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(57) ABSTRACT 

There are provided a curable ?uorine-containing polymer 
Which can realize a high hardness by photo-curing While 
maintaining a 10W refractive index, an antire?ection ?lm 
possessing improved scratch resistance and abrasion resis 

tance While maintaining a re?ection reducing effect, and an 
antire?ection-treated article provided With such an antire 
?ection ?lm. The curable ?uorine-containing polymer has a 
number average molecular Weight of from 500 to 1,000,000 
and is represented by the formula (1): 

in Which the structural unit M is a structural unit derived 
from a ?uorine-containing ethylenic monomer and repre 
sented by the formula (M): 

Wherein X1 and X2 are the same or different and each is H 
or F; X3 is H, F, CH3 or CF3; X4 and X5 are the same or 
different and each is H, F or CF3; Rf is an organic group in 
Which 1 to 3 of Y1 (Y1 is a monovalent organic group having 
2 to 10 carbon atoms and an ethylenic carbon-carbon double 
bond at its end) are bonded to a ?uorine-containing alkyl 
group having 1 to 40 carbon atoms or a ?uorine-containing 
alkyl group having 2 to 100 carbon atoms and ether bond; a 
is 0 or an integer of from 1 to 3; b and c are the same or 
different and each is 0 or 1, 

the structural unit A is a structural unit derived from a 
monomer copolymeriZable With the ?uorine-containing eth 
ylenic monomer represented by the formula (M), 

and the structural unit M and the structural unit A are 
contained in amounts of from 0.1 to 100 % by mole and from 
0 to 99.9 % by mole, respectively. 
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CURABLE FLUOROPOLYMER, CURABLE RESIN 
COMPOSITION CONTAINING THE SAME, AND 

ANTIREFLECTION FILM 

TECHNICAL FIELD 

[0001] The present invention relates to a novel curable 
?uorine-containing polymer, a curable resin composition 
prepared from same and a cured article and cured ?lm 
obtained by curing the curable ?uorine-containing polymer 
and also relates to an antire?ection ?lm obtained from the 
cured ?lm and an antire?ection-treated article provided With 
the antire?ection ?lm. 

BACKGROUND ART 

[0002] As a result of development of multi-media, it has 
become more important to secure an increased visible area 
(a property of decreasing surface-re?ected area When vieW 
ing at an angle, Which is also called “visibility”) of a display 
of various displaying devices. A large siZe displaying device 
is also required to have Well visible display, Which is a 
problem to be solved from technical point of vieW. 

[0003] In order to enhance visibility of the displaying 
device, an antire?ection ?lm made of a material having a 
loW refractive index has been formed on a substrate of the 
displaying device. For forming an antire?ection ?lm, there 
is knoWn, for example, a method of forming a thin ?lm of 
a ?uorine-containing compound by a deposition method. 
HoWever in the deposition method, it is dif?cult to form a 
coating ?lm on a substrate for a large display and yet a cost 
is high since a vacuum equipment is required. 

[0004] Such being the case, there have been studied meth 
ods of forming an antire?ection ?lm by preparing a liquid 
composition by dissolving a ?uorine-containing polymer 
having a loW refractive index in an organic solvent and then 
coating the obtained composition on a surface of a substrate 
(for example, JP6-115023A, etc.). 
[0005] HoWever in the method of coating the ?uorine 
containing polymer solution, hardness of a coating ?lm is 
insuf?cient and therefore the coating ?lm is damaged and 
peeled off due to abrasion, thereby loWering appearance of 
a display. 

[0006] Therefore there have been studied methods of 
preparing a composition by mixing a photo-curable acrylic 
monomer, for example, a ?uorine-containing acrylic mono 
mer or a ?uorine-containing polyfunctional acrylic com 
pound to a ?uorine-containing polymer having a loW refrac 
tive index and after coating the composition, photo-curing 
the acrylic monomer (JP7-126552A, JP7-188588A, JP8 
48935A, etc.). 
[0007] HoWever in those methods, hardness of the coating 
?lm is still insuf?cient because the ?uorine-containing poly 
mer itself Which is the main component is not crosslinked. 
In order to increase the hardness, an amount of the acrylic 
monomer or the polyfunctional acrylic compound may be 
increased, but in that case, a refractive index of the cured 
?lm is increased and an intended re?ection reducing effect 
is loWered. Also in those methods, the un-reacted acrylic 
monomer or polyfunctional acrylic compound is apt to 
remain in the coating ?lm, Which causes loWering of physi 
cal properties of the cured coating ?lm. 
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[0008] Also methods of mixing a ?uorine-containing 
polymer having a photo-reactive (photo-polymeriZable) 
functional group introduced in its side chain With an acrylic 
monomer or polyfunctional acrylic compound and photo 
curing after coating the mixture have been studied (JP 
2527186 and JP 2543903). HoWever the ?uorine-containing 
polymers described therein are high in a refractive index and 
therefore are insufficient in performance for an antire?ection 
?lm. In addition, as the number of cure sites of the ?uorine 
containing polymer is increased to increase hardness, a 
refractive index becomes high and therefore a re?ection 
reducing effect is further loWered. 

[0009] An object of the present invention is to provide a 
curable ?uorine-containing polymer Which can make its 
hardness high by photo-curing While maintaining a loW 
refractive index. 

[0010] Another object of the present invention is to pro 
vide an antire?ection ?lm possessing improved scratch 
resistance and abrasion resistance While maintaining a 
re?ection reducing effect and also to provide an antire?ec 
tion-treated article having such an antire?ection ?lm 
thereon. 

DISCLOSURE OF INVENTION 

[0011] The present inventors have made intensive studies 
to achieve those objects and have found novel curable 
?uorine-containing polymers having an ethylenic carbon 
carbon double bond in its side chain and have found that 
When those polymers are used, a cured article having a high 
hardness can be obtained While maintaining a loW refractive 
index. 

[0012] Further the present inventors have found that a 
cured ?lm of a speci?c ?uorine-containing polymer having 
a carbon-carbon unsaturated bond at an end of its side chain 
is useful as an antire?ection ?lm having both of loW re?ec 
tion and high hardness. 

[0013] The present inventors have completed the present 
invention mentioned beloW based on the above-mentioned 
?ndings. 
[0014] The ?rst of the present invention relates to a 
curable ?uorine-containing polymer having an ethylenic 
carbon-carbon double bond in its side chain. 

[0015] The curable ?uorine-containing polymer of the 
present invention has a number average molecular Weight of 
from 500 to 1,000,000 and is represented by the formula (1): 

[0016] in Which the structural unit M is a structural unit 
derived from ?uorine-containing ethylenic monomer and 
represented by the formula (M): 

[0017] Wherein X1 and X2 are the same or different and 
each is H or F; X3 is H, F, CH3 or CF3; X4 and X5 are the 
same or different and each is H, F or CF3; Rf is an organic 
group in Which 1 to 3 of Y1 (Y1 is a monovalent organic 
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group having 2 to 10 carbon atoms and an ethylenic carbon 
carbon double bond at its end) are bonded to a ?uorine 
containing alkyl group having 1 to 40 carbon atoms or a 
?uorine-containing alkyl group having 2 to 100 carbon 
atoms and ether bond; a is 0 or an integer of from 1 to 3; b 
and c are the same or different and each is 0 or 1, 

[0018] the structural unit A is a structural unit derived 
from monomer copolymeriZable With the ?uorine-contain 
ing ethylenic monomer represented by the formula (M), 

[0019] and the structural unit M and the structural unit A 
are contained in amounts of from 0.1 to 100% by mole and 
from 0 to 99.9% by mole, respectively. 

[0020] The second of the present invention relates to a 
process for preparing a curable ?uorine-containing polymer 
having a number average molecular Weight of from 500 to 
1,000,000 Which is characteriZed by esterifying: 

[0021] ?uorine-containing polymer having hydroXyl and 
represented by the formula (2) 

[0022] in Which the structural unit N is a structural unit 
having hydroXyl and derived from ?uorine-containing eth 
ylenic monomer and is represented by the formula (N): 

[0023] Wherein X1 and X2 are the same or different and 
each is H or F; X3 is H, F, CH3 or CF3; X4 and X5 are the 
same or different and each is H, F or CF3; Rf1 is an organic 
group in Which 1 to 3 of Y5 (Y5 is hydroXyl or a monovalent 
organic group having 1 to 10 carbon atoms and hydroXyl) 
are bonded to a ?uorine-containing alkyl group having 1 to 
40 carbon atoms or a ?uorine-containing alkyl group having 
2 to 100 carbon atoms and ether bond; a is 0 or an integer 
of from 1 to 3; b and c are the same or different and each is 
0 or 1, 

[0024] the structural unit (B) is a structural unit derived 
from monomer copolymeriZable With the ?uorine-contain 
ing ethylenic monomer having hydroXyl Which is repre 
sented by the above-mentioned formula (N), and the struc 
tural unit N and the structural unit B are contained in 
amounts of from 0.1 to 100% by mole and from 0 to 99.9% 
by mole, respectively, With an unsaturated carboXylic acid or 
its derivative having 3 to 10 carbon atoms (a total number of 
carbon atoms including carbon atoms of Y3 is from 3 to 10) 
and represented by the formula: 

[0025] Wherein R1 is a divalent organic group Which has 1 
to 7 carbon atoms and may be substituted With ?uorine atom; 
X6 is H, F, CH3 or CF3; X7 and X8 are the same or different 
and each is H or F; f is 0 or 1. The obtained curable 
?uorine-containing polymer is represented by the formula 
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[0026] in Which the structural unit M4 is a structural unit 
derived from a ?uorine-containing ethylenic monomer and 
represented by the formula (M4): 

[0027] Wherein X1 and X2 are the same or different and 
each is H or F; X3 is H, F, CH3 or CF3; X4 and X5 are the 
same or different and each is H, F or CF3; Rf2 is an organic 
group in Which 1 to 3 of Y6 having 3 to 10 carbon atoms and 
represented by the formula: 

[0028] Wherein R1, X6, X7, X8 and f are as de?ned above; 
R2 is a divalent organic group Which has 1 to 7 carbon atoms 
and may be substituted With ?uorine atom; g is 0 or 1, are 
bonded to a ?uorine-containing alkyl group having 1 to 40 
carbon atoms or a ?uorine-containing alkyl group having 2 
to 100 carbon atoms and ether bond; a is 0 or an integer of 
from 1 to 3; b and c are the same or different and each is 0 
or 1, 

[0029] the structural unit A is a structural unit derived 
from monomer copolymeriZable With the ?uorine-contain 
ing ethylenic monomer represented by the formula (M4), 
and 

[0030] the structural unit M4 and the structural unit A are 
contained in amounts of from 0.1 to 100% by mole and from 
0 to 99.9% by mole, respectively. 

[0031] The third of the present invention relates to a 
?uorine-containing resin composition for coating Which 
comprises: 

[0032] (a) the above-mentioned curable ?uorine-con 
taining polymer or any of the curable ?uorine-contain 
ing polymers of claims 2 to 14, 

[0033] (b) an active energy curing initiator Which ini 
tiates curing With active energy, and 

[0034] (c) a solvent, if necessary, 

[0035] and relates to a cured article obtained therefrom, 
particularly a photo-cured article and a cured ?lm. 

[0036] The fourth of the present invention relates to an 
antire?ection ?lm. 

[0037] The antire?ection ?lm is 

[0038] an antire?ection ?lm Which is a cured ?lm of a 
?uorine-containing prepolymer, in Which the ?uorine-con 
taining prepolymer has: 

[0039] a carbon-carbon unsaturated bond at an end of 
its side chain, and 

[0040] (ii) a refractive indeX of not more than 1.40, 

[0041] and a thickness of the cured ?lm is from 0.03 to 0.5 
mm; 

[0042] an antire?ection ?lm Which is a cured ?lm obtained 
by photo-curing a coating ?lm formed by coating a com 
position for coating Which comprises: 
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[0043] (d) the above-mentioned ?uorine-containing 
prepolymer, 

[0044] (e) an active energy curing initiator Which ini 
tiates curing With active energy, and 

[0045] a solvent, 

[0046] in Which a thickness of the cured ?lm is from 0.03 
to 0.5 pm; or an antire?ection ?lm Which is a cured ?lm 
obtained by photo-curing a coating ?lm formed by coating 
a composition for coating Which comprises: 

[0047] (d) the above-mentioned ?uorine-containing 
prepolymer, 

[0048] (e) an active energy curing initiator Which ini 
tiates curing With active energy, 

[0049] a solvent, and 

[0050] (g) a curing agent, 

[0051] in Which a thickness of the cured ?lm is from 0.03 
to 0.5 pm. 

[0052] The ?fth of the present invention relates to an 
antire?ection-treated article obtained by applying the above 
mentioned antire?ection ?lm on a substrate. 

[0053] The siXth of the present invention relates to a novel 
?uorine-containing unsaturated compound. The novel com 
pound is a fluorine-containing unsaturated compound rep 
resented by the formula (4-1): 

[0054] Wherein X1 and X2 are the same or different and 
each is H or F; X3 is H, F, CH3 or CF3; X4 and X5 are the 
same or different and each is H, F or CF3; Rf is an organic 
group in Which 1 to of 3 Y3 (Y3 is a monovalent organic 
group having 2 to 10 carbon atoms and an ethylenic carbon 
carbon double bond at its end) are bonded to a ?uorine 
containing alkyl group having 1 to 40 carbon atoms or a 
?uorine-containing alkyl group having 2 to 100 carbon 
atoms and ether bond; a is 0 or an integer of from 1 to 3; c 
is 0 or 1, 

[0055] 
formula: 

in Which Y3 is an organic group represented by the 

[0056] Wherein Y4 is an alkenyl group or ?uorine-contain 
ing alkenyl group having 2 to 5 carbon atoms and an 
ethylenic carbon-carbon double bond at its end and d is 0 or 
1. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0057] The curable ?uorine-containing polymer of the ?rst 
invention is, as mentioned above, the curable ?uorine 
containing polymer Which has a number average molecular 
Weight of from 500 to 1,000,000 and is represented by the 
formula (1): 
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[0058] in Which the structural unit M is a structural unit 
represented by the formula (M): 

[0059] Wherein X1 and X2 are the same or different and 
each is H or F; X3 is H, F, CH3 or CF3; X4 and X5 are the 
same or different and each is H, F or CF3; Rf is an organic 
group in Which 1 to 3 of Y1 (Y1 is a monovalent organic 
group having 2 to 10 carbon atoms and an ethylenic carbon 
carbon double bond at its end) are bonded to a ?uorine 
containing alkyl group having 1 to 40 carbon atoms or a 
?uorine-containing alkyl group having 2 to 100 carbon 
atoms and ether bond; a is 0 or an integer of from 1 to 3; b 
and c are the same or different and each is 0 or 1, 

[0060] the structural unit A is a structural unit derived 
from monomer copolymeriZable With the ?uorine-contain 
ing ethylenic monomer represented by the formula (M), and 

[0061] the structural unit M and the structural unit A are 
contained in amounts of from 0.1 to 100% by mole and from 
0 to 99.9% by mole, respectively. 

[0062] The structural unit M is a structural unit derived 
from a ?uorine-containing ethylenic monomer represented 
by the formula (3): 

[0063] Wherein X1, X2, X3, X4, X5, Rf, a, b and c are as 
de?ned in the formula 

[0064] Namely, the curable ?uorine-containing polymer is 
a homopolymer of the above-mentioned ?uorine-containing 
ethylenic monomer having, in its side chain, an ethylenic 
carbon-carbon double bond curable by a reaction or a 
copolymer having the ?uorine-containing ethylenic mono 
mer as an essential component. 

[0065] It is preferable that at least one of Y1 is bonded to 
an end of Rf. 

[0066] In the curable ?uorine-containing polymer of the 
formula (1) of the present invention, the structural unit M is 
preferably a structural unit M1 represented by: 

[0067] Wherein X1 and X2 are the same or different and 
each is H or F; X3 is H, F, CH3 or CF3; X4 and X5 are the 
same or different and each is H, F or CF3; Rf is an organic 
group in Which 1 to 3 of Y1 (Y1 is a monovalent organic 
group having 2 to 10 carbon atoms and an ethylenic carbon 
carbon double bond at its end) are bonded to a ?uorine 
containing alkyl group having 1 to 40 carbon atoms or a 
?uorine-containing alkyl group having 2 to 100 carbon 
atoms and ether bond; a is 0 or an integer of from 1 to 3; c 
is 0 or 1. 
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[0068] The structural unit M1 is a structural unit derived 
from a ?uorine-containing ethylenic monomer represented 
by: 

[0069] Wherein X1, X2, X3, X4, X5, Rf, a and c are as 
de?ned in the formula Among the ?uorine-containing 
unsaturated compounds represented by the formula (4), the 
?uorine-containing unsaturated compound represented by 
the formula (4-1): 

CX1X2:CX3—(CX4X5),—(O)—Rf (4-1) 
[0070] Wherein X1, X2, X3, X4, X5, a and c are as de?ned 
in the formula (4); Rf is an organic group in Which 1 to 3 
of Y3 (Y3 is a monovalent organic group having 2 to 10 
carbon atoms and an ethylenic carbon-carbon double bond at 
its end) are bonded to a ?uorine-containing alkyl group 
having 1 to 40 carbon atoms or a ?uorine-containing alkyl 
group having 2 to 100 carbon atoms and ether bond, 

[0071] 
formula: 

in Which Y3 is an organic group represented by the 

[0072] Wherein Y4 is an alkenyl group or ?uorine-contain 
ing alkenyl group having 2 to 5 carbon atoms and an 
ethylenic carbon-carbon double bond at its end, d is 0 or 1, 

[0073] is a novel compound Which has not been disclosed 
in any publications. 

[0074] The polymer containing the above-mentioned 
structural unit M1 is particularly loW in refractive indeX, and 
is preferred particularly since a refractive indeX can be 
decreased even in the cases of a M1 homopolymer and a 
polymer containing the M1 in an increased amount. 

[0075] More preferable eXample of M1 is a structural unit 
M2 represented by: 

[0076] Wherein Rf is an organic group in Which 1 to 3 of 
Y1 (Y1 is a monovalent organic group having 2 to 10 carbon 
atoms and an ethylenic carbon-carbon double bond at its 
end) are bonded to a ?uorine-containing alkyl group having 
1 to 40 carbon atoms or a ?uorine-containing alkyl group 
having 2 to 100 carbon atoms and ether bond. 

[0077] The structural unit M2 is a structural unit derived 
from a ?uorine-containing ethylenic monomer represented 
by the formula (4-2): 

[0078] Wherein Rf is as de?ned in the formula Among 
the ?uorine-containing unsaturated compounds represented 
by the formula (4-2), a ?uorine-containing unsaturated com 
pound represented by the formula (4-3): 

CHZICFCFZORf' (4-3) 

[0079] Wherein Rf is as de?ned in the formula (4-1), is a 
novel compound Which has not been disclosed in any 
publications. 
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[0080] Namely, the above-mentioned M2 is a structural 
unit of a ?uorine-containing allyl ether having an ethylenic 
carbon-carbon double bond at its end and is preferred since 
not only a refractive indeX can be decreased but also 
polymeriZability thereof, particularly homo-polymeriZabil 
ity and copolymeriZability With the ?uorine-containing eth 
ylenic monomer are good. 

[0081] Another eXample of preferable M1 is a structural 
unit M3 represented by: 

(M3) 

_fCH2—(|3F§— 
O—Rf 

[0082] Wherein Rf is an organic group in Which 1 to 3 of 
Y1 (Y1 is a monovalent organic group having 2 to 10 carbon 
atoms and an ethylenic carbon-carbon double bond at its 
end) are bonded to a ?uorine-containing alkyl group having 
1 to 40 carbon atoms or a ?uorine-containing alkyl group 
having 2 to 100 carbon atoms and ether bond. 

[0083] The structural unit M3 is a structural unit derived 
from a ?uorine-containing ethylenic monomer represented 
by the formula (4-4): 

[0084] Wherein Rf is as de?ned in the formula Among 
the ?uorine-containing unsaturated compounds represented 
by the formula (4-4), the ?uorine-containing unsaturated 
compound represented by the formula (4-5): 

CFZICFORf' (4-5) 

[0085] Wherein Rf is as de?ned in the formula (4-1) is a 
novel compound Which has not been disclosed in any 
publications. 
[0086] The above-mentioned M3 is a structural unit of a 
?uorine-containing vinyl ether having an ethylenic carbon 
carbon double bond at its end and is preferred since a 
refractive indeX can be decreased and copolymeriZability 
With the ?uorine-containing ethylenic monomer is good. 

[0087] In the curable ?uorine-containing polymer of the 
formula (1) of the present invention, Y1 contained in the 
structural units M, M1, M2 and M3 is an organic group 
having 2 to 10 carbon atoms and an ethylenic carbon-carbon 
double bond at its end. 

[0088] Namely, the carbon-carbon double bond in Y1 has 
an ability of causing polycondensation reaction, ring forma 
tion reaction and addition reaction, and thereby a cured 
(crosslinked) article can be obtained. Concretely, for 
eXample, by contact of the carbon-carbon double bond With 
radical or cation, there arise a polymeriZation reaction and 
condensation reaction betWeen molecules of the curable 
?uorine-containing polymer of the present invention or 
betWeen the curable ?uorine-containing polymer and the 
curing (crosslinking) agent added as case demands, and thus 
a cured (crosslinked) article can be obtained. 

[0089] In the curable ?uorine-containing polymers of the 
formulae (1) and (2) of the present invention, preferable Y1 
is: 
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[0090] wherein Y2 is an alkenyl group or ?uorine-contain 
ing alkenyl group having 2 to 5 carbon atoms and an 
ethylenic carbon-carbon double bond at its end, d and e are 
the same or different and each is 0 or 1, and preferable Y2 
is: 

[0091] Wherein X6 is H, F, CH3 or CF3; X7 and X8 are H 
or F since curing reactivity thereof by contact With radical or 
cation is high. 

[0092] Examples of the preferable Y4 in the novel ?uo 
rine-containing unsaturated compounds of the present 
invention represented by (4-1), (4-3) and (4-5) are the same 
as the above-mentioned Y2. 

[0093] Examples of the preferable Y2 and Y4 are: 

[0094] Examples of more preferable Y1 and Y3 are: 

_o(c:o)cx6:cx7x8 
[0095] Wherein X6 is H, F, CH3 or CF3, X7 and X8 are H 
or E, which are preferred since a curing reactivity by contact 
With radical is particularly higher and a cured article can be 
obtained easily by photo-curing, etc. 

[0096] Examples of the above-mentioned Y1 and Y3 are: 

O 

[0097] and the like. 

[0098] Other examples of Y1 are: 

OH 
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-continued 
—CH—CH2OCCX=CH2 (x; H, F or CH3), 

occx = CH2 

0 

—CHCH2OCH2CH=CH2, —CHCH2OCH2CH=CH2 

OH OCH2CH=CH2 

[0099] and the like. 

[0100] Other examples of Y3 are: 

O 
X 

OH 

O 

[0101] 
[0102] Particularly those Which have a structure of 
—O(C=O)CF=CH2 are preferred since a refractive index 
can be reduced and a curing (crosslinking) reactivity is 
particularly high, Which enables a cured article to be 
obtained effectively. 

[0103] In Rf contained in the structural units M, M1, M2 
and M3 of the curable ?uorine-containing polymer of the 
formula (1) of the present invention, Rf‘ contained in the 
novel ?uorine-containing unsaturated compounds repre 
sented by the formulae (4-1), (4-3) and (4-5), Rf1 contained 
in the structural unit N of the ?uorine-containing polymer of 
the formula (2) having hydroxyl and further Rf4 and Rf6 
contained in the structural units (A1) and of the curable 
?uorine-containing polymer of the formula (1-1), examples 
of preferable organic groups excluding the functional groups 
Y1, Y3, Y5, Z1 and Z2 are ?uorine-containing alkylene 
groups having 1 to 40 carbon atoms and ?uorine-containing 
alkylene groups having 2 to 100 carbon atoms and ether 
bond particularly in case Where the number of functional 
groups Y1, Y3 or Y5 is one. In those organic groups, ?uorine 
atom is bonded to carbon atom contained therein. Generally 
those organic groups are ?uorine-containing alkylene 
groups or ?uorine-containing alkylene groups having ether 
bond, in Which ?uorine atom and hydrogen atom or chlorine 
atom are bonded to carbon atom. Preferred are those having 
more ?uorine atoms (a higher ?uorine content). The ?uorine 
content is not less than 50%, preferably not less than 70% on 
the basis of a molecular Weight of the organic groups 
provided that oxygen atoms in the organic groups and the 
functional groups are eliminated from calculation. More 
preferred are per?uoro alkylene groups or per?uoro alkylene 
groups having ether bond. Those organic groups are pre 
ferred since a refractive index of the curable ?uorine 

and the like. 
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containing polymer can be reduced, particularly since a loW 
refractive index can be maintained even When a curing 
degree (density of crosslinking) is made high to increase 
hardness of the cured article. 

[0104] Too large number of carbon atoms is not preferable 
because in case of the ?uorine-containing alkylene groups, 
there is a case Where solubility in a solvent is loWered and 
transparency is loWered and in case of the ?uorine-contain 
ing alkylene groups having ether bond, there is a case Where 
hardness and mechanical properties of the polymer itself and 
the cured article obtained therefrom are loWered. The num 
ber of carbon atoms of the ?uorine-containing alkylene 
groups is preferably from 1 to 20, more preferably from 1 to 
10, and the number of carbon atoms of the ?uorine-con 
taining alkylene groups having ether bond is preferably from 
2 to 30, more preferably from 2 to 20 

[0105] Preferable eXample thereof is: 

C113 
C113 

[0106] (1: from 1 to 10, m: from 1 to 10, n: from 0 to 5) 
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[0109] Examples of the preferable monomer giving the 
structural unit M2 are: 

C113 C113 

CH2: CFCFZOCFCHZO —Y1 

c113 c113 Y1 

[0110] (11: an integer of from 1 to 30) 

[0117] (11: an integer of from 1 to 30) 

[0107] (X9 and X9’ are F or CF3; X10 and Xlovare H or F; 

o+p+q is from 1 to 30; r is 0 or 1; s and t are 0 or 1). 

[0108] Mentioned beloW are structures of the structural 

unit M constituting the curable ?uorine-containing polymer 
of the present invention and eXamples of the novel ?uorine 

containing unsaturated compound. 

[0118] and the like. More concretely there are: 

c113 C113 0 
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-continued 

CH2: CFCFZO —( CFCFZO ?n— CFCHZOCHZCHCHZOCCX : CH2, 

c113 C113 0 

occx = CH; 

O 

[0119] (X is H, CH3, F or CF3; n is 0 or an integer of from 
1 to 30) 

OCH : CH2 

c113 

[0120] (n is 0 or an integer of from 1 to 30) 

c113 c113 OCH2CH=CH2 

Rfl 

[0121] (Rf1 and Rf2 are per?uoroalkyl groups having 1 to 
5 carbon atoms; n is 0 or an integer of from 1 to 30) 

C113 C113 0 

CHZCH = cH2 

[0122] (X is H, CH3, F or CF3; n is 0 or an integer of from 
1 to 30) 

[0123] and the like. 

[0124] Preferable examples of the novel ?uorine-contain 
ing unsaturated compound of the formula (4-3) are those 
exempli?ed above as the monomer giving the structural unit 
M2, in Which Y1 is replaced With Y3. 
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[0125] More concretely there are: 

c113 C113 0 
occx = CH2 

0 

[0126] (X is H, CH3, F or CF3; n is 0 or an integer of from 
1 to 30) 

[0127] (Rf1 and Rf2 are per?uoroalkyl groups having 1 to 
5 carbon atoms; n is 0 or an integer of from 1 to 30) 

C113 C113 

CHZCH = CH2 

[0128] (X is H, CH3, F or CF3; n is 0 or an integer of from 
1 to 30) 

[0129] and the like. 

[0130] Examples of the preferable monomer giving the 
structural unit M3 are: 

| 
c113 

c113 Y1 

[0132] (n is from 1 to 30) 
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[0138] 
[0139] More concretely there are: 

and the like. 

c1:3 
occx = CH2 

c113 Rf2 o 

[0140] (Rf1 and Rf2 are per?uoroalkyl groups having 1 to 
5 carbon atoms) 

C113 0 

CH2CH=CH2 

[0141] (m is from 0 to 30, n is from 1 to 3, X is H, CH3, 
F or CF3) 

[0142] and the like. 

[0143] Preferable examples of the novel ?uorine-contain 
ing unsaturated compound of the formula (4-5) are those 
exempli?ed above as the monomer giving the structural unit 
M3, in Which Y1 is replaced With Y3. 
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[0144] More concretely there are: 

c1:3 
occx = CH2 

0 

Rfl 

CF3 Rf2 o 

[0145] (Rf1 and Rf2 are per?uoroalkyl groups having 1 to 
5 carbon atoms) 

C113 0 

CHZCH = C112 

[0146] (m is from 0 to 30, n is from 1 to 3, X is H, CH3, 
F or CF3) 

[0147] and the like. 

[0148] Examples of a preferable monomer constituting the 
structural unit M of the curable ?uorine-containing polymer 
of the present invention other than M2 and M3 are, for 

instance, 

Y1 
CH2: CH — Rf — Y1 

CH2: CH — Rf — CH2CHCH2—Y1, 

CH2: CH0 — Rf — Y1, 

CH2: CHORf — CH2CHCH2— Y1 

[0149] and the like, Wherein Rf is as de?ned above. 

[0150] More concretely there are: 
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[0157] and the like. 

[0158] In the novel ?uorine-containing unsaturated com 
pounds of the formula (4-1) of the present invention, pre 
ferred examples of the ?uorine-containing unsaturated com 
pounds other than those of the above-mentioned formulae 
(4-3) and (4-5) are the monomers exempli?ed above as the 
monomers giving the structural unit M other than the 
structural units M2 and M3, in Which Y1 is replaced by Y3. 

[0159] In the curable ?uorine-containing polymer of the 
present invention, the structural unit A is an optional com 
ponent and is not limited particularly as far as it is a 
monomer copolymeriZable With the structural unit M, M1, 
M2 or M3. The structural unit A may be selected optionally 
depending on intended applications and required character 
istics of the curable ?uorine-containing polymer and the 
cured article obtained therefrom. 

[0160] Examples of the structural unit A are, for instance, 

[0161] (D Structural units (A1) derived from ?uorine 
containing ethylenic monomers having functional group 

[0162] These structural units are preferred from the point 
that adhesion to a substrate and solubility in a solvent, 
particularly a general-purpose solvent are imparted to the 
curable ?uorine-containing polymer While maintaining a 
loW refractive indeX of the polymer and the cured article 
obtained therefrom and in addition, characteristics such as 
crosslinkability other than those in?uenced by Y are 
imparted to the polymer. The structural unit of the ?uorine 
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containing ethylenic monomers having functional group is 
represented by the formula (A1): 

[0163] Wherein X11, X12 and X13 are H or F; X14 is H, F 
or CF3; h is 0, 1 or 2; i is 0 or 1; Rf4 is a ?uorine-containing 
alkylene group having 1 to 40 carbon atoms or a ?uorine 
containing alkylene group having 2 to 100 carbon atoms and 
ether bond; Z1 is selected from —OH, —CHZOH, —COOH, 
carboXylic acid derivative, —SO3H, sulfonic acid deriva 
tive, epoXy group and cyano group. Particularly preferred is 
the structural unit represented by the formula (Al-1): 

[0164] Wherein Rf4 and Z1 are as de?ned in the formula 

(A1). 
[0165] Concretely preferred are structural units derived 
from ?uorine-containing ethylenic monomers such as: 

c113 c113 

[0166] CH2=CFCF2OCH2CF2-Z1, 

c113 

[0169] Also there are preferable structural units repre 
sented by the formula (Al-2): 

[0170] Wherein Rf4 and Z1 are as de?ned in the formula 

(A1). 
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[0171] Concretely preferred are structural units derived 
from monomers such as: 

c1:3 

[0176] Examples of other ?uorine-containing ethylenic 
monomers having functional group are: 

[0178] CH2=CH—Rf-Z1,CH2=CHO—Rf-Z1 and the 
like, 

[0179] Wherein Rf is the same as Rf of the formula [0180] Concretely there are: 

c113 

[0186] CH2=CHOCH2CF2CF2CH2-Z1, 
[0187] and the like. 

[0188] @ Structural units derived from ?uorine 
containing ethylenic monomers not having functional group 

[0189] These structural units are preferred from the point 
that a refractive indeX of the curable ?uorine-containing 
polymer or the cured article obtained therefrom can be kept 
loW and the refractive indeX can be further reduced. Also 
those structural units are preferred since mechanical prop 
erties, glass transition temperature, etc. of the polymer can 
be adjusted by selecting monomers, particularly since the 
glass transition temperature can be increased by copolymer 
iZing With the structural unit M. 
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[0190] Preferred structural units of the ?uorine-containing 
ethylenic monomers are those represented by the formula 

(A2) 

[0191] Wherein X15, X16 and X18 are H or F; X17 is H, F 
or CF3; h1, i1 andj are 0 or 1; Z2 is H, F or Cl; Rf5 is a 
?uorine-containing alkylene group having 1 to 20 carbon 
atoms or a ?uorine-containing alkylene group having 2 to 
100 carbon atoms and ether bond. 

[0192] Preferred eXamples thereof are structural units 
derived from monomers such as: 

C113 

[0194] CH2=CF—(CF29;Z2 (Z2 is as de?ned in the for 
mula (A2), n: from 1 to 10), CH2=CHOCH2—(CF29;Z2 (Z2 
is as de?ned in the formula (A2), 11: from 1 to 10). 

[0195] @ Fluorine-containing aliphatic ring structural 
units 

[0196] The introduction of these structural units is pre 
ferred since transparency can be increased, a refractive indeX 
can be made loWer and further the curable ?uorine-contain 
ing polymer having a high glass transition temperature can 
be obtained and a higher hardness of the cured article can be 
expected. 
[0197] Preferred ?uorine-containing aliphatic ring struc 
tural units are those represented by the formula 

[0198] Wherein X19, X20, X23, X24, X25 and X26 are the 
same or different and each is H or F; X21 and X22 are the 
same or different and each is H, F, C1 or CF3; Rf6 is a 
?uorine-containing alkylene group having 1 to 10 carbon 
atoms or a ?uorine-containing alkylene group having 2 to 10 
carbon atoms and ether bond; n2 is 0 or an integer of from 
1 to 3; n1, n3, n4 and n5 are the same or different and each 
is 0 or 1. 
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[0199] For example, there are structural units represented 
by: 

_€(|:X2l_(|:X22j_ 
O O 

/ \RF5 

[0200] Wherein Rf?, X21 and X22 are as de?ned above. 

[0201] Concretely there are: 

F F C113 C113 

O ’ O O ’ 

[0202] 
[0203] @ Structural units derived from ethylenic mono 
mers not having ?uorine 

and the like. 
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[0204] The structural units derived from ethylenic mono 
mers not having ?uorine may be introduced to the polymer 
in a range Where the introduction does not have an adverse 
effect on a refractive index (in a range Where the refractive 
index does not increase). 

[0205] The introduction of those structural units is pre 
ferred since solubility in a general-purpose solvent is 
enhanced and compatibility With additives, for example, a 
photocatalyst and a curing agent to be added as case 
demands can be improved. 

[0206] Examples of the non-?uorine-containing ethylenic 
monomer are as folloWs. 

[0208] Ethylene, propylene, butene, 
vinylidene chloride and the like. 

vinyl chloride, 

[0209] Vinyl ether or vinyl ester monomers: 

[0210] CH2=CHOR, CH2=CHOCOR(R: hydrocarbon 
group having 1 to 20 carbon atoms) and the like. 

[0211] Allyl monomers: 

[0212] CH2=CHCH2CL 
CH2=CHCH2COOH, 

CH2=CHCH2OH, 

[0213] CH2=CHCH2Br and the like. 

0214 All lether monomers: y 

[0215] CH2=CHCH2OR 

[0216] (R: hydrocarbon group having 1 to 20 carbon 
atoms), 

[0217] CH2=CHCH2OCH2CH2COOH, 

CH2: CHCHZOCHZCHCHZ, 
\ / 
0 

CH2: CHCHZOCHZCHCHZ 

OH 

OH 

[0218] and the like. 

[0219] Acrylic or methacrylic monomers: 

[0220] Acrylic acid, methacrylic acid, acrylic acid esters, 
methacrylic acid esters, maleic anhydride, maleic acid, 
maleic acid esters and the like. 

[0221] @ Structural units derived from alicyclic mono 
mers 

[0222] A structural unit of an alicyclic monomer may be 
introduced as a component copolymeriZable With the struc 
tural unit M, more preferably as the third component in 
addition to the structural unit M and the structural unit of the 
above-mentioned ?uorine-containing ethylenic monomer or 
non-?uorine-containing ethylenic monomer (the above 
mentioned @ and G9), which is preferable since a high 
glass transition temperature can be obtained and hardness 
can be increased. 
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[0223] Examples of the alicyclic monomer are norbornene 
derivatives represented by: 

and 

ABCD 

[0224] Wherein m is from 0 to 3; A, B, C and D are H, F, 
Cl, COOH, CHZOH, a per?uoroalkyl having 1 to 5 carbon 
atoms or the like, alicyclic monomers such as: 

G , O 1 , © , 

7 O : : ® 
[0225] and derivatives thereof in Which a substituent is 
introduced. 

[0226] In the curable ?uorine-containing polymer of the 
present invention, various combinations and proportions of 
the structural units M (M1, M2 and M3) and A can be 
selected from the above-mentioned examples depending on 
intended applications, physical properties (particularly glass 
transition temperature, hardness, etc.), functions (transpar 
ency and refractive index) and the like. 

[0227] The curable ?uorine-containing polymer of the 
present invention contains the structural unit M (M1, M2 or 
M3) as an essential component and is characteriZed in that 
the structural unit M itself has functions of maintaining a 
loW refractive index and imparting transparency to the 
polymer and functions of imparting hardness, abrasion resis 
tance, scratch resistance and solvent resistance to the cured 
article by curing. Therefore even if the curable ?uorine 
containing polymer of the present invention contains a larger 
amount of the structural unit M or in the extreme case, even 
if the polymer consists of the structural unit M (100% by 
mole), the loW refractive index can be maintained. Further 
the curable ?uorine-containing polymer of the present 
invention is preferred since the cured article having a high 
curing (crosslinking) density and the coating ?lm having a 
high hardness and excellent abrasion resistance and scratch 
resistance can be obtained. 

[0228] Also in the case of the copolymer of the present 
invention comprising the structural unit M and the structural 
unit A of the copolymeriZable monomer, When the structural 
unit A is selected from the above-mentioned examples, the 
polymer Which provides the cured article having a higher 
hardness (high glass transition temperature) and a loW 
refractive index can be obtained. 

[0229] In the copolymer comprising the structural unit M 
and the structural unit A, the proportion of the structural unit 
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M may be not less than 0.1% by mole based on the Whole 
monomers constituting the curable ?uorine-containing poly 
mer. It is preferable that the proportion is not less than 2.0% 
by mole, more preferably not less than 5% by mole, further 
preferably not less than 10% by mole in order to obtain the 
cured article having a high hardness, excellent abrasion 
resistance and scratch resistance and good chemical resis 
tance and solvent resistance by curing (crosslinking). 

[0230] Particularly for the antire?ection ?lm application 
Which requires formation of a cured coating ?lm having 
excellent scratch and damage resistance, it is preferable that 
the structural unit M is contained in an amount of not less 
than 10% by mole, preferably not less than 20% by mole, 
more preferably not less than 50% by mole. 

[0231] The curable ?uorine-containing polymer of the 
present invention is preferable particularly for the antire 
?ection ?lm application since a re?ection reducing effect is 
not loWered even if the proportion of the structural unit M 
is increased (or even if the number of cure sites is increased). 

[0232] Also in case of the antire?ection ?lm application, 
etc. requiring transparency, preferred combinations and pro 
portions of the structural units M and A are those Which can 
make the curable ?uorine-containing polymer non-crystal 
line. 

[0233] Preferred ?uorine-containing polymers for a coat 
ing composition aiming at a loW refractive index and a high 
hardness are curable ?uorine-containing polymers repre 
sented by the formula (1-1). 

[0234] The structural unit M in the formula (1-1) is the 
above-mentioned structural unit having an ethylenic carbon 
carbon double bond in its side chain, and the same structural 
units as the above-mentioned preferable examples of the 
formulae (M1), (M2) and (M3) can be used as the structural 
unit M. 

[0235] The structural unit A1 is derived from a ?uorine 
containing ethylenic monomer having functional group in its 
side chain and is represented by the formula (A1): 

[0236] Wherein X11, X12 and X13 are H or F; X14 is H, F 
or CF3; h is 0, 1 or 2; i is 0 or 1; Rf4 is a ?uorine-containing 
alkylene group having 1 to 40 carbon atoms or a ?uorine 
containing alkylene group having 2 to 100 carbon atoms and 
ether bond; Z1 is selected from —OH, —CHZOH, —COOH, 
carboxylic acid derivative, —SO3H, sulfonic acid deriva 
tive, epoxy group and cyano group. The above-mentioned 
examples of the structural unit A1 derived from the ?uorine 
containing ethylenic monomer having functional group can 
be preferably used similarly. 

[0237] The structural unit A2 is derived from a ?uorine 
containing ethylenic monomer not having functional group 
and is represented by the formula 
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[0238] wherein X15, X16 and X18 are H or F; X17 is H, F 
or CF3; h1, i1 andj are 0 or 1; Z2 is H, F or Cl; Rf5 is a 
?uorine-containing alkylene group having 1 to 20 carbon 
atoms or a ?uorine-containing alkylene group having 2 to 
100 carbon atoms and ether bond. The above-mentioned 
examples of the structural unit A2 derived from the ?uorine 
containing ethylenic monomer not having functional group 
can be preferably used similarly. Among them, preferred is 
a structural unit derived from at least one monomer selected 
from the group consisting of tetra?uoroethylene, chlorotri 
?uoroethylene, vinylidene ?uoride and heXa?uoropropy 
lene. 

[0239] It is preferable that the proportions of the structural 
units M, A1 and A2 are from 0 to 90% by mole, from 0 to 
99.9% by mole and from 0 to 99.9% by mole, respectively 
and A1+A2 is from 10 to 99.9% by mole. It is particularly 
preferable that the proportions of the structural units M, A1 
and A2 are from 10 to 80% by mole, from 1 to 60% by mole 
and from 20 to 85% by mole, respectively and A1+A2 is 
from 20 to 90% by mole. When the proportion of the 
structural unit M is too loW, hardness of the cured coating 
?lm tends to be loWered and strength thereof tends to 
become insuf?cient. When the proportion of the structural 
unit Al is too loW, adhesion and coatability to a substrate and 
solubility in a solvent tend to become insuf?cient. When the 
proportion of the structural unit A2 is too loW, there is a 
tendency that coatability to a substrate, leveling property 
and solubility in a solvent become insuf?cient. 

[0240] In the ?uorine-containing polymer comprising 
those structural units M, A1 and A2, hardness, mechanical 
strength and solvent resistance can be imparted to the cured 
coating ?lm by a cure site of the structural unit M. Also the 
functional group of the structural unit A1 can impart adhe 
sion to a substrate, solubility in a solvent and good coat 
ability (Wettability and leveling property) to the substrate. 
Further the structural unit A2 can impart, to the ?uorine 
containing polymer, a mechanical strength, solubility in a 
solvent and good coatability to a substrate. 

[0241] Further since any of the structural units M, A1 and 
A2 have many ?uorine atoms, the above-mentioned func 
tions can be imparted While maintaining a loW refractive 
indeX, and therefore the curable ?uorine-containing polymer 
is preferred as a coating agent for an antire?ection purpose. 

[0242] The molecular Weight of the curable ?uorine 
containing polymer of the present invention can be selected, 
for eXample, in a range of from 500 to 1,000,000 in number 
average molecular Weight. Preferred molecular Weight is 
from 1,000 to 500,000, particularly from 2,000 to 200,000. 

[0243] When the molecular Weight is to loW, even after the 
curing, mechanical properties are apt to be insuf?cient, and 
particularly the cured article and cured coating ?lm become 
fragile and are apt to lack strength. If the molecular Weight 
is too high, solubility in a solvent is loWered, ?lm forming 
property and leveling property tend to be loWered particu 
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larly at forming a thin coating ?lm and storage stability of 
the curable ?uorine-containing polymer tends to be loWered. 
For coating applications, most preferable number average 
molecular Weight is selected in a range of from 5,000 to 
100,000. 
[0244] In the curable ?uorine-containing polymer of the 
present invention, though various refractive indices can be 
selected depending on kind and content of the structural unit 
M and kind of the structural unit A to be used as case 
demands, it is preferable that the refractive indeX of the 
curable ?uorine-containing polymer itself (before curing) is 
not more than 1.45, more preferably not more than 1.40, 
particularly preferably not more than 1.38. The refractive 
indeX changes depending on kinds of a substrate and under 
coating, but since the curing (crosslinking) can be done 
While maintaining a loW refractive indeX, the polymer can be 
a preferable base polymer for an antire?ection ?lm. 

[0245] Also it is preferable that the curable ?uorine 
containing polymer is soluble in general-purpose solvents, 
for eXample, in at least one of ketone solvents, acetic acid 
ester solvents, alcohol solvents and aromatic solvents or in 
solvent mixtures containing at least one of the above 
mentioned general-purpose solvents. 

[0246] When the polymer is soluble in general-purpose 
solvents, it is preferable because ?lm forming property and 
homogeneity are eXcellent in coating application, particu 
larly in case of forming a thin antire?ection ?lm of about 0.1 
pm thick on various transparent ?lms and displaying sub 
strates. The polymer is also advantageous from the vieW 
point of productivity in forming an antire?ection ?lm. 

[0247] In order to obtain the curable ?uorine-containing 
polymer of the present invention, any of 

[0248] (D a method of previously synthesiZing a mono 
mer having the functional group Y1 and then polymer 
iZing, 

[0249] ® a method of once synthesiZing a polymer 
having another functional group and then converting 
the functional group by high molecular reaction, thus 
introducing the functional group Y1 into the polymer, or 
the like method can be employed. 

[0250] In the method (D, in order to obtain the curable 
?uorine-containing polymer of the present invention having 
a carbon-carbon double bond in its side chain Without 
reacting (curing) the carbon-carbon double bond at an end of 
its side chain, it is necessary to change reactivity of tWo 
kinds of double bonds (a double bond becoming a trunk 
chain and a double bond becoming a side chain) in a 
(co)polymeriZable monomer and thereby make only one of 
the double bonds participate in the polymeriZation. In such 
a method, it is dif?cult to select the polymeriZation condi 
tions to obtain the curable ?uorine-containing polymer of 
the present invention having a double bond in its side chain, 
and also it is difficult to use a monomer Which gives a high 
curing reactivity of the double bond in the side chain to the 
obtained curable polymer. 

[0251] On the contrary, the method @ is a preferable 
method since it is easy to obtain the curable ?uorine 
containing polymer of the present invention Without curing 
reaction and also from the point that a carbon-carbon double 
bond having a high curing reactivity can be introduced to its 
side chain. 
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[0252] Among the methods @, there is preferably 
employed, for example, a method of obtaining the curable 
?uorine-containing polymer of the present invention by 
synthesizing the ?uorine-containing polymer comprising the 
structural unit N of ?uorine-containing monomer having 
hydroxyl or an organic group Y3 having hydroxyl and as 
case demands, the structural unit B of monomer copolymer 
iZable With N, and then reacting the polymer With an 
unsaturated carboxylic acid or its derivative to introduce a 
carbon-carbon double bond to an end of a side chain of the 
polymer. 
[0253] Therefore the second of the present invention 
relates to the process for preparing the curable ?uorine 
containing polymer, Which is characteriZed by esteri?cation 
reaction, With an unsaturated carboxylic acid or its deriva 
tive, of the ?uorine-containing polymer having hydroxyl and 
represented by the formula (2): 

[0254] in Which the structural unit N is a structural unit 
having hydroxyl and derived from a ?uorine-containing 
ethylenic monomer and is represented by the formula (N): 

[0255] wherein X1 and X2 are the same or different and 
each is H or F; X3 is H, F, CH3 or CF3; X4 and X5 are the 
same or different and each is H, F or CF3; Rf1 is an organic 
group in Which 1 to 3 of Y5 (Y5 is hydroxyl or a monovalent 
organic group having 1 to 10 carbon atoms and hydroxyl) 
are bonded to a ?uorine-containing allyl group having 1 to 
40 carbon atoms or a ?uorine-containing allyl group having 
2 to 100 carbon atoms and ether bond; a is 0 or an integer 
of from 1 to 3; b and c are the same or different and each is 
0 or 1, 

[0256] the structural unit B is a structural unit derived 
from monomer copolymeriZable With the ?uorine-contain 
ing ethylenic monomer having hydroxyl and represented by 
the above-mentioned formula (N), and the structural unit N 
and the structural unit B are contained in amounts of from 
0.1 to 100% by mole and from 0 to 99.9% by mole, 
respectively. 

[0257] In the above-mentioned process for preparing the 
curable ?uorine-containing polymer of the present inven 
tion, examples of the preferable structural unit N of the 
?uorine-containing polymer having hydroxyl Which is a 
precursor represented by the formula (2) are structures 
Which correspond to the above-exempli?ed respective struc 
tural units M of the curable ?uorine-containing polymer and 
have the Y5 having OH group instead of the Y1 having a 
carbon-carbon double bond. Those structural units can be 
used preferably. As the structural unit B, there can be 
preferably used the same structural units as the above 
mentioned structural unit A. 

[0258] The unsaturated carboxylic acid or its derivative 
Which is reacted With the ?uorine-containing polymer hav 
ing hydroxyl may be any of carboxylic acids or derivatives 
thereof having a carbon-carbon double bond at an end 
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thereof. Particularly preferred are ot,[3-unsaturated carboxy 
lic acids or derivatives thereof (f=0). 

[0259] Examples thereof are, for instance, carboxylic 
acids represented by: 

/ 
CH2: c 

COOH 

[0260] Wherein R is H, CH3, F, CF3 or Cl, or anhydrides 
thereof, acid halides represented by: 

CH2: c 

COX 

[0261] Wherein R is as de?ned above, X is Cl or F, maleic 
acid, maleic anhydride, maleic acid monoalkylester and the 
like. 

[0262] Among them, unsaturated carboxylic acid halides 
are preferred since the reaction can be carried out at room 
temperature and gelling of a prepared polymer can be 
prevented. 

[0263] Particularly preferred are: 

CH3 

CH2: CHCOCl, 
F 

CH2=CCOC1 and 

CH2: CCOF. 

[0264] The method of reacting the ?uorine-containing 
polymer having hydroxyl With ot,[3-unsaturated carboxylic 
acid halide is not limited particularly and is usually carried 
out by dissolving the ?uorine-containing polymer having 
hydroxyl in a solvent and mixing the ot,[3-unsaturated car 
boxylic acid halide thereto at a temperature of from about 
—20° C. to about 40° C. With stirring. 

[0265] In the reaction, through the reaction conditions, 
HCl and HF are produced and therefore it is desirable to add 
a proper base for capturing them. Examples of the base are 
tertiary amines such as pyridine, N,N-dimethylaniline, tet 
ramethylurea and triethylamine, magnesium metal and the 
like. Also an inhibitor may be present to prevent a polymer 
iZation reaction of the carbon-carbon double bonds in the 
starting ot,[3-unsaturated carboxylic acid and the obtained 
curable ?uorine-containing polymer during the reaction. 

[0266] Examples of the inhibitor are hydroquinone, t-butyl 
hydroquinone, hydroquinone monomethylether and the like. 

[0267] The ?uorine-containing polymer having hydroxyl 
before the reaction With the unsaturated carboxylic acid or 
its derivative can be obtained by (co)polymeriZing through 
knoWn method the respective component units such as the 
ethylenic monomer (N) having hydroxyl and the monomer 
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(B) When used as a copolymeriZable component. For the 
polymerization, radical polymerization method, anion poly 
meriZation method, cation polymerization method and the 
like can be employed. Among them, the radical polymer 
iZation method is preferably used from the vieWpoint that 
each monomer exempli?ed to obtain the polymer having 
hydroxyl of the present invention has good radial polymer 
iZability, control of composition and molecular Weight is 
easy and production in an industrial scale is easy. 

[0268] In order to initiate the radical polymeriZation, 
means for initiation is not limited particularly as far as the 
polymeriZation proceeds radically. The polymeriZation is 
initiated, for example, With an organic or inorganic radical 
polymeriZation initiator, heat, light, ioniZing radiation or the 
like. The polymeriZation can be carried out by solution 
polymeriZation, bulk polymeriZation, suspension polymer 
iZation, emulsion polymeriZation or the like. The molecular 
Weight is controlled by the contents of the monomers to be 
used for the polymeriZation, the content of the polymeriZa 
tion initiator, the content of a chain transfer agent, tempera 
ture, etc. The components of the copolymer can be con 
trolled by the starting monomer components. 

[0269] The third of the present invention relates to the 
composition comprising a curable ?uorine-containing poly 
mer. One of the compositions of the present invention is the 
curable ?uorine-containing resin composition comprising: 

[0270] (a) a curable ?uorine-containing polymer and 

[0271] (b) an active energy curing initiator Which ini 
tiates curing With active energy. 

[0272] The curable ?uorine-containing polymer (a) for the 
composition of the present invention is the above-mentioned 
curable ?uorine-containing polymer having a carbon-carbon 
double bond in its side chain, and preferred examples thereof 
are the same as those exempli?ed above. 

[0273] The active energy curing initiator (b) Which ini 
tiates curing With active energy functions as a catalyst Which 
generates radical or cation only by irradiation of, for 
example, an electromagnetic Wave having a Wavelength of 
not more than 350 nm, namely ultraviolet light, electron 
beam, X-ray, y-ray and the like and initiates curing 
(crosslinking reaction) of the carbon-carbon double bond of 
the curable ?uorine-containing polymer. Usually curing 
initiators Which generate radical or cation by irradiation of 
ultraviolet light, particularly those generating radical are 
used. 

[0274] This curable ?uorine-containing resin composition 
can initiate a curing reaction easily With the above-men 
tioned active energy, does not require heating at high tem 
peratures and can be subjected to the curing reaction at loW 
temperatures. Therefore the composition is preferred from 
the point that it can be used on substrates, for example, 
transparent resin substrates Which have loW heat resistance 
and easily undergo deformation, degrading and coloring due 
to heat. 

[0275] In the composition of the present invention, the 
curing initiator (b) Which initiates curing With active energy 
is optionally selected depending on kind of the carbon 
carbon double bond (radical-reactivity or cation-reactivity) 
in the side chain of the curable ?uorine-containing polymer 
(a), kind (Wavelength range, etc.) of the active energy, 
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intensity of irradiation, etc. Generally examples of the 
initiator Which functions to initiate curing of the curable 
?uorine-containing polymer (a) having a radical-reactive 
carbon-carbon double bond With active energy in an ultra 
violet region are, for instance, those mentioned beloW. 

[0276] Acetophenone Initiators 

[0277] Acetophenone, chloroacetophenone, diethoxyac 
etophenone, hydroxyacetophenone, ot-aminoacetophenone, 
hydroxypropiophenone, 2-methyl-1-[4-(methylthio)phe 
nyl]-2-morpholinepropane-1-one and the like. 

[0278] BenZoin Initiators 

[0279] BenZoin, benZoinmethylether, benZoinethylether, 
benZoinisopropylether, benZoinisobutylether, benZyldimeth 
ylketal and the like. 

[0280] BenZophenone Initiators 

[0281] BenZophenone, benZoyl benZoate, methyl-o-ben 
ZoylbenZoate, 4-phenylbenZophenone, hydroxybenZophe 
none, hydroxy-propylbenZophenone, acrylated benZophe 
none, Michler’s ketone and the like. 

[0282] Thioxanthone Initiators 

[0283] Thioxanthone, chlorothioxanthone, methylthiox 
anthone, diethylthioxanthone, dimethylthioxanthone and the 
like. 

[0284] Other Initiators 

[0285] BenZyl, ot-acyloxime ester, acylphosphine oxide, 
glyoxyester, 3-ketocoumaran, 2-ethylanthraquinone, cam 
phorquinone, anthraquinone and the like. 

[0286] Depending on kind of the ?uorine-containing poly 
mer or kind of the above-mentioned active energy curing 
initiator, there is a case Where compatibility betWeen the 
polymer and the initiator is not good and the coating 
composition itself or a coating ?lm after coating becomes 
turbid in White and transparency and curing reactivity are 
loWered (Experimental Example 21(1)). 

[0287] The present inventors have found that compatibil 
ity betWeen the polymer and the initiator can be improved by 
introducing ?uorine atom or an organic group having ?uo 
rine atom to the active energy curing initiator. 

[0288] Concretely preferred are initiators having a ?uo 
rine-containing alkyl group, a ?uorine-containing alkylene 
group, a ?uorine-containing alkyl group having ether bond 
or a ?uorine-containing alkylene group having ether bond. 
For example, there are an initiator in Which a ?uorine 
containing carboxylic acid (polycarboxylic acid) or the like 
having the above-mentioned ?uorine-containing organic 
group is introduced into an initiator having OH group by 
ester bonding (Experimental Example 18) and an initiator in 
Which a ?uorine-containing carboxylic acid (polycarboxylic 
acid) or the like is introduced into an initiator having amino 
group by amide bonding. 

[0289] The introduction of the ?uorine-containing organic 
group to the initiator is preferred since even in the ?uorine 
containing polymer having a high ?uorine content, compat 
ibility is good and curing reactivity and transparency of the 
coating ?lm can be improved (Experimental Example 
21(1)). 
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[0290] Also as case demands, an auxiliary for photo 
initiation such as amines, sulfones or sul?nes may be added. 

[0291] Also examples of the initiator Which initiates cur 
ing of the curable ?uorine-containing polymer. (a) having a 
cation-reactive carbon-carbon double bond are those men 
tioned below. 

[0292] Onium Salts 

[0293] Iodonium salt, sulfonium salt, phosphonium salt, 
diaZonium salt, ammonium salt, pyridinium salt and the like. 

[0294] Sulfone Compounds 

[0295] [3-ketoester, [3-sulfonylsulfone, 
pounds thereof and the like. 

[0296] Sulfonic Acid Esters 

[0297] Alkylsulfonic acid ester, haloalkylsulfonic acid 
ester, arylsulfonic acid ester, iminosulfonate and the like. 

[0298] Others 

[0299] Sulfone imide compounds, diaZomethane com 
pounds and the like. 

ot-diaZo com 

[0300] Also in those cation-reactive active energy curing 
initiators, compatibility thereof With the ?uorine-containing 
polymer can be improved by introducing ?uorine atom or a 
?uorine-containing organic group to the initiators like the 
above-mentioned case. 

[0301] Another embodiment of the curable ?uorine-con 
taining resin composition of the present invention is one 
using a solvent, Which is preferable from the point that the 
composition dissolved and dispersed in the solvent can be 
coated on various substrates to form a coating ?lm and the 
coating ?lm can be effectively cured by irradiation With 
active energy or the like to obtain a cured coating ?lm. 

[0302] Namely, the ?uorine-containing resin composition 
for coating of the present invention is the composition 
comprising: 

[0303] (a) a curable ?uorine-containing polymer, 

[0304] (b) an active energy curing initiator and 

[0305] (c) a solvent. 

[0306] There can be preferably used the same curable 
?uorine-containing polymer (a) and active energy curing 
initiator (b) as in the above-mentioned curable ?uorine 
containing resin composition. 

[0307] The solvent (c) is not limited particularly as far as 
the curable ?uorine-containing polymer (a), active energy 
curing initiator (b) and additives such as a curing agent, 
leveling agent and light-stabiliZer to be added as case 
demands are uniformly dissolved and dispersed therein. 
Particularly preferred is the solvent Which uniformly dis 
solves the curable ?uorine-containing polymer (a). This 
embodiment using the solvent is preferable from the point 
that a coating ?lm having a high transparency and unifor 
mity can be obtained in high productivity particularly in the 
antire?ection ?lm application, etc. Where a thin coating ?lm 
(about 0.1 pm thick) is required. 

[0308] Examples of the solvent (c) are, for instance, 
cellosolve solvents such as methyl cellosolve, ethyl cello 
solve, methyl cellosolve acetate and ethyl cellosolve acetate; 
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ester solvents such as diethyl oxalate, ethyl pyruvate, ethyl 
2-hydroxybutyrate, ethyl acetoacetate, butyl acetate, amyl 
acetate, ethyl butyrate, butyl butyrate, methyl lactate, ethyl 
lactate, methyl 3-methoxypropionate, ethyl 3-methoxypro 
pionate, methyl 2-hydroxyisobutyrate and ethyl 2-hydroxy 
isobutyrate; propylene glycol solvents such as propylene 
glycol monomethyl ether, propylene glycol monoethyl ether, 
propylene glycol monobutyl ether, propylene glycol 
monomethyl ether acetate, propylene glycol monoethyl 
ether acetate, propylene glycol monobutyl ether acetate and 
dipropylene glycol dimethyl ether; ketone solvents such as 
2-hexanone, cyclohexanone, methyl amino ketone and 
2-heptanone; alcohol solvents such as methanol, ethanol, 
propanol, isopropanol and butanol; aromatic hydrocarbons 
such as toluene and xylene; a solvent mixture of tWo or more 
thereof and the like. 

[0309] Also in order to enhance solubility of the curable 
?uorine-containing polymer (a), a ?uorine-containing sol 
vent may be used as case demands. 

[0310] Examples of the ?uorine-containing solvent are, 
for instance, CH3CCl2F (HCFC-141b), a mixture of 
CF3CF2CHCl2 and CClFZCFZCHClF (HCFC-225), per?uo 
rohexane, per?uoro(2-butyltetrahydrofuran), methoxy-non 
a?uorobutane, 1,3-bistri?uoromethylbenZene, and in addi 
tion, ?uorine-containing alcohols such as: 

[0311] H(CF2CF29;CH2OH (n: an integer of from 1 
to 3), 

[0312] F(CF29;CH2OH (n: an integer of from 1 to 5) 
and 

[0313] (CF39§CHOH, 
[0314] benZotri?uoride, per?uorobenZene, per?uoro(t 
ributylamine), ClCFZCFClCFZCFCl2 and the like. 

[0315] Those ?uorine-containing solvents may be used 
solely, in a mixture of tWo or more thereof or in a mixture 
of one or more of the ?uorine-containing solvents and 
non-?uorine-containing solvents. 

[0316] Among them, ketone solvents, acetic acid ester 
solvents, alcohol solvents and aromatic solvents are pre 
ferred from the vieWpoint of coatability and productivity of 
a coating ?lm. 

[0317] The present inventors have found that at dissolving 
the curable ?uorine-containing polymer, When the ?uorine 
containing alcohol solvent is mixed to the above-mentioned 
general-purpose solvent, a leveling property of the polymer 
coating ?lm after the coating on a substrate and drying can 
be improved. 

[0318] This effect of improving a leveling property is high 
in the case of resin substrates, particularly an acrylic resin, 
cellulose resin, polyethylene terephthalate, polycarbonate 
and polyole?n and is exhibited signi?cantly particularly in 
the case of a polyethylene terephthalate substrate (Experi 
mental Examples 44 and 45). 

[0319] The ?uorine-containing alcohol to be added may be 
one Which has a boiling point of not less than 50° C., 
preferably not less than 80° C. and dissolves the curable 
?uorine-containing polymer. 
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[0320] Examples thereof are, for instance, 

[0321] H—(CF2CF29;CH2OH (n is an integer of from 1 
to 4), 

[0322] F—(CF29;CH2OH (n is an integer of from 1 to 
a 

[0323] (CF39§CHOH 
[0324] and the like. 

[0325] Though the ?uorine-containing alcohol may be 
used solely as a solvent, it is effective to mix the ?uorine 
containing alcohol in addition to the above-mentioned gen 
eral purpose solvent such as ketone solvent, acetic acid ester 
solvent, non-?uorine-containing alcohol solvent, aromatic 
solvent or the like. 

[0326] When the ?uorine-containing alcohol is mixed, an 
adding amount thereof is not less than 1% by Weight, 
preferably not less than 5% by Weight, more preferably not 
less than 10% by Weight, particularly from 10% by Weight 
to 30% by Weight based on the Whole solvents. 

[0327] Further in the present invention, as case demands, 
a curing agent may be added to the curable ?uorine 
containing resin composition comprising the curable ?uo 
rine-containing polymer (a) and the active energy curing 
initiator (b) and also to the ?uorine-containing resin com 
position for coating further containing the solvent 

[0328] Preferred curing agents are those Which have at 
least one carbon-carbon unsaturated bond and can be poly 
meriZed With radical or an acid. Examples thereof are 
concretely radically polymeriZable monomers such as an 
acrylic monomer and cationically polymeriZable monomers 
such as a vinyl ether monomer. Those monomers may be 
monofunctional monomers having one carbon-carbon 
double bond or polyfunctional monomers having tWo or 
more carbon-carbon double bonds. 

[0329] Those so-called curing agents having a carbon 
carbon unsaturated bond react by radical or cation generated 
by reaction of the active energy curing initiator (b) in the 
composition of the present invention With the active energy 
such as light and can be crosslinked With the carbon-carbon 
double bond in the side chain of the curable ?uorine 
containing polymer (a) in the composition of the present 
invention by copolymeriZation. 

[0330] Examples of the monofunctional acrylic monomer 
are acrylic acid, acrylic acid esters, methacrylic acid, meth 
acrylic acid esters, ot-?uoroacrylic acid, ot-?uoroacrylic acid 
esters, maleic acid, maleic anhydride, maleic acid esters and 
(meth)acrylic acid esters having epoxy, hydroxyl, carboxyl 
or the like. 

[0331] Among them, preferred are acrylate monomers 
having a ?uoroalkyl group to maintain a loW refractive index 
of the cured article. For example, preferred are compounds 
represented by the formula: 

CH2= C — COORf 
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[0332] Wherein X is H, CH3 or F; Rf is a ?uorine 
containing alkyl group having 2 to 40 carbon atoms or a 
?uorine-containing alkyl group having 2 to 100 carbon 
atoms and ether bond. 

[0333] Examples thereof are: 

X 

c1:3 
x c113 

c1:3 
x CF3, 

C113 
C113 

[0334] and the like. 

[0335] As the polyfunctional acrylic monomer, there are 
generally knoWn compounds obtained by replacing 
hydroxyl groups of polyhydric alcohols such as diol, triol 
and tetraol With acrylate groups, methacrylate groups or 
ot-?uoroacrylate groups. 

[0336] Examples thereof are compounds obtained by 
replacing tWo or more hydroxyl groups of polyhydric alco 
hols such as 1,3-butanediol, 1,4-butanediol, 1,6-hexanediol, 
diethylene glycol, tripropylene glycol, neopentyl glycol, 
trimethylol propane, pentaerythritol and dipentaerythritol 
With any of acrylate groups, methacrylate groups or ot-?uo 
roacrylate groups. 

[0337] Also there can be used polyfunctional acrylic 
monomers obtained by replacing tWo or more hydroxyl 
groups of polyhydric alcohols having a ?uorine-containing 
alkyl group, a ?uorine-containing alkyl group having ether 
bond, a ?uorine-containing alkylene group or a ?uorine 
containing alkylene group having ether bond With acrylate 
groups, methacrylate groups or a-?uoroacrylate groups. 
Those monomers are preferred particularly from the point 
that a loW refractive index of the cured article can be 
maintained. 

[0338] Preferable examples thereof are compounds having 
structures obtained by replacing tWo or more hydroxyl 
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groups of ?uorine-containing polyhydric alcohols repre 
sented by the formulae: 

Rf — CH — CHZOH, Rf — CHZOCH — CH — CHZOH, 

OH OH 

[0339] (Rf is a ?uorine-containing alkyl group having 1 to 
40 carbon atoms) 

R 

HOCHZC — COOCHZCH — Rf, 

CHZOH OH 

[0340] (Rf is a ?uorine-containing alkyl group having 1 to 
40 carbon atoms or a ?uorine-containing alkyl group having 
1 to 40 carbon atoms and ether bond, R is H or an alkyl 
group having 1 to 3 carbon atoms) 

OH OH 
R R 

CHZOH OH OH O CHZOH 

[0342] (Rf is a ?uorine-containing alkylene group having 
1 to 40 carbon atoms or a ?uorine-containing alkylene group 
having 1 to 40 carbon atoms and ether bond, R is H or an 
alkyl group having 1 to 3 carbon atoms) With acrylate 
groups, methacrylate groups or ot-?uoroacrylate groups. 

[0343] When those exempli?ed monofunctional and poly 
functional acrylic monomers are used as the curing agent for 
the composition of the present invention, particularly pre 
ferred are ot-?uoroacrylate compounds from the vieWpoint 
of good curing reactivity. 

[0344] In the composition of the present invention, an 
adding amount of the active energy curing initiator (b) is 
optionally selected depending on the content of the carbon 
carbon double bonds in the curable ?uorine-containing 
polymer (a), an amount of the curing agent and further kinds 
of the initiator and active energy and an amount of irradia 
tion energy (intensity and time) and also depending on 
Whether or not the above-mentioned curing agent is used. 
When the curing agent is not used, the amount of the initiator 
is from 0.01 to 30 parts by Weight, preferably from 0.05 to 
20 parts by Weight, most preferably from 0.1 to 10 parts by 
Weight based on 100 parts by Weight of the curable ?uorine 
containing polymer (a). 
[0345] Concretely the amount of the initiator is from 0.05 
to 50% by mole, preferably from 0.1 to 20% by mole, most 
preferably from 0.5 to 10% by mole based on the content 
(the number of moles) of the carbon-carbon double bonds 
contained in the curable ?uorine-containing polymer (a). 
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[0346] When the curing agent is used, the amount of the 
initiator is from 0.05 to 50% by mole, preferably from 0.1 
to 20% by mole, most preferably from 0.5 to 10% by mole 
based on the total number of moles including the content 
(number of moles) of the carbon-carbon double bonds 
contained in the curable ?uorine-containing polymer (a) and 
the number of moles of the carbon-carbon unsaturated bonds 
of the curing agent. 

[0347] When the curing agent is used, the amount of the 
curing agent is optionally selected depending on intended 
hardness and refractive indeX, kind of the curing agent, the 
content of curable groups of the curable ?uorine-containing 
polymer, etc. The amount is desirably from 1 to 80% by 
Weight, preferably from 5 to 70% by Weight, more prefer 
ably from 10 to 50% by Weight based on the curable 
?uorine-containing polymer. If the amount of the curing 
agent is too large, there is a tendency that the refractive 
indeX is increased, Which is not preferable. 

[0348] The content of the solvent (c) in the ?uorine 
containing resin composition for coating of the present 
invention is optionally selected depending on kinds of solids 
to be dissolved, the amount of the curing agent, kind of a 
substrate, intended coating thickness, etc. and also depend 
ing on Whether or not the curing agent is used. It is 
preferable to decide the amount of the solvent so that a 
concentration of the Whole solids in the composition 
becomes from 0.5 to 70% by Weight, preferably from 1 to 
50% by Weight. 

[0349] To the composition of the present invention may be 
added various additives as case demands in addition to the 
above-mentioned compounds. 

[0350] Examples of the additives are, for instance, a 
leveling agent, viscosity control agent, light-stabiliZer, mois 
ture absorbing agent, pigment, dye, reinforcing agent and 
the like. 

[0351] Also to the composition of the present invention 
can be added ?ne particles of inorganic compounds to 
increase hardness of the cured article. 

[0352] The ?ne particles of inorganic compound are not 
limited particularly. Preferred are compounds having a 
refractive indeX of not more than 1.5. Desirable ?ne particles 
are magnesium ?uoride (refractive indeX: 1.38), silicon 
oXide (refractive indeX: 1.46), aluminum ?uoride (refractive 
indeX: from 1.33 to 1.39), calcium ?uoride (refractive indeX: 
1.44), lithium ?uoride (refractive indeX: from 1.36 to 1.37), 
sodium ?uoride (refractive indeX: from 1.32 to 1.34), tho 
rium ?uoride (refractive indeX: from 1.45 to 1.50) and the 
like. It is desirable that a particle siZe of the ?ne particles is 
suf?ciently small as compared With Wavelengths of visible 
light in order to ensure transparency of the loW refractive 
indeX material. The particle siZe is preferably not more than 
100 nm, particularly preferably not more than 50 nm. 

[0353] When the ?ne particles of inorganic compound are 
used, it is desirable to use them in the form of organic sol 
previously dispersed in an organic dispersion in order not to 
loWer dispersion stability in the composition and adhesion in 
the loW refractive indeX material. Further in order to enhance 
dispersion stability of the ?ne particles of inorganic com 
pound in the composition and adhesion in the loW refractive 
indeX material, surfaces of the ?ne particles of inorganic 
compound can be previously modi?ed With various coupling 
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agents. Examples of the coupling agent are, for instance, 
organosilicon compounds; metal alkoxides such as alumi 
num, titanium, Zirconium, antimony and a mixture thereof; 
salts of organic acids; coordination compounds bonded With 
a coordinative compound; and the like. 

[0354] In the ?uorine-containing resin composition for 
coating of the present invention, the curable ?uorine-con 
taining polymer (a) or additives may be in either form of 
dispersion or solution in the solvent In order to form a 
uniform thin coating ?lm and enable the coating ?lm to be 
formed at relatively loW temperatures, the form of uniform 
solution is preferred. 

[0355] For the coating, knoWn coating methods can be 
employed as far as a coating thickness can be controlled. 

[0356] For example, there can be employed a roll coating 
method, gravure coating method, micro-gravure coating 
method, ?oW coating method, bar coating method, spray 
coating method, dye coating method, spin coating method, 
dip coating method and the like. The coating method can be 
selected in consideration of kind and shape of a substrate, 
productivity, controllability of a coating thickness, etc. 

[0357] The curable resin composition of the present inven 
tion comprising the curable ?uorine-containing polymer (a) 
and the active energy curing initiator (b) and the coating ?lm 
obtained by coating the ?uorine-containing resin composi 
tion for coating of the present invention on a substrate by the 
above-mentioned coating method and then drying can be 
photo-cured by irradiation of active energy rays such as 
ultraviolet light, electron beam or radioactive ray. 

[0358] By the photo-curing, the carbon-carbon double 
bonds in the curable ?uorine-containing polymer (a) of the 
present invention are polymeriZed betWeen the molecules, 
and the carbon-carbon double bonds in the polymer decrease 
or disappear. As a result, hardness of the resin becomes high, 
a mechanical strength is increased, abrasion resistance and 
scratch resistance are increased and further the composition 
not only becomes insoluble in a solvent in Which the 
composition is soluble before the curing but also becomes 
insoluble in many other kinds of solvents. 

[0359] The fourth of the present invention relates to the 
antire?ection ?lm. 

[0360] Namely, the antire?ection ?lm is the cured coating 
?lm of the ?uorine-containing prepolymer Which has a 
coating thickness of from 0.03 to 0.5 pm and is characteriZed 
in that the prepolymer has: 

[0361] (1) a carbon-carbon unsaturated bond at an end 
of its side chain, and 

[0362] (2) a refractive index of not more than 1.40. 

[0363] This invention Was completed based on the ?nd 
ings of the present inventors that When the ?uorine-contain 
ing prepolymer Which has a carbon-carbon unsaturated bond 
capable of curing (crosslinking) and is loW in a refractive 
index is coated on a transparent substrate in a speci?c 
coating thickness and is cured, an antire?ection ?lm having 
a re?ection reducing effect and in addition, a high hardness, 
abrasion resistance and scratch resistance can be obtained. 
When such a prepolymer is used, coatability (smoothness 
and uniformity of a coating thickness) is good, a loW 
molecular Weight monomer component is hard to remain in 
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the coating ?lm after the curing, and therefore the coating 
?lm is free from feeling of tackiness on its surface and has 
excellent characteristics. 

[0364] The curing can be carried out With heat and light (in 
a system containing an initiator). HoWever When the anti 
re?ection ?lm is provided on a transparent resin substrate, 
applying high temperatures on the substrate is not preferable 
because thermal deterioration and thermal deformation of 
the substrate are apt to occur. Therefore the curing With light 
is preferred, and it is preferable that the ?uorine-containing 
prepolymer has a carbon-carbon unsaturated bond capable 
of photo-curing (for example, photo-polymeriZing). 
[0365] For obtaining an antire?ection ?lm by photo-cur 
ing a ?uorine-containing prepolymer, there is usually 
employed a method of obtaining a cured coating ?lm by 
preparing a coating composition comprising: 

[0366] (d) the above-mentioned ?uorine-containing 
prepolymer, 

[0367] (e) an active energy curing initiator, and 

[0368] a solvent, 

[0369] coating the coating composition on a substrate, 
forming a coating ?lm (not-cured) by drying and then 
irradiating the coating ?lm With active energy ray such as 
ultraviolet light, electron beam, radioactive ray or the like. 
The light irradiation may be carried out in either of air 
stream and inert gas stream such as nitrogen gas. Particularly 
the light irradiation in an inert gas stream is preferred from 
the vieWpoint of good curing reactivity, and a coating ?lm 
having a higher hardness can be obtained. 

[0370] As the ?uorine-containing prepolymer (d) for the 
antire?ection ?lm of the present invention, any of ?uorine 
containing prepolymers can be used as far as they have a 
reactive carbon-carbon unsaturated bond in the side chain 
thereof. From the vieWpoint of good reactivity, an ethylenic 
carbon-carbon double bond is preferred. 

[0371] Particularly preferred is a combination use of the 
?uorine-containing prepolymer (d1) having a radically poly 
meriZable ethylenic carbon-carbon double bond and the 
initiator (e) generating radical by irradiation of active energy 
ray from the point that the polymeriZation reaction occurs 
rapidly, a degree of polymeriZation is high and the curing 
can be easily carried out. 

[0372] Also the ?uorine-containing prepolymer (d2) hav 
ing an acid-polymeriZable carbon-carbon double bond can 
be used in combination With an initiator generating an acid 
by irradiation of active energy ray, Which is preferable from 
the point that the curing reaction is less affected by air 
(oxygen), etc. at the time of light irradiation. 

[0373] The ?uorine-containing prepolymer to be used for 
the antire?ection ?lm of the present invention is preferably 
the same as the above-mentioned curable ?uorine-contain 
ing polymers, and among the above-mentioned examples of 
the curable polymer, those Which have a high transparency, 
are non-crystalline and have a refractive index of not more 
than 1.40, preferably not more than 1.38 are selected. 
Further among them, it is preferable to optionally select the 
polymers depending on intended hardness, kind of a sub 
strate, coating method, coating conditions, coating thick 
ness, uniformity of a coating ?lm, adhesion to the substrate, 
etc. 














































