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The present invention can provide an antire?ection ?lm 
improved in the scratch resistance While having a suf?ciently 
high antire?ection property; and a polarizing plate and a dis 
play device using the antire?ection ?lm; the antire?ection 
?lmantire?ection ?lm comprising: a transparent support; and 
as an outermost layer; a 10W refractive index layer containing 
a ?uorine-containing polymer; Wherein the loW refractive 
index layer comprises at least one inorganic ?ne particle 
having an average particle size of 30 to 100% of the thickness 
of the loW refractive index layer; the polarizing plate using the 
antire?ection ?lm for one of tWo protective ?lms of a polar 
izer in the polarizing plate; and the image display device 
using the antire?ection ?lm or polarizing plate for the outer 
most surface of the display. 
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ANTIREFLECTION FILM, POLARIZING 
PLATE AND IMAGE DISPLAY DEVICE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of application Ser. 
No. 10/524,590, ?led Feb. 15, 2005, the contents ofWhich are 
incorporated herein by reference, Which Was the National 
Stage ?ling under 35 U.S.C. §371 of International Applica 
tionNo. PCT/JP03/010359, ?ledAug. 14, 2003, Whichintum 
claims priority to Japanese Application Nos. 2002-237043, 
?led Aug. 15, 2002, and 2003-122686, ?led Apr. 25, 2003. 

TECHNICAL FIELD 

[0002] The present invention relates to an antire?ection 
?lm, and a polarizing plate and an image display device using 
the antire?ection ?lm. 

BACKGROUND ART 

[0003] On a display device such as cathode ray tube display 
device (CRT), plasma display panel (PDP), electrolumines 
cence display (ELD) and liquid crystal display device (LCD), 
the antire?ection ?lm is generally disposed on the outermost 
surface of the display so as to prevent the reduction in contrast 
due to re?ection of external light or prevent entering of an 
image by re?ection. 
[0004] In general, such an antire?ection ?lm is produced by 
forming a loW refractive index layer to an appropriate thick 
ness on a support, in Which the refractive index of the loW 
refractive index layer is loWer than that of the support. In 
order to realize a loW re?ectance, a material having a refrac 
tive index as loW as possible is preferably used for the loW 
refractive index layer. Furthermore, the antire?ection ?lm is 
used on the outermost surface of a display and therefore, this 
?lm is required to have high scratch resistance. In order to 
realize high scratch resistance of a thin ?lm With a thickness 
of about 100 nm, strength of the ?lm itself and tight adhesion 
to the loWer layer are necessary. 
[0005] For loWering the refractive index of a material, tech 
niques of (1) introducing a ?uorine atom and (2) decreasing 
the density (introducing voids) may be used, hoWever, in both 
of these techniques, the ?lm strength or the adhesive property 
at the interface is liable to decrease and loW scratch resistance 
results. Thus, it has been dif?cult to realize a loW refractive 
index and a high scratch resistance at the same time. 
[0006] As described in JP-A-2002-265866 (the term “JP 
A” as used herein means an “unexamined published Japanese 
patent application”) and JP-A-2002-317152, the ?lm strength 
may be increased to a certain extent by a method of using a 
?uorine-containing sol-gel ?lm, hoWever, this method causes 
large restrictions, for example, (1) curing requires heating 
over a long time and the load of production is large or (2) the 
?lm has no resistance against a saponi?cation solution (alkali 
treatment solution) and in the case of saponifying the TAC 
surface, this treatment cannot be performed after the antire 
?ection ?lm is formed. 
[0007] On the other hand, JP-A-11-189621, JP-A-l 1 
228631 and JP-A-2000-313709 describe a technique of intro 
ducing a polysiloxane structure into a ?uorine-containing 
polymer to reduce the friction coef?cient on the ?lm surface 
and thereby improve the scratch resistance. This technique is 
effective to a certain extent for the improvement of scratch 
resistance, hoWever, in the case of a ?lm lacking in the sub 
stantial ?lm strength and interface adhesion, a suf?ciently 
high scratch resistance cannot be obtained only by this tech 
nique. 
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DISCLOSURE OF THE INVENTION 

[0008] An object of the present invention is to provide an 
antire?ection ?lm improved in the scratch resistance While 
keeping suf?ciently high antire?ection property. The object 
of the present invention includes providing a polarizing plate 
and a display device using this antire?ection ?lm. 
[0009] As a result of extensive investigations, the present 
inventors have found that When at least one inorganic particle 
having a particle size responding to the thickness of a loW 
refractive index layer comprising a ?uorine-containing poly 
mer is used in the loW refractive index layer, the ?lm strength 
can be remarkably improved While suppressing the increase 
in the refractive index of the layer itself and moreover, this is 
not bound to restrictions of long-term heat curing or saponi 
?cation treatment. 
[0010] According to the present invention, an antire?ection 
?lm, a polarizing plate and a display device having the fol 
loWing constitutions are provided and thereby, the above 
described object can be attained. 
[0011] 1. An antire?ection ?lm comprising: a transparent 
support; and as an outermost layer, a loW refractive index 
layer containing a ?uorine-containing polymer, 
[0012] Wherein the loW refractive index layer comprises at 
least one inorganic ?ne particle having an average particle 
size of 30 to 100% of the thickness of the loW refractive index 
layer. 
[0013] 2. The antire?ection ?lm as described in the item 1, 
Which has at least one hard coat layer betWeen the transparent 
support and the loW refractive index layer. 
[0014] 3. The antire?ection ?lm as described in the item 1 
or 2, Wherein the inorganic particle is a silica ?ne particle. 
[0015] 4. The antire?ection ?lm as described in any one of 
the items 1 to 3, Wherein the loW refractive index layer further 
comprises at least one silica ?ne particle having a particle size 
of less than 25% of the thickness of the loW refractive index 
layer. 
[0016] 5. The antire?ection ?lm as described in the item 3 
or 4, Wherein at least one of the silica ?ne particles in the loW 
refractive index layer is a holloW silica ?ne particle having a 
refractive index of from 1.17 to 1.40. 
[0017] 6. The antire?ection ?lm as described in any one of 
the items 1 to 5, Wherein the ?uorine-containing polymer is a 
copolymer (P) having a main chain consisting of only a car 
bon atom, and the copolymer comprises: a ?uorine-contain 
ing vinyl monomer polymerization unit; and a polymeriza 
tion unit having a (meth)acryloyl group on the side chain. 
[0018] 7. The antire?ection ?lm as claimed in the item 6, 
Wherein the copolymer (P) is represented by the folloWing 
formula 1: 

Wherein L represents a linking group having a carbon number 
of 1 to 10, m represents 0 or 1, X represents a hydrogen atom 
or a methyl group, A represents an arbitrary vinyl monomer 
polymerization unit and may comprise a single component or 
a plurality of components, and x, y and z represent mol % of 
respective constituent components and represent values sat 
isfying 302x260, 5§y§70 and 0§z§65 
[0019] 8. The antire?ection ?lm as described in any one of 
the items 2 to 7, Wherein the at least one hard coat layer is a 
light-diffusing layer, and the light-diffusing layer has a scat 
tered light intensity at 300 of 0.01 to 0.2% based on the light 
intensity at an exit angle of 00 in a scattered light pro?le by a 
goniophotometer. 
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[0020] 9. The antire?ection ?lm as described in any one of 
the items 1 to 8, Which comprises at least one high refractive 
index layer betWeen the transparent support and the loW 
refractive index layer, Wherein the high refractive index layer 
is a layer having a refractive index of 1.55 to 2.40 and mainly 
comprising: titanium dioxide; and an inorganic ?ne particle 
containing at least one element selected from cobalt, alumi 
num and Zirconium. 
[0021] 10. The antire?ection ?lm as described in any one of 
the items 1 to 9, Wherein the loW refractive index layer has a 
refractive index of 1.20 to 1.49. 
[0022] 11. A polarizing plate comprising a polariZer and 
tWo protective ?lms of the polariZer, Wherein one of the tWo 
protective ?lms of a polariZer is the antire?ection ?lm 
described in any one of the items 1 to 10. 
[0023] 12. The polariZing plate as described in the item 11, 
Wherein the ?lm other than the antire?ection ?lm of the tWo 
protective ?lms of a polariZer is an optical compensation ?lm 
having an optical compensation layer comprising an optically 
anisotropic layer, 
[0024] Wherein the optically anisotropic layer is a layer 
having a negative birefringence and comprising a compound 
having a discotic structural unit, the disc plane of the discotic 
structural unit is inclined With respect to the surface protec 
tive ?lm plane, and the angle made by the disc plane of the 
discotic structural unit and the surface protective ?lm plane is 
changed in the depth direction of the optically anisotropic 
layer. 
[0025] 13. An image display device comprising the anti 
re?ection ?lm described in any one of the items 1 to 10 or the 
polarizing plate described in the item 11 or 12, as the outer 
most surface of the display. 
[0026] 14. A liquid crystal display device ofa TN-, STN-, 
VA-, IPS- or OCB-mode transmissive, re?ective or trans?ec 
tive type, Which comprises at least one polariZing plate 
described in the item 11 or 12. 

DESCRIPTION OF THE DRAWINGS 

[0027] FIG. 1 (a) and (b) is a schematic cross-sectional 
vieW shoWing the layer structure of an antiglare and antire 
?ection ?lm. 

DESCRIPTION OF NUMERICAL REFERENCES 

[0028] 1 antire?ection ?lm 
[0029] 2 transparent support 
[0030] 3 hard coat layer 
[0031] 4 antiglare hard coat layer 
[0032] 5 loW refractive index layer 
[0033] 6 mat particle 
[0034] 7 medium refractive index layer 
[0035] 8 high refractive index layer 

BEST MODES OF CARRYING OUT THE 
INVENTION 

[0036] The basic constitution of the antire?ection ?lm 
according to one preferred embodiment of the present inven 
tion is described beloW by referring to the draWings. 
[0037] FIG. 1(a) is a cross-sectional vieW schematically 
shoWing one example of the antire?ection ?lm of the present 
invention. The antire?ection ?lm 1 has a layer structure of a 
transparent support 2, a hard coat layer 3, an antiglare hard 
coat layer 4 and a loW refractive index layer 5 in this order. 
Mat particles 6 are dispersed in the antiglare hard coat layer 4 
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and the material constituting the portion other than the mat 
particle 6 of the antiglare hard coat layer 4 preferably has a 
refractive index of 1.50 to 2.00. The refractive index of the 
loW refractive index layer 5 is preferably from 1.35 to 1.49. In 
the present invention, the hard coat layer may have or may not 
have such antiglare property and may be constituted by one 
layer or a plurality of layers, for example, tWo, three or four 
layers. Also, the hard coat layer may not be coated. Accord 
ingly, the hard coat layer 3 and the antiglare hard coat 4 shoWn 
in FIG. 1 are not essential but in order to impart the ?lm 
strength, either one of these hard coat layers is preferably 
provided. The loW refractive index layer is provided as an 
outermost layer FIG. 1(b) is a cross-sectional vieW schemati 
cally shoWing one example of the antire?ection ?lm of the 
present invention, Where the antire?ection ?lm 1 has a layer 
structure of a transparent support 2, a hard coat layer 3, a 
medium refractive index layer 7, a high refractive index layer 
8 and a loW refractive index layer (outermost layer) 5 in this 
order. The transparent support 2, the medium refractive index 
layer 7, the high refractive index layer 8 and the loW refractive 
index layer 5 have refractive indexes satisfying the folloWing 
relationship: 

(Refractive index of high refractive index layer)>(Re— 
fractive index of medium refractive index layer)>(Re— 
fractive index of transparent support)>(Refractive 
Index of LoW Refractive Index Layer) 

[0038] As described in JP-A-59-50401, in the layer struc 
ture shoWn in FIG. 1(b), the medium refractive index layer, 
the high refractive index layer and the loW refractive index 
layer preferably satisfy the folloWing formulae (I), (II) and 
(III), respectively: 

Wherein hrepresents a positive integer (generally 1, 2 or 3), nl 
represents a refractive index of the medium refractive index 
layer, dl represents a layer thickness (nm) of the medium 
refractive index layer, and 7» represents a Wavelength (nm) of 
visible light and is a value in the range from 380 to 680 nm; 

Whereini represents a positive integer (generally 1, 2 or 3), n2 
represents a refractive index of the high refractive index layer, 
d2 represents a layer thickness (nm) of the high refractive 
index layer, and 7» represents a Wavelength (nm) of visible 
light and is a value in the range from 380 to 680 nm; 

Wherein j represents a positive odd number (generally 1), n3 
represents a refractive index of the loW refractive index layer, 
d3 represents a layer thickness (nm) of the loW refractive 
index layer, and 7» represents a Wavelength (nm) of visible 
light and is a value in the range from 380 to 680 nm. 
[0039] In the layer structure shoWn in FIG. 1(b), the 
medium refractive index layer, the high refractive index layer 
and the loW refractive index layer preferably satisfy the fol 
loWing formulae (IV), (V) and (VI), respectively: 

wherein?» is 500 nm, his 1, i is 2 andj is 1. 
[0040] The high refractive index, medium refractive index 
and loW refractive index as used herein mean a relative height 
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of the refractive index among layers. In FIG. 1(b), the high 
refractive index layer is used as a light interference layer and 
therefore, an antire?ection ?lm having a remarkably excel 
lent antire?ection performance can be produced. 

[LoW Refractive Index Layer] 

[0041] The loW refractive index layer for use in the present 
invention is described beloW. 
[0042] The loW refractive index layer of the antire?ection 
?lm of the present invention has a refractive index of 1.20 to 
1.49, preferably from 1.30 to 1.44. 
[0043] Furthermore, from the standpoint of obtaining a loW 
re?ectance, the loW refractive index layer preferably satis?es 
the folloWing formula (VII): 

Wherein m represents a positive odd number, nl represents a 
refractive index of the loW refractive index layer, d 1 represents 
a layer thickness (nm) of the loW refractive index layer, and 7» 
represents a Wavelength and is a value in the range from 500 
to 550 nm. 

[0044] When formula (VII) is satis?ed, this means that m 
(positive odd number, usually 1) satisfying formula (VII) is 
present in the above-described Wavelength range. 
[0045] The construction materials for forming the loW 
refractive index layer of the present invention are described 
beloW. 
[0046] The loW refractive index layer of the present inven 
tion contains a ?uorine-containing polymer as a loW refrac 
tive index binder. The ?uorine polymer is preferably a ?uo 
rine-containing polymer having a kinetic friction coe?icient 
of0.03 to 0.15 and a contact angle to Water of 90 to 1200 and 
capable of crosslinking by heat or ionizing radiation. In the 
loW refractive index layer of the present invention, an inor 
ganic ?ller may also be used so as to improve the ?lm 
strength. 
[0047] Examples of the ?uorine-containing polymer for 
use in the loW refractive index layer include a hydrolysate and 
a dehydration-condensate of per?uoroalkyl group -containing 
silane compound (e.g., (heptadeca?uoro-1,1,2,2-tetrahydro 
decyl)triethoxysilane), and a ?uorine-containing copolymer 
using, as constituent components, a ?uorine-containing 
monomer unit and a constituent unit for imparting crosslink 
ing reactivity. 
[0048] Speci?c examples of the ?uorine-containing mono 
mer unit include ?uoroole?ns (e.g., ?uoroethylene, 
vinylidene ?uoride, tetra?uoroethylene, per?uorooctyl-eth 
ylene, hexa?uoropropylene, per?uoro-2,2-dimethyl-1,3-di 
oxol), partially or completely ?uorinated alkyl ester deriva 
tives of (meth)acrylic acid (e.g., BISCOTE 6PM (produced 
by Osaka Yuki Kagaku), M-2020 (produced by Daikin)), and 
completely or partially ?uorinated vinyl ethers. Among these, 
per?uoroole?ns are preferred and in vieW of refractive index, 
solubility, transparency and easy availability, hexa?uoropro 
pylene is more preferred. 
[0049] Examples of the constituent unit for imparting 
crosslinking reactivity include a constituent unit obtained by 
the polymerization of a monomer previously having a self 
crosslinkable functional group Within the molecule, such as 
glycidyl (meth)acrylate and glycidyl vinyl ether; a constitu 
ent unit obtained by the polymerization of a monomer having 
a carboxyl group, a hydroxy group, an amino group or a sulfo 
group, such as (meth)acrylic acid, methylol (meth)acrylate, 
hydroxyalkyl (meth)acrylate, allyl acrylate, hydroxyethyl 
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vinyl ether, hydroxybutyl vinyl ether, maleic acid and cro 
tonic acid; and a constituent unit after a crosslinking reactive 
group such as (meth)acryloyl group is introduced into the 
above-described constituent units by a polymer reaction (the 
crosslinking reactive group can be introduced, for example, 
by alloWing an acrylic acid chloride to act on a hydroxy 
group). 
[0050] In vieW of solubility in a solvent, transparency of 
?lm or the like, a monomer not containing a ?uorine atom 
may also be appropriately copolymerized other than the ?uo 
rine-containing monomer unit and the constituent unit for 
imparting the crosslinking reactivity. The monomer unit 
Which can be used in combination is not particularly limited 
and examples thereof include ole?ns (e.g., ethylene, propy 
lene, isoprene, vinyl chloride, vinylidene chloride), acrylic 
acid esters (e.g., methyl acrylate, methyl acrylate, ethyl acry 
late, 2-ethylhexyl acrylate), methacrylic acid esters (e.g., 
methyl methacrylate, ethyl methacrylate, butyl methacrylate, 
ethylene glycol dimethacrylate), styrene derivatives (e. g., 
styrene, divinylbenzene, vinyltoluene, ot-methylstyrene), 
vinyl ethers (e.g., methyl vinyl ether, ethyl vinyl ether, cyclo 
hexyl vinyl ether), vinyl esters (e.g., vinyl acetate, vinyl pro 
pionate, vinyl cinnamate), acrylamides (e.g., N-tert-buty 
lacrylamide, N-cyclohexylacrylamide), methacryl-amides 
and acrylonitrile derivatives. 
[0051] With this polymer, a curing agent may be appropri 
ately used in combination as described in JP-A-10-25388 and 
JP-A-10-147739. 
[0052] The ?uorine-containing polymer particularly useful 
in the present invention is a random copolymer of a per?uo 
roole?n and a vinyl ether or ester. In particular, the ?uorine 
containing polymer preferably has a group capable of 
crosslinking reaction by itself (for example, a radical reactive 
group such as (meth)acryloyl group, or a ring-opening poly 
merizable group such as epoxy group and oxetanyl group). 
The crosslinking reactive group-containing polymerization 
unit preferably occupies from 5 to 70 mol %, more preferably 
from 30 to 60 mol %, in all polymerization units of the 
polymer. 
[0053] A preferred embodiment of the copolymer for use in 
the present invention is a copolymer represented by formula 
1. 

[0054] In formula 1, L represents a linking group having a 
carbon number of 1 to 10, preferably from 1 to 6, more 
preferably from 2 to 4, Which may have a linear, branched or 
cyclic structure and may have a heteroatom selected from O, 
N and S. 

[0055] Preferred examples thereof include *i(CH2)2i 
OJ“: **(CH2)2*NH***, **(CH2)4*0***. 
**(CH2) 64Oi* *: **(CH2)24O*(CH2)2*O** * s 
*%ONHi(CH2)3iOi**, *%H2CH(OH)CH2iOi 
** and *4CH2CH2OCONH(CH2)3iOi>X<>X< (Wherein * 
represents a linking site in the polymer main chain side and ** 
represents a linking site in the (meth)acryloyl group side). In 
represents 0 or 1. 

[0056] In formula 1, X represents a hydrogen atom or a 
methyl group and in vieW of curing reactivity, preferably a 
hydrogen atom. 
[0057] In formula 1, A represents a repeating unit derived 
from an optional vinyl monomer and this is not particularly 
limited as long as it is a monomer constituent component 
copolymerizable With hexa?uoropropylene. The repeating 
unit may be appropriately selected by taking account of vari 
ous vieWpoints such as adhesion to substrate, Tg (this con 
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tributes to the ?lm hardness) of polymer, solubility in solvent, composition or a plurality of compositions. Examples thereof 
transparency, slipperiness, and dust/ soil protective property, include those described above as examples of A in formula 1. 
and may be Composed Ofa $111816 Vmyl monomer or a Plural‘ [0064] 21 and 22 represent mol % of respective repeating 
lty Ofvmyl monomers accordlng to ‘hBPm‘POSe- _ units and represent values satisfying 0221265 and 
[0058] preferreld examples thelleof Include Vmyl ethers 0222265, preferably 0221230 and 0222210, more pref 
such as methyl vinyl ether, ethyl vinyl ether, tert-butyl v1nyl 

. . . erably 0221210 and 022225. ether, cyclohexyl vinyl ether, 1sopropyl vinyl ether, hydroxy 
ethyl Vinyl ether, hydroxybutyl Vinyl ether, glycidyl Vinyl [0065] ~ The copolymer represented by'formula 1 or 2 can be 
ether and allyl vinyl ether; vinyl esters such as vinyl acetate, synthe§lzeds for examples by lmFoduclng a (meth)acryloyl 
vinyl propionate and vinyl butyrate; (meth)acrylates such as group Into a copolymer Compnslng _a hexa?uoropropylene 
ethyl (meth)acrylate, ethyl (meth)acrylate, hydroxyethyl COmPQnem and a hydroxyalkyl Vlnyl ether Component 
(meth)acrylate, glycidyl methacrylatea allyl (meth)acrylate, according to any one of the above-described methods. 
(meth)acryloyloxy-propyltrimethoxysilane; styrene deI‘iVa- [0066] Preferred examples of the copolymer useful in the 
tives such as styrene and p-hydroxymethylstyrene; unsatur- present invention are shoWn beloW, hoWever, the present 
ated carboxylic acids such as crotonic acid, maleic acid and invention is not limited thereto. 
itaconic acid; and derivatives thereof. Among these, more 
preferred are vinyl ether derivatives and vinyl ester deriva 
tives, still more preferred are vinyl ether derivatives. 
[0059] x, y and 2 represent mol % of respective constituent _(_CF2_CF_)W _('CHZ—CH‘)X_ 0 
components and represent values sat1sfy1ng 302x2 60, | O_(_LH_CC=CH 

m 2 

52y270 and 022265, preferably 352x255, 302y260 and CF3 | 
022220, more preferably 402x255, 402y255 and X 
022210. CH _CH 
[0060] A more preferred embodiment of the copolymer for _(_ 2 t 
use in the present invention is a copolymer represented by O-(-L1-)m_H 
formula 2: 

x y I L1 X 

Formula 2: P-l 50 0 1 *%H2CH2O2M H 
P-Z 50 0 1 *4CH2CH2Oi** CH3 

—(—CF2—CF—)X— —(—CH2—CH)— P-3 45 5 1 *4H2cH2o2M H 
| y P-4 40 10 1 *%H2CH2O2M H 
CF3 ()—(-CH2-)—OCC=CH2 P-5 30 20 1 *4CH2CH2OiM H 

“ | P-6 20 30 1 *%H2CH2O2M H 
X P-7 50 0 0 2 H 

—(-CH2—CH)T —(—B—)Z2— P-8 50 0 1 *2c4H8o2M H 

O_(_CHZ_)H_OH P-9 50 0 1 *—(—CH2—)2—O—(-CH2-)2—O—* H 

P-lO 50 0 1 H 
[0061] In formula 2, X, x and y have the same meanings as * W 
in formula 1 and their preferred ranges are also the same. O— 
[0062] n represents an integer of 22n210, preferably 
221126’ more preferably 221124‘ _ _ *indicates the polymer main chain side, and **indicates the (meth)acryloyl 
[0063] B represents a repeating unit denved from an group Sim 
optional vinyl monomer and may be composed of a single 

—(-CH2—CH-)X— o 
—(—CF2—CF—)W 

| O—(—L1—)m—CC=CH2 
0113 | 

X 

—(-cH2—cH-)y— 
O—(-L1-)m—H 

x y I L1 X 

P-ll 50 0 1 *%H2CH2NH2M H 

P-12 50 0 1 O H 

** 
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[0067] The copolymer for use in the present invention can 
be obtained by synthesizing a precursor such as a hydroxyl 
group-containing polymer according to a polymerization 
method of various types such as solution polymerization, 
precipitation polymerization, suspension polymerization, 
bulk polymerization and emulsion polymerization, and then 
introducing a (meth)acryloyl group through the above-de 
scribed polymer reaction. The polymerization can be per 
formed by a knoWn operation such as batch system, semi 
continuous system and continuous system. 

[0068] For the initiation of polymerization, for example, a 
method of using a radical initiator and a method of irradiating 
light or radiation can be used. These polymerization methods 
and polymerization initiation methods are described, for 
example, in Teiji Tsuruta, Kobunshi Gosei Hoho (Polymer 
Synthesis Method), revised edition, Nikkan Kogyo Shinbun 
Sha (1971), and Takayuki Ohtsu and Masaetsu Kinoshita, 
Kobunshi Goseino Jikken Ho (Experimentation Methods of 
Polymer Synthesis), pp. 124-154, Kagaku Dojin (1972) 
[0069] Among those polymerization methods, a solution 
polymerization using a radical initiator is preferred. 
Examples of the solvent foruse in the solution polymerization 
include various organic solvents such as ethyl acetate, butyl 
acetate, acetone, methyl ethyl ketone, methyl isobutyl ketone, 
cyclohexanone, tetrahydrofuran, dioxane, N,N-dimethylfor 
mamide, N,N-dimethylacetamide, benzene, toluene, acetoni 
trile, methylene chloride, chloroform, dichloroethane, 
methanol, ethanol, 1-propanol, 2-propanol and 1-butanol. 
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These solvents may be used individually or as a mixture of 
tWo or more thereof or may be used as a mixed solvent With 

Water. 

[0070] The polymerization temperature need be set accord 
ing to the molecular Weight of polymer produced, the kind of 
initiator, and the like, and can be selected from 0° C. or less to 
1000 C. or more but the polymerization is preferably per 
formed at a temperature of 50 to 1000 C. 
[0071] The reaction pressure may be appropriately selected 
but is usually from 1 to 100 kg/cm2, preferably on the order 
from 1 to 30 kg/cm2. The reaction time is approximately from 
5 to 30 hours. 
[0072] The reprecipitation solvent for the obtained polymer 
is preferably isopropanol, hexane, methane or the like. 
[0073] In the present invention, the loW refractive index 
layer contains at least one inorganic ?ne particle. This inor 
ganic ?ne particle is described beloW. 
[0074] The amount of the inorganic ?ne particle coated is 
preferably 1 to 100 mg/m2, more preferably from 5 to 80 
mg/m2, still more preferably from 10 to 60 mg/m2. If the 
amount coated is too small, the effect of improving the scratch 
resistance decreases, Whereas if it is excessively large, ?ne 
asperities are formed on the surface of the loW refractive 
index layer and this deteriorates the appearance such as non 
loosening of black or the integrated re?ectance. 
[0075] The inorganic ?ne particle is contained in the loW 
refractive index layer and therefore, this particle preferably 
has a loW re?ective index. Examples of such a particle include 
a ?ne particle of magnesium ?uoride or silica. Particularly, in 
vieW of refractive index, dispersion stability and cost, a silica 
?ne particle is preferred. The average particle size of the silica 
?ne particle is preferably 30 to 100%, more preferably from 
35 to 80%, still more preferably from 40 to 60%, of the 
thickness of the loW refractive index. In other Words, When the 
thickness of the loW refractive index layer is 100 nm, the 
particle size of the silica ?ne particle is preferably from 30 to 
100 nm, more preferably from 35 to 80 nm, still more pref 
erably from 40 to 60 nm. 
[0076] If the particle size of the silica ?ne particle is too 
small, the effect of improving the scratch resistance 
decreases, Whereas if it excessively large, ?ne asperities are 
formed on the surface of the loW refractive index layer and 
this deteriorates the appearance such as non-loosening of 
black or the integrated re?ectance. The silica ?ne particle may 
be crystalline or amorphous, may be a monodisperse particle 
or as long as the predetermined particle size is satis?ed, may 
be even an aggregated particle. The shape is most preferably 
spherical but even if amorphous, there arises no problem. 
These matters described With respect to the silica ?ne particle 
also apply to other inorganic particles. 
[0077] The average particle size of the inorganic ?ne par 
ticle is measured by a Coulter counter. 
[0078] In order to more reduce the increase in refractive 
index of the loW refractive index layer, a holloW silica ?ne 
particle is preferably used. The refractive index of the holloW 
silica ?ne particle is from 1.17 to 1.40, preferably from 1.17 
to 1.35, more preferably 1.17 to 1.30. The refractive index 
used here indicates a refractive index of the particle as a Whole 
but does not indicate a refractive index of only silica as an 
outer shell forming the holloW silica particle. At this time, 
assuming that the radius of the vacancy inside the particle is 
a and the radius of the outer shell of the particle is b, the 
porosity x represented by the folloWing formula (VIII): 

x:(4na3/3)/(4nb3/3)><100 Formula (VIII) 
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is preferably from 10 to 60%, more preferably from 20 to 
60%, most preferably from 30 to 60%. 
[0079] If the hollow silica particle is rendered to have more 
reduced refractive index and more increased porosity, the 
thickness of the outer shell becomes small and the strength as 
a particle decreases. Therefore, in vieW of scratch resistance, 
a particle having a refractive index as loW as less than 1.17 is 
improper. 
[0080] The refractive index of the holloW silica particle is 
measured by an Abbe’s refractometer (manufactured by 
ATAGO K.K.) 
[0081] Also, at least one silica ?ne particle having an aver 
age particle siZe ofless than 25% ofthe thickness ofthe loW 
refractive index layer (this ?ne particle is referred to as a 
“small particle-siZe silica ?ne particle”) is preferably used in 
combination With the silica ?ne particle having the above 
described particle siZe (this ?ne particle is referred to as a 
“large particle-siZe silica ?ne particle”). 
[0082] The small particle-size silica ?ne particle can be 
present in a space betWeen large particle-size silica ?ne par 
ticles and therefore, can contribute as a holding agent of the 
large particle-size silica ?ne particle. 
[0083] With a loW refractive index layer thickness of 100 
nm, the average particle siZe of the small particle-size silica 
?ne particle is preferably from 1 to 20 nm, more preferably 
from 5 to 15 nm, still more preferably from 10 to 15 nm. Use 
of such a silica ?ne particle is preferred in vieW of the raW 
material cost and the holding agent effect. 
[0084] The silica ?ne particle may be subjected to a physi 
cal surface treatment such as plasma discharge treatment and 
corona discharge treatment, or a chemical surface treatment 
With a surfactant, a coupling agent or the like, so as to stabiliZe 
the dispersion in a dispersion solution or a coating solution or 
to enhance the a?inity for or binding property With a binder 
component. Use of a coupling agent is particularly preferred. 
As the coupling agent, an alkoxy metal compound (e.g., tita 
nium coupling agent, silane coupling agent) is preferably 
used. In particular, a treatment With a silane coupling agent is 
effective. 
[0085] This coupling agent is used as a surface treating 
agent for previously applying a surface treatment to an inor 
ganic ?ller of the loW refractive index layer before a coating 
solution for the loW refractive index layer is prepared, but the 
coupling agent is preferably further added as an additive at the 
preparation of a coating solution for the loW refractive index 
layer and incorporated into the layer. 
[0086] The silica ?ne particle is preferably dispersed in a 
medium in advance of the surface treatment so as to reduce 
the load of the surface treatment. 

[0087] In vieW of the scratch resistance, at least one layer 
out of these hard coat layer and loW refractive index layer 
constituting the antire?ection ?lm of the present invention 
preferably contains an organosilane compound and/ or a 
hydrolysate thereof and/ or a partial condensate thereof, so 
called sol component (hereinafter referred to as such), in a 
coating solution for forming the layer. In particular, for attain 
ing both the antire?ection performance and the scratch resis 
tance, the loW refractive index layer preferably contains an 
organosilane compound, a hydrolysate and/or a partial con 
densate thereof, and the hard coat layer preferably contains 
any one of an organosilane compound, a hydrolysate thereof 
and/ or a partial condensate thereof, or a mixture thereof. This 
sol component is condensed to form a cured product during 
the drying and heating of the coating solution after the coating 
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and Works out to a binder of the layer. When the cured product 
has a polymeriZable unsaturated bond, a binder having a 
three-dimensional structure is formed upon irradiation of 
actinic rays. 
[0088] The organosilane compound is preferably repre 
sented by the folloWing formula 3: 

[0089] In formula 3, R10 represents a substituted or unsub 
stituted alkyl group or a substituted or unsubstituted aryl 
group. Examples of the alkyl group include methyl, ethyl, 
propyl, isopropyl, hexyl, decyl and hexadecyl. The alkyl 
group is preferably an alkyl group having a carbon number of 
1 to 30, more preferably from 1 to 16, still more preferably 
from 1 to 6. Examples of the aryl group include a phenyl 
group and a naphthyl group, With the phenyl group being 
preferred. 
[0090] X represents a hydrolyZable group. Examples of the 
group include an alkoxy group (preferably an alkoxy group 
having a carbon number of 1 to 5, such as methoxy group and 
ethoxy group), a halogen (such as Cl, Br and I) and a group 
represented by RZCOO (Wherein R2 is preferably a hydrogen 
atom or an alkyl group having a carbon number of 1 to 5, such 
as CH3COO and CZHSCOO). Among these, an alkoxy group 
is preferred, and a methoxy group and an ethoxy group are 
more preferred. 
[0091] m represents an integer of 1 to 3, preferably 1 or 2, 
more preferably 1. 
[0092] When a plurality of Rlos or Xs are present, the 
plurality of Rlos or Xs may be the same or different. 
[0093] The substituent contained in R10 is not particularly 
limited but examples thereof include a halogen (e. g., ?uorine, 
chlorine, bromine), a hydroxyl group, a mercapto group, a 
carboxyl group, an epoxy group, an alkyl group (e. g., methyl, 
ethyl, i-propyl, propyl, tert-butyl), an aryl group (e.g., phenyl 
naphthyl), an aromatic hetero-cyclic group (e. g., furyl, pyra 
Zolyl, pyridyl), an alkoxy group (e.g., methoxy, ethoxy, i-pro 
poxy, hexyloxy), an aryloxy group (e.g., phenoxy), an alky 
lthio group (e.g., methylthio, ethylthio), an arylthio group 
(e.g., phenyl-thio), an alkenyl group (e.g., vinyl, 1-propenyl), 
an acyloxy group (e.g., acetoxy, acryloyloxy, methacryloy 
loxy), an alkoxycarbonyl group (e.g., methoxycarbonyl, 
ethoxy-carbonyl), an aryloxycarbonyl group (e.g., phenoxy 
carbonyl), a carbamoyl group (e.g., carbamoyl, N-methylcar 
bamoyl, N,N-dimethylcarbamoyl, N-methyl-N-octylcar 
bamoyl) and an acylamino group (e.g., acetylamino, 
benZoylamino, acrylamino, methacrylamino). These sub 
stituents each may be further substituted. 
[0094] When a plurality of R10 are present, at least one is 
preferably a substituted alkyl group or a substituted aryl 
group. In particular, an organosilane compound having a 
vinyl polymeriZable substituent, represented by the folloWing 
formula (4), is preferred. 

Formula 3 

Formula (4): 
R1 

003-11 

[0095] In formula (4), R1 represents a hydrogen, a methyl 
group, a methoxy group, an alkoxycarbonyl group, a cyano 
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group, a ?uorine or a chlorine. Examples of the alkoxycarbo 
nyl group include a methoxycarbonyl group and an ethoxy 
carbonyl group. R1 preferably represents a hydrogen, a 
methyl group, a methoxy group, a methoxycarbonyl group, a 
cyano group, a ?uorine or a chlorine, more preferably a 

hydrogen, a methyl group, a methoxycarbonyl group, a ?uo 
rine or a chlorine, still more preferably a hydrogen or a methyl 
group. 

[0096] Y represents a single bond, *4COOi**, 
*4CONHi** or *4Oi**, preferably a single bond, 
*4COOi** or *4CONHi**, more preferably a single 
bond or *iCOOi’X‘ *, and most preferably *iCOOi’X‘ *. * 
indicates the position bonded to :C(Rl)i and ** indicates 
the position bonded to L. 

[0097] L represents a divalent linking chain. Speci?c 
examples thereof include a substituted or unsubstituted alky 
lene group, a substituted or unsubstituted arylene group, a 
substituted or unsubstituted alkylene group having inside a 
linking group (e.g., ether, ester, amido), and a substituted or 
unsubstituted arylene group having inside a linking group. L 
preferably represents a substituted or unsubstituted alkylene 
group, a substituted or unsubstituted arylene group or an 

alkylene group having inside a linking group, more prefer 
ably an unsubstituted alkylene group, an unsubstituted 
arylene group or an alkylene group having inside an ether or 
ester linking group, still more preferably an unsubstituted 
alkylene group or an alkylene group having inside an ether or 
ester linking group. Examples of the substituent include a 
halogen, a hydroxyl group, a mercapto group, a carboxyl 
group, an epoxy group, an alkyl group and an aryl group. 
These substituents each may be further substituted. 

[0098] n represents 0 or 1. When a plurality of Xs are 
present, the plurality of Xs may be the same or different. n is 
preferably 0. 
[0099] R10 has the same meaning as in formula (3) and 
preferably represents a substituted or unsubstituted alkyl 
group or an unsubstituted aryl group, more preferably an 
unsubstituted alkyl group or an unsubstituted aryl group. 

[0100] X has the same meaning as in formula (3) and pref 
erably represents a halogen, a hydroxyl group or an unsub 
stituted alkoxy group, more preferably a chlorine, a hydroxyl 
group or an unsubstituted alkoxy group having a carbon num 
ber of l to 6, still more preferably a hydroxyl group or an 
alkoxy having a carbon number of l to 3, and particularly 
preferably a methoxy group. 
[0101] The compounds represented by formulae (3) and (4) 
may be used in combination of tWo or more thereof. Speci?c 
examples of the compounds represented by formulae (3) and 
(4) are set forth beloW, hoWever, the present invention is not 
limited thereto. 
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-continued 
M-3 

)\C/O—(CH2)3—Si—(OC2H5)3 
H 
O 

M-4 
O—(CH) —s'—(oc H) 2 3 1 2 5 3 

H 
O 

M-5 

V—(CH2)3—Si—(OCH3)3 
O 

M-6 

V—(CH2)3_Si—(OC2H5)3 
O 

M-7 
O—(CH) —S'—(OCH) 

/\C/ 2 2 1 3 3 

H 
O 

M-8 
O—(CH) —Si—(OC H) 2 4 2 5 3 

H 
O 

M-9 

CH2OCH2CH2—Si—(OCH3)3 

O 
M-lO 

<V—CHZOCHZCHZ>~Si—(OCH3)Z O 2 

[0102] Among these, (M-l), (M-2) and (M-5) are pre 
ferred. 

[0103] The hydrolysate and/or partial condensate of the 
organosilane compound for use in the present invention are 
described in detail beloW. 

[0104] The hydrolysis and/or condensation reaction of 
organosilane is generally performed in the presence of a 
catalyst. Examples of the catalyst include inorganic acids 
such as hydrochloric acid, sulfuric acid and nitric acid; 
organic acids such as oxalic acid, acetic acid, formic acid, 
methanesulfonic acid and toluenesulfonic acid; inorganic 
bases such as sodium hydroxide, potassium hydroxide and 
ammonia; organic bases such as triethylamine and pyridine; 
metal alkoxides such as triisopropoxyaluminum and tetrabu 
toxyZirconium; and metal chelate compounds With the center 
metal being a metal such as Zr, Ti or Al. Among the inorganic 
acids, a hydrochloric acid and a sulfuric acid are preferred, 
and among the organic acids, those having an acid dissocia 
tion constant (pKa value (250 C.)) of 4.5 or less in Water are 
preferred. A hydrochloric acid, a sulfuric acid and organic 
acids having an acid dissociation constant of 3.0 or less in 
Water are more preferred, a hydrochloric acid, a sulfuric acid 
and organic acids having an acid dissociation constant of 2.5 
or less in Water are still more preferred, organic acids having 
an acid dissociation constant of 2.5 or less in Water are more 

preferred, a methanesulfonic acid, an oxalic acid, a phthalic 
acid and a malonic acid are still more preferred, and an oxalic 
acid is particularly preferred. 
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[0105] The hydrolysis/condensation reaction of organosi 
lane may be performed in a solventless system or in a solvent 
but in order to uniformly mix the components, an organic 
solvent is preferably used. Suitable examples thereof include 
alcohols, aromatic hydrocarbons, ethers, ketones and esters. 
[0106] A solvent capable of dissolving organosilane and a 
catalyst is preferred. Use of the organic solvent as a coating 
solution or as a part of a coating solution is preferred in vieW 
of process and those Which are not impaired in the solubility 
or dispersibility When mixed With other constitution materials 
such as ?uorine-containing polymer are preferred. 
[0107] Examples of the alcohols include monohydric alco 
hols and dihydric alcohols. The monohydric alcohol is pref 
erably a saturated aliphatic alcohol having a carbon number 
of 1 to 8. Speci?c examples of these alcohols include metha 
nol, ethanol, n-propyl alcohol, i-propyl alcohol, n-butyl alco 
hol, sec-butyl alcohol, ter‘t-butyl alcohol, ethylene glycol, 
diethylene glycol, triethylene glycol, ethylene glycol 
monobutyl ether and ethylene acetate glycol monoethyl ether. 
[0108] Speci?c examples of the aromatic hydrocarbons 
include benZene, toluene and xylene. Speci?c examples of 
the ethers include tetrahydrofuran and dioxane. Speci?c 
examples of the ketones include acetone, methyl ethyl ketone, 
methyl isobutyl ketone and diisobutyl ketone. 
[0109] Speci?c examples of the esters include ethyl acetate, 
propyl acetate, butyl acetate and propylene carbonate. 
[0110] One of these organic solvents can be used alone or 
tWo or more thereof can be used as a mixture. The solid 

content concentration in the reaction is not particularly lim 
ited but this is usually from 1 to 90%, preferably from 20 to 
70%. 

[0111] The reaction is performed by adding Water in an 
amount of 0.3 to 2 mol, preferably 0.5 to 1 mol, per mol of the 
hydrolyZable group of organosilane and stirring the resulting 
solution at 25 to 100° C. in the presence or absence of the 
above-described solvent and in the presence of a catalyst. 
[0112] In the present invention, the hydrolysis is preferably 
performed by stirring the solution at 25 to 1000 C. in the 
presence of at least one metal chelate compound Where an 
alcohol represented by formula R3 OH (Wherein R3 represents 
an alkyl group having a carbon number of 1 to 10) and a 
compound represented by formula R4COCH2COR5 (Wherein 
R4 represents an alkyl group having a carbon number of 1 to 
10, and R5 represents an alkyl group having a carbon number 
of 1 to 10 or an alkoxy group having a carbon number of 1 to 
10) are present as ligands and the center metal is a metal 
selected from Zr, Ti and A1. 
[0113] The metal chelate compound is not particularly lim 
ited and any compound can be suitably used as long as it is a 
metal chelate compound Where an alcohol represented by 
formula R3OH (Wherein R3 represents an alkyl group having 
a carbon number of 1 to 10) and a compound represented by 
formula R4COCH2COR5 (Wherein R4 represents an alkyl 
group having a carbon number of 1 to 10, and R5 represents an 
alkyl group having a carbon number of 1 to 10 or an alkoxy 
group having a carbon number of 1 to 10) are present as 
ligands and the center metal is a metal selected from Zr, Ti and 
Al. The metal chelate compound for use in the present inven 
tion is preferably selected from the compounds represented 
by formulae Zr(OR3)Pl (R4COCHCOR5)P2, Ti(ORs)ql 
(R“COCHCOR5)q2 and Al(OR3),l(R4COCHCOR5),2, and 
this compound has an activity of accelerating the condensa 
tion reaction of a hydrolysate and/or a partial condensate of 
the organosilane compound. 
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[0114] In the metal chelate compound, R3 and R4 may be 
the same or different and each represents an alkyl group 
having a carbon number of 1 to 10, speci?cally, an ethyl 
group, an n-propyl group, an i-propyl group, a n-butyl group, 
a sec-butyl group, a tert-butyl group, an n-pentyl group, a 
phenyl group or the like. R5 represents the same alkyl group 
having a carbon number of 1 to 10 as above or an alkoxy group 
having a carbon number of 1 to 10, such as methoxy group, 
ethoxy group, n-propoxy group, i-propoxy group, n-butoxy 
group, sec-butoxy group and tert-butoxy group. Also, in the 
metal chelate compound, pl, p2, q1, q2, r1 and r2 each rep 
resents an integer determined to satisfy the relationships of 
p1+p2:4, q1+q2:4 and r1+r2:3. 
[0115] Speci?c examples of the metal chelate compound 
include Zirconium chelate compounds such as Zirconium tri 
n-butoxyethylacetoacetate, Zirconium di-n-butoxy-bis(ethyl 
acetoacetate), Zirconium n-butoxy-tris(ethylacetoacetate), 
Zirconium tetrakis(n-propylacetoacetate), Zirconium tetra 
kis(acetylacetoacetate) and Zirconium tetrakis(ethyl-acetoac 
etate); titanium chelate compounds such as titanium diisopro 
poxy-bis(ethylacetoacetate), titanium diisopropoxy-bis 
(acetylacetate) and titanium diisopropoxy-bis(acetyl 
acetone); and aluminum chelate compounds such as 
aluminum diisopropoxyethylacetoacetate, aluminum diiso 
propoxy-acetylacetonate, aluminum isopropoxy-bis(ethylac 
etoacetate), aluminum isopropoxy-bis(acetylacetonate), alu 
minum tris(ethylacetoacetate), aluminum tris 
(ethylacetonate), aluminum tris(acetylacetonate) and 
aluminum monoacetyl-acetonato-bis(ethylacetoacetate). 
[0116] Among these metal chelate compounds, preferred 
are Zirconium tri-n-butoxyethylacetoacetate, titanium diiso 
propoxy-bis(acetylacetonate), aluminum diisopropoxyethyl 
acetoacetate and aluminum tris(ethylacetoacetate). These 
meal chelate compounds can be used individually or as a 
mixture of tWo or more thereof. A partial hydrolysate of these 
metal chelate compounds may also be used. 
[0117] The metal chelate compound is preferably used in 
an amount of 0.01 to 50 mass %, more preferably from 0.1 to 
50 mass %, still more preferably from 0.5 to 10 mass %, based 
on the organosilane compound. If the amount added is less 
than 0.01 mass %, the condensation reaction of the organosi 
lane compounds proceeds sloWly and the coating ?lm may be 
Worsened in the durability, Whereas if it exceeds 50 mass %, 
the composition comprising a hydrolysate and/or a partial 
condensate of the organosilane compound may be deterio 
rated in the storage stability and therefore, this is not pre 
ferred. 
[0118] In the coating solution for forming the hard coat 
layer or loW refractive index layer used in the present inven 
tion, [3-diketone compound and/or [3-ketoester compound is 
preferably added in addition to the composition containing 
the metal chelate compound and a hydrolysate and/ or a partial 
condensate of the organosilane compound. This is further 
described beloW. 

[0119] The compound for use in the present invention is a 
diketone compound and/or a [3-ketoester compound repre 
sented by the formula R4COCH2COR5 and this compound 
has an activity as a stability enhancer for the composition 
used in the present invention. That is, this compound is con 
sidered to coordinate to a metal atom in the metal chelate 
compound (Zirconium, titanium and/or aluminum com 
pound) and suppress the metal chelate compound from exert 
ing the activity of accelerating the condensation reaction of a 
hydrolysate and/or a partial condensate of the organosilane 
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compound, thereby improving the storage stability of the 
composition obtained. R4 and R5 constituting the [3-diketone 
compound and/ or [3-ketoester compound have the same 
meanings as R4 and R5 constituting the metal chelate com 
pound. 
[0120] Speci?c examples of the [3-diketone compound and/ 
or [3-ketoester compound include acetylacetone, methyl 
acetoacetate, ethyl acetoacetate, n-propyl acetoacetate, i-pro 
pyl acetoacetate, n-butyl acetoacetate, sec-butyl acetoacetate, 
tert-butyl acetoacetate, 2,4-hexane-dione, 2,4-heptane-dione, 
3,5-heptane-dione, 2,4-octane-dione, 2,4-nonane-dione and 
5 -methyl-hexane-dione. Among these, ethyl acetoacetate and 
acetylacetone are preferred, and acetylacetone is more pre 
ferred. These [3-diketone compounds and/or [3-ketoester com 
pounds can be used individually or as a mixture of tWo or 

more thereof. In the present invention, the [3-diketone com 
pound and/or [3-ketoester compound is preferably used in an 
amount of 2 mol or more, more preferably from 3 to 20 mol, 
per mol of the metal chelate compound. If the amount added 
is less than 2 mol, the composition may be poor in the storage 
stability and this is not preferred. 
[0121] The content of the hydrolysate and/or partial con 
densate of the organosilane compound is preferably small in 
a surface layer Which is a relatively thin ?lm, and large in a 
loWer layer Which is a thick ?lm. In the case of a surface layer 
such as loW refractive index layer, the content is preferably 
from 0.1 to 50 mass %, more preferably from 0.5 to 20 mass 
%, still more preferably from 1 to 10 mass %, based on the 
entire solid content of the containing layer (layer to Which 
added). 
[0122] The amount added to a layer other than the loW 
refractive index layer is preferably from 0.001 to 50 mass %, 
more preferably from 0.01 to 20 mass %, still more preferably 
from 0.05 to 10 mass %, particularly preferably from 0.1 to 5 
mass %, based on the entire solid content of the containing 
layer (layer to Which added). 
[0123] In the present invention, it is preferred to ?rst pre 
pare a composition containing the metal chelate compound 
and a hydrolysate and/or a partial condensate of the organosi 
lane compound, add the [3-diketone compound and/or [3-ke 
toester compound thereto, incorporate the resulting solution 
into a coating solution for at least one layer of the hard coat 
layer and the loW refractive index layer, and apply the coating 
solution. 

[0124] In the loW refractive index layer, the amount of the 
organosilane sol component used is preferably from 5 to 100 
mass %, more preferably from 5 to 40 mass %, still more 
preferably from 8 to 35 mass %, particularly preferably from 
10 to 30 mass %, based on the ?uorine-containing polymer. If 
the amount used is small, the effect of the present invention 
can be hardly obtained, Whereas if it is too large, the refractive 
index may increase or the shape and surface state of ?lm may 
deteriorate and this is not preferred. 

[0125] In the antire?ection ?lm of the present invention, an 
inorganic ?ller is preferably added to each layer on the trans 
parent support. The inorganic ?llers added to respective lay 
ers may be the same or different and it is preferred to appro 
priately select the kind and the amount added according to the 
required performance of each layer, such as refractive index, 
?lm strength, ?lm thickness and coatability. 
[0126] As already described above, the inorganic ?ller used 
in the loW refractive index layer preferably contains a silica 
?ne particle. 
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[0127] The shape of the inorganic ?ller for use in the 
present invention is not particularly limited and, for example, 
a spherical form, a plate form, a ?ber form, a bar form, an 
amorphous form and a holloW form all can be preferably used 
but a spherical form is more preferred because good dispers 
ibility can be obtained. The kind of the inorganic ?ller is also 
not particularly limited but an amorphous ?ller is preferably 
used. Those comprising an oxide, nitride, sul?de or halide of 
metal are preferred and metal oxides are more preferred. 
Examples of the metal atom include Na, K, Mg, Ca, Ba, Al, 
Zn, Fe, Cu, Ti, Sn, In, W,Y, Sb, Mn, Ga, V, Nb, Ta, Ag, Si, B, 
Bi, Mo, Ce, Cd, Be, Pb and Ni. For obtaining a transparent 
cured ?lm, the average particle siZe of the inorganic ?ller is 
preferably from 0.001 to 0.2 um, more preferably from 0.001 
to 0.1 um, still more preferably from 0.001 to 0.06 pm. Here, 
the average particle siZe of the particle is measured by a 
Coulter counter. 

[0128] In the present invention, the use method of the inor 
ganic ?ller is not particularly limited but, for example, the 
inorganic ?ller may be used in a dry state or in a state of being 
dispersed in Water or an organic solvent. 

[0129] In the present invention, a dispersion stabiliZer is 
preferably used in combination in the coating solution for 
forming each layer so as to prevent aggregation and precipi 
tation of the inorganic ?ller. Examples of the dispersion sta 
biliZer Which can be used include polyvinyl alcohol, polyvi 
nylpyrrolidone, cellulose derivatives, polyamide, phosphoric 
acid ester, polyether, surfactants, silane coupling agent and 
titanium coupling agent. Among these, silane coupling agent 
is preferred because the ?lm after curing is strong. The 
amount of the silane coupling agent added as the dispersion 
stabiliZer is not particularly limited but this is preferably 1 
part by mass or more per 100 parts by mass of the inorganic 
?ller. The method for adding the dispersion stabiliZer is also 
not particularly limited but a method of previously hydrolyZ 
ing and then adding the dispersion stabiliZer or a method of 
mixing a silane coupling agent as the dispersion stabiliZer 
With an inorganic ?ller and hydrolyZing and condensing the 
mixture may be used. The latter method is preferred. 

[0130] The inorganic ?llers suitable for respective layers 
are described later. 

[0131] The loW refractive index layer-forming composition 
for use in the present invention, Which is usually in the liquid 
form, is produced by dissolving the copolymer as an essential 
constituent component and if desired, various additives and a 
radical polymeriZation initiator in an appropriate solvent. At 
this time, the concentration of solid contents is appropriately 
selected according to use but is generally on the order of 0.01 
to 60 mass %, preferably from 0.5 to 50 mass %, more 
preferably from 1 to 20 mass %. 

[0132] As described above, the addition of additives such as 
curing agent is not necessarily advantageous in vieW of the 
?lm hardness of the loW refractive index layer, hoWever, in 
vieW of the interface adhesion to a high refractive index layer 
or the like, a curing agent such as polyfunctional (meth) 
acrylate compound, polyfunctional epoxy compound, poly 
isocyanate compound, aminoplast, polybasic acid and their 
anhydrate, or an inorganic ?ne particle such as silica, may be 
added in a small amount. In the case of adding such an 
additive, the amount added is preferably from 0 to 30 mass %, 
more preferably from 0 to 20 mass %, still more preferably 
from 0 to 10 mass %, based on the entire solid content of the 
loW refractive index layer ?lm. 
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[0133] For the purpose of imparting properties such as slip 
periness and resistance against soil, Water and chemicals, 
known silicon-base or ?uorine-base stain-proo?ng agent, 
slipping agent and the like can be appropriately added. In the 
case of adding such an additive, the additive is preferably 
added in the range from 0.01 to 20 mass %, more preferably 
from 0.05 to 10 mass %, still more preferably from 0.1 to 5 
mass %, based on the entire solid content of loWer n layers. 

[0134] Preferred examples of the silicone-base compound 
include compounds having a plurality of dimethylsilyloxy 
units as the repeating unit and having a sub stituent at the chain 
terminal and/or on the side chain. In the chain of the com 
pound containing dimethylsilyloxy as the repeating unit, a 
structural unit other than dimethylsilyloxy may be contained. 
A plurality of substituents are preferably present and the 
sub stituents may be the same or different. Preferred examples 
of the substituent include groups containing an acryloyl 
group, a methacryloyl group, a vinyl group, an aryl group, a 
cinnamoyl group, an epoxy group, an oxetanyl group, a 
hydroxyl group, a ?uoroalkyl group, a polyoxyalkylene 
group, a carboxyl group, an amino group or the like. The 
molecular Weight is not particularly limited but is preferably 
100,000 or less, more preferably 50,000 or less, and most 
preferably from 3,000 to 30,000. The silicone atom content of 
the silicone-base compound is not particularly limited but is 
preferably 18.0 mass % or more, more preferably from 25.0 to 
37.8 mass %, and most preferably from 30.0 to 37.0 mass %. 
Speci?c preferred examples of the silicone-base compound 
include X-22-174DX, X-22-2426, X-22-164B, X22-164C, 
X-22-170DX, X-22-176D and X-22-1821 (all are trade 
names) produced by Shin-Etsu Chemical Co., Ltd., and 
FM-0725, FM-7725, DMS-U22, RMS-033, RMS-083 and 
UMS-182 (all are trade names) produced by Chisso Corpo 
ration, hoWever, the present invention is not limited thereto. 
[0135] The ?uorine-base compound is preferably a com 
pound having a ?uoroalkyl group. The ?uoroalkyl group is 
preferably a ?uoroalkyl group having a carbon number of 1 to 
20, more preferably from 1 to 10, and may be linear (for 
example, 4CF2CF3, 4CH2(CF2)4H, 4CH2(CF2)8CF3 and 
iCH2CH2(CF2)4H), branched (for example, CH(CF3)2, 
CH2CF(CF3)2, CH(CH3)CF2CF3 and CH(CH3)(CF2)5CF2H) 
or alicyclic (preferably a 5- or 6-membered ring, for example, 
a per?uorocyclohexyl group, a per?uorocyclopentyl group 
and an alkyl group substituted by such a group) or may have 
an ether bond (for example, CH2OCH2CF2CF3, 
CH2CH2OCH2C4F8H, CH2CH2OCH2CH2C8Fl7 and 
CH2CH2OCF2CF2OCF2CF2H) . A plurality of the ?uoroalkyl 
groups may be contained Within one molecule. 

[0136] The ?uorine-base compound preferably further has 
a substituent Which contributes to the bond formation or 
compatibility With the loW refractive index layer ?lm. A plu 
rality of substituents are preferably present and the substitu 
ents may be the same or different. Preferred examples of the 
substituent include an acryloyl group, a methacryloyl group, 
a vinyl group, an aryl group, a cinnamoyl group, an epoxy 
group, an oxetanyl group, a hydroxyl group, a polyoxyalky 
lene group, a carboxyl group and an amino group. The ?uo 
rine-base compound may be a polymer or an oligomer With a 
compound not containing a ?uorine atom. The molecular 
Weight is not particularly limited. The ?uorine atom content 
of the ?uorine-base compound is not particularly limited but 
is preferably 20 mass % or more, more preferably from 30 to 
70 mass %, and most preferably from 40 to 70 mass %. 
Speci?c preferred examples of the ?uorine-base compound 
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include R-2020, M-2020, R-3833 and M-3833 (all are trade 
names) produced by Daikin Kogyo Co., Ltd., and Megafac 
F-171, F-172, F-179A and DAYFENSA MCF-300 (all are 
trade names) produced by Dai-Nippon Ink & Chemicals, 
Inc.), hoWever, the present invention is not limited thereto. 
[0137] For the purpose of imparting properties such as dust 
protective property and antistatic property, a dust inhibitor, an 
antistatic agent and the like such as knoWn cationic surfactant 
or polyoxyalkylene-base compound may be appropriately 
added. Also, a structural unit of such a dust inhibitor or 
antistatic agent may be contained in the above-described sili 
cone-base compound or ?uorine-base compound as a part of 
functions. In the case of adding such an additive, the additive 
is preferably added in the range from 0.01 to 20 mass %, more 
preferably from 0.05 to 10 mass %, still more preferably from 
0.1 to 5 mass %, based on the entire solid content of loWer n 
layers Preferred examples of the compound include Megafac 
F-150 (trade name) produced by Dai-Nippon Ink & Chemi 
cals, Inc.) and SH-3748(trade name) produced by Toray DoW 
Corning, hoWever, the present invention is not limited thereto. 
[0138] The antiglare hard coat layer of the present inven 
tion is described beloW. 

[0139] The antiglare hard coat layer is composed of a 
binder for imparting the hard coat property, a matting particle 
for imparting the antiglare property, and an inorganic ?ller for 
bringing a high refractive index and a high strength and pre 
venting the crosslinking shrinkage. 
[0140] The binder is preferably a polymer having a satu 
rated hydrocarbon chain or a polyether chain as the main 
chain, more preferably a polymer having a saturated hydro 
carbon chain as the main chain. 

[0141] The binder polymer also preferably has a 
crosslinked structure. 

[0142] The binder polymer having a saturated hydrocarbon 
chain as the main chain is preferably a polymer of an ethyl 
enically unsaturated monomer. The binder polymer having a 
saturated hydrocarbon chain as the main chain and having a 
crosslinked structure is preferably a (co)polymer of a mono 
mer having tWo or more ethylenically unsaturated groups. 

[0143] In order to give a high refractive index, the monomer 
preferably contains in the structure thereof an aromatic ring 
or at least one atom selected from the group consisting of 
halogen atoms (excluding ?uorine), a sulfur atom, a phospho 
rus atom and a nitrogen atom. 

[0144] Examples of the monomer having tWo or more eth 
ylenically unsaturated groups include esters of polyhydric 
alcohol and (meth)acrylic acid (e.g., ethylene glycol di(meth) 
acrylate 1,4-cyclohexane diacrylate, pentaerythritol tetra 
(meth)acrylate, pentaerythritol tri(meth)acrylate, trimethy 
lolpropane tri(meth)acrylate, trimethylolethane tri(meth) 
acrylate, dipentaerythritol tetra(meth)acrylate, 
dipentaerythritol penta(meth)acrylate, dipentaerythritol hexa 
(meth)acrylate, pentaerythritol hexa(meth)acrylate, 1,2,3 -cy 
clohexane tetramethacrylate, polyurethane polyacrylate, 
polyester polyacrylate), vinylbenZenes and derivatives 
thereof (e.g., 1,4-divinylbenZene, 4-vinylbenZoic acid-2 
acryloylethyl ester, 1,4-divinylcyclohexanone), vinylsul 
fones (e.g., divinylsulfone), acrylamides (e.g., methylenebi 
sacrylamide) and methacrylamides. These monomers may be 
used in combination of tWo or more thereof. 

[0145] Speci?c examples of the high refractive index 
monomer include bis(4-methacryloylthiophenyl)sul?de, 
vinylnaphthalene, vinylphenylsul?de and 4-methacrylox 
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yphenyl-4'-methoxyphenylthioether. These monomers may 
also be used in combination of tWo or more thereof. 

[0146] The polymerization of such a monomer having eth 
ylenically unsaturated groups may be performed under irra 
diation of ionizing radiation or under heat in the presence of 
a photo-radical polymerization initiator or a heat-radical 
polymerization initiator. 
[0147] Accordingly, the antire?ection ?lm can be formed 
by preparing a coating solution containing a monomer having 
ethylenically unsaturated groups, a photo- or heat-radical 
polymerization initiator, a matting particle and an inorganic 
?ller, applying the coating solution to a transparent support, 
and curing the coating solution through a polymerization 
reaction under ionizing radiation or heat. 
[0148] Examples of the photo-radical polymerization ini 
tiator include acetophenones, benzoins, benzophenones, 
phosphine oxides, ketals, anthraquinones, thioxanthones, azo 
compounds, peroxides, 2,3-dialkyldione compounds, disul 
?de compounds, ?uoroamine compounds and aromatic sul 
foniums. Examples of the acetophenones include 2,2-di 
ethoxyacetophenone, p-dimethylacetophenone, 
l-hydroxydimethyl phenyl ketone, 1-hydroxycyclohexyl 
phenyl ketone, 2-methyl-4-methylthio-2-morpholinopro 
piophenone and 2-benzyl-2-dimethylamino-1-(4-morpholi 
nophenyl)-butanone. Examples of the benzoins include ben 
zoin benzenesulfonic acid ester, benzoin toluenesulfonic acid 
ester, benzoin methyl ether, benzoin ethyl ether and benzoin 
isopropyl ether. Examples of the benzophenones include ben 
zophenone, 2,4-dichlorobenzophenone, 4,4-dichloroben 
zophenone and p-chlorobenzophenone. Examples of the 
phosphine oxides include 2,4,6-trimethylbenzoyldiphe 
nylphosphine oxide 
[0149] Also, various examples are described in Saishin UV 
Koka Gljulsu (Newest UV Curing Technology), page 159, 
Kazuhiro Takausu (publisher), Gijutsu Joho Kyokai (publish 
ing company) (1991) and these are useful in the present 
invention. 
[0150] Preferred examples of the commercially available 
photocleavable photo-radical polymerization initiator 
include Irgacure (651, 184 and 907) produced by Nippon 
Ciba Geigy. 
[0151] The photopolymerization initiator is preferably 
used in an amount of 0.1 to 15 parts by mass, more preferably 
from 1 to 10 parts by mass, per 100 parts by mass of the 
polyfunctional monomer. 
[0152] In addition to the photopolymerization initiator, a 
photosensitizer may be used. Speci?c examples of the pho 
tosensitizer include n-butylamine, triethylamine, tri-n-bu 
tylphosphine, Michler’s ketone and thioxanthone. 
[0153] Examples of the heat-radical polymerization initia 
tor Which can be used include organic or inorganic peroxides 
and organic azo or diazo compounds. 
[0154] Speci?c examples of the organic peroxide include 
benzoyl peroxide, halogen benzoyl peroxide, lauroyl perox 
ide, acetyl peroxide, dibutyl peroxide, cumene hydroperox 
ide and butyl hydroperoxide. Speci?c examples of the inor 
ganic peroxide include hydrogen peroxide, ammonium 
persulfate and potassium persulfate. Speci?c examples of the 
azo compound include 2-azo-bis-isobutyronitrile, 2-azo-bis 
propionitrile and 2-azo-bis-cyclohexanedinitrile. Speci?c 
examples of the diazo compound include diazoaminobenzene 
and p-nitrobenzene-diazonium. 
[0155] The polymer having a polyether as the main chain is 
preferably a ring-opening polymer of a polyfunctional epoxy 
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compound. The ring-opening polymerization of a poly-func 
tional epoxy compound can be performed under irradiation of 
ionizing radiation or under heat in the presence of a photoacid 
generator or a heat-acid generator. 

[0156] Accordingly, the antire?ection ?lm can be formed 
by preparing a coating solution containing a polyfunctional 
epoxy compound, a photoacid or heat-acid generator, a mat 
ting particle and an inorganic ?ller, applying the coating 
solution to a transparent support and curing the coating solu 
tion through a polymerization reaction under ionizing radia 
tion or heat. 

[0157] In place of or in addition to the monomer having tWo 
or more ethylenically unsaturated groups, a monomer having 
a crosslinkable functional group may be used to introduce a 
crosslinkable functional group into the polymer, so that by the 
reaction of this crosslinkable functional group, a crosslinked 
structure can be introduced into the binder polymer. 

[0158] Examples of the crosslinkable 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. Also, a vinylsulfonic acid, an 
acid anhydride, a cyanoacrylate derivative, a melamine, an 
etheri?ed methylol, an ester, a urethane or a metal alkoxide 
such as tetramethoxysilane can be used as a monomer for 

introducing a crosslinked structure. A functional group Which 
exhibits crosslinking property as a result of the decomposi 
tion reaction, such as block isocyanate group, may also be 
used. In other Words, the crosslinkable functional group for 
use in the present invention may be a group Which does not 
directly cause a reaction but exhibits reactivity as a result of 
the decomposition. 
[0159] The binder polymer having this crosslinkable func 
tional group is coated and then heated, Whereby a crosslinked 
structure can be formed. 

[0160] For the purpose of imparting the antiglare property, 
the antiglare hard coat layer contains a matting agent larger 
than the ?ller particle and having an average particle size of 1 
to 10 um. preferably from 1.5 to 7.0 pm, for example, an 
inorganic compound particle or a resin particle. 
[0161] Speci?c preferred examples of the matting particle 
include an inorganic compound particle such as silica particle 
and TiO2 particle; and a resin particle such as acryl particle, 
crosslinked acryl particle, polystyrene particle, crosslinked 
styrene particle, melamine resin particle and benzoguan 
amine resin particle. Among these, crosslinked styrene par 
ticle, crosslinked acryl particle and silica particle are more 
preferred. 
[0162] The shape of the matting particle may be either true 
spherical or amorphous. 
[0163] Also, tWo or more kinds of matting particles differ 
ing in the particle size may be used in combination. The 
matting agent having a larger particle size can impart the 
antiglare property and the matting particle having a smaller 
particle size can impart a different optical property. For 
example, When an antire?ection ?lm is attached to a high 
de?nition display of 133 ppi or more, this is required to cause 
no trouble called glare in the optical performance. The glare 
is attributable to a phenomenon that the picture element is 
enlarged or reduced due to asperities (contributing to the 
antiglare property) present on the ?lm surface and the unifor 
mity of brightness is lost. This glare can be greatly improved 
by using in combination a matting particle having a particle 
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size smaller than that of the matting particle for imparting the 
antiglare property and having a refractive index different 
from that of the binder. 
[0164] The particle siZe distribution of this matting particle 
is most preferably monodisperse. Individual particles prefer 
ably have the same particle siZe as much as possible. For 
example, When a particle having a particle siZe 20% or more 
larger than the average particle siZe is de?ned as a coarse 
particle, the percentage of the coarse particle occupying in the 
total number of particles is preferably 1% or less, more pref 
erably 0.1% or less, still more preferably 0.01% or less. The 
matting particle having such a particle siZe distribution is 
obtained by performing the classi?cation after the normal 
synthesis reaction. By increasing the number of classi?cation 
operations or intensifying the classi?cation degree, a matting 
agent having a more preferred distribution can be obtained. 
[0165] This matting particle is contained in the antiglare 
hard coat layer such that the amount of the matting particle in 
the formed antiglare hard coat layer is preferably from 10 to 
1,000 mg/m2, more preferably from 100 to 700 mg/m2. 
[0166] The particle siZe distribution of the matting particle 
is measured by a Coulter counter method and the measured 
distribution is converted into the particle number distribution. 
[0167] In addition to the above-described matting particle, 
the antiglare hard coat layer preferably contains an inorganic 
?ller comprising an oxide of at least one metal selected from 
the group consisting of titanium, Zirconium, aluminum, 
indium, Zinc, tin and antimony and having an average particle 
siZe of 0.2 pm or less, preferably 0.1 pm or less, more pref 
erably 0.06 pm or less, so as to increase the refractive index of 
the antiglare layer. 
[0168] Conversely, for increasing the difference in the 
refractive index from the matting particle, it is also preferred 
to use an oxide of silicon in the antiglare hard coat layer using 
a high refractive index matting particle so as to keep loWer the 
refractive index of the layer. The preferred particle siZe is 
same as that of the inorganic ?ller. 
[0169] Speci?c examples of the inorganic ?ller for use in 
the antiglare hard coat layer include TiO2, ZrO2, A1203, 
In2O3, ZnO, SnO2, Sb2O3, ITO and SiO2. Among these inor 
ganic ?llers, TiO2 and ZrO2 are preferred from the standpoint 
of attaining a high refractive index. The surface of the inor 
ganic ?ller is preferably subjected to a silane coupling treat 
ment or a titanium coupling treatment. A surface treating 
agent having a functional group capable of reacting With the 
binder species on the ?ller surface is preferably used. 
[0170] The amount of the inorganic ?ller added is prefer 
ably from 10 to 90%, more preferably from 20 to 80%, still 
more preferably from 30 to 75%, based on the entire mass of 
the antiglare hard coat layer. 
[0171] This ?ller has a particle siZe suf?ciently smaller than 
the Wavelength of light and therefore, causes no scattering 
and the dispersion obtained by dispersing the ?ller in the 
binder polymer behaves as an optically uniform substance. 
[0172] The bulk refractive index of the binder and inorganic 
?ller mixture in the antiglare hard coat layer of the present 
invention is preferably 1.48 to 2.00, more preferably from 
1 .50 to 1 .80. The refractive index in this range can be attained 
by appropriately selecting the kind and the amount ratio of 
binder and inorganic ?ller. HoW to select can be easily knoWn 
in advance by an experiment. 
[0173] In the present invention, for ensuring surface state 
uniformity of the antiglare hard coat layer by preventing 
particularly coating unevenness, drying unevenness, spot 
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defect and the like, either one or both of a ?uorine-containing 
surfactant and a silicon-containing surfactant is(are) incorpo 
rated into the coating composition for the formation of the 
antiglare layer. In particular, a ?uorine-containing surfactant 
is preferred, because the effect of improving the surface fail 
ure of the anti-re?ection ?lm of the present invention, such as 
coating unevenness, drying unevenness and spot defect, can 
be obtained by the addition in a smaller amount. 
[0174] These surfactants are added for the purpose of 
imparting high-speed coatability While enhancing the surface 
state uniformity and thereby increasing the productivity. 
[0175] Preferred examples of the ?uorine-base surfactant 
include a ?uoro-aliphatic group-containing copolymer 
(sometimes simply referred to as a “?uorine-base polymer”). 
As the ?uorine-base polymer, an acrylic resin and a meth 
acrylic resin each containing a repeating unit corresponding 
to the folloWing monomer (i) and a repeating unit correspond 
ing to the folloWing monomer (ii), and a copolymer With a 
vinyl-base monomer copolymeriZable thereWith are useful. 
[0176] (i) Fluoro-aliphatic group-containing monomer rep 
resented by the folloWing formula 5 

Formula 5: 

[0177] In formula 5, R1 1 represents a methyl group, X rep 
resents an oxygen atom, a sulfur atom or iN(R12)i, m 
represents an integer of 1 to 6, n represents an integer of 2 or 
3, and R12 represents a hydrogen atom or an alkyl group 
having a carbon number of 1 to 4, such as methyl group, ethyl 
group, propyl group or butyl group, preferably a hydrogen 
atom or a methyl group. X is preferably an oxygen atom. 
[0178] In formula 5, m is preferably an integer of 1 to 6, 
more preferably 2. 
[0179] In formula 5, n is an integer of 1 to 3 and a mixture 
ofn:1 to 3 may also be used. 
[0180] (ii) Monomer copolymeriZable With monomer (i), 
represented by the folloWing formula 6 

Formula 6: 
R13 

[0181] In formula 6, R13 represents a hydrogen atom or a 
methyl group, Y represents an oxygen atom, a sulfur atom or 
iN(R15)i, and R15 represents a hydrogen atom or an alkyl 
group having a carbon number of 1 to 4, such as methyl group, 
ethyl group, propyl group or butyl group, preferably a hydro 
gen atom or a methyl group. Y is preferably an oxygen atom, 

iN(H)i or iN(CH3)i. 
[0182] R14 represents a linear, branched or cyclic alkyl 
group having a carbon number of 4 to 20, Which may have a 
substituent. Exam les of the substituent of the alkyl group 
represented by R1 include a hydroxyl group, an alkylcarbo 
nyl group, an arylcarbonyl group, a carboxyl group, an alky 
lether group, an arylether group, a halogen atom such as 
?uorine atom, chlorine atom and bromine atom, a nitro group, 
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a cyano group and an amino group, however, the present 
invention is not limited thereto. Suitable examples of the 
linear, branched or cyclic alkyl group having a carbon number 
of 4 to 20 include a linear or branched butyl group, a linear or 
branched pentyl group, a linear or branched hexyl group, a 
linear or branched heptyl group, a linear or branched octyl 
group, a linear or branched nonyl group, a linear or branched 
decyl group, a linear or branched undecyl group, a linear or 
branched dodecyl group, a linear or branched tridecyl group, 
a linear or branched tetradecyl group, a linear or branched 

pentadecyl group, a linear or branched octadecyl group, a 
linear or branched eicosanyl group, a monocyclic cycloalkyl 
group such as cyclohexyl group and cycloheptyl group, and a 
polycyclic cycloalkyl group such as bicycloheptyl group, 
bicyclodecyl group, tricycloundecyl group, tetracyclo-dode 
cyl group, adamantyl group, norbomyl group and tetracyclo 
decyl group. 
[0183] The amount of the ?uoro-aliphatic group-contain 
ing monomer represented by formula 4, Which is used in the 
?uorine-base polymer for use in the present invention, is 10 
mol % or more, preferably from 15 to 70 mol %, more pref 
erably from 20 to 60 mol %, based on each monomer of the 
?uorine-base polymer. 
[0184] The mass average molecular Weight of the ?uorine 
base polymer for use in the present invention is preferably 
from 3,000 to 100,000, more preferably from 5,000 to 80,000. 
[0185] The amount added of the ?uorine-base polymer for 
use in the present invention is preferably from 0.001 to 5 mass 
%, more preferably from 0.005 to 3 mass %, still more pref 
erably from 0.01 to 1 mass %, based on the coating solution. 
If the amount of the ?uorine-base polymer added is less than 
0.001 mass %, the effect is insu?icient, Whereas if it exceeds 
5 mass %, the coating ?lm is not suf?ciently dried or the 
performance (for example, re?ectance and scratch resistance) 
as the coating ?lm is adversely affected. 

[0186] Speci?c structural examples of the ?uorine-base 
polymer for use in the present invention are set forth beloW, 
hoWever, the present invention is not limited thereto. In for 
mulae, the numeral indicates the molar ratio of each monomer 
component and MW indicates the mass average molecular 
Weight. 
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MW 15,000 

FP-3 

FP-4 

FP-6 
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MW 25,000 

[0187] However, When the above-described ?uorine-base 
polymer is used, the functional group containing F atom 
segregates on the hard coat layer surface, as a result, the 
surface energy of the hard coat layer decreases and this causes 
a problem that When a loW refractive index layer is overcoated 
on the hard coat layer, the antire?ection performance is Wors 
ened. This is presumed to occur because the coating compo 
sition for the formation of the loW refractive index layer 
decreases in the Wettability and the visually undetectable ?ne 
unevenness in the ?lm thickness of the loW refractive index 
layer is more intensi?ed. For solving this problem, it has been 
found effective to control the surface energy of the hard coat 
layer to preferably 20 to 50 mN~m_l, more preferably from 30 
to 40 mN~m_l, by adjusting the structure and amount added of 
the ?uorine-base polymer. For realiZing such a surface 
energy, the F/C Which is a ratio of the peak attributable to a 
?uorine atom to the peak attributable to a carbon atom as 
measured by X-ray photoelectric spectrometry must be from 
0.1 to 1.5. 

[0188] Also, When the surface energy is not decreased at the 
time of overcoating the loW refractive index layer on the hard 
coat layer, the deterioration of the antire?ection performance 
can be prevented. At the coating of the hard coat layer, the 
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surface tension of the coating solution is decreased by using 
a ?uorine-base polymer to enhance the surface state unifor 
mity and maintain the high productivity oWing to high-speed 
coating and after the coating of the hard coat layer, the 
decrease of the surface free energy is prevented by using a 
surface treatment such as corona treatment, UV treatment, 
heat treatment, saponi?cation treatment or solvent treatment, 
preferably corona treatment, Whereby the surface energy of 
the hard coat layer before the coating of the loW refractive 
index layer can be controlled to fall Within the above-de 
scribed range and thereby the purpose can be achieved. 
[0189] The ?lm thickness of the antiglare hard coat layer is 
preferably from 1 to 10 um, more preferably from 1.2 to 6 pm. 

[0190] The present inventors have also con?rmed that the 
scattered light intensity distribution measured by a goniopho 
tometer is correlated With the effect of improving the vieW 
angle. That is, as the light emitted from the backlight is more 
diffused by the light-diffusing ?lm provided on the polariZing 
plate surface in the vieWing side, the vieW angle properties are 
more improved. HoWever, if the light is excessively diffused, 
the back scattering increases and the front brightness 
decreases or too large scattering is generated to cause prob 
lems such as deterioration of image sharpness. Therefore, the 
scattered light intensity distribution must be controlled to a 
certain range. As a result of extensive investigations, it has 
been found that for achieving the desired visibility properties, 
the scattered light intensity at 300 particularly correlated With 
the vieW angle-improving effect is preferably from 0.01 to 
0.2%, more preferably from 0.02 to 015%, still more prefer 
ably from 0.03 to 0.1%, based on the light intensity at an exit 
angle of 0° in a scattered light pro?le. 
[0191] The scattered light pro?le of the produced light 
scattering ?lm can be measured using an autogoniophoto 
meter, Model GP-5, manufactured by Murakami Color 
Research Laboratory. 
[0192] [High Refractive Index Layer] 
[0193] In the antire?ection ?lm of the present invention, in 
order to impart higher antire?ection performance, a high 
refractive index layer can also be preferably used. 
[0194] (Inorganic Fine Particle Mainly Comprising tita 
nium Dioxide) 
[0195] The high refractive index layer for use in the present 
invention contains an inorganic ?ne particle comprising, as 
the main component, a titanium dioxide containing at least 
one element selected from cobalt, aluminum and Zirconium. 
The main component means a component of Which content 
(mass %) is highest among the components constituting the 
particle. 
[0196] The refractive index of the high refractive index 
layer for use in the present invention is from 1.55 to 2.40 and 
this is a layer called a high refractive index layer or a medium 
refractive index layer, hoWever, in the present invention, these 
layers are sometimes collectively called a high refractive 
index layer. 
[0197] The inorganic ?ne particle mainly comprising tita 
nium dioxide for use in the present invention preferably has a 
refractive index of 1 .90 to 2.80, more preferably from 2.10 to 
2.80, and most preferably from 2.20 to 2.80. 
[0198] The mass average primary particle siZe of the inor 
ganic ?ne particle mainly comprising titanium dioxide is 
preferably from 1 to 200 nm, more preferably from 1 to 150 
nm, still more preferably from 1 to 100 nm, particularly 
preferably from 1 to 80 nm. 
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[0199] The particle size of the inorganic ?ne particle can be 
measured by a light scattering method or an electron micro 
scopic photograph. The speci?c surface area of the inorganic 
?ne particle is preferably from 10 to 400 m2/ g, more prefer 
ably from 20 to 200 m2/ g, and most preferably from 30 to 150 
m2/ g. 
[0200] As for the crystal structure of the inorganic ?ne 
particle mainly comprising titanium dioxide, the main com 
ponent is preferably a rutile structure, a rutile/anatase mixed 
crystal, an anatase structure or an amorphous structure, more 
preferably a rutile structure. The main component means a 

component of Which content (mass %) is highest among the 
components constituting the particle. 
[0201] By containing at least one element selected from Co 
(cobalt), Al (aluminum) and Zr (Zirconium) in the inorganic 
?ne particle mainly comprising titanium dioxide, the photo 
catalytic activity of the titanium dioxide can be suppressed 
and the Weather resistance of the high refractive index layer 
for use in the present invention can be improved. 

[0202] The element is preferably Co (cobalt). A combina 
tion use of tWo or more elements is also preferred. 

[0203] The contents of Co (cobalt), Al (aluminum) and Zr 
(Zirconium) each is preferably from 0.05 to 30 mass %, more 
preferably from 0.1 to 10 mass %, still more preferably from 
0.2 to 7 mass %, particularly preferably from 0.3 to 5 mass %, 
and most preferably from 0.5 to 3 mass %, based on Ti 

(titanium). 
[0204] C0 (cobalt), Al (aluminum) or Zr (Zirconium) can be 
present at least in either the inside or the surface of the 
inorganic ?ne particle mainly comprising titanium dioxide, 
but the element is preferably present in the inside of the 
inorganic ?ne particle mainly comprising titanium dioxide, 
mo st preferably in both the inside and the surface. 

[0205] Co (cobalt), Al (aluminum) or Zr (Zirconium) can be 
made to exist (for example, doped) in the inside of the inor 
ganic ?ne particle mainly comprising titanium dioxide by 
various methods. Examples of the method include an ion 
injection method (see, Yasushi Aoki, Vol. 18, No. 5, pp. 262 
268 (1998)) and methods described in JP-A-ll-263620, 
JP-T-ll-5l2336 (the term “JP-T” as used herein means a 
published Japanese translation of a PCT patent application), 
EP-A-0335773 and JP-A-5-330825. 

[0206] A method of introducing Co (cobalt), Al (alumi 
num) or Zr (Zirconium) in the particle formation process of 
forming the inorganic ?ne particle mainly comprising tita 
nium dioxide (see, for example, JP-T-l l-5l2336, EP-A 
0335773 and JP-A-5-330825) is particularly preferred. 
[0207] Co (cobalt),Al (aluminum) or Zr (Zirconium) is also 
preferably present in the form of an oxide. 

[0208] The inorganic ?ne particle mainly comprising tita 
nium dioxide may further contain other elements according to 
the purpose. Other elements may be contained as impurities. 
Examples of other elements include Sn, Sb, Cu, Fe, Mn, Pb, 
Cd, As, Cr, Hg, Zn, Mg, Si, P and S. 
[0209] The inorganic ?ne particle mainly comprising tita 
nium dioxide for use in the present invention may be surface 
treated. The surface treatment is performed by using an inor 
ganic compound or an organic compound. Examples of the 
inorganic compound for use in the surface treatment include 
cobalt-containing inorganic compounds (e. g., C002, CO2O3, 
C0304), aluminum-containing inorganic compounds (e. g., 
A1203, Al(OH)3), Zirconium-containing inorganic com 
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pounds (e.g., ZrO2, Zr(OH)4), silicon-containing inorganic 
compounds (e.g., SiO2) and iron-containing inorganic com 
pounds (e.g., Fe2O3). 
[0210] Among these, cobalt-containing inorganic com 
pounds, aluminum-containing inorganic compounds and Zir 
conium-containing inorganic compounds are preferred, and 
cobalt-containing inorganic compounds, Al(OH)3 and 
Zr(OH)4 are mo st preferred. 
[0211] Examples of the organic compound for use in the 
surface treatment include a polyol, an alkanolamine, a stearic 
acid, a silane coupling agent and a titanate coupling agent. 
Among these, a silane coupling agent is most preferred. In 
particular, a surface treatment With an organosilane com 
pound represented by formula 3 or a derivative thereof is 
preferred. 
[0212] Examples of the titanate coupling agent include 
metal alkoxides such as tetramethoxy titanium, tetraethoxy 
titanium and tetraisorpopoxy titanium, and Preneact (e.g., 
KR-TTS, KR-46B, KR-55 and KR-41B, produced by Ajino 
moto Co., Inc.). 
[0213] Preferred examples of the organic compound foruse 
in the present invention include a polyol, an alkanolamine and 
other organic compounds having an anionic group. Among 
these, more preferred are organic compounds having a car 
boxyl group, a sulfonic acid group or a phosphoric acid group. 

[0214] A stearic acid, a lauric acid, an oleic acid, a linoleic 
acid and a linolenic acid are preferably used. 

[0215] The organic compound for use in the surface treat 
ment preferably further has a crosslinkable or polymerizable 
functional group. Examples of the crosslinkable or polymer 
iZable functional group include ethylenically unsaturated 
groups (e.g., (meth)acryl, allyl, styryl, vinyloxy) capable of 
addition reaction/polymerization reaction by a radical, cat 
ionic polymeriZable groups (e. g., epoxy, oxatanyl, vinyloxy), 
and polycondensation reactive groups (e.g., hydrolyZable 
silyl group, N-methylol). 
[0216] These surface treatments may also be used in com 
bination of tWo or more thereof. A combination use of an 

aluminum-containing organic compound and a Zirconium 
containing inorganic compound is particularly preferred. 
[0217] As described in JP-A-200l-l66l04, the inorganic 
?ne particle mainly comprising titanium dioxide for use in the 
present invention may be rendered to have a core/ shell struc 
ture by the surface treatment. 
[0218] The shape of the inorganic ?ne particle mainly com 
prising titanium dioxide, Which is contained in the high 
refractive index layer, is preferably a pebble form, a spherical 
form, a cubic form, a spindle form or an amorphous form, 
more preferably an amorphous form or a spindle form. 

[0219] (Dispersant) 
[0220] For dispersing the inorganic ?ne particle mainly 
comprising titanium dioxide, Which is used in the refractive 
index layer of the present invention, a dispersant can be used. 
[0221] For the dispersion of the inorganic ?ne particle 
mainly comprising titanium dioxide used in the present 
invention, a dispersant having an anionic group is preferably 
used. 

[0222] As the anionic group, a group having an acidic pro 
ton, such as carboxyl group, sulfonic acid group (and sulfo 
group), phosphoric acid group (and phosphono group) and 
sulfonamide group, and a salt thereof are effective. Among 
these, preferred are a carboxyl group, a sulfonic acid group, a 
phosphonic acid group, and a salt thereof, more preferred are 
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a carboxyl group and a phosphoric acid group. The number of 
anionic groups contained per one molecule of the dispersant 
is 1 or more. 

[0223] For the purpose of more improving the dispersibility 
of the inorganic ?ne particle, a plural number of anionic 
groups may be contained. The average number of anionic 
groups is preferably 2 or more, more preferably 5 or more, 
still more preferably 10 or more. Also, a plural kind of anionic 
groups may be contained in one molecule of the dispersant. 

[0224] The dispersant preferably further contains a 
crosslinkable or polymerizable functional group. Examples 
of the crosslinkable or polymerizable functional group 
include ethylenically unsaturated groups (e.g., (meth)acry 
loyl, allyl, styryl, vinyloxy) capable of addition reaction/ 
polymerization reaction by a radical, cationic polymerizable 
groups (e.g., epoxy, oxatanyl, vinyloxy), and polycondensa 
tion reactive groups (e.g., hydrolyzable silyl group, N-methy 
lol). Among these, a functional group having an ethylenically 
unsaturated group is preferred. 
[0225] The dispersant used for dispersing the inorganic ?ne 
particle mainly comprising titanium dioxide, Which is used 
for the high refractive index layer of the present invention, is 
preferably a dispersant having an anionic group and a 
crosslinkable or polymerizable functional group and at the 
same time, having the crosslinkable or polymerizable func 
tional group on the side chain. 

[0226] The mass average molecular Weight (MW) of the 
dispersant having an anionic group and a crosslinkable or 
polymerizable functional group and at the same time, having 
the crosslinkable or polymerizable functional group on the 
side chain is not particularly limited but this is preferably 
1,000 or more, more preferably from 2,000 to 1,000,000, still 
more preferably from 5,000 to 200,000, particularly prefer 
ably from 10,000 to 100,000. 
[0227] As the anionic group, a group having an acidic pro 
ton, such as carboxyl group, sulfonic acid group (and sulfo 
group), phosphoric acid group (and phosphono group) and 
sulfonamide group, and a salt thereof are effective. Among 
these, preferred are a carboxyl group, a sulfonic acid group, a 
phosphonic acid group, and a salt thereof, more preferred are 
a carboxyl group and a phosphoric acid group. 

[0228] The number of anionic groups contained per one 
molecule of the dispersant is, on an average, preferably 2 or 
more, more preferably 5 or more, still more preferably 10 or 
more. Also, a plural kind of anionic groups may be contained 
in one molecule of the dispersant. 

[0229] The dispersant having an anionic group and a 
crosslinkable or polymerizable functional group and at the 
same time, having the crosslinkable or polymerizable func 
tional group on the side chain has the anionic group on the 
side chain or at the terminal. 

[0230] A dispersant having the anionic group on the side 
chain is particularly preferred. In the dispersant having an 
anionic group on the side chain, the proportion of the anionic 
group-containing repeating unit is from 10'4 to 100 mol %, 
preferably from 1 to 50 mol %, still more preferably from 5 to 
20 mol %, based on all repeating units. 

[0231] Examples of the crosslinkable or polymerizable 
functional group include ethylenically unsaturated groups 
(e. g., (meth)acryl, allyl, styryl, vinyloxy) capable of addition 
reaction/polymerization reaction by a radical, cationic poly 
merizable groups (e.g., epoxy, oxatanyl, vinyloxy), and poly 
condensation reactive groups (e. g., hydrolyzable silyl group, 
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N-methylol). Among these, a group having an ethylenically 
unsaturated group is preferred. 
[0232] The number of crosslinkable orpolymerizable func 
tional groups contained per one molecule of the dispersant is, 
on an average, preferably 2 or more, more preferably 5 or 
more, still more preferably 10 or more. Also, a plural kind of 
crosslinkable or polymerizable functional groups may be 
contained in one molecule of the dispersant. 
[0233] In a preferred dispersant for use in the present inven 
tion, examples of the repeating unit having an ethylenically 
unsaturated group on the side chain, Which can be used, 
include a poly-1,2-butadiene structure, a poly-1,2-isoprene 
structure, and a (meth)acrylic acid ester or amide repeating 
unit Which is bonded With a speci?c residue (the R group of 
4COOR or iCONHR). Examples of the speci?c residue (R 
group) include i(CH2)niCR2l:CR22R23, i(CH2O)ni 

C2R21:CR22R23 and i(CH2CH2O)2iX (Wherein R21 to 
R each is a hydrogen atom, a halogen atom, an alkyl group 
having from 1 to 20 carbon atoms, an aryl group, an alkoxy 
group or an aryloxy group, R21 may combine With R22 or R23 
to form a ring, n is an integer of1 to 10, and X is a dicyclo 
pentadienyl residue). Speci?c examples of the ester residue 
include 4CH2CH:CH2 (corresponding to a polymer of 
allyl (meth)acrylate described in JP-A-64-17047), 
%H2CH2OiCH2CH:CH2, iCH2CH2OCOCH:CH2, 
CH2CH2OCOC(CH3):CH2, iCH2C(CH3):CH2, 
%H2CH:CHiC6H5, iCH2CH2OCOCH:CHiC6H5, 
%H2CH2iNHCOO%H2CH:CH2 and 
4CH2CH2OiX (Wherein X is a dicyclopentadienyl resi 
due). Speci?c examples of the amide residue include 
4CH2CH:CH2, iCHZCHZiY (Wherein Y is a 1-cyclo 
hexenyl residue), 4CH2CH2iOCO4CH:CH2 and 
%H2CH2iOCO%(CH3):CH2. 
[0234] In the dispersant having an ethylenically unsatur 
ated group, a free radical (a polymerization initiation radical 
or a groWth radical in the polymerization process of a poly 
merizable compound) is added to the unsaturated bond group 
to cause an addition polymerization betWeen molecules 
directly or through polymerization chaining of a polymeriz 
able compound, as a result, a crosslink is formed betWeen 
molecules, thereby completing the curing. Alternatively, an 
atom in the molecule (for example, a hydrogen atom on a 
carbon atom adjacent to the unsaturated bond group) is With 
draWn by a free radical to produce a polymer radical and the 
polymer radicals are bonded With each other to form a 
crosslink betWeen molecules, thereby completing the curing. 
[0235] The crosslinkable or polymerizable functional 
group-containing unit may constitute all repeating units 
except for the anionic group-containing repeating unit, but 
preferably occupies from 5 to 50 mol %, more preferably 
from to 30 mol %, in all crosslinking or repeating units. 
[0236] The preferred dispersant of the present invention 
may be a copolymer With an appropriate monomer other than 
the monomer having a crosslinkable or polymerizable func 
tional group and an anionic group. The copolymerization 
component is not particularly limited but is selected from 
various vieW points such as dispersion stability, compatibility 
With other monomer component and the strength of ?lm 
formed. Preferred examples thereof include methyl (meth) 
acrylate, n-butyl (meth)acrylate, tert-butyl (meth)acrylate, 
cyclohexyl (meth)acrylate and styrene. 
















































