound and a vinyl-based alkoxy silane compound.

[12] The photo-hardening-type acrylate compound may include at least one of acrylate

monomer, urethane acrylate, polyester acrylate, polyether acrylate, and acrylic

acrylate.

[13] The organic solvent may include at least one of methanol, ethanol, isopropanol,

normal-propanol, butanol, isobutanol, ethyl-cellosolve, methyl-cellosolve, butyl-

cellloslove, butyl-acetate, diacetone alcohol, methyl-ethyl ketone, propylene glycol,

isopropyl alcohol, and ethylene-glycol isopropyl alcohol.

[14] The photo-initiator may include at least one type of a benzo-phenone type, an

acetone-phenone type, a benzoin-ether type, benzyl-ketal type, a thioctic-xanthone

type, and an anthraquinone type.

[15] The hard coating composition may further include a surface improving material or an

anti-static material, or the like.

[16] The pH may be controlled through at least one of monoethanolamine, di-

ethanolamine, and triethanolamine.

[17] The Boehmite nano particle may be acicular.

[18] The Boehmite nano particle may have a size from lnm to 20nm.

[19] The surface modification of the Boehmite nano particle may be performed at a tem

perature between 60°C and 80°C.



[20] In a case when the surface of the Boehmite nano particle is being modified, the pH of

the solvent having the dispersed Boehmite nano particle may be controlled at between

3 and 5.

[21] In accordance with another aspect, a product having a surface coated with a hard

coating composition is characterized by having the hard coating composition that

includes a surface-modified Boehmite nano particle of 5 to 50 weight , a photo

hardening-type acrylate compound of 10 to 50 weight , an organic solvent of 30 to

70 weight%, and a photo-initiator of 1 to 10 weight %.

[22] A pH of the hard coating composition may be between 4 and 6.

[23] A surface of the Boehmite nano particle may be modified with an alkoxy silane

compound, and the alkoxy silane compound may include at least one of an acrylic-

based alkoxy silane compound and a vinyl-based alkoxy silane compound.

[24] The photo hardening-type acrylate compound may include at least one of acrylate

monomer, urethane acrylate, polyester acrylate, polyether acrylate, and acrylic

acrylate.

[25] The organic solvent may include at least one of methanol, ethanol, isopropanol,

normal-propanol, butanol, isobutanol, ethyl-cellosolve, methyl-cellosolve, butyl-

cellloslove, butyl-acetate, diacetone alcohol, methyl-ethyl ketone, propylene glycol,

isopropyl alcohol, and ethylene-glycol isopropyl alcohol.

[26] The photo-initiator may include at least one type of a benzo-phenone type, an

acetone-phenone type, a benzoin-ether type, benzyl-ketal type, a thioctic-xanthone

type, and an anthraquinone type.

[27] The product may further include a surface improving material or an anti-static

material.

[28] The pH may be controlled through at least one of monoethanolamine, di-

ethanolamine, triethanolamine and triethylamine.

[29] The Boehmite nano particle may be acicular.

[30] The Boehmite nano particle may have a size from lnm to 20nm.

[31] The surface modification of the Boehmite nano particle may be performed at a tem

perature between 60°C and 80°C.

[32] In a case when the surface of the Boehmite nano particle is being modified, the pH of

the solvent having the dispersed Boehmite nano particle may be controlled at between

3 and 5.

Advantageous Effects of Invention
[33] In accordance with one aspect, a hard coating composition is capable of enhancing

the surface hardness and the abrasion resistance, both of which are regarded as

drawbacks of plastic panel, without reducing the transparency of the plastic material



for household appliances such as a washing machine, an air conditioner, and a re

frigerator.

[34] In addition, since the adhesiveness with a plastic panel is superior, the hard coating

composition may be used in various areas.

Best Mode for Carrying out the Invention
[35] Inorganic nano particles of a hard coating composition in accordance with one em

bodiment may be obtained by performing a peptization after a hydrolysis of a metallic

alkoxide, such as methoxide, ethoxide, isopropoxide, and butoxide, is performed in

water.

[36] In more detail, first, after obtaining a sediment in the form of a metallic hydrate

having a cohesive form by performing a hydrolysis on a metallic alkoxide in an excess

amount of water, and a strong acid such as a nitric acid or a hydrochloric acid is added

to the sediment to perform a reaction for a number of hours at a temperature between

70°C and 100°C, preferably between 80°C and 90°C, so that a stable inorganic nano-sol

having a size in nano units may be produced.

[37] Most of the commercialized coating composition liquid having inorganic particle is

used together with an organic binder, or is used in a manner to be dispersed in an

organic solvent using a silane coupling agent.

[38] In a case when a large amount of the organic binder is used, the content of the

organic material is increased, and thus the surface hardness is reduced, and in a case

when a reduced amount of the organic matter is used, since a dispersion may be

difficult, the hard coating composition may not be used as a coating liquid, and thereby

the production of hard coating material provided with superior surface hardness only

by having a silica and a silane coupling agent is limited.

[39] Thus, the hard coating composition in accordance with one embodiment, as to

produce a hard coating composition having higher hardness, is configured to use

Boehmite, which is an inorganic nano particle, having higher surface hardness than the

hardness of silica.

[40] A silane compound that is used on the modification of the surface of the inorganic

nano particle is an alkoxy silane compound, and particularly, may be selected from an

acrylic-based alkoxide silane compound or a vinyl-based alkoxy silane compound.

[41] The Boehmite nano particle may be an aciform.

[42] The Boehmite nano particle is pre-processed by the acrylic-based alkoxide silane or

the vinyl-based alkoxy silane , which are the organic silane coupling agents having an

acrylic group and a vinyl group through a sol-gel method, so that hard coating liquid

having an organic/inorganic nano particle hard coating composition liquid having

superior dispersibility in organic solvent.



[43] The coating composition as such, by the characteristic of the Boehmite having

superior surface hardness, may be provided with an enhanced abrasion resistance when

compared to silica, and may be provided with superior dispersibility with respect to the

organic solution by a silane coupling agent.

[44] The hybrid nano particle produced as such is provided with a structure of an Al-O-Si,

and may form a coating film having high abrasion resistance after a hardening is

performed.

[45] In the present disclosure, the reaction to perform a modification of the surface of the

Boehmite with a silane compound is proceeded in the range of pH 3 and pH 5.

[46] The electrical charge of the surface of the Boehmite particle, which is charged with a

strong positive (+) charge in an acid state, is approached to about 0 at the range of pH

6 to pH 7, in other words, the repulsive force on the surface of the Boehmite particle is

reduced due to the loss of the electrical charge of the surface of the Boehmite particle,

and thereby causing the cohesion of the sol.

[47] That is, with respect to the Boehmite particle, since the partial positive charge of

aluminum is shown at a relatively larger scale, in a case when a loss of the electrical

charge of the surface is occurred, a nano-size particle has a tendency of showing a

strong cohesion for stabilization as to recover the loss as such.

[48] In addition, in a case when the surface of a particle is modified with an organic

silane, a sol-gel method is being used, and the sol-gel method requires a reaction under

an acid state serving as catalysis reaction to promote a hydrolysis reaction and a con

densation reaction.

[49] A photo-hardening-type acrylate compound of a hard coating composition in ac

cordance with one embodiment may be selected from an acrylate monomer, a urethane

acrylate, a polyester acrylate, a polyether acrylate, and an acrylic acrylate.

[50] The acrylic compound, by performing a role as a cross-linking agent with respect to

the modified particles, may be able to produce a further solid coating film, and in order

to obtain the optimal coating layer, 10 to 65 weight parts of a modification particle and

35 to 90 weight parts of an acrylic-based monomer are required on a basis of 100 parts

by weight of solid content of the coating liquid.

[51] As for an initiator of a hard coating composition in accordance with one embodiment

of the present disclosure, a conventional polymerization initiator, which is configured

to enable a hardening while forming a radical when an UV is radiated, is used, and the

initiator may include a benzo-phenone type initiator, an acetone-phenone type initiator,

a benzoin-ether type initiator, a benzyl-ketal type initiator, a thioctic-xanthone type

initiator, and an anthraquinone type initiator ,and from the above initiators, the ben-

zophenone, 1-hydroxy cyclohexyl phenyl ketone, and a - amino acetophenone may be

used.



[52] An UV initiator, by forming a radical as a weak coupling is broken by an UV during

a chemical combination of the initiator, enables a fast and solid hardening to take

place. The content of the initiator to obtain an optimal coating film, on a basis of

lOOparts of solid content of the coating liquid, may be 3 to 10 weight parts, or

preferably, 5 to 7 weight parts.

[53] In addition, alcohol is used as a solvent to disperse the coating liquid. The acrylic-

based alkoxy silane or the organic silane, which are added in the present embodiment

may be able to maintain the stability of the inorganic nano particle in accordance with

the addition of the alcohol-like solvent. Thus, even when the composition of the

solvent is changed, the stability of the particle is maintained. As for the ratio of the

added alcohol, which is a solvent, the ratio of the solid content of a coating liquid and

the alcohol is provided to be from 3:2 to 2:3 in terms of a weight ratio.

[54] The coating liquid as such, in a case when being coated on the substrates of various

materials, may be able to form a strong, colorless, and transparent coating film by

silanol generated by the hydrolysis of the acrylic-based alkoxide silane compound, or

by the functional group of an acryl group of the acrylic based compound.

[55] In addition, by considering the miscibility with water and the drying speed after a

coating, the alcohol may be used by selecting more than one type of alcohol from

methane, ethanol, 1-propanol, and 2-propanol.

[56] By adding a TEA (triethanolamine) to the coating liquid that is ultimately produced

in the present disclosure, the coating liquid may be produced having various pH.

[57] As the pH is increased, the electrical charges of the surface of the Boehmite having

an IEP (isoelectric point) at between 7 and 8 are reduced, and accordingly, the

viscosity is enhanced. Through such, the thickness of the coating film may be

controlled not only through an increase of the solid content but also through the con

trolling of the pH of the coating liquid without having to increase a solid content, the

controlling of the pH of the coating liquid also enabling the enhancement of the

hardness.

[58] As to secure the transparency and the convenience of a processing while enhancing a

surface hardness, the pH of the coating liquid is preferred to be adjusted in the range

between 4 and 6.

[59] The substrates at which the hard coating composition in accordance with one em

bodiment of the present disclosure may be used in a useful manner include the

substrates that are formed of glass, stainless steel, ceramics, aluminum, and plastic, and

by applying a coating on the substrates as such using a spin coating method, a deep

coating method, a flow coating method, and a spray coating method, a coating film

having high hardness and transparency may be formed.

[60] Hereinafter, the descriptions will be provided more in detail through the following



embodiments and comparative examples.

[61] <Embodiments>

[62] Production of Boehmite Nano particle and Modification of Surface of Boehmite

Nano Particle

[63] Water of about 5L and aluminum isopropoxide of 2.45mol are placed in a reactor and

then stirred to obtain sediment that is hydrolyzed. Then, a nitrate of about 0.288 mol is

added, and by gradually increasing the temperature, a peptization reaction is induced.

While maintaining the pH in the range of 3.6 and 4.0, a reaction is performed for about

6 hours at a temperature of 90 degrees, and the Boehmite sol, which is opaque, is

obtained. By stirring the Boehmite nano sol obtained as such, the Boehmite sol is

evaporated under a decompression to obtain Boehmite nano particles. As a result of the

TEM analysis, the size of the Boehmite nano particle is provided with the size of

several nanometers, while the compounded Boehmite is in match with the planes of the

crystal lattice of each of (020), (120), (03 1), and (200) of a Boehmite phase of JCPDS

(No. 31-1307) and is present in the form of a γ -ΑΙΟΟΗ . Then, with respect to

Boehmite nano particle obtained, distilled water of about lOOmL and the Boehmite

particle of about 83.33mmol are placed in a reactor, which is provided with a m e

chanical stirrer installed thereto, to produce the evenly dispersed Boehmite nano sol.

Next, by adding the 3-(trimethoxysilyl) propyl methacrylate of about 47.34mmol and

the triethoxyvinylsilane of about 12.34mmol to the dispersed liquid, and the tem

perature is increased to about 70 °C to induce the hydrolysis and the condensation

reaction between the Boehmite and the organic silane for about 30 minutes, and thus

sediment that is agglomerated at an inside the reactor is obtained. The sediment as such

is formed by the lipophilic characteristic of the acrylate in water, and after the

completion of the reaction, the Boehmite particle, which is surface-modified with an

organic silane, is ultimately obtained by a filter apparatus.

[64] Embodiments 1 to 4

[65] A 60% solution is produced by dispersing the Boehmite particle, which isgrafted

with an organic group produced as above, and an acrylate compound (SC2153) in

isopropyl alcohol at a weight ratio of about 45:55. Then, by adding 7 weight parts of

1-hydroxy cyclohexyl phenyl ketone (IRG-184) as an UV initiator with respect to the

solid content, a coating liquid is produced. After then, by adding a triethanolamine at

about 0.5 to 3 weight parts, final coating liquids having pH of 4, 4.5, 5, and 5.5 are

produced

[66] Comparative Example 1

[67] Except that a 40% solution, which is provided with the surface-modified Boehmite

particle and the acrylate compound dispersed isopropyl alcohol at the weight ratio of

about 50:50, is being used, the comparison is performed using the same methods the



above embodiments 1 to 4.

[68] Comparative Example2

[69] Except that a 50% solution, which is provided with the surface-modified Boehmite

particle and the acrylate compound dispersed in isopropyl alcohol at the weight ratio of

about 50:50, isbeing used, the comparison is performed using the same methods the

above embodiments 1 to 4.

[70] The components of the coating composition produced at the embodiments and the

comparative examples are shown on the [Table 1] below:

[71] Table 1

[Table 1]

[72] With respect to the coating composition, a PMMA panel, which is provided with the

width and the length thereof at about 5 cm each, is thoroughly cleaned with Isopropy-

lAlcohol for the coating composition to be applied thereon, and through a spin coating

method, a coating film is produced, and an UV hardening is performed after a natural

drying process of about 10 minutes. After the completion of the above, the physical

properties of the coating film are evaluated as follows:

[73] Transmittance /Haze

[74] By using a Hazemeter (NDH-5000), the total transmittance and a haze of a coating

sample are measured.

[75] Transmittance (T) O : T>90%, ∆ : 75%<T <90%, X : T <75%

[76] Haze (H) O : H<2%, ∆ : 2% <H <5%, X : 5% <H

[77] Pencil Hardness

[78] The pencil hardness is measured by inserting a pencil, which is prepared for a

hardness measurement, into a pencil hardness tester (QM450A) at a 45-degree angle,



and by applying a certain weight (0.5kg) on the coating film that is formed on the

PMMA substrate. As for the pencils, Mitsubishi pencils having the strengths of H-9H,

F, HB, and B-6B are used. The hardness of the lead of each pencil occurring no scratch

after three attempts is measured.

[79] Adhesiveness

[80] With respect to the adhesiveness test, a cross-cut test is used. By using a cross cutter,

the coating film having the width and length of about 10mm is divided into 10x10

sections while each of the 100 sections is provided with the width about 1mm, and the

length of about 1mm. Then, on the total of 100 sections, a strip of 3M scotch tape is

placed and closely adhered by use of a hand. Next, the strip of 3M scotch tape is

removed instantly from the 100 sections in a perpendicular direction to the direction of

the strip of 3M scotch tape is placed on the 100 sections. At this time, by measuring

the number of the rectangular sections that remain on the coating layer, the adhe

siveness is evaluated.

[81] Adhesiveness = Number of Remaining Rectangular Sections/100

[82] Abrasion Resistance

[83] With respect to the evaluation of the abrasion resistance, a printing abrasion tester is

used. After fixing the coating layer sample to a tester, a friction ruler having a diameter

of about 28mm is wrapped with a cotton cloth, and while applying a weight of about

2kg on the friction ruler, the abrasion is performed for about 2,000 times at the

frequency of about 45 round trips in a minute. After the above process, the surface is

investigated.

[84] O : No trace of peeling or abrasion, ∆ : Minor abrasion occurred, X : Peeling of coated

surface occurred

[85] The physical properties of the coating film that is produced according to the em

bodiments 1 to 4 as well as the comparative examples 1 and 2 are as follows:

[86] Table 2



[Table 2]

Although a few embodiments have been shown and described, it would be ap

preciated by those skilled in the art that changes may be made in these embodiments

without departing from the principles and spirit of the disclosure, the scope of which

defined in the claims and their equivalents.
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Claims
A hard coating composition, comprising:

a surface-modified Boehmite nano particle of 5 to 50 weight ;

a photo-hardening-type acrylate compound of 10 to 50 weight ;

an organic solvent of 30 to 70 of weight ; and

a photo-initiator of 1 to 10 weight %.

The hard coating composition of claim 1, wherein the hard coating

composition is provided with a pH thereof between 4 to 6.

The hard coating composition of claim 1 or 2, wherein:

a surface of the Boehmite nano particle is modified with an alkoxy

silane compound, and

the alkoxy silane compound comprises at least one of an acrylic-based

alkoxy silane compound and a vinyl-based alkoxy silane compound.

The hard coating composition of any one of claims 1 to 3, wherein:

the photo-hardening-type acrylate compound comprises at least one of

acrylate monomer, urethane acrylate, polyester acrylate, polyether

acrylate, and acrylic acrylate.

The hard coating composition of any one of claims 1 to 4, wherein:

the organic solvent comprises at least one of methanol, ethanol, iso-

propanol, normal-propanol, butanol, isobutanol, ethyl-cellosolve,

methyl-cellosolve, butyl-cellloslove, butyl-acetate, diacetone alcohol,

methyl-ethyl ketone, propylene glycol, isopropyl alcohol, and ethylene-

glycol isopropyl alcohol.

The hard coating composition of any one of claims 1 to 5, wherein:

the photo-initiator comprises at least one type of a benzo-phenone type,

an acetone-phenone type, a benzoin-ether type, benzyl-ketal type, a

thioctic-xanthone type, and an anthraquinone type.

The hard coating composition of any one of claims 1 to 6, further

comprising:

a surface improving material or an anti-static material.

The hard coating composition of any one of claims 1 to 7, wherein:

the pH is controlled through the use of at least one of mo-

noethanolamine, diethanolamine, and triethanolamine.

The hard coating composition of any one of claims 1 to 8, wherein:

the Boehmite nano particle is acicular.

The hard coating composition of any one of claims 1 to 9, wherein:

the Boehmite nano particle has a size from lnm to 20nm.
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The hard coating composition of any one of claim 1 to 10, wherein:

the surface modification of the Boehmite nano particle is performed at

a temperature between 60°C and 80°C.

The hard coating composition of any one if claims 1 to 11, wherein:

when the surface of the Boehmite nano particle is being modified, the

pH of the solvent having the dispersed Boehmite nano particle is

controlled at between 3 and 5.

A product having a surface coated with a hard coating composition, the

hard coating composition being according to any one of claims 1 to 12.

A method of manufacturing a product, comprising:

coating the surface of the product using a hard coating composition,

wherein the hard coating composition is according to any one of claims
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