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(57) ABSTRACT 

An inorganic oxide dispersion containing an organic solvent, 
and inorganic oxide particles surface-treated With at least 
one of a hydrolyZate and a partial condensate of an orga 
nosilane compound represented by formula (I), the inorganic 
oxide particles being dispersed in the organic solvent: 
(R1O)m—Si(X)4_rn (I) as de?ned herein, the surface treatment 
of the inorganic oxide particles being carried out in a 
presence of at least one of: (a) an acid catalyst; and (b) a 
metal chelate compound having Zr, Ti orAl as a center metal 
and at least one of an alcohol represented by formula: R3OH 
in Which R3 represents an allyl group having 1 to 10 carbon 
atoms, and a compound represented by formula: 
R COCHZCOR5 as de?ned herein, as a ligand. 
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FINE INORGANIC OXIDE DISPERSION, 
COATING COMPOSITION, OPTICAL FILM, 

ANTIREFLECTION FILM, POLARIZING PLATE, 
AND IMAGE DISPLAY DEVICE 

FIELD OF THE INVENTION 

[0001] This invention relates to a ?ne inorganic oxide 
dispersion having ?ne inorganic oxide particles dispersed 
stably and a coating composition containing the same. The 
invention further relates to an optical ?lm, particularly an 
antire?ection ?lm, formed of the coating composition. The 
invention still further relates to an optical ?lm, particularly 
a polariZing plate and an image display device having an 
antire?ection ?lm. 

BACKGROUND OF THE INVENTION 

[0002] Compounding organic or inorganic materials into 
adhesives, exterior coatings, hard coats, antire?ection coat 
ings, and the like has been studied to improve scratch 
resistance and strength after cure, adhesion to substrates, and 
the like. 

[0003] In mixing an organic material and an inorganic 
material, it is necessary to prevent undesired agglomeration 
of the inorganic material. One of the methods generally 
folloWed is to disperse an inorganic material in a solvent 
compatible With an organic material and mix the dispersion 
and the organic material to prepare a coating composition for 
forming a coating ?lm. In order to secure stable perfor 
mance, it is important that the inorganic material be stably 
dispersed in the solvent. In other Words, it is important to 
control the hydrophilicity/hydrophobicity or steric hin 
drance of the surface of the inorganic material. Surface 
treatment of ?ne inorganic oxide particles With an alkox 
ysilane is knoWn. For example, Ganryo Bunsan Gijutu 
Hyomenshori t0 Bunsanzai n0 Tukaikata oyobi Bunsansei 
Hyoka, Technical Information Institute Co., Ltd., 1999 
describes a technique of dispersing inorganic particles in an 
organic solvent With the aid of a silane coupling agent. The 
technique is insuf?cient in terms of stability of a resultant 
dispersion, nevertheless. 

[0004] In combining an organic material particularly of 
polymeriZation cure system and inorganic particles, use of 
an alkoxysilane having a polymeriZable group and/or a 
hydrolysis-condensation product thereof has been attracting 
attention. For instance, J P-A-9-169847 proposes a combined 
use of a speci?c polyalkoxypolysiloxane and a polymeriZ 
able silane coupling agent. HoWever, the reaction betWeen 
the polyalkoxypolysiloxane and the polymeriZable silane 
coupling agent hardly proceeds suf?ciently for achieving a 
high ratio of introducing the polymeriZable group so that the 
resulting cured product is not satisfactory in scratch resis 
tance or strength. JP-A-940909 proposes use of a partial 
co-hydrolysis-condensation product of an alkoxysilane hav 
ing an organic functional group and a tetraalkoxysilane, but 
the coating composition containing the same has insuf?cient 
storage stability, still leaving room for further improvement. 

[0005] An optical ?lm, particularly an antire?ection ?lm is 
generally disposed in front of displays, such as cathode ray 
tube displays (CRTs), plasma display panels (PDPs), elec 
troluminescence displays (ELDs), and liquid crystal displays 
(LCDs), Whereby to prevent contrast reduction or reduction 
of visibility due to re?ection of ambient light by making use 
of optical interference. 
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[0006] Antire?ection ?lms for that application are manu 
factured by forming a loW re?ective layer With a proper 
thickness on a substrate and, if desired, other layers includ 
ing a high re?ective layer, a middle re?ective layer, and a 
hard coat layer, betWeen the loW re?ective layer and the 
substrate. To achieve a loW re?ectance, it is desirable that the 
loW re?ective layer be made of a material having as loW a 
refractive index as possible. Disposed as an outermost layer 
of displays, the antire?ection ?lm is required to have high 
scratch resistance. To secure high scratch resistance With as 
small a thickness as about 100 nm, the antire?ection ?lm 
should exhibit strength per se and adhesion to an underlying 
layer. 

[0007] Means for reducing a refractive index of a material 
include introducing ?uorine and decreasing the density (by 
making voids), but both approaches are accompanied by 
reductions in ?lm strength (scratch resistance) and adhesion. 
It has therefore been a dif?cult problem to satisfy both the 
requirements for loW refractive index and high scratch 
resistance. 

[0008] JP-A-11-189621, JP-A-11-228631, and JP-A 
2000-313709 disclose techniques for providing a ?lm With 
a reduced frictional coef?cient and improved scratch resis 
tance by introducing a polysiloxane structure into a ?uo 
ropolymer. The technique is effective to some extent in 
improving scratch resistance but is still insuf?cient for 
improving scratch resistance of a coating ?lm that essen 
tially lacks ?lm strength and interfacial adhesion. 

[0009] J P-A-2003-222704 teaches that addition of a silane 
coupling agent to a loW refractive layer material containing 
a ?uoropolymer provides a coating ?lm With markedly 
improved scratch resistance. HoWever, because a silane 
coupling agent having a loW boiling point vaporiZes While 
being applied and dried, it must be added in an excess 
corresponding to the evaporation loss, Which makes it dif 
?cult to obtain stable performance. 

SUMMARY OF THE INVENTION 

[0010] An object of the present invention is to provide a 
stable, ?ne dispersion of inorganic oxide particles and a 
coating composition containing the same. 

[0011] Another object of the invention is to provide an 
optical ?lm, particularly an antire?ection ?lm, having 
improved scratch resistance While maintaining suf?cient 
antire?ection performance. 

[0012] Still another object of the invention is to provide an 
optical ?lm, particularly a polariZing plate and an image 
display device having an antire?ection ?lm. 

[0013] As a result of extensive investigations, the present 
inventors have found that the above objects of the invention 
are accomplished by the folloWing ?ne inorganic oxide 
dispersion, coating composition, optical ?lm, an antire?ec 
tion ?lm, a polariZing plate and an image display device. 

[0014] The present invention provides, in its ?rst aspect, a 
?ne inorganic oxide dispersion having dispersed in an 
organic solvent ?ne inorganic oxide particles surface-treated 
With a hydrolyZate and/or a partial condensate of an orga 
nosilane compound represented by formula (I): 
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[0015] wherein R10 represents a substituted or unsubsti 
tuted alkyl group or a substituted or unsubstituted aryl 

group; X represents a hydroXyl group or a hydrolyZable 
group, and m represents an integer of 1 to 3. The surface 
treatment is carried out in the presence of (a) an acid catalyst 
and/or (b) a metal chelate compound having Zr, Ti or Al as 
a center metal and an alcohol represented by formula: R3OH 
(Wherein R3 represents an alkyl group having 1 to 10 carbon 
atoms) and/or a compound represented by formula: 
RA‘COCHZCOR5 (Wherein R4 represents an alkyl group hav 
ing 1 to 10 carbon atoms; and R5 represents an alkyl group 
having 1 to 10 carbon atoms or an alkoXy group having 1 to 
10 carbon atoms) as a ligand. 

[0016] The present invention also provides, in its second 
aspect, a process of producing a ?ne dispersion of inorganic 
oXide particles in an organic solvent, including the steps of 
(1) surface treating inorganic oXide particles With a hydro 
lyZate and/or a partial condensate of an organosilane com 
pound represented by formula (I) shoWn above in an organic 
solvent having a small ketone solvent content in the pres 
ence of (a) an acid catalyst and/or (b) the above-described 
metal chelate compounds and (2) replacing the organic 
solvent used for the surface treatment With an organic 
solvent having an increased ketone solvent content. 

[0017] The present invention also provides, in its third 
aspect, a ?ne inorganic oXide dispersion obtained by the 
above-described process. 

[0018] In a preferred embodiments of the ?ne inorganic 
oXide dispersion of the invention, the inorganic oXide par 
ticles are surface treated With the hydrolyZate and/or partial 
condensate of the organosilane compound represented by 
formula (I) and a compound having a ?uoroalkyl group 
and/or a ?uorine-containing aromatic group. 

[0019] The organosilane compound represented by for 
mula (I), the compound having a ?uoroalkyl group and/or a 
?uorine-containing aromatic group, or both of them are 
preferably a ?uorine-containing silane coupling agent rep 
resented by formula (1): 

[0020] Wherein Rf represents a straight-chain, branched or 
cyclic ?uoroalkyl group having 1 to 20 carbon atoms or a 
?uorine-containing aromatic group having 6 to 14 carbon 
atoms; L1 represents a divalent linking group having 10 or 
feWer carbon atoms; R11 represents a hydroXyl group or a 
hydrolyZable group; and n represents an integer of 1 to 3. 

[0021] The ?uorine-containing silane coupling agent of 
formula (1) is preferably represented by formula (2): 

[0022] Wherein n represents an integer of 1 to 10; m 
represents an integer 1 to 5; and R represents an alkoXy 
group having 1 to 5 carbon atoms or a halogen atom. 

[0023] In a preferred embodiment of the ?ne organic oXide 
dispersion of the invention, the organosilane silane com 
pound of formula (I) is represented by formula (II): 
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an 
R1 

)\ (R10). 
Y — L — Si/ 

IX), 
[0024] wherein R10 and X are as de?ned above; R1 rep 
resents a hydrogen atom, a methyl group, a methoXy group, 
an alkoXycarbonyl group, a cyano group, a ?uorine atom or 

a chlorine atom; Y represents a single bond, —COO—, 
—CONH— or —O—; L represents a divalent linking group; 
and n represents 0 or 1. 

[0025] In a preferred embodiment of the ?ne organic oXide 
dispersion of the invention, the inorganic oXide particles are 
silica particles, particularly holloW silica particles. 

[0026] The present invention also provides, in its fourth 
aspect, a coating composition containing the above-de 
scribed ?ne inorganic oXide dispersion and a ?lm-forming 
composition. The ?lm forming composition contains a com 
pound having an ethylenically unsaturated group. The com 
pound having an ethylenically unsaturated group is prefer 
ably the main component of the ?lm forming composition. 

[0027] The present invention also provides, in its ?fth 
aspect, an optical ?lm having a transparent substrate and a 
layer of the above-described coating composition provided 
on the substrate. 

[0028] In a preferred embodiment of the optical ?lm, the 
inorganic oXide particles in the layer are holloW particles 
having a refractive indeX of 1.20 to 1.46, particularly holloW 
silica particles having a refractive indeX of 1.17 to 1.40. 

[0029] The optical ?lm includes, as a preferred embodi 
ment, an antire?ection ?lm having an antire?ection layer 
containing a loW refractive layer on the transparent sub 
strate, and the loW refractive layer is the layer formed of the 
above-described coating composition. 

[0030] In a preferred embodiment of the antire?ection 
?lm, the inorganic oXide particles in the coating composition 
are holloW silica particles the average particle siZe of Which 
is 30% to 150% of the thickness of the loW refractive layer. 

[0031] In another preferred embodiment of the antire?ec 
tion ?lm, the coating composition of the loW refractive layer 
preferably contains a ?uoropolymer represented by formula 
(A) : 

X 

[0032] Wherein L represents a linking group having 1 to 10 
carbon atoms; m represents 0 or 1; X represents a hydrogen 
atom or a methyl group; A represents a repeating unit 
derived from at least one vinyl monomer; and X, y, and Z 
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represent a mole percent of the respective repeating units in 
ranges 302x260, 5éyé70, and 022265. 

[0033] The present invention also provides, in its sixth 
aspect, a polarizing plate having a polariZing ?lm protected 
With the antire?ection ?lm. 

[0034] The present invention also provides, in its seventh 
aspect, an image display device having the antire?ection 
?lm or the polariZing plate disposed as an outermost surface 
thereof. 

[0035] The inorganic oxide dispersion according to the 
present invention has high dispersion stability. A coating 
composition containing the inorganic oxide dispersion and a 
?lm forming composition provides an optical ?lm With no 
haZe and high scratch resistance. The optical ?lm of the 
present invention, especially a display using the antire?ec 
tive ?lm exhibit excellent visibility With little re?ection of 
ambient light or objects on the vieWer’s side. 

BRIEF DESCRIPTION OF THE DRAWING 

[0036] FIG. 1 schematically illustrates a coating system 
con?guration for producing an antire?ection ?lm of the 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0037] The ?ne inorganic oxide dispersion of the present 
invention has surface-treated inorganic oxide particles in an 
organic solvent. The inorganic oxide particles are surface 
treated With a hydrolyZate and/or a partial condensate of an 
organosilane compound represented by formula (I): 

[0038] wherein R10 represents a substituted or unsubsti 
tuted alkyl group or a substituted or unsubstituted aryl 
group; X represents a hydroxyl group or a hydrolyZable 
group; and m represents an integer of 1 to 3. The dispersion 
is characteriZed in that the surface treatment of the inorganic 
oxide particles is carried out in the presence of (a) an acid 
catalyst, (b) a metal chelate compound, or both of (a) and 
(b). 
[0039] The surface treatment is performed by bringing the 
inorganic oxide particles With the organosilane compound 
(I) and, if necessary, Water in the presence of (a) an acid 
catalyst having a hydrolyZing function and/or (b) a metal 
chelate compound having a condensing function. The orga 
nosilane compound may have previously been partially 
hydrolyZed or partially condensed. The organosilane com 
pound undergoes hydrolysis folloWed by partial condensa 
tion, and the resultant hydrolyZate and/or partial condensate 
modi?es the surface of the inorganic oxide particles. The 
particles thus surface treated exhibit improved dispersibility 
to provide a stable dispersion in an organic solvent. 

[0040] The metal chelate compound is a compound having 
Zr, Ti or Al as a center metal and an alcohol represented by 
formula: R3OH (Wherein R3 represents an alkyl group hav 
ing 1 to 10 carbon atoms) and/or a compound represented by 
formula: R“COCH2COR5 (Wherein R4 represents an alkyl 
group having 1 to 10 carbon atoms; and R5 represents an 
alkyl group having 1 to 10 carbon atoms or an alkoxy group 
having 1 to 10 carbon atoms) as a ligand. 
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[0041] The organosilane compound used in the invention, 
Which is represented by formula (I), Will be described in 
detail. 

[0042] In formula (I), R10 represents a substituted or 
unsubstituted alkyl group or a substituted or unsubstituted 
aryl group. The alkyl group preferably contains 1 to 30, still 
preferably 1 to 16, particularly preferably 1 to 6, carbon 
atoms, including methyl, ethyl, propyl, isopropyl, hexyl, 
t-butyl, sec-butyl, hexyl, decyl, and hexadecyl. The aryl 
group includes phenyl and naphthyl, With phenyl being 
preferred. 

[0043] X represents a hydroxyl group or a hydrolyZable 
group. Examples of the hydrolyZable group include an 
alkoxy group (preferably one having 1 to 5 carbon atoms, 
e.g., methoxy or ethoxy), a halogen atom (e.g., Cl, Br or I), 
and RZCOO (Wherein R2 represents a hydrogen atom or an 
alkyl group having 1 to 5 carbon atoms, e.g., CH3COO or 
CZHSCOO). X is preferably an alkoxy group, particularly 
methoxy or ethoxy. 

[0044] m represents an integer of 1 to 3. When there are 
tWo or more Rlos or Xs in formula (I), Rlos or Xs may be 
the same or different. m is preferably 1 or 2, still preferably 
1. 

[0045] The substituent of the substituted alkyl or aryl 
group as R10 includes, but is not limited to, a halogen atom 
(e.g., ?uorine, chlorine or bromine), a hydroxyl group, a 
mercapto group, a carboxyl group, an epoxy group, an alkyl 
group (e.g., methyl, ethyl, isopropyl, propyl or t-butyl), an 
aryl group (e.g., phenyl or naphthyl), an aromatic heterocy 
clic group (e. g., furyl, pyraZolyl or pyridyl), an alkoxy group 
(e.g., methoxy, ethoxy, isopropoxy or hexyloxy), an aryloxy 
group (e.g., phenoxy), an alkylthio group (e.g., methylthio 
or ethylthio), an arylthio group (e.g., phenylthio), an alkenyl 
group (e.g., vinyl or 1-propenyl), an acyloxy group (e.g., 
acetoxy, acryloyloxy or methacryloyloxy), an alkoxycarbo 
nyl group (e.g., methoxycarbonyl or ethoxycarbonyl), an 
aryloxycarbonyl group (e.g., phenoxycarbonyl), a carbam 
oyl group (e.g., carbamoyl, N-methylcarbamoyl, N,N-dim 
ethylcarbamoyl or N-methyl-N-octylcarbamoyl), and an 
acylamino group (e.g., acetylamino, benZoylamino, acry 
lamino or methacrylamino). These substituents may have a 
further substituent if possible. 

[0046] When there are tWo or more Rlos, it is preferred 
that at least one of them be a substituted alkyl or aryl group. 
Of the organosilane compounds of formula (I), those having 
a vinyl polymeriZable substituent Which are represented by 
formula (II) shoWn beloW are preferred. 

<11) 
R1 

)\ (R10). 
Y — L — Si/ 

IX), 
[0047] wherein R10 and X are as de?ned for formula (I); 
R1 represents a hydrogen atom, a methyl group, a methoxy 
group, an alkoxycarbonyl group, a cyano group, a ?uorine 
atom or a chlorine atom; Y represents a single bond, an ester 
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group, an amido group, an ether group or a urea group; L 

represents a divalent linking group; and n represents 0 or 1. 

[0048] The alkoXycarbonyl group as R1 includes meth 
oXycarbonyl and etboXycarbonyl. R1 is preferably a hydro 
gen atom, a methyl group, a methoXy group, a methoXycar 
bonyl group, a cyano group, a ?uorine atom or a chlorine 

atom, still preferably a hydrogen atom, a methyl group, a 
methoXycarbonyl group, a ?uorine atom or a chlorine atom, 
particularly preferably a hydrogen atom or a methyl group. 

[0049] Y is preferably a single bond, an ester group or an 
amido group, still preferably a single bond or an ester group, 
particularly preferably an ester group. 

[0050] Examples of the linking group L include a substi 
tuted or unsubstituted alkylene group, a substituted or 
unsubstituted arylene group, a substituted or unsubstituted 
alkylene group having a linking group (e.g., ether, ester or 
amido) in the chain thereof or a substituted or unsubstituted 
arylene group having a linking group in the inside thereof. 
L is preferably a substituted or unsubstituted alkylene group 
having 2 to 10 carbon atoms, a substituted or unsubstituted 
arylene group having 6 to 20 carbon atoms or an alkylene 
group having 3 to 10 carbon atoms and containing a linking 
group in the chain thereof, still preferably an unsubstituted 
alkylene group, an unsubstituted arylene group or an alky 
lene group having an ether or ester linking group in the chain 
thereof, particularly preferably an unsubstituted alkylene 
group or an alkylene group having an ether or ester linking 
group in the chain thereof. The substituent of the substituted 
alkylene or arylene group includes a halogen atom, a 
hydroXyl group, a mercapto group, a carboXyl group, an 
epoXy group, an alkyl group, and an aryl group. These 
substituents may have a further substituent if possible. 

[0051] R10 is preferably a substituted or unsubstituted 
alkyl group or a substituted or unsubstituted aryl group, still 
preferably an unsubstituted alkyl group or an unsubstituted 
aryl group. 

[0052] X is preferably a halogen atom, a hydroXyl group 
or an unsubstituted alkoXy group, still preferably a chlorine 
atom, a hydroXyl group or an unsubstituted alkoXy group 
having 1 to 6 carbon atoms, particularly preferably a 
hydroXyl group or an alkoXy group havingl to 3 carbon 
atoms. A methoXy group is the most preferred. The tWo or 
three Xs may be the same or different. n is preferably 0. 

[0053] The organosilane compounds of formula (1) can be 
used either individually or as a combination of tWo or more 
thereof. Speci?c but non-limiting examples of the com 
pounds represented by formula (I) and (II) are shoWn beloW. 

O 

0 
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content on the surface of the inorganic oxide particles. With 
the amount of the organosilane compound (I) falling Within 
the above ranges, there is produced a suf?cient stabilizing 
effect on the inorganic oXide dispersion, and the dispersion 
Will form a high strength coating ?lm. 

[0056] It is preferred that the inorganic oXide particles be 
surface-modi?ed With not only the organosilane compound 
hydrolyZate and/or partial condensate but also a compound 
having a ?uoroalkyl group or a ?uorine-containing aromatic 
group. It is preferred that the inorganic oXide particles and 
the compound having a ?uoroalkyl group or a ?uorine 
containing aromatic group react With each other. It is still 
preferred that the surface of the inorganic oXide particles be 
chemically treated With a ?uorine-containing surface active 
agent, a ?uorine-containing coupling agent, and the like. It 
is particularly preferred that the surface of the inorganic 
oXide particles be chemically treated With a ?uorine-con 
taining coupling agent. The ?uorine-containing coupling 
agent preferably includes alkoXymetal compounds, such as 
titan coupling agents and silane coupling agents, particularly 
?uorine-containing silane coupling agents. A ?uorine-con 
taining silane coupling agent represented by formula (1) 
shoWn beloW is especially effective. 

[0057] Wherein Rf represents a straight-chain, branched or 
cyclic ?uoroalkyl group having 1 to 20 carbon atoms or a 
?uorine-containing aromatic group having 6 to 14 carbon 
atoms; L1 represents a divalent linking group having 10 or 
feWer carbon atoms; R11 represents a hydroXyl group or a 
hydrolyZable group, and n represents an integer of 1 to 3. 

[0058] The surface treatment With a ?uorine-containing 
silane coupling agent is preferably such that a partial con 
densate is formed betWeen a component derived from the 
?uorine-containing silane coupling agent and the inorganic 
oXide particles. The surface treatment With a ?uorine-con 
taining silane coupling agent brings about improved stability 
of the ?ne inorganic oXide particles in the dispersion and 
improved dispersibility of the particles in a coating ?lm. A 
combined use of the organosilane compound represented by 
formula (II) and the ?uorine-containing silane coupling 
agent represented by formula (1) is particularly effective in 
improving particle dispersibility in a coating ?lm and 
scratch resistance of a coating ?lm. 

[0059] Since the ?uorine-containing silane coupling agent 
of formula (1) is included in the organosilane compound of 
formula (I), surface treatment With the ?uorine-containing 
organosilane compound of formula (I) alone is effective as 
Well. 

[0060] In formula (1), Rf preferably represents a straight 
chain, branched or cyclic ?uoroalkyl group having 3 to 10 
carbon atoms, still preferably a straight-chain ?uoroalkyl 
group having 4 to 8 carbon atoms. L1 preferably represents 
a straight-chain or branched and substituted or unsubstituted 
alkylene group having 1 to 10 carbon atoms, still preferably 
1 to 5 carbon atoms, that may contain a linking group (e.g., 
ether, ester or amido) in the chain thereof. Preferred sub 
stituents of the substituted alkylene group include a halogen 
atom, a hydroXyl group, a mercapto group, a carboXyl group, 
an epoXy group, an alkyl group, and an aryl group. R11 is 
preferably an alkoXy group having 1 to 5 carbon atoms or a 
halogen atom, still preferably a methoXy group, an ethoXy 
group or a chlorine atom. 
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[0061] Of the ?uorine-containing silane coupling agents 
of formula (1), preferred are those represented by formula 
(2)1 

CnF2n’1—(CH2)m—5i(R)3 (2) 
[0062] Wherein n represents an integer of 1 to 10; m 
represents an integer 1 to 5, and R represents an alkoXy 
group having 1 to 5 carbon atoms or a halogen atom. 

[0063] In formula (2), n is preferably 4 to 10, m is 
preferably 1 to 3; and R is preferably a methoXy group, an 
ethoXy group or a chlorine atom. 

[0064] Speci?c but non-limiting examples of the ?uorine 
containing silane coupling agents represented by formula 
(1), preferably formula (2), are shoWn beloW. 



[0065] These ?uorine-containing silane coupling agents 
can be synthesized by, for example, the process taught in 
JP-A-11-189599. 

[0066] The ?uorine-containing silane coupling agents of 
formula (1) can be used either individually or as a combi 
nation of tWo or more thereof. The ?uorine-containing silane 
coupling agents of formula (1) are preferably used in a total 
amount of 1% by 100% by Weight, still preferably 2% to 
80% by Weight, particularly preferably 5% to 50% by 
Weight, based on the inorganic oXide particles. 

[0067] Where the organosilane compound of formula (II) 
is used in combination With the ?uorine-containing silane 
coupling agent of formula (1), a preferred Weight ratio of the 
?uorine-containing silane coupling agent (1) to the orga 
nosilane compound (II) is 99:1 to 1:99, still preferably 75:25 
to 5:95, particularly preferably 50:50 to 25:75. 

[0068] Where tWo or more organosilane compounds, 
including the ?uorine-containing silane coupling agents, are 
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used in the invention, they may be added all at once, or one 
or some of them are added in the beginning of the surface 
treatment, and the rest of them are added after a certain 
progress of the surface treating reaction. It is also preferred 
that the organosilane compound is previously subjected to 
partial condensation before being brought into contact With 
the inorganic oXide particles. 

[0069] The above-described organosilane compound is 
made to act on the surface of inorganic oXide particles to 
make the particles more dispersible. More speci?cally, a 
component derived from the silane coupling agent is bonded 
to the surface of inorganic oXide particles through hydrolysis 
and/or condensation reaction of the organosilane compound. 

[0070] The surface treatment of inorganic oXide particles 
With a hydrolyZate and/or a partial condensate of the orga 
nosilane compound can be effected With or Without a sol 
vent. In using a solvent, the concentration of the organosi 
lane compound hydrolyZate and/or partial condensate is 
appropriately decided. An organic solvent is preferred for 
uniformly miXing the components. Suitable organic solvents 
include alcohols, aromatic hydrocarbons, ethers, ketones, 
and esters. 

[0071] The solvent is preferably one capable of dissolving 
the organosilane compound hydrolyZate and/or partial con 
densate and the catalyst. It is preferred that the organic 
solvent used for the surface treatment also serve as at least 
part of the medium of a coating composition containing the 
inorganic oxide dispersion of the invention. The solvent is 
preferably not to impair the solubility or dispersibility of 
other components incorporated into the coating composi 
tion, such as a ?uoropolymer hereinafter described. 

[0072] Useful alcohol solvents include monohydric alco 
hols (preferably saturated aliphatic alcohols having 1 to 8 
carbon atoms) and dihydric alcohol, such as methanol, 
ethanol, n-propyl alcohol, isopropyl alcohol, n-butyl alco 
hol, sec-butyl alcohol, tert-butyl alcohol, ethylene glycol, 
diethylene glycol, triethylene glycol, ethylene glycol 
monobutyl ether, and ethylene glycol monoethyl ether 
acetate. 

[0073] Useful hydrocarbon solvents include benZene, 
toluene, and Xylene. Useful ether solvents include tetrahy 
drofuran and dioXane. Useful ketone solvents include 
acetone, methyl ethyl ketone, methyl isobutyl ketone, and 
diisobutyl ketone. Useful ester solvents include ethyl 
acetate, propyl acetate, butyl acetate, and propylene carbon 
ate. 

[0074] These organic solvents can be used either individu 
ally or as a combination of tWo or more thereof. The 

concentration of the organosilane compound in the solvent 
used for the surface treatment is not particularly limited but 
usually ranges from 0.1% to 70% by Weight, preferably 1% 
to 50% by Weight. 

[0075] In a preferred embodiment of the present invention, 
?ne inorganic oXide particles are dispersed in an alcohol 
solvent and surface treated as described above, folloWed by 
replacement of the dispersing medium (i.e., the alcohol 
solvent) With an aromatic hydrocarbon solvent or a ketone 
solvent. For securing compatibility With a binder that is used 
for coating and dispersion stability, a ketone solvent is 
preferable to an aromatic hydrocarbon one. It is desirable for 
the organic solvent used in the surface treatment of the 
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inorganic oxide particles to have a small ketone solvent 
content. Speci?cally, the content of a ketone solvent in the 
total solvent for the surface treatment is preferably not 
higher than 30% by volume, still preferably 10% by volume 
or loWer, particularly preferably 5% by volume or loWer. 
After the surface treatment, the ketone solvent content in the 
total solvent is preferably increased to 50% by volume or 
higher, still preferably 80% by volume or higher, particu 
larly preferably 90% by volume or higher, by solvent 
replacement. 

[0076] The surface treatment of inorganic oxide particles 
With the organosilane compound hydrolyZate and/or con 
densate is preferably carried out in the presence of a catalyst. 
Suitable catalysts include inorganic acids, such as hydro 
chloric acid, sulfuric acid, and nitric acid; organic acids, 
such as oxalic acid, acetic acid, formic acid, methane 
sulfonic acid, and toluenesulfonic acid; inorganic bases, 
such as sodium hydroxide, potassium hydroxide, and ammo 
nia; organic bases, such as triethylamine and pyridine; and 
metal alkoxides, such as aluminum triisopropoxide and 
Zirconium tetrabutoxide. From the vieWpoint of production 
stability and storage stability of the inorganic oxide disper 
sion, an acid catalyst (including organic ones and inorganic 
ones) and/or a metal chelate compound is/are used in the 
present invention. Hydrochloric acid, sulfuric acid, and 
organic acids having a dissociation constant (pKa; in Water 
at 25° C., hereinafter the same) of 4.5 or smaller are 
preferably used as an acid catalyst. Hydrochloric acid, 
sulfuric acid, and organic acids having a pKa of 3.0 or 
smaller are still preferred. Hydrochloric acid, sulfuric acid, 
and organic acids having a pKa of 2.5 or smaller are 
particularly preferred. Organic acids having a pKa of 2.5 or 
smaller are especially preferred. Methanesulfonic acid, 
oxalic acid, phthalic acid, and malonic acid are desirable. 
Oxalic acid is the most preferred. 

[0077] Where the organosilane compound has an alkoxy 
group as a hydrolyZable group, and an organic acid is used 
as an acid catalyst, because the carboxyl group or sulfo 
group of the organic acid supplies a proton, the surface 
treatment can be accomplished With a reduced amount of 
Water. Speci?cally, the requisite amount of Water Will be 0 
to 2 mol, preferably 0 to 1.5 mol, still preferably 0 to 1 mol, 
particularly preferably 0 to 0.5 mol, per mole of the alkoxide 
group of the organosilane compound. Where an alcohol 
solvent is used as a medium for the surface treatment, the 
surface treatment could be achieved in a substantially Water 
free system. 

[0078] The amount of the inorganic acid catalyst to be 
used ranges from 0.01 to 10 mol %, preferably 0.1 to 5 mol 
%, based on the hydrolyZable group content. In the case of 
the organic acid catalyst, the optimal amount to be used 
varies depending on the amount of Water added. Where 
Water is added, the amount of the organic acid to be used is 
0.01 to 10 mol %, preferably 0.1 to 5 mol %, based on the 
hydrolyZable group content. When substantially no Water is 
added, the amount of the organic acid is 1 to 500 mol %, 
preferably 10 to 200 mol %, still preferably 20 to 200 mol 
%, particularly preferably 50 to 150 mol %, especially 
preferably 50 to 120 mol %, based on the hydrolyZable 
group content. 

[0079] The surface treatment is usually conducted by 
stirring the reaction system at 15° to 100° C. It is advisable 
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to select the reaction temperature according to the reactivity 
of the organosilane compound. 

[0080] The metal chelate compounds that can be used in 
the invention have Zr, Ti or Al as a center metal and an 
alcohol represented by formula: R3OH (Wherein R3 repre 
sents an alkyl group having 1to 10 carbon atoms) and/or a 
compound represented by formula: R“COCH2COR5 
(Wherein R4 represents an alkyl group having 1 to 10 carbon 
atoms; and R5 represents an alkyl group having 1 to 10 
carbon atoms or an alkoxy group having 1 to 10 carbon 
atoms) as a ligand. These metal chelate compounds serve to 
accelerate condensation reaction of the organosilane com 
pound. Preferred of these metal chelate compounds are those 
represented by formulae: 

[0081] Wherein R3, R4, and R5 are as de?ned above; and 
p1, p2, q1, q2, r1, and r2 each represent an integer for 
forming a bi-, tetra- or hexadentate complex around the 
respective center metal. 

[0082] In each of the formulae representing the metal 
chelate compounds, R3 and R4 may be the same or different 
and include ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, 
t-butyl, and n-pentyl. Examples of R5 include the above 
enumerated alkyl groups and, in addition, methoxy, ethoxy, 
n-propoxy, isopropoxy, n-butoxy, sec-butoxy, and t-butoxy. 

[0083] Speci?c examples of the metal chelate compounds 
include Zirconium chelate compounds, such as tri(n-butoxy 
)(ethyl acetoacetato)Zirconium, di(n-butoxy)bis(ethyl 
acetoacetato)Zirconium, n-butoxytris(ethyl acetoacetato)Zir 
conium, tetrakis(n-propyl acetoacetato)Zirconium, tetrak 
is(acetyl acetoacetato)Zirconium, and tetrakis(ethyl acetoac 
etate)Zirconium; titanium chelate compounds, such as 
di(isopropoxy)bis(ethyl acetoacetato)titanium, di(isopro 
poxy)bis(acetyl acetato)titanium, and di(isopropoxy 
)bis(acetylacetone)titanium; and aluminum chelate com 
pounds, such as di(isopropoxy)(ethyl 
acetoacetato)aluminum, di(isopropoxy)(acetyl aceto 
nato)aluminum, isopropoxybis(ethyl acetoacetato)alumi 
num, isopropoxybis(acetyl acetonato)aluminum, tris(ethyl 
acetoacetato)aluminum, tris(acetyl acetonato)aluminum, 
and mono(acetyl acetonato)bis(ethyl acetoacetato)alumi 
num. 

[0084] Preferred of them are tri(n-butoky)(ethyl acetoac 
etato)Zirconium, di(isopropoxy)bis(acetyl acetonato)tita 
nium, di(isopropoxy)(ethyl acetoacetato)aluminum, and 
tris(ethyl acetbacetato)aluminum. These metal chelate com 
pounds can be used either individually or as a combination 
of tWo or more thereof. Partial hydrolysis products of the 
metal chelate compounds are useful as Well. 

[0085] From the standpoint of condensation reaction rate 
and ?lm strength, the metal chelate compound is preferably 
used in an amount of 0.01% to 50% by Weight, still 
preferably 0.1% to 50% by Weight, particularly preferably 
0.5% to 10% by Weight, based on the organosilane com 
pound. 

[0086] The dispersion or the coating composition of the 
present invention preferably contains (c) a [3-diketone com 
pound and/or a [3-keto ester compound both represented by 
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formula: R4COCH2COR5 (wherein R4 and R5 are as de?ned 
above) (hereinafter sometimes referred to as “component 
(c)”) in addition to the organosilane compound and (a) the 
acid catalyst and/or (b) the metal chelate compound. Com 
ponent (c) acts as a stability improver in the dispersion or the 
coating composition. The [3-diketone compound and/or 
[3-keto ester compound coordinates to the center metal of the 
metal chelate compound (i.e., the Zirconium, titanium and/or 
aluminum compound). It is considered to folloW that the 
accelerating action of the metal chelate compound on the 
condensation reaction of the organosilane compound is 
suppressed thereby to provide the resulting dispersion or 
coating composition With improved storage stability. 

[0087] Examples of the [3-diketone compound and/or 
[3-keto ester compound as component (c) include acetylac 
etone, methyl acetoacetate, ethyl acetoacetate, n-propyl 
acetoacetate, isopropyl acetoacetate, n-butyl acetoacetate, 
sec-butyl acetoacetate, t-butyl acetoacetate, 2,4-hexanedi 
one, 2,4-heptanedione, 3,5-heptanedione, 2,4-octanedione, 
2,4-nonanedione, and S-methylhexanedione. Ethyl acetoac 
etate and acetylacetone are preferred of them, With acety 
lacetone being still preferred. These [3-diketone compounds 
and [3-keto ester compounds can be used either individually 
or as a mixture of tWo or more thereof. Component (c) is 
preferably used in an amount of 2 mol or more, still 
preferably 3 to 20 mol, per mole of the metal chelate 
compound. Addition of less than 2 mol is substantially 
ineffective. 

[0088] The inorganic oxide particles to be surface treated 
in the invention preferably include particles of an oxide of 
at least one element selected from the group consisting of 
silicon, aluminum, Zirconium, titanium, Zinc, germanium, 
indium, tin, antimony, and cerium. 

[0089] Examples of the oxide are silica, alumina, Zirconia, 
titanium oxide, Zinc oxide, germanium oxide, indium oxide, 
tin oxide, indium-tin oxide (ITO), antimony oxide, and 
cerium oxide. Silica, alumina, Zirconia, and antimony oxide 
are preferred from their high hardness. These inorganic 
oxides can be used either individually or as a mixture 
thereof. The ?ne inorganic oxide dispersion of the present 
invention is obtained by dispersing the aforementioned 
surface-treated ?ne inorganic oxide particles in an organic 
solvent. The inorganic oxide particles are preferably surface 
treated in the form of a dispersion in a dispersion medium. 
The dispersing medium is preferably an organic solvent in 
vieW of compatibility With other components or dispersing 
capabilities. Suitable organic solvents as a dispersing 
medium include alcohols, such as methanol, ethanol, iso 
propyl alcohol, butanol, and octanol; ketones, such as 
acetone, methyl ethyl ketone, methyl isobutyl ketone, and 
cyclohexanone; esters, such as ethyl acetate, butyl acetate, 
ethyl lactate, y-butyrolactone, propylene glycol monomethyl 
ether acetate, and propylene glycol monoethyl ether acetate; 
ethers, such as ethylene glycol monomethyl ether and dieth 
ylene glycol monobutyl ether; aromatic hydrocarbons, such 
as benZene, toluene, and xylene; and amides, such as dim 
ethylformamide, dimethylacetamide, and N-rnethylpyrroli 
done. Preferred of them are methanol, isopropyl alcohol, 
butanol, methyl ethyl ketone, methyl isobutyl ketone, ethyl 
acetate, butyl acetate, toluene, and xylene. 

[0090] The inorganic oxide particles preferably have a 
number average particle siZe of 1 to 2000 nm, still preferably 
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3 to 200 nm, particularly preferably 5 to 100 nm. With the 
number average particle siZe exceeding 2000 nm, the coat 
ing composition tends to provide a cured product With 
reduced transparency or a coating ?lm With poor surface 
conditions. The dispersion or the coating composition may 
contain various surface active agents or amine compounds 
for the purpose of improving the dispersibility of the par 
ticles. 

[0091] Commercial products of silicon oxide (e.g., silica 
)particles that can be used in the invention include those 
supplied in colloidal form, such as Methanol Silica Sol, 
MA-ST-MS, EPA-St, IPA-ST-MS, IPA-ST-L, IPA-ST-ZL, 
IPA-ST-UP, EG-ST, NPC-ST-30, MEK-ST, MEK-ST-L, 
MIBK-ST, NBA-ST, XBA-ST, DMAC-ST, ST-UP, ST-OUP, 
ST-20, ST-40, ST-C, ST-N, ST-O, ST-50, and ST-OL, all 
available from Nissan Chemical Industries, Ltd., and holloW 
silica CS60-IPA available from Catalysts & Chemicals 
Industries Co., Ltd.; and those supplied in poWder form, 
such as Aerosil 130, Aerosil 300, Aerosil 380, Aerosil 
TT600, and Aerosil OX50, all available from Nippon Aero 
sil Co., Ltd., Sildex H31, H32, H51, H52, H121, and H122 
available from Asahi Glass Co., Ltd., E220A and E220 
available from Nippon Silica Kogyo KK, Sylysia 470 avail 
able from Fuji Silysia Chemical Ltd., and SG Flake avail 
able from Nippon Sheet Glass Co., Ltd. 

[0092] Commercial products of other inorganic oxide par 
ticles that can be used in the invention include Waterborne 
dispersions of alumina, such as Alumina Sol 100, 200 and 
520 from Nissan Chemical Industries, Ltd.; 2-propanol 
dispersions of alumina, such as AS-150I from Sumitomo 
Osaka Cement Co., Ltd.; toluene dispersions of alumina, 
such as AS-150T from Sumitomo Osaka Cement; toluene 
dispersions of Zirconia, such as HXU-110J C from Sumitomo 
Osaka Cement; Waterborne dispersions of Zinc antimonate, 
such as Celnax from Nissan Chemical; alumina, titanium 
oxide, tin oxide, indium oxide or Zinc oxide poWders or 
solventbome dispersions exempli?ed by NanoTek series 
from C1. Kasei Co., Ltd.; Waterborne dispersions of anti 
mony-doped tin oxide, such as SN-100D from Ishihara 
Sangyo Kaisha, Ltd.; ITO poWders available from Mitsub 
ishi Materials Corp.; and Waterborne dispersions of cerium 
oxide, such as Needral from Taki Chemical Co., Ltd. 

[0093] The inorganic oxide particles may be amorphous or 
may have a spherical shape, a rod shape, a plate shape or a 
?brous shape and may be solid or holloW and porous or 
nonporous. The oxide particles are preferably spherical 
and/or holloW. HolloW silica particles Will be described later. 
The oxide particles preferably have a BET speci?c surface 
area (measured using nitrogen as adsorption gas) of 10 to 
1000 m2/g, still preferably 100 to 500 m2/g. The dispersion 
of the inorganic oxide particles to be surface treated may be 
prepared by dispersing an inorganic oxide poWder in an 
organic solvent, or any of the above-recited ?ne dispersions 
knoWn in the art may be utiliZed as such. 

[0094] In case Where an inorganic oxide poWder is dis 
persed in a dispersing medium, a dispersant can be used. A 
dispersant having an anionic group is preferred. Effective 
anionic groups include those having an acidic proton, such 
as a carboxyl group, a sulfo group, a phosphono group, and 
a sulfonamido group, and their salt forms. Acarboxyl group, 
a sulfo group, a phosphono group, and their salt forms are 
preferred. A carboxyl group and a phosphono group are still 
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preferred. A dispersant can have tWo or more anionic groups 
for ensuring the effect of improving the dispersibility. The 
average number of the anionic groups per molecule is 
preferably 2 or greater, still preferably 5 or greater, particu 
larly preferably 10 or greater. The anionic groups present per 
molecule may be the same or different. 

[0095] The dispersant can contain a crosslinkable or poly 
meriZable functional group in its molecule. A crosslinkable 
or polymeriZable functional group includes ethylenically 
unsaturated groups capable of addition reaction and poly 
meriZation reaction initiated by a radical species (e.g., 
(meth)acryloyl, allyl, styryl or vinyloXy), cationically poly 
meriZable groups (e.g., epoxy, oXatanyl or vinyloXy), and 
polycondensation reactive groups (e.g., hydrolyZable silyl 
groups and N-methylol). Functional groups having an eth 
ylenically unsaturated group are preferred. 

[0096] A dispersing machine can be used to pulveriZe 
inorganic oXide particles. Useful dispersing machines 
include a sand grinder mill (e.g., a bead mill With pins), a 
high-speed impeller mill, a pebble mill, a roller mill, an 
attritor, and a colloid mill. A sand grinder mill and a 
high-speed impeller mill are recommended. The oXide par 
ticles may previously be dispersed by means of a ball mill, 
a three-roll mill, a kneader, an eXtruder, etc. 

[0097] The above-described organic solvent dispersion of 
surface-treated inorganic oXide particles can. be com 
pounded With a ?lm-forming composition to make a coating 
composition. The coating composition containing the inor 
ganic oXide dispersion forms a layer of an optical ?lm. The 
coating composition is particularly suitable to form a loW 
refractive layer of an antire?ection ?lm. 

[0098] The optical ?lm according to the present invention 
has a transparent substrate (hereinafter sometimes referred 
to as a base ?lm) and one or more functional layers provided 
thereon. At least one of the functional layers is formed of the 
coating composition of the invention. 

[0099] The functional layers of an optical ?lm as referred 
to here include an antistatic layer, a hard coat layer, an 
antire?ection layer, an antiglare layer, an optical compen 
sation layer, an orientation layer, and a liquid crystal layer. 
The antire?ection ?lm according to the present invention has 
an antire?ection layer provided on a transparent substrate 
and, if necessary, a hard coat layer provided betWeen the 
substrate and the antire?ection layer. The antire?ection layer 
is composed of at least one layer, usually a stack of layers, 
of Which the refractive indeX, the thickness, the number, and 
the order of stacking are designed so as to reduce the 
re?ectance by optical interference. 

[0100] The simplest layer structure of the antire?ection 
?lm is a substrate having formed thereon an antire?ection 
layer composed solely of a loW refractive layer. To further 
reduce the re?ectance, the antire?ection layer is desirably 
composed of at least one high refractive layer having a 
higher refractive indeX than the substrate and at least one 
loW refractive layer having a loWer refractive indeX than the 
substrate. KnoWn antire?ection ?lms have a tWo-layer struc 
ture having a high refractive layer and a loW refractive layer 
stacked on a substrate in that order or a three-layer structure 
having a middle refractive layer, a high refractive layer, and 
a loW refractive layer stacked on a substrate in that order (the 
middle refractive layer having a higher refractive indeX than 
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the substrate or a hard coat layer and a loWer refractive indeX 
than the high refractive layer). Layer structures With more 
layers are also proposed. An antire?ection ?lm having, on a 
substrate, a hard coat layer, a middle refractive layer, a high 
refractive layer, and a loW refractive layer in that order is 
particularly preferred for its durability, optical characteris 
tics, cost, and productivity. The antire?ection ?lm of the 
invention may further have an antiglare layer, an antistatic 
layer, and the like. 

[0101] The structures the antire?ection ?lm of the inven 
tion can have are listed beloW. 

[0102] 1) Base ?lm/loW refractive layer 

[0103] 2) Base ?lm/antiglare layer/loW refractive 
layer 

[0104] 3) Base ?lm/bard coat layer/antiglare layer/ 
loW refractive layer 

[0105] 4) Base ?lm/hard coat layer/high refractive 
layer/loW refractive layer 

[0106] 5) Base ?lm/hard coat layer/middle refractive 
layer/high refractive layer/loW refractive layer 

[0107] 6) Base ?lm/antiglare layer/high refractive 
layer/loW refractive layer 

[0108] 7) Base ?lm/antiglare layer/middle refractive 
layer/high refractive layer/loW refractive layer 

[0109] 8) Base ?lming/antistatic layer/hard coat 
layer/middle refractive layer/high refractive layer/ 
loW refractive layer 

[0110] 9) Antistatic layer/base ?lm/hard coat layer/ 
middle refractive layer/high refractive layer/loW 
refractive layer 

[0111] 10) Base ?lm/antistatic layer/antiglare layer/ 
middle refractive layer/high refractive layer/loW 
refractive layer 

[0112] 11) Antistatic layer/base ?lm/antiglare layer/ 
middle refractive layer/high refractive layer/loW 
refractive layer 

[0113] 12) Antistatic layer/base ?lm/antiglare layer/ 
high refractive layer/loW refractive layer/high refrac 
tive layer/loW refractive layer 

[0114] The layer structure of the antire?ection ?lm of the 
invention is not limited to the above list as long as it reduces 
the re?ectance through optical interference. The high refrac 
tive layer may be a light scattering layer having no antiglare 
performance. The antistatic layer is preferably a layer con 
taining conductive polymer particles or metal oXide ?ne 
particles (e.g., SnO2, ITO), Which can be formed by appli 
cation of a coating composition or plasma treatment under 
atmospheric pressure. 

[0115] The ?lm-forming composition making up the coat 
ing composition according to the present invention prefer 
ably contains a compound having an ethylenically unsatur 
ated group. Such a compound is preferably a main ?lm 
forming binder of the ?lm forming composition from the 
vieWpoint of ?lm strength, stability of the coating compo 
sition, and productivity of the coating ?lm. The term “main 
?lm forming binder” as used herein means a binder com 
ponent forming a proportion of at least 10% by Weight in 
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total ?lm forming components other than the inorganic 
particles. The proportion of the main ?lm forming binder in 
the total ?lm forming components is preferably 20% to 
100% by Weight, still preferably 30% to 95% by Weight. 

[0116] The ?lm forming binder is preferably a polymer 
having a saturated hydrocarbon chain or a polyether chain as 
a main chain, still preferably a polymer having a saturated 
hydrocarbon chain as a main chain. A homo- or copolymer 
of a monomer having tWo or more ethylenically unsaturated 
groups per molecule is a preferred binder polymer having a 
saturated hydrocarbon chain as a main chain and a 
crosslinked structure. To increase the refractive index, the 
monomer preferably contains an aromatic ring or at least one 
atom selected from halogen atoms other than ?uorine, a 
sulfur atom, a phosphorus atom, and a nitrogen atom in its 
structure. 

[0117] Examples of the monomer having tWo or more 
ethylenically unsaturated groups include esters betWeen 
polyhydric alcohols and (meth)acrylic acid, such as ethylene 
glycol di(meth)acrylate, 1,4-cyclohexane diacrylate, pen 
taerythritol tetra(meth)acrylate, pentaerythritol tri 
(meth)acrylate, trimethylolpropane tri(meth)acrylate, trim 
ethylolethane tri(meth)acrylate, dipentaerythritol 
tetra(meth)acrylate, dipentaerythritol penta(meth)acrylate, 
dipentaerythritol hexa(meth)acrylate, pentaerythritol hex 
a(meth)acrylate, 1,2,3-cyclohexane tetramethacrylate, poly 
urethane polyacrylate, and polyester polyacrylate; vinylben 
Zene and derivatives thereof, such as 1,4-divinylbenZene, 
2-acryloylethyl 4-vinylbenZoate, and 1,4-divinylcyclohex 
anone; vinylsulfones, such as divinylsulfone; acrylamides, 
such as methylenebisacrylamide; and methacrylamides. The 
terms “(meth)acrylic” and “(meth)acrylate” as used herein 
mean “acrylic or methacrylic” and “acrylate or methacry 
late”, respectively. These monomers can be used either 
individually or as a combination of tWo or more thereof. 

[0118] Examples of monomers providing high refractive 
polymers include bis(4methacryloylthiophenyl) sul?de, 
vinylnaphthalene, vinyl phenyl sul?de, and 4-methacrylox 
yphenyl-4‘-methoxyphenyl thioether. These monomers are 
also employable either individually or as a combination of 
tWo or more thereof. 

[0119] Polymerization of the monomer having an ethyl 
enically unsaturated group can be carried out by irradiation 
With an ioniZing radiation or heating in the presence of a 
photo radical initiator or a thermal radical initiator. 

[0120] Useful photo radical initiators include acetophe 
nones, benZoins, benZophenones, phosphine oxides, ketals, 
anthraquinones, thioxanthones, aZo compounds, peroxides, 
2,3-dialkyldione compounds, disul?de compounds, ?uoro 
amine compounds, and aromatic sulfoniums. Examples of 
the acetophenones are 2,2-diethoxyacetophenone, p-dim 
ethylacetophenone, 1-hydroxydimethyl phenyl ketone, 
1-hydroxycyclohexyl phenyl ketone, 2-methyl-4-meth 
ylthio-2-morpholinopropiophenone, and 2-benZyl-2-dim 
ethylamino-1-(4-morpholinophenyl)butanone. Examples of 
the benZoins are benZoin benZenesulfonate, benZoin tolu 
enesulfonate, benZoin methyl ether, benZoin ethyl ether, and 
benZoin isopropyl ether. Examples of the benZophenones are 
benZophenone, 2,4-dichlorobenZophenone, 4,4-dichlo 
robenZophenone, and p-chlorobenZophenone. Examples of 
the phosphine oxides include 2,4,6-trimethylbenZoyldiphe 
nylphosphine oxide. 
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[0121] Additional examples of useful photo radical initia 
tors are described in Saishin UV Kouka Gijyutu, Technical 
Information Institute Co., Ltd., 1991, 159. 

[0122] Commercially available photo-cleaving radical ini 
tiators that are preferably used in the invention include 
Irgacure series (651, 184, and 907) from Ciba-Geigy Japan 
Ltd. 

[0123] The photo polymeriZation initiator is preferably 
used in an amount of 0.1 to 15 parts by Weight, still 
preferably 1 to 10 parts by Weight, per 100 parts by Weight 
of the polyfunctional monomer. A photo sensitiZer may be 
used in addition to the photo polymeriZation initiator. Suit 
able photo sensitiZers include n-butylamine, triethylamine, 
tri-n-butylphosphine, Michler’s ketone, and thioxanthone. 

[0124] The thermal radical initiators include organic or 
inorganic peroxides, and organic am and diaZo compounds. 
Examples of the organic peroxides are benZoyl peroxide, 
halogen-substituted benZoyl peroxides, lauroyl peroxide, 
acetyl peroxide, dibutyl peroxide, cumene hydroperoxide, 
and butyl hydroperoxide. Examples of the inorganic perox 
ides are hydrogen peroxide, ammonium persulfate, and 
potassium persulfate. Examples of the am compounds are 
2-aZobisisobutyronitrile, 2-aZobispropionitrile, and 2-aZo 
biscyclohexanedinitrile. Examples of the diaZo compounds 
are diaZoaminobenZene and p-nitrobenZene diaZonium. 

[0125] As stated above, polymers having a polyether as a 
main chain are also useful as a ?lm forming binder. The 
polymer having a polyether main chain is preferably a ring 
open polymeriZation product of a polyfunctional epoxy 
compound. Ring open polymeriZation of a polyfunctional 
epoxy compound is performed by irradiation With an ion 
iZing radiation or heating in the presence of a photo acid 
generator or a thermal acid generator. 

[0126] The optical ?lm of the invention Will be explained 
beloW, by taking the antire?ection ?lm as an example. 

[0127] A monomer having a crosslinking functional group 
may be used in addition to, or in place of, the monomer 
having tWo or more ethylenically unsaturated group to 
produce a polymer having a crosslinking functional group, 
Which reacts to introduce a crosslinked structure into the 
binder polymer. 

[0128] Examples of the crosslinking functional group 
include an isocyanate group, an epoxy group, an aZiridine 
group, an oxaZoline group, an aldehyde group, a carbonyl 
group, a hydraZine group, a carboxyl group, a methylol 
group, and an active methylene group. Other monomers 
useful to introduce a crosslinked structure include vinylsul 
fonic acid, acid anhydrides, cyanoacrylate derivatives, 
melamines, etheri?ed methylols, esters, urethanes, and 
metal alkoxides such as tetramethoxysilane. Functional 
groups capable of developing crosslinkability upon being 
decomposed, such as a blocked isocyanate group, are also 
effective. In other Words, the term “crosslinking functional 
group” as used herein includes not only a group ready to 
crosslink but a group that decomposes to develop crosslink 
ing reactivity. 

[0129] The binder polymer having such a crosslinking 
functional group forms a crosslinked structure on being 
heated after application. 
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[0130] The loW refractive layer of the antire?ection ?lm is 
preferably formed by using the coating composition of the 
invention. 

[0131] The loW refractive layer is preferably a cured ?lm 
of a copolymer essentially comprising a repeating unit 
derived from a ?uorine-containing vinyl monomer and a 
repeating unit having a (meth)acryloyl group in the side 
chain thereof (hereinafter sometimes referred to as a ?uo 
ropolymer). It is preferred that at least 60% by Weight, still 
preferably 70% by Weight or more, particularly preferably 
80% by Weight or more, of the solids content of the coating 
?lm be derived from the copolymer. In order to achieve high 
?lm strength as Well as a loW refractive index, a curing 
agent, such as a polyfunctional (meth)acrylate, is preferably 
added to the coating composition Within an amount com 
patible With the other components. 

[0132] The loW refractive layer preferably has a refractive 
index of 1.20 to 1.46, still preferably 1.25 to 1.46, particu 
larly preferably 1.30 to 1.46. 

[0133] The loW refractive layer preferably has a thickness 
of 50 to 200 nm, still preferably 70 to 100 nm. The haZe of 
the loW refractive layer is preferably 3% or less, still 
preferably 2% or less, particularly preferably 1% or less. The 
loW refractive layer preferably has a pencil hardness of H or 
higher, still preferably 2H or higher, particularly preferably 
3H or higher, as measured under a load of 500 g. 

[0134] In order to assure antifogging properties of the 
optical ?lm, the Water contact angle of the surface of the loW 
refractive layer is preferably 90° or greater, still preferably 
95° or greater, particularly preferably 100° or greater. 

[0135] The ?uoropolymer that is preferably used to form 
the loW refractive layer Will be described in more detail. 

[0136] Examples of the ?uorine-containing vinyl mono 
mer include ?uoroole?ns (e.g., ?uoroethylene, vinylidene 
?uoride, tetra?uoroethylene, and hexa?uoropropylene), par 
tially or completely ?uorinated alkyl ester derivatives of 
(meth)acrylic acid (e.g., Viscoat 6FM available from Osaka 
Organic Chemical Industry Ltd. and R-202 available from 
Daikin Industries, Ltd.), and partially or completely ?uori 
nated vinyl ethers. Per?uoroole?ns are preferred. Hexa?uo 
ropropylene is particularly preferred from the standpoint of 
refractive index, solubility, transparency, and availability. As 
the copolymeriZation ratio of the ?uorine-containing vinyl 
monomer increases, the refractive index becomes smaller, 
but the ?lm strength decreases. From this vieWpoint, the 
?uorine-containing vinyl monomer is preferably used to 
give a ?uorine content of 20% to 60% by Weight, still 
preferably 25% to 55% by Weight, particularly preferably 
30% to 50% by Weight, in the resulting copolymer. 

[0137] The ?uoropolymer preferably contains a repeating 
unit having a (meth)acryloyl group in the side chain thereof. 
As the ratio of the (meth)acryloyl group-containing repeat 
ing unit increases, the ?lm strength increases, but the 
refractive index also increases. A preferred ratio of the 
(meth)acryloyl group-containing repeating unit in the 
copolymer is generally 5% to 90% by Weight, still preferably 
30% to 70% by Weight, particularly preferably 40% to 60% 
by Weight, While varying depending on the ?uorine-con 
taining vinyl monoomer to be combined With. 

[0138] In addition to the ?uorine-containing vinyl mono 
mer unit and the (meth)acryloyl group-containing unit, the 
copolymer can contain one or more kinds of repeating units 
derived from other vinyl monomers for improving adhesion 
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to a substrate, adjusting the glass transition temperature (Tg) 
that contributes to the ?lm strength, and improving the 
solubility in a solvent, transparency, slip properties, antidust 
and antifouling properties, and the like. The ratio of the other 
vinyl monomer units in the copolymer is preferably up to 65 
mol %, still preferably 0 to 40 mol %, particularly preferably 
0 to 30 mol %. 

[0139] Examples of useful other vinyl monomers include 
ole?ns (e.g., ethylene, propylene, isoprene, vinyl chloride, 
and vinylidene chloride), acrylic esters (e.g., methyl acry 
late, ethyl acrylate, 2-ethylhexyl acrylate, and 2-hydroxy 
ethyl acrylate), methacrylic esters (e.g., methyl methacry 
late, ethyl methacrylate, butyl methacrylate, and 
2-hydroxyethyl methacrylate), styrene derivatives (e.g., sty 
rene, p-hydroxymethylstyrene, and p-methoxystyrene), 
vinyl ethers (e.g., methyl vinyl ether, ethyl vinyl ether, 
cyclohexyl vinyl ether, hydroxyethyl vinyl ether, and 
hydroxybutyl vinyl ether), vinyl esters (e.g., vinyl acetate, 
vinyl propionate, and vinyl cinnamate), unsaturated car 
boxylic acids (eg., acrylic acid, methacrylic acid, crotonic 
acid, maleic acid, and itaconic acid), acrylamides (e.g., 
N,N-di methyl acrylamide, N-t-butylacrylamide, and N-cy 
clohexylacryl amide), methacrylamides (e.g., N,N-dimeth 
ylmethacrylamide), and acrylonitrile. 
[0140] Of the above-described ?uoropolymers preferred 
are those represented by formula 

[0141] Wherein L represents a linking group having 1 to 10 
carbon atoms; m represents 0 or 1; X represents a hydrogen 
atom or a methyl group; A represents a repeating unit 
derived from at least one vinyl monomer; and x, y, and Z 
represent mole percents of the respective repeating units in 
ranges 302x260, 5éyé70, and 022265. 
[0142] In formula (A), L is preferably a linking group 
having 1 to 6 carbon atoms, still preferably a linking group 
having 2 to 4 carbon atoms. The linking group may be 
straight-chain or branched or may contain a cyclic structure. 
The linking group may contain a hetero atom selected from 
O, N, and S. Examples of preferred linking groups L are 
*—<CHZ>Z—O—**, *—(CHZ>Z—NH—**, *—(cH2).— 
O—**> *—(CH2)6—O—**> >F—(CH2)2—O—(CH2)2— 
O—* * , *—CONH—(CH2)3—O—* * , 

*—CH2CH(OH) CH2—O—* * , and 
*—CH2CH2OCONH(CH2)3—O—** (Wherein * indicates 
the position at Which to link to the main chain of the 
polymer; and ** indicates the position at Which to link to the 
(meth)acryloyl group). X is preferably a hydrogen atom 
from the vieWpoint of curing reactivity. 
[0143] The repeating unit represented by A is not particu 
larly limited as long as it is derived from a vinyl monomer 
or monomers copolymeriZable With hexa?uoropropylene. 
The vinyl monomer or monomers providing the unit A can 
be chosen according to the purpose, for example, improve 
ment of adhesion to a substrate, adjustment of the glass 
transition temperature (Tg) that contributes to the ?lm 
strength, and improvement of solubility in a solvent, trans 
parency, slip properties, and antidust or antifouling proper 
ties. 
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[0144] Examples of suitable vinyl monomers providing 
the unitAinclude vinyl ethers (e.g., methyl vinyl ether, ethyl 
vinyl ether, t-butyl vinyl ether, cycloheXyl vinyl ether, 
isopropyl vinyl ether, hydroXyethyl vinyl ether, hydroXybu 
tyl vinyl ether, glycidyl vinyl ether, and allyl vinyl ether), 
vinyl esters (e.g., vinyl acetate, vinyl propionate, and vinyl 
butyrate), (meth)acrylates (e.g., methyl (meth)acrylate, ethyl 
(meth)acrylate, hydroXyethyl (meth)acrylate, glycidyl meth 
acrylate, allyl (meth)acrylate, and (meth)acryloyloXypropy 
ltrimethoXysilane), styrene derivatives (e.g., styrene and 
p-hydroXymethylstyrene), and unsaturated carboXylic acids 
(eg., crotonic acid, maleic acid, and itaconic acid) and 
derivatives thereof. Preferred of them are vinyl ether deriva 
tives and vinyl ester derivatives, With the vinyl ether deriva 
tives being particularly preferred. 

[0145] X, y, and Z preferably represent numbers in ranges: 
352X255, 302y2 60, and 022220, still preferably 
402X255, 402y255, and 022210. 

[0146] Of the copolymers represented by formula (A) 
preferred are those represented by formula (B): 

C113 

X 
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-continued 

—rCH2—<|3H17 +13%? 
O—(CH2jn—OH 

[0147] Wherein X, X, and y are as de?ned for formula (A) 
(preferred ranges of X, X, and y are the same as those 
described above); n represents an integer of 2 to 10; B 
represents a repeating unit derived from at least one vinyl 
monomer; and 21 and 22 represent mole percents of the 
respective repeating units in ranges: 0221265 and 
0222265. 

[0148] In formula (B), n is preferably 2 to 6, still prefer 
ably 2 to 4. EXamples of the repeating unit B are the same 
as those enumerated for the repeating unit A. 21 is preferably 
0 to 30, still preferably 0 to 10, and 22 is preferably 0 to 10, 
still preferably 0 to 5. 

[0149] The ?uoropolymer represented by formula (A) 
(preferably formula is synthesized by, for eXample, 
introducing a (meth)acryloyl group into a copolymer con 
taining a heXa?uoropropylene component and a hydroXy 
alkyl vinyl ether component. The copolymer can be prepared 
by the process described in JP-A-2004-45462. 

[0150] EXamples of the ?uoropolymers that are preferably 
used to form the loW refractive layer of the antire?ection 
?lm are listed beloW. 

—FcF2—(|:F%; —PcH2—(|:H%: o —FcH2—cH%7 
CF3 O+L1+CC=CH2 0+L1+H 

In H] 

X 

Molecular Average 
Molecular Weight 

X y m L1 X Mn (x104) 

P-1 50 0 1 *—CH2CH2O— H 3.1 
P-2 50 0 1 *—CH2CH2O— cH3 4.0 
P-3 45 5 1 *—CH2CH2O— H 2.8 
P-4 40 10 1 *—CH2CH2O— H 3.8 
P 5 30 20 1 *—CH2CH2O— H 5.0 
P 6 20 30 1 *—CH2CH2O— H 4.0 
P 7 50 0 0 — H 11.0 

P s 50 0 1 *—C4H8O— H 0.8 

P 9 50 0 1 *+CH29;O+CH29_2O_ H 1.0 

P 10 50 0 1 H 7.0 

* o— 

P-11 50 0 1 *—CH2CH2NH— H 4.0 

P 12 50 0 1 O H 4.5 

*—CH2CH2OCNHCH2CH2O— 

P-13 50 0 1 0 CH3 4.5 
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-continued 

—H:F2—(|:F%T —FcH2—cH%7 o —PcH2—crH; —PB9; 
CF3 O+CH2)I,OCC=CH2 O+CH2+IPH 

X 

Number Average 
Molecular Weight 

x y z1 z2 n X B Mn (x104) 

P-29 5O 4O 5 5 2 H —CH2—CH— 5.0 

O—CH2CH3 

P-30 50 35 5 10 2 H —CH2_CH— 5.0 

O—C(CH3)3 

P-31 40 40 10 10 4 CH3 —CH2—CH— 4.0 

l@ 
—FcF2—cF%§ +Y9T —Fz%T 

LP, 
Number Average 
Molecular Weight 

a b Y Z Mn (x104) 

P-32 45 5 CH3 CH3 4.0 

—(|:H—CH— O —(|:H—CH— 
CO2CH2CHCH2OCC= CH2 COOH 

OH CH3 

P-33 40 10 _CH _CH_ —CH—CH— 4-O 

COZH CONHCH2CH2OCCH=CH2 O=C\O 0 

*indicates the polymer main chain side. 
**indicates the acryoyl group side. 

[0151] The above-described copolymers are synthesized 
by preparing a precursor, such as a hydroxyl-containing 
polymer, through various polymerization techniques, 
including solution polymerization, precipitation polymeriza 
tion, suspension polymerization, bulk polymerization, and 
emulsion polymerization, and introducing a (meth)acryloyl 
group into the precursor through polymer reaction. The 
polymer reaction is conducted by knoWn processes, such as 
a batch process, a semi-continuous process, and a continu 
ous process. 

[0152] The polymerization is initiated by using a radical 
initiator or irradiating With light or a radiation. The poly 
merization processes and the methods of polymerization 
initiation are described, e. g., in Teiji Turuta, Kobunshi Gosei 
Houhou, Rev. Ed., Nikkan Kogyo Shinbun, 1971 and Tak 
ayuki Ohtu and Masaetu Kinoshita, Kobunshi Gosei n0 
Jikkenho, Kagaku Dojin, 1972, 124-154. 
[0153] Of the above-recited polymerization techniques, 
solution polymerization using a radical initiator is preferred. 
Various organic solvents can be used to effect solution 
polymerization. Examples of useful solvents include ethyl 

acetate, butyl acetate, acetone, methyl ethyl ketone, methyl 
isobutyl ketone, cyclohexanone, tetrahydrofuran, dioxane, 
N,N-dimethylformamide, N,N-dimethylacetarnide, ben 
zene, toluene, acetonitrile, methylene chloride, chloroform, 
dichloroethane, methanol, ethanol, l-propanol, 2-propanol, 
and 1-butanol, and mixtures thereof. A mixed solvent of the 
organic solvent and Water is also useful. 

[0154] The polymerization temperature is decided in con 
nection With a desired molecular Weight of the polymer 
produced, the kind of the initiator used, and the like. It may 
be loWer than 0° C. or higher than 100° C., but preferably 
ranges from 50° to 100° C. 

[0155] The reaction pressure is decided appropriately. It 
usually ranges from about 0.98 to 98 kPa, preferably about 
0.98 to 30 kPa. The reaction time is usually about 5 to 30 
hours. 

[0156] Solvents that can be used for re-precipitation of the 
resulting polymer preferably include isopropyl alcohol, hex 
ane, and methanol. 
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[0157] The inorganic oxide particles that are suited for use 
in the loW refractive layer of the antire?ection layer Will then 
be described. The amount of the inorganic oXide particles to 
be applied is preferably 1 to 100 rng/rn2, still preferably 5 to 
80 rng/rn2, particularly preferably 10 to 60 rng/rn2. Where 
the amount of the inorganic particles applied is too small, the 
effect of improving scratch resistance is insubstantial. Where 
too large an amount of the particles is applied, the surface of 
the loW refractive layer has ?ne unevenness, Which can 
result in deterioration of appearance (including black tone or 
density) and integrated re?ectance. 

[0158] It is desirable of necessity that the inorganic oXide 
particles, being used in the loW refractive layer, have a loW 
refractive indeX. Speci?cally, the aforementioned surface 
treated inorganic oXide particles, including solid particles 
and holloW particles, such as silica or holloW silica particles, 
dispersed in an organic solvent Which have a loW refractive 
indeX are used. The silica particles preferably have an 
average particle siZe of 30% to 150%, still preferably 35% 
to 80%, particularly preferably 40% to 60%, of the thickness 
of the loW refractive layer. When the loW refractive layer is 
100 nrn thick, for example, the silica particles preferably 
have an average particle siZe of 30 to 150 nrn, still preferably 
35 to 80 nrn, particularly preferably 40 to 60 nrn. 

[0159] If the silica particles are too small, the scratch 
resistance improving effect Would be insubstantial. If the 
particles are too large, the loW refractive layer Would suffer 
from ?ne surface unevenness, resulting in deterioration of 
appearance (such as black tone or density) and integrated 
re?ectance. The silica particles may be either crystalline or 
amorphous and may be rnono-dispersed particles or poly 
dispersed particles containing agglornerates as long as the 
particle siZe requirement is satis?ed. While spherical par 
ticles are the most desirable, irregularly shaped particles are 
useful as Well. The average particle siZe of the inorganic 
particles as referred to here is the one measured with a 
Coulter counter. 

[0160] In order for the loW refractive layer to have a loW 
refractive indeX, holloW silica particles are preferred. Hol 
loW silica particles have a refractive indeX of 1.17 to 1.40, 
preferably 1.17 to 1.35, still preferably 1.17 to 1.30. The 
term “refractive indeX of holloW silica particles” does not 
mean the refractive indeX of only the outer shell forming the 
individual holloW particles (i.e., the silica per se) but the one 
of the spherical particle as a Whole. Taking the radius of the 
cavity of a holloW particle and the outer radius of the shell 
as “a” and “b”, respectively, the cavity ratio X is calculated 
according to equation. 

[0161] The cavity ratio X is preferably 10% to 60%, still 
preferably 20% to 60%, particularly preferably 30% to 60%. 
As the cavity ratio increases, the shell thickness decreases to 
reduce the refractive indeX, but the strength of the particles 
reduces. Therefore, particles having a refractive indeX 
smaller than 1.17 are irnpractical from the standpoint of 
scratch resistance. 

[0162] The refractive indeX of the holloW silica particles 
was measured With an Abbe refractorneter (supplied by 
Atago 

[0163] Incorporation of holloW particles into the loW 
refractive layer is effective in reducing the refractive indeX 
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of the layer. The loW refractive layer containing holloW 
particles preferably has a refractive indeX of 1.20 to 1.46, 
still preferably 1.25 to 1.41, particularly preferably 1.30 to 
1.39. 

[0164] It is preferred to use ?ne silica particles Whose 
average particle siZe is smaller than 25% of the thickness of 
the loW refractive layer (hereinafter referred to as srnall-siZe 
silica particles) in combination With silica particles having 
the above-recited average particle siZe (hereinafter referred 
to as large-siZe silica particles). The srnall-siZe silica par 
ticles can eXist in the interstices betWeen the large-siZe silica 
particles and thereby serve to support the large siZe silica 
particles. 

[0165] When the thickness of the loW refractive layer is 
100 nrn, the srnall-siZe silica particles preferably have an 
average particle siZe of 1 to 20 nrn, still preferably 5 to 15 
nrn, particularly preferably 10 to 15 nrn. Use of silica 
particles of that siZe is preferred from the vieWpoint of 
material cost and the supporting effect. 

[0166] To secure irnproved ?lrn strength, it is preferred to 
add to the coating composition a hydrolyZate and/or a partial 
condensate of an organosilane cornpound. To synthesiZe a 
partial condensate of an organosilane cornpound (hereinafter 
referred to as sol), the acid catalysts and the metal chelate 
cornpounds useful in the surface treatment of the inorganic 
oXide particles can be used. The sol is preferably added in an 
amount of 2% to 200% by Weight, still preferably 5% to 
100% by Weight, particularly preferably 10% to 50% by 
Weight, based on the inorganic oXide particles. 

[0167] It is preferred to reduce the surface free energy of 
the antire?ection layer for improving antifouling properties. 
This can be done by incorporating into the loW refractive 
layer a ?uorine-containing compound or a compound having 
a polysiloXane structure, such as a reactive group-containing 
polysiloXane. Reactive group-containing polysiloXanes are 
available from Shin-Etsu Chemical Co., Ltd. under trade 
names KF-100T, X-22-169AS, KF-102, X-22-3701IE, 
X-22-164B, X-22-5002, X-22-173B, X-22-174D, X-22 
167B, and X-22-161AS; frorn Toagosei Co., Ltd. under 
trade names AK-5, AS-30, and AK-32; and from Chisso 
Corp. under trade names Silaplane FM 0725 and Silaplane 
FM 0721. The silicone cornpounds described in JP-A-2003 
112383, Tables 2 and 3 are also useful. Apreferred amount 
of the polysiloXane to be added is 0.1% to 10% by Weight, 
still preferably 1% to 5% by Weight, based on the total solids 
content of the loW refractive layer. 

[0168] The loW refractive layer is preferably formed by 
applying the coating composition having a ?uorine-contain 
ing compound and other optional cornponents dissolved or 
dispersed therein and curing the applied layer either simul 
taneously With application or after application and drying. 
Curing is accomplished by crosslinking or polyrneriZation 
induced by irradiation With an ioniZing radiation (e.g., light 
or an electron beam) or heating. 

[0169] Where the loW refractive layer is formed by 
crosslinking or polymerization of an ioniZing radiation 
curing compound, the crosslinking or polyrneriZation reac 
tion is preferably effected in an atmosphere having an 
oxygen concentration controlled to 10% by volume or loWer. 
By so doing, a loW refractive layer With high physical 
strength and eXcellent chemical resistance requited of the 
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outermost layer can be formed. The oxygen concentration is 
desirably 6% or lower, more desirably 4% or loWer, par 
ticularly desirably 2% or loWer, most desirably 1% or loWer, 
by volume. 

[0170] The oxygen concentration control is preferably 
achieved by replacing the air (about 79% nitrogen and about 
21% oxygen) With another gas, particularly nitrogen (i.e., 
purge With nitrogen). 

[0171] The antire?ective ?lm of the invention preferably 
has a high refractive layer provided on the substrate in 
addition to the loW refractive layer. The high refractive layer 
can be formed of a binder;, matte particles for imparting 
antiglare properties, and an inorganic ?ller for increasing a 
refractive index and ?lm strength and preventing shrinkage 
on crosslinking. 

[0172] The matte particles, Which are particles larger than 
?ller particles and are added for imparting antiglare prop 
erties, include inorganic particles and resin particles having 
an average particle siZe of0.1 to 5.0 pm preferably 1.5 to 3.5 
pm. The difference in refractive index betWeen the matte 
particles and the binder is preferably 0.02 to 0.20, still 
preferably 0.04 to 0.10. If the difference is too large, the 
layer Would be cloudy. Too small a difference results in a 
failure to exert sufficient light scattering effect. The amount 
of the matte particles to be used preferably ranges from 3% 
to 30% by Weight, more preferably 5% to 20% by Weight, 
based on the binder. If the matte particles are used in too 
much an amount, the ?lm Would be cloudy. If added in too 
small an amount, the matte particles cannot produce suf? 
cient light scattering effect. 

[0173] Examples of suitable matte particles include par 
ticles of inorganic compounds, such as silica and TiO2; and 
particles of resins, such as acrylic resins, crosslinked acrylic 
resins, polystyrene, crosslinked polystyrene, melamine res 
ins, and benZoguanamine resins. Crosslinked polystyrene 
particles, crosslinked acrylic resin particles, and silica par 
ticles are preferred. The matte particles may be spherical or 
amorphous. 

[0174] Different kinds of matte particles can be used in 
combination. When refractive index control is aimed at, it is 
effective to use tWo or more kinds of matte particles different 
in refractive index preferably by 0.02 to 0.10, still preferably 
0.03 to 0.07. It is also possible to use a combination of 
relatively large matte particles for securing antiglare perfor 
mance and relatively small matte particles for imparting 
another desired optical property For instance, an optical ?lm 
is required to be free from an optical defect called glare 
When stuck to a high precision display With a resolution of 
133 ppi or more. Glare, Which is ascribed to a luminance 
distribution due to enlargement or reduction of pixels by the 
?ne surface unevenness (contributory to anti-glare) of the 
?lm, is greatly reduced by a combination of large matte 
particles for antiglare properties and matte particles smaller 
than the large ones and having a different refractive index 
from the binder. 

[0175] It is preferred that the matte particles of a kind be 
mono-dispersed. That is, it is preferred for the individual 
particles to be as close as possible to each other in siZe. 
Particles Whose diameters are, for example, 20% or more 
greater than the average particle siZe being taken as coarse 
particles, it is desirable that the proportion of such coarse 
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particles be not more than 1%, more desirably 0.1% or less, 
most desirably 0.01% or less, of the total number of par 
ticles. Matte particles having such a narroW siZe distribution 
can be obtained by classifying the particles as synthesiZed in 
a usual manner. Classi?cation can be performed repeatedly 
or to an increased degree to obtain a desired particle siZe 
distribution. 

[0176] The matte particles are used in the high refractive 
layer preferably in an amount of 10 to 1000 mg/M2, still 
preferably 100 to 700 mg/m2. The particle siZe distribution 
of the matte particles is measured With a Coulter counter, 
and the measured distribution is converted to a particle 
number distribution. 

[0177] In addition to the matte particles the high refractive 
layer preferably contains an inorganic ?ller to increase the 
refractivity and to suppress shrinkage on curing. The inor 
ganic ?ller includes oxides of at least one of titanium, 
Zirconium, aluminum, indium, Zinc, tin, and antimony and 
has an average particle siZe of 0.2 pm or smaller, preferably 
0.1 pm or smaller, still preferably 0.06 pm or smaller. Where 
the high refractive layer contains matte particles having a 
high refractive index, it is preferred to incorporate silicon 
oxide particles into the high refractive layer so as to increase 
the difference in refractivity betWeen the high-refractive 
matte particles and the other part of the high refractive layer. 
A preferred particle siZe of the silicon oxide particles is the 
same as that of the inorganic-?ller. 

[0178] Speci?c examples of the inorganic ?ller useful in 
the high refractive layer include TiO2, ZrO2, A1203, In2O3, 
ZnO, SnO2, Sb2O3, ITO, and SiO2. TiO2 and ZrO2 are 
preferred of them for their high refractive indices. Titanium 
oxide particles are particularly preferred for their high 
refractive index. 

[0179] Where a coating composition contains a monomer 
and an initiator, the coating ?lm is irradiated With an 
ioniZing radiation or heated to cause the monomer to poly 
meriZe (cure) thereby to form a middle refractive layer or a 
high refractive layer With high scratch resistance and good 
adhesion. The average particle siZe of the inorganic particles 
in the layer is preferably 20 to 120 nm, still preferably 30 to 
100 nm, particularly preferably 40 to 90 nm, taking into 
consideration haZe, dispersion stability, and moderate ?lm 
surface roughness for adhesion to an upper layer and, in the 
case of TiO2, for suppressing photoactivity o TiO2. 

[0180] Titanium dioxide particles to be used are preferably 
those containing titanium dioxide as a main component and 
at least one element selected from the group consisting of 
cobalt, aluminum, and Zirconium as a minor component. The 
term “main component” as used above means a component 
of Which the content is the highest of all the other compo 
nents making up the particles. The inorganic particles con 
taining titanium oxide as a main component preferably have 
a refractive index of 1.90 to 2.80, still preferably 2.10 to 
2.80, particularly preferably 2.20 to 2.80. The inorganic 
particles containing titanium oxide as a main component 
preferably have a primary particle siZe of 1 to 200 nm, still 
preferably 1 to 150 nm, particularly preferably 1 to 100 nm, 
especially preferably 1 to 80 nm. 

[0181] The particle siZe of the inorganic particles can be 
measured by a light scattering method or from an electron 
micrograph. The inorganic particles preferably have a spe 
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ci?c surface area of 10 to 400 m2/g, still preferably 20 to 200 
m2/g, particularly preferably 30 to 150 m2/g 

[0182] The inorganic particles containing titanium dioxide 
as a main component preferably have a main structural form 
selected from rutile, rutile/anatase, anatase, and amorphous. 
The particles are particularly preferably those containing a 
rutile structure as a main component. The term “main 
component” as used here means a component the content of 
Which is the highest of all the other components making up 
the particles. 

[0183] The inorganic particles containing titanium dioxide 
as a main component and at least one element selected from 
cobalt, aluminum, and Zirconium as a minor component 
have the photocatalysis attributed to titanium dioxide sup 
pressed so that the high refractive layer or the middle 
refractive layer containing the particles may exhibit 
improved Weather resistance. Cobalt is preferred as a minor 
component. The inorganic particles containing tWo or more 
of cobalt, aluminum and Zirconium are also preferred. 

[0184] The inorganic ?ller can be surface treated With a 
silane coupling agent or a titan coupling agent. A coupling 
agent providing the surface of the ?ller particles With a 
functional group reactive With a binder is preferably used. 
The inorganic ?ller is preferably used in an amount of 10% 
to 90% by Weight, still preferably 20% to 80% by Weight, 
particularly preferably 30% to 70% by Weight, based on the 
total Weight of the high refractive layer. 

[0185] Since the inorganic ?ller is suf?ciently smaller in 
diameter than the Wavelength of light, it does not cause light 
scattering. Therefore, a disperse system of the ?ller in a 
binder polymer behaves as an optically uniform substance. 

[0186] The bulk (overall) refractive index of the high 
refractive layer made of a binder and an inorganic ?ller is 
preferably 1.48 to 2.00, still preferably 1.50 to 1.80. The 
kinds and the compounding ratio of the binder and the ?ller 
are selected so as to result in a bulk refractive index in the 
above range. The selection can be done through previous 
experimentation. 

[0187] The antire?ection ?lm according to the present 
invention has a haZe of 3% to 70%, preferably 4% to 60%, 
and an average re?ectance of 3.0% or smaller, preferably 
2.5% or smaller, in a Wavelength range of from 450 nm to 
650 nm. 

[0188] As long as the antire?ection ?lm has a haZe and an 
average re?ectance falling Within the above-recited respec 
tive ranges, it exhibits satisfactory antiglare and antire?ec 
tion performance Without being accompanied by deteriora 
tion of transmitted image quality. 

[0189] The transparent substrate that can be used in the 
optical ?lm of the invention is preferably a plastic ?lm. 
Polymers forming a plastic ?lm substrate include cellulose 
esters, such as cellulose triacetate and cellulose diacetate 
(e.g., TAC-TD80U and TD80UF available from Fuji Photo 
Film Co., Ltd.), polyamide, polycarbonate, polyesters, such 
as polyethylene terephthalate and polyethylene naphthalate, 
polystyrene, polyole?ns, norbornene resins (e.g., Arton 
available from JSR Corp.), and amorphous polyole?ns (e.g., 
Zeonex available from Zeon Corp.). Preferred of them are 
cellulose triacetate, polyethylene terephthalate, and polyeth 
ylene naphthalate, With cellulose triacetate being particu 
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larly preferred. A cellulose acylate ?lm substantially free of 
halogenated hydrocarbon (e.g., dichloromethane) is also a 
preferred substrate for use in the invention. Such a cellulose 
acylate ?lm and a process of producing the same are 
disclosed in Journal of Technical Disclosure 2001-1745 
published by Japan Institute of Invention and Innovation. 

[0190] For applications to displays such as LCDs, the 
optical ?lm of the invention can have an adhesive layer 
provided on the back side of the substrate thereof. As 
described later, the optical ?lm of the invention Which uses 
a cellulose triacetate base ?lm is economically advantageous 
for use as at least one of protective ?lms for a polariZing ?lm 
of a polariZing plate because a polariZing ?lm of a polariZing 
plate is commonly sandWiched in betWeen a pair of cellulose 
triacetate ?lms. 

[0191] For applications to displays as an outermost layer 
or for applications as a protective ?lm of polariZing plates, 
it is preferred that the optical ?lm such as the antire?ection 
?lm be subjected to saponi?cation after the formation of an 
outermost layer mainly comprising the ?uoropolymer. 
Saponi?cation is carried out in a knoWn manner, for 
example, by immersing the ?lm in an alkali solution for a 
proper period of time. After the immersion, the ?lm is 
thoroughly Washed With Water or immersed in a dilute acid 
solution for neutraliZation to completely remove the alkali 
component from the ?lm. As a result of the saponi?cation 
treatment, the back side of the transparent substrate (oppo 
site to the outermost layer side) is made hydrophilic. The 
thus hydrophiliZed surface is particularly advantageous for 
adhesion to a polariZing ?lm mainly comprising polyvinyl 
alcohol. In addition, the hydrophiliZed surface is less attrac 
tive to dust and is therefore advantageous for preventing 
dust in air from entering betWeen the substrate and the 
polariZing ?lm and causing spot defects. 

[0192] The saponi?cation treatment is preferably con 
ducted so that the back side of the substrate (opposite to the 
outermost layer side of the optical ?lm) may have a Water 
contact angle of 40° or smaller, still preferably 30° or 
smaller, particularly preferably 20° or smaller. 

[0193] The saponi?cation treatment With an alkali is per 
formed by (1) immersing the transparent substrate having 
the functional layer formed thereon in an alkali solution at 
least once or (2) coating an alkali solution to the back side 
of the transparent substrate having the functional layer 
formed thereon or the side of the transparent substrate 
opposite to the side on Which an antire?ection layer is to be 
provided, folloWed by heating, and folloWed by Washing 
and/or neutraliZation. The method (1) is advantageous in that 
the ?lm can be treated in the same manner as With a 

general-purpose cellulose triacetate ?lm. HoWever, the 
method (1) is disadvantageous in that the surface of the 
outermost layer is also saponi?ed (hydrolyZed With the 
alkali) and therefore deteriorated and that the alkali solution, 
if remaining on the antire?ecting layer, can soil the surface 
of the antire?ecting layer. When these disadvantages are 
problematical, the method (2) is recommended, in Which 
only the back side of the ?lm is saponi?ed. 

[0194] A process of fabricating the optical ?lm of the 
present invention Will be described taking, for instance, the 
production of an antire?ection ?lm. 

[0195] To begin With, coating compositions for the respec 
tive layers are prepared. The coating compositions are 
































