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DESCRIPTION
TITLE OF THE INVENTION: LAMINATE AND PRODUCTION METHOD
THEREFOR

TECHNICAL FIELD
[0001]
The present invention relates to a laminate and a production method

therefor.

BACKGROUND ART
[0002]

A fluorine-based water-repellent coating film typified by a coating film that
is formed from a composition containing a compound which has a
perfluoropolyether structure has a very low surface free energy, and is thus used as
antifouling coating, water/oil repellent coating, and the like in various fields for
display devices such as touch panel displays, optical devices, semiconductor devices,
construction materials, window glass for automobiles and buildings, and the like.
[0003]

A water-repellent coating film is formed and used on a substrate in general.
When a composition for forming the water-repellent coating film is applied to the
substrate, the composition may be applied after another layer such as a primer
layer is previously formed on the substrate to form antifouling coating or water/oil
repellent coating.

[0004]

For example, Patent Literature 1 discloses a hard coat film in which a hard
coat layer (X), a primer layer (Y), and a surface layer (Z) are sequentially laminated
on at least one surface of the substrate, and the surface layer (Z) has a water
contact angle of not less than 110°. It is indicated that a fluorine-based compound

having a polyperfluoropolyether chain is preferably used in order to form the
1
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surface layer (Z), and a silane compound such as 3-acryloxypropyltrimethoxysilane

is preferably used in order to form the primer layer (Y).

CITATION LIST

PATENT LITERATURE

[0005]

Patent Literature 1: JP2015-120253A

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0006]

Abrasion resistance evaluated on a water-repellent layer side exposed at a
front surface side is required for a laminate having a water-repellent layer on a
substrate in order to maintain good water-repellency. Therefore, an object of the
present invention is to provide a laminate which has a substrate, an intermediate
layer, and a water-repellent layer laminated in this order, and has excellent

abrasion resistance.

SOLUTION TO THE PROBLEMS
[0007]

The present invention which has achieved the above problems is as follows.
[1] A laminate comprising:

a substrate (s) having an anti-reflection layer;

an intermediate layer (c) placed on the anti-reflection layer side of the
substrate; and

a water-repellent layer (v), in this order, wherein

the intermediate layer (c) is a cured layer of a mixture composition (cc) of an
organosilicon compound (C) , or a vapor deposition layer of the organosilicon

compound (C),
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the organosilicon compound (C) contains a silicon atom together with an
amino group and/or an amine skeleton,

the water-repellent layer (r) is a cured layer of a mixture composition (ca) of
an organosilicon compound (A) in which a monovalent group having a
perfluoropolyether structure is bound to a silicon atom through a linking group
located therebetween or without a linking group located therebetween, and a
hydrolyzable group is bound to the silicon atom through a linking group located
therebetween or without a linking group located therebetween, and

the laminate satisfies the following requirement (1),

(1) a water sliding angle is not larger than 50° after a abrasion resistance
test in which a 200 g load per 1.5 cm X 1.5 cm area is applied to a surface on the
water-repellent layer (r) side of the laminate and the surface is rubbed 20,000
times.

[2] The laminate according to [1], wherein

the organosilicon compound (A) is at least one kind of organosilicon

compounds represented by the following formula (al),

[Chemical Formula 1]

) i T
. } H, . . . Ha , Ho }
ES—LTCMC G L RE A UG-G e B

t aib ald  ald a0  att atz a1l [

T d P . a1
CH; CH; CHQ
23 a1 “‘}L’é‘?‘?
Sifd¥e3(R™)5.05 Si(J%)e2(R 560

Si(dNer(R 301

<o fall

in the formula (al),

Rf21 represents a divalent perfluoropolyether structure having oxygen atoms
at both ends,

R, R12) and R!3 each independently represent an alkyl group having 1 to 20

carbon atoms,
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when the number of Rlls is plural, the plurality of R!ls may be different
from each other,

when the number of R!2s is plural, the plurality of R!2s may be different
from each other,

when the number of R13s is plural, the plurality of R3s may be different
from each other,

E1, E2, E3, E4, and E5 each independently represent a hydrogen atom or a
fluorine atom,

when the number of Els is plural, the plurality of Els may be different from
each other,

when the number of E2s is plural, the plurality of E2s may be different from
each other,

when the number of E3s is plural, the plurality of E3s may be different from
each other,

when the number of E4s is plural, the plurality of E4s may be different from
each other,

G1! and G2 each independently represent a 2 to 10 valent organosiloxane
group having a siloxane bond,

J1, J2, and J3 each independently represent a hydrolyzable group or -(CHg)es"
Si(ORM)3,

€6 represents 1 to 5,

R4 represents a methyl group or an ethyl group,

when the number of J1s is plural, the plurality of J1s may be different from
each other,

when the number of J2s is plural, the plurality of J2s may be different from
each other,

when the number of J3s is plural, the plurality of J3s may be different from

each other,
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L! and L2 each independently represent a divalent linking group that has 1
to 12 carbon atoms and may contain an oxygen atom, a nitrogen atom, or a fluorine
atom,

when the number of Lls is plural, the plurality of Lls may be different from
each other,

when the number of 1.2s is plural, the plurality of L2s may be different from
each other,

d11 represents 1 to 9,

d12 represents O to 9,

al0 and al4 each independently represent O to 10,

all and al5 each independently represent O or 1,

al2 and al6 each independently represent O to 9,

al3 represents O or 1,

a21, a22, and a23 each independently represent O to 2, and

el, e2, and e3 each independently represent 1 to 3.

[8] The laminate according to [1] or [2], wherein the mixture composition (ca)
further contains at least one kind of organosilicon compounds (B) represented by
the following formula (b1),

[Chemical Formula 2]

Rb17 RfE1t RU12 RfS13
B Ly Ly
R0 e ¢ Si-  {-sir A SRR
T‘E /b1 Eiw Jrg‘};a?, ' ‘ 'b14 /15 i e
RO12 Rf012 Rb14 Rb14

- = (b1)
in the formula (b1),
Rf10 represents a fluorine atom, or an alkyl group having 1 to 20 carbon
atoms in which one or more hydrogen atom is substituted by a fluorine atom,
Rb11 RP12 Rb13 gand RP4 each independently represent a hydrogen atom or

an alkyl group having 1 to 4 carbon atoms,

Date Regue/Date Received 2021-10-18



CA 03137292 2021-10-18

Our Ref. F20-038

when the number of Rb!ls is plural, the plurality of RP11s may be different
from each other,

when the number of Rb!2g is plural, the plurality of Rb12s may be different
from each other,

when the number of Rb!3g is plural, the plurality of RP13s may be different
from each other,

when the number of Rbl4s is plural, the plurality of Rb14s may be different
from each other,

Rf11 Rf12 Rf413 and Rfb14 each independently represent a fluorine atom, or
an alkyl group having 1 to 20 carbon atoms in which one or more hydrogen atom is
substituted by a fluorine atom,

when the number of RfPlls is plural, the plurality of Rfblls may be different
from each other,

when the number of Rf*!%g ig plural, the plurality of Rf’12s may be different
from each other,

when the number of RfP!3g is plural, the plurality of Rf’13s may be different
from each other,

when the number of Rf*!4s is plural, the plurality of Rftl4s may be different
from each other,

RPb15 represents an alkyl group having 1 to 20 carbon atoms,

when the number of RbP15g is plural, the plurality of Rb15s may be different
from each other,

Al represents -O-, -C(=0)-0O-, -O-C(=0)-, -NR-, -NRC(=0)-, or -C(=0O)NR-,

R represents a hydrogen atom, an alkyl group having 1 to 4 carbon atoms, or
a fluorine-containing alkyl group having 1 to 4 carbon atoms,

when the number of Als is plural, the plurality of Als may be different from
each other,

AZ represents a hydrolyzable group,
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when the number of AZs is plural, the plurality of A2s may be different from
each other,

b11,b12, b13, bl4, and b15 each independently represent an integer of 0 to
100,

c represents an integer of 1 to 3, and

RP10-; -Si(A2)Rb15)5.; -{C(RP11)(RP12)}- whose number is b11; -
{C(RPH1)(RH12)}- whose number is b12; -{Si(Rb13)(RP14)}- whose number is b13; -
{Si(R13)(R*14)}- whose number is b14; and -Al- whose number is b15 are aligned
and bound in any order as long as Rfb10- and -Si(A2).RP15)s.. are located at ends, no
perfluoropolyether structure is formed, and -O- does not link to -O- and -F.
[4] The laminate according to [3], wherein, in the mixture composition (ca), a
mass ratio of the organosilicon compound (B) to the organosilicon compound (A) is
0.05 to 2.0.
[6] The laminate according to any one of [1] to [4], wherein a hydrolyzable group or
a hydroxy group is bound to at least one silicon atom in the organosilicon compound
(©).
(6] The laminate according to any one of [1] to [5], wherein the organosilicon
compound (C) is an organosilicon compound represented by any of the following
formulas (c1) to (c3),

[Chemical Formula 3]

RX?! foﬂ Rx‘!B Rf}{13
[ oqe
A c—} Ls;jl Sl Y =S T )a(RY )06
% ."Jps
RfXQ Rx14 fo14

~ 6D
in the formula (c1),
Rx11 Rx12 Rx13 and Rx!4 each independently represent a hydrogen atom or
an alkyl group having 1 to 4 carbon atoms,
when the number of Rx!ls is plural, the plurality of R*1ls may be different

from each other,
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when the number of Rx!2g is plural, the plurality of R*12s may be different
from each other,

when the number of Rx13g is plural, the plurality of Rx13s may be different
from each other,

when the number of Rx!s is plural, the plurality of R*14s may be different
from each other,

Rfx11 Rfx12 Rfx13 and Rfx4 each independently represent a fluorine atom, or
an alkyl group having 1 to 20 carbon atoms in which one or more hydrogen atom is
substituted by a fluorine atom,

when the number of Rfxllg ig plural, the plurality of Rfxlls may be different
from each other,

when the number of Rf*12g ig plural, the plurality of Rf*12s may be different
from each other,

when the number of Rf*13g is plural, the plurality of Rf*13s may be different
from each other,

when the number of Rf*14g is plural, the plurality of Rf*14s may be different
from each other,

Rx15 represents an alkyl group having 1 to 20 carbon atoms,

when the number of Rx15s is plural, the plurality of R*15s may be different
from each other,

X1l represents a hydrolyzable group,

when the number of X!1s is plural, the plurality of X11s may be different
from each other,

Y11 represents -NH- or -S-,

when the number of Ylls is plural, the plurality of Ylls may be different
from each other,

Z11 represents a vinyl group, an a-methylvinyl group, a styryl group, a
methacryloyl group, an acryloyl group, an amino group, an isocyanate group, an

isocyanurate group, an epoxy group, a ureido group, or a mercapto group,
8
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p1l represents an integer of 1 to 20,

p2, p3, and p4 each independently represent an integer of 0 to 10,

p5 represents an integer of 1 to 10,

p6 represents an integer of 1 to 3,

when Z11 does not represent an amino group, at least one of Ylls represents -
NH-,

when all of Y!ls represent -S-, Z1! represents an amino group, and

Z1-; -Si(X11)p6(Rx15)3-56; -{C(Rx11)(Rx12)}- whose number is p1; -
{C(R<1)(Rf<12)}- whose number is p2; -{Si(Rx13)(Rx14)}- whose number is p3; -
{Si(Rfx13)(Rfx14)}- whose number is p4; and -Y11- whose number is p5 are aligned and
bound in any order as long as Z!1- and -Si(X11),s(Rx15)3.46 are located at ends and -O-
does not link to -O-,

[Chemical Formula 4]

RX2O RfXZG
(R*)3.p23(X* )p2aSi— ”‘(‘C‘J’Zo ‘PC—% 1 —SiX*) (R a2 (€2)
sza fo21

in the formula (c2),

Rx20 and R*?! each independently represent a hydrogen atom or an alkyl
group having 1 to 4 carbon atoms,

when the number of Rx20g is plural, the plurality of R*20s may be different
from each other,

when the number of R¥2lg is plural, the plurality of R*21s may be different
from each other,

Rfx20 and Rfx2! each independently represent a fluorine atom, or an alkyl
group having 1 to 20 carbon atoms in which one or more hydrogen atom is
substituted by a fluorine atom,

when the number of Rf*20g ig plural, the plurality of Rf*20s may be different

from each other,
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when the number of Rf*2lg ig plural, the plurality of Rf*21s may be different
from each other,

Rx22 agnd Rx23 each independently represent an alkyl group having 1 to 20
carbon atoms,

when the numbers of Rx22g and Rx23g are plural, the plurality of R*22g and
the plurality of Rx23s may be different from each other,

X20 and X2! each independently represent a hydrolyzable group,

when the numbers of X20g and X21g are plural, the plurality of X20g and the
plurality of X21s may be different from each other,

p20 represents an integer of 1 to 30,

p21 represents an integer of 0 to 30,

at least one of repeating units bracketed with p20 or p21 is replaced by an
amine skeleton -NR100-,

R199in the amine skeleton represents a hydrogen atom or an alkyl group,

p22 and p23 each independently represent an integer of 1 to 3, and

-{C(Rx20)(Rx21)}- whose number is p20 and -{C(Rfx20)(Rfx21)}- whose number is
p21 are aligned and bound in any order, p20 or p21 units may not necessarily be
continuous, and both ends are -Si(X20)p22(R¥22)3-522 and -Si(X21),23(R*23)3-pas,

[Chemical Formula 5]

Rx31 foﬁ'ﬂ TXBS fo33 X33
/ _f_ 3~;l_ 232
73— C : Si frs Y SE 0 S
T§7 ( }psz \ ;l p33 f;osaf \ 7:6 J(
R#*3Z RfXBZ R34 <34

« (c3)
in the formula (c3),
73! and Z32 each independently represent a reactive functional group other
than a hydrolyzable group and a hydroxy group,
Rx31 Rx32 Rx33 and Rx34 each independently represent a hydrogen atom or

an alkyl group having 1 to 4 carbon atoms,

10
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when the number of R¥31s is plural, the plurality of R*31s may be different
from each other,

when the number of Rx32g is plural, the plurality of Rx32g may be different
from each other,

when the number of Rx33g is plural, the plurality of R*33s may be different
from each other,

when the number of Rx34g is plural, the plurality of Rx34s may be different
from each other,

Rfx31 Rfx32 Rfx33 and Rfx34 each independently represent a fluorine atom, or
an alkyl group having 1 to 20 carbon atoms in which one or more hydrogen atom is
substituted by a fluorine atom,

when the number of Rf*31g ig plural, the plurality of Rf*31s may be different
from each other,

when the number of Rf*32g ig plural, the plurality of Rf*32g may be different
from each other,

when the number of Rf*33g ig plural, the plurality of Rf*33s may be different
from each other,

when the number of Rf*34g is plural, the plurality of Rf*34s may be different
from each other,

Y31 represents -NH-, -N(CHs)-, or -O-,

when the number of Y3ls is plural, the plurality of Y31s may be different
from each other,

X31 X382, X33 and X34 each independently represent -OR¢ (R¢ represents a
hydrogen atom, an alkyl group having 1 to 4 carbon atoms, or an aminoCi-zalkyl
diCi-salkoxysilyl group),

when the number of X31g is plural, the plurality of X31s may be different
from each other,

when the number of X32g is plural, the plurality of X32s may be different

from each other,
11
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when the number of X33g is plural, the plurality of X33s may be different
from each other,

when the number of X34g is plural, the plurality of X34s may be different
from each other,

p31 represents an integer of 0 to 20,

p32, p33, and p34 each independently represent an integer of 0 to 10,

p35 represents an integer of 0 to 5,

p36 represents an integer of 1 to 10,

p37 represents O or 1, and

-{C(Rx31)(R*32)}- whose number is p31; -{C(Rfx31)(Rfx32)}- whose number is
p32; -{Si(Rx33)(Rx34)}- whose number is p33; -{Si(Rfx33)(Rf*34)}- whose number is p34; -
Y31- whose number is p35; -{Si(X31)(X32)-0}- whose number is p36; and -
{Si(X33)(X34)}- whose number is p37 are aligned and bound in any order, as long as a
condition that at least one of Z3! and Z32 represents an amino group or at least one
of Y31s represents -NH- or -N(CHj)- is satisfied, ends are Z3!- and Z32-, and -O- does
not link to -O-.
[71 The laminate according to any one of [1] to [6], wherein the organosilicon
compound (A) is a compound represented by the following formula (a8) or (a4), and
the organosilicon compound (C) is a compound represented by the following formula
(c1-2) or (c2-2),

[Chemical Formula 6]

R¥—0—{R¥0-
R h

RIZV—RP)—H -+« (ad)

1 h2 h3

Si(OR%),
in the formula (a3),
R30 represents a perfluoroalkyl group having 2 to 6 carbon atoms,
R3! and R32 each independently represent a perfluoroalkylene group having

2 to 6 carbon atoms,
12
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R33 represents a trivalent saturated hydrocarbon group having 2 to 6 carbon
atoms, and
R34 represents an alkyl group having 1 to 3 carbon atoms,

[Chemical Formula 7]

N / ;
R10-O— R0, R“"’FO#R“P&[R““Si(OR45)sIs
¢ k2 "k3

4

-« {ad)

in the formula (a4),

R40 represents a perfluoroalkyl group having 2 to 5 carbon atoms,

R4t represents a perfluoroalkylene group having 2 to 5 carbon atoms,

R%2 represents a fluoroalkylene group in which a part of hydrogen atoms of
an alkylene group having 2 to 5 carbon atoms is substituted by fluorine,

R43 and R# each independently represent an alkylene group having 2 to 5
carbon atoms,

R4 represents a methyl group or an ethyl group, and

k1, k2, and k3 each independently represent an integer of 1 to 5,
[Chemical Formula 8]
21 ZWCQH2q__Y’E?_CrH2rmSi(X1 Z)p(infi)gmp - (C 1-2 )

in the formula (c1-2),

X12 represents a hydrolyzable group,

when the number of X!2g is plural, the plurality of X12s may be different
from each other,

Y12 represents -NH-,

712 represents an amino group or a mercapto group,

Rx16 represents an alkyl group having 1 to 20 carbon atoms,

when the number of Rx16s is plural, the plurality of R*16s may be different
from each other,

p represents an integer of 1 to 3,

q represents an integer of 2 to 5, and
13

Date Regue/Date Received 2021-10-18



CA 03137292 2021-10-18

Our Ref. F20-038

r represents an integer of 0 to 5,
[Chemical Formula 9]
(R2%)3.25(X®)5258i— CuHaw—Si(X?) 0a(R%a.p2e  (02-2)

in the formula (c2-2),

X22 and X2 each independently represent a hydrolyzable group,

when the numbers of X22g and X23g are plural, the plurality of X22g and the
plurality of X23s may be different from each other,

Rx24 and R*?5 each independently represent an alkyl group having 1 to 20
carbon atoms,

when the numbers of Rx24s and Rx25g are plural, the plurality of Rx24s and
the plurality of R*25s may be different from each other,

at least one methylene group in a part of -CwHaw- is replaced by an amine
skeleton -NR100-,

R100 represents a hydrogen atom or an alkyl group,

w represents an integer of 1 to 30 (excluding the number of methylene group
replaced by the amine skeleton), and

p24 and p25 each independently represent an integer of 1 to 3.
(8] The laminate according to any one of [1] to [7], wherein a property measured
on a surface on the water-repellent layer side further satisfies at least one of the
following requirements (1) and (3),

(1) a water contact angle after the abrasion resistance test is not less than
90°, and

(8) an initial water sliding angle is not larger than 21°.
[9] The laminate according to any one of [1] to [8], wherein the property
measured on the surface on the water-repellent layer side further satisfies the
following requirement (4),

(4) a coefficient of kinetic friction after the abrasion resistance test is not

larger than 0.40.

14
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[10] The laminate according to any one of [1] to [9], wherein an F amount is not
less than 5 atom % and an N amount is not less than 0.15 atom % on a surface of
the laminate on the water-repellent layer (r) side in XPS measurement of the
surface.
[11] The laminate according to any one of [1] to [10], wherein a ratio (absolute
value of Sa(c)/absolute value of Sa(s)) of an absolute value of an arithmetic average
height Sa(c) of the intermediate layer (c) before the water-repellent layer (r) is
laminated, relative to an absolute value of an arithmetic average height Sa(s) of the
substrate (s) before the intermediate layer (c) is laminated, is less than 100%.
[12] The laminate according to any one of [1] to [11], wherein the substrate (s) is a
glass layer or a resin layer on which the anti-reflection layer is formed.
[18] A spectacle lens comprising the laminate according to any one of [1] to [12].
[14] A production method for producing a laminate comprising a substrate (s)
having an anti-reflection layer, an intermediate layer (c) placed on the anti-
reflection layer side of the substrate, and a water-repellent layer (r), in this order,
the production method comprising:

applying a mixture composition (cc) of an organosilicon compound (C)
represented by any of the above formulas (c1) to (c3) to an anti-reflection layer
surface of the substrate (s) having the anti-reflection layer,

applying a mixture composition (ca) of an organosilicon compound (A)
represented by the above formula (al) to the surface to which the mixture
composition (cc) has been applied, and

curing the mixture composition (cc) and the mixture composition (ca), to
form the intermediate layer (c) from an applied layer of the mixture composition
(cc), and form the water-repellent layer (r) from an applied layer of the mixture
composition (ca).
[15] A production method for producing a laminate comprising a substrate (s)

having an anti-reflection layer, an intermediate layer (c) placed on the anti-
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reflection layer side of the substrate, and a water-repellent layer (r) in this order,
the production method comprising:

vapor-depositing an organosilicon compound (C) represented by any of the
above formulas (c1) to (c3) on an anti-reflection layer surface of the substrate (s)
having the anti-reflection layer to form the intermediate layer (c), and

applying and curing a mixture composition (ca) of an organosilicon
compound (A) represented by the above formula (al) onto the intermediate layer (c)
to form the water-repellent layer (r) from an applied layer of the mixture
composition (ca).
[16] The production method for producing the laminate according to [14] or [15],
comprising:

subjecting the anti-reflection layer of the substrate (s) to hydrophilization
treatment before the mixture composition (cc) is applied or before the organosilicon
compound (C) is vapor-deposited, and

applying the mixture composition (cc) to or vapor-depositing the
organosilicon compound (C) on a surface subjected to the hydrophilization

treatment.

ADVANTAGEOUS EFFECTS OF THE INVENTION
[0008]

The laminate of the present invention in which the substrate (s) having the
anti-reflection layer, the intermediate layer (c) placed on the anti-reflection layer
side of the substrate, and the water-repellent layer (r) are disposed in this order,

has excellent abrasion resistance.

DESCRIPTION OF EMBODIMENTS
[0009]
A laminate of the present invention is a laminate comprising:

a substrate (s) having an anti-reflection layer;
16
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an intermediate layer (c) placed on the anti-reflection layer side of the
substrate; and

a water-repellent layer (v), in this order, wherein

the intermediate layer (c) is a cured layer of a mixture composition (cc) of an
organosilicon compound (C) , or a vapor deposition layer of the organosilicon
compound (C),

the organosilicon compound (C) contains a silicon atom together with an
amino group and/or an amine skeleton,

the water-repellent layer (r) is a cured layer of a mixture composition (ca) of
an organosilicon compound (A) in which a monovalent group having a
perfluoropolyether structure is bound to a silicon atom through a linking group or
without a linking group located therebetween, and a hydrolyzable group is bound to
the silicon atom through a linking group or without a linking group located
therebetween, and

the laminate satisfies the following requirement (1),

(1) a water sliding angle is not larger than 50° after a abrasion resistance
test in which a 200 g load per 1.5 cm X 1.5 cm area is applied to a surface on the
water-repellent layer (r) side of the laminate and the surface is rubbed 20,000
times.

[0010]

The laminate of the present invention which satisfies the above
requirements can exhibit good abrasion resistance.
[0011]

In the requirement (1), the water sliding angle is preferably not larger than
40°, more preferably not larger than 30°, and even more preferably not larger than
20°, and, furthermore, still more preferably not larger than 10°. Furthermore, the
sliding angle may be not less than 1°.

[0012]

The abrasion resistance test is performed such that a load of 200 g per 1.5
17

Date Regue/Date Received 2021-10-18



CA 03137292 2021-10-18

Our Ref. F20-038

cm X 1.5 cm area is applied to a surface on the water-repellent layer (r) side of the
laminate and the surface is rubbed 20,000 times. The surface is preferably rubbed
by paper made of a pulp material and more preferably by paper which is made of a
pulp material and attached to an elastic body. As the paper made of a pulp
material, KIMWIPe S-200 manufactured by NIPPON PAPER CRECIA CO., LLTD. is
preferably used. For example, preferably, the abrasion resistance test is performed
at a stroke distance of 30 mm and a rubbing speed of 70 to 90 reciprocations/minute
by using the KIMWIPe S-200, and the sliding angle is measured at almost the
center of a stroke region. When the load is applied, the load may be a pressure
equivalent to application of a load of 200 g per 1.5 cm X 1.5 cm area. The laminate
that has the water-repellent layer (r) having the size of less than 1.5 cm X 1.5 cm is
also included in the scope of the present invention.

[0013]

Preferably, the laminate of the present invention also satisfies the following
requirement (2).

(2) When measured on the surface on the water-repellent layer (r) side, (2-1)
a reflectance obtained by subtracting a front surface reflection loss and a back
surface reflection loss from a spectral reflectance at a wavelength of 530 nm at an
angle of incidence of 12° and an angle of reflection of 12°, calculated at 2-degree
visual field Glluminant C) in JIS Z8701, is not larger than 5.0% , or (2-ii) a
reflectance at a wavelength of 530 nm, obtained by conversion with illuminant D65
and 10-degree visual field, with use of an illuminant of halogen lamp and an
objective lens of 10-fold magnification, is not larger than 5.0%.

[0014]

In the requirement (2), the reflectance (including both the reflectances
specified by the above-described (2-1) and (2-ii)) is preferably not larger than 4.0%,
more preferably not larger than 3.5%, even more preferably not larger than 3.0%,
and, furthermore, still more preferably not larger than 2.5%. The reflectance may

be, for example, not less than 1.0%.
18
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[0015]

Furthermore, the laminate of the present invention preferably satisfies at
least one of the requirements (1), (3), and (4) described below, more preferably
satisfies (1)) and (3), and even more preferably satisfies (1), (3), and (4), when
measured on the surface on the water-repellent layer side.

[0016]

(1) A water contact angle is not less than 90° after the abrasion resistance
test.

The water contact angle after the abrasion resistance test is more preferably
not less than 95°, even more preferably not less than 100°, and, furthermore, still
more preferably not less than 110°. The water contact angle may be, for example,
not larger than 130°.

[0017]

(8) An initial water sliding angle is not larger than 21°.

The initial water sliding angle in the requirement (3) represents a water
sliding angle measured before the above-described abrasion resistance test is
performed. The initial water sliding angle is more preferably not larger than 20°,
even more preferably not larger than 15°, and, furthermore, still more preferably
not larger than 10°. The initial water sliding angle may be not less than 0.5°.
[0018]

(4) A coefficient of kinetic friction is not larger than 0.40 after the abrasion
resistance test.

The coefficient of kinetic friction after the abrasion resistance test is more
preferably not larger than 0.35, even more preferably not larger than 0.30, and,
furthermore, still more preferably not larger than 0.25. The coefficient of kinetic
friction may be not less than 0.10.

[0019]

An initial coefficient of kinetic friction (that is, before the abrasion

19
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resistance test) is preferably not larger than 0.35, more preferably not larger than
0.30, and even more preferably not larger than 0.25, and may be not less than 0.10.
[0020]

An F amount of the surface is preferably not less than 5 atom % and an N
amount thereof is preferably not less than 0.15 atom % in XPS measurement on the
surface on the water-repellent layer (r) side of the laminate. When the
requirements are satisfied, at least one of the initial water-repellency, the initial
water sliding properties, and abrasion resistance (the water-repellency, the water
sliding properties, and reduction of the coefficient of kinetic friction after abrasion
resistance test) can be excellent on the surface on the water-repellent layer (r) side.
The F amount is more preferably not less than 10 atom % and even more preferably
not less than 25 atom %, and, furthermore, still more preferably not less than 40
atom %, and may be not larger than 70 atom %. The N amount is more preferably
not less than 0.5 atom % and even more preferably not less than 1.0 atom %, and,
furthermore, still more preferably not less than 2.0 atom %, and may be not larger
than 10 atom %.

[0021]

The substrate (s) having an anti-reflection layer, the intermediate layer (c),
and the water-repellent layer (r) in the laminate of the present invention will be
sequentially described below.

[0022]

1. Substrate (s)

A material of a portion other than an anti-reflection layer (ar) in the
substrate (s) is not particularly limited, and may be an organic material or an
inorganic material, as long as the substrate (s) has the anti-reflection layer (ar) on
at least one surface. Examples of the organic material include thermoplastic
resins such as acrylic resin, polycarbonate resin, polyester resin, styrene resin,
acryl-styrene copolymer resin, cellulose resin, polyolefin resin, and vinyl-based resin

(polyethylene, polyvinyl chloride, polystyrene, vinylbenzyl chloride-based resin,
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polyvinyl alcohol, and the like), and thermosetting resins such as phenol resin, urea
resin, melamine resin, epoxy resin, unsaturated polyester, silicone resin, and
urethane resin. Examples of the inorganic material include metals such as iron,
silicon, copper, zinc, and aluminum, and an alloy containing such a metal, ceramics,
and glass.

[0023]

The laminate of the present invention can be preferably used for, for
example, a spectacle lens. In this case, the substrate (s) is preferably glass layer
(sg) or a resin layer (sp) on which the anti-reflection layer (ar) is formed. The anti-
reflection layer (ar) is preferably formed at least on the intermediate layer (c) side.
For the resin layer (sp), allyl diglycol carbonate resin, polycarbonate resin,
thiourethane resin, episulfide resin, or the like can be used. A primer layer and/or
a hard coat layer may be formed between the anti-reflection layer (ar), and the glass
layer (sg) or the resin layer (sp).

The primer layer enhances adhesiveness of two laminated layers between
which the primer layer is placed, and a known material can be used for the primer
layer.

The hard coat layer imparts scratch resistance to the glass layer (sp) or the
resin layer (sg), and indicates a hardness not less than H of a pencil hardness
according to a test method defined in JIS K5600. As the hard coat layer, a known
hard coat layer can be used, and examples of the hard coat layer include organic
hard coat layers, inorganic hard coat layers, and organic-inorganic hybrid hard coat
layers.

The anti-reflection layer (ar) functions to prevent incident light from being
reflected, and the anti-reflection layer (ar) exhibits reflection characteristics in
which a reflectance is reduced to be about not larger than 5.0% in a 530 nm visible
light region. The reflectance of the anti-reflection layer (ar) can also be measured
via the (2-1) or (2-ii)) method as described above for the reflectance measured on the

surface on the water-repellent layer (r) side. The structure of the anti-reflection
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layer (ar) is not particularly limited, and may be a monolayer structure or
multilayer structure. In the case of the multilayer structure, preferably, low
refractive index layers and high refractive index layers are alternately laminated.
Examples of a material of the high refractive index layer include oxides of titanium,
zirconium, aluminum, tantalum, and lanthanum. Examples of a material of the
low refractive index layer include silica. The anti-reflection layer (ar) having a
multilayer structure is preferably structured such that SiOz and ZrO2 are
alternately laminated, and the outermost layer on the side opposite to the glass
layer (sg) or the resin layer (sp) side is SiOs. The anti-reflection layer (ar) can be
formed by, for example, a vapor deposition method.

[0024]

A thickness of the substrate (s) is, for example, 0.9 to 10 mm. When the
thickness of the substrate (s) is not uniform, it is preferable that the thickness of
the substrate (s) at the centroid is in the above-described range.

[0025]

2. Intermediate layer (c)

The intermediate layer (c) is a cured layer of a mixture composition (cc) of
an organosilicon compound (C) or a vapor deposition layer of the organosilicon
compound (C), the organosilicon compound (C) contains a silicon atom together with
an amino group or an amine skeleton (-NR10-, and R10 represents a hydrogen atom
or an alkyl group), and the intermediate layer (c) has an amino group or an amine
skeleton. In a preferable mode, a hydrolyzable group or a hydroxy group is bound
to a silicon atom in the organosilicon compound (C), and Si-OH groups of the
organosilicon compound (C) or -SiOH groups of the organosilicon compound (C)
generated by hydrolysis of the hydrolyzable group bound to the silicon atom are
dehydration-condensed, and, therefore, the intermediate layer (c) preferably has a
condensed structure derived from the organosilicon compound (C). The
intermediate layer (c) can function as a primer layer of the water-repellent layer (r).

Examples of the hydrolyzable group bound to a silicon atom of the organosilicon
22
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compound (C) include an alkoxy group, a halogen atom, a cyano group, an acetoxy
group, and an isocyanate group. An alkoxy group having 1 to 4 carbon atoms or a
hydroxy group is preferably bound to a silicon atom of the organosilicon compound
(©).
[0026]

2-1. Organosilicon compound (C) represented by the formula (c1)
(hereinafter, referred to as organosilicon compound (C1))

[Chemical Formula 10]

RX'H foﬁ Rx13 Rf‘K13
rl | N /o
zV- C—F \LC% {si {“Si—\r Y SIXT)pe(RY )06
#; ”‘;’31 i 02 iy 4,)‘;3 I ;p4 i /.'ps 5 p
Rx12 Rx12 x4 fom

< e e (g
[0027]

in the formula (c1),

Rx11 Rx12 Rx13 and Rx!4 each independently represent a hydrogen atom or
an alkyl group having 1 to 4 carbon atoms,

when the number of Rx!ls is plural, the plurality of R*1ls may be different
from each other,

when the number of Rx!2g is plural, the plurality of R*12s may be different
from each other,

when the number of Rx13g is plural, the plurality of R*13s may be different
from each other,

when the number of Rx!s is plural, the plurality of R*14s may be different
from each other,

Rfx11 Rfx12 Rfx13 and Rfx!4 each independently represent a fluorine atom, or
an alkyl group having 1 to 20 carbon atoms in which one or more hydrogen atom is
substituted by a fluorine atom,

when the number of Rf*1lg is plural, the plurality of Rf*1ls may be different

from each other,
23
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when the number of Rf*12g ig plural, the plurality of Rf*12s may be different
from each other,

when the number of Rfx13g is plural, the plurality of Rf*13s may be different
from each other,

when the number of Rf*14g is plural, the plurality of Rf*11s may be different
from each other,

Rx15 represents an alkyl group having 1 to 20 carbon atoms,

when the number of Rx15s is plural, the plurality of R*15s may be different
from each other,

X11 represents a hydrolyzable group,

when the number of X!1s is plural, the plurality of X11s may be different
from each other,

Y11 represents -NH- or -S-,

when the number of Y'ls is plural, the plurality of Y1ls may be different
from each other,

Z11 represents a vinyl group, an a-methylvinyl group, a styryl group, a
methacryloyl group, an acryloyl group, an amino group, an isocyanate group, an
isocyanurate group, an epoxy group, a ureido group, or a mercapto group,

p1l represents an integer of 1 to 20,

p2, p3, and p4 each independently represent an integer of 0 to 10,

p5 represents an integer of 1 to 10,

p6 represents an integer of 1 to 3,

when Z11 does not represent an amino group, at least one of Ylls represents -
NH-,

when all of Y!ls represent -S-, Z1! represents an amino group, and

Z1-; -Si(X11)pe(Rx15)3-p6; -{C(Rx11)(Rx12)}- whose number is p1; -
{C(RX11)(RfX12)}- whose number is p2; -{Si(Rx18)(Rx14)}- whose number is p3; -

{Si(Rfx13)(Rfx14)}- whose number is p4; and -Y'!- whose number is p5 are aligned and
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bound in any order as long as Z!- and -Si(X1),6(Rx15)3-p are located at ends and -O-
does not link to -O-,
[0028]
Rx11 Rx12 Rx13 and Rx14 preferably represent a hydrogen atom.
[0029]

Preferably, Rfx11 Rfx12 Rfx13 and Rfx14 each independently represent a
fluorine atom, or an alkyl group having 1 to 10 carbon atoms in which one or more
hydrogen atom is substituted by a fluorine atom.

[0030]

Rx15 preferably represents an alkyl group having 1 to 5 carbon atoms.
[0031]

X1 preferably represents an alkoxy group, a halogen atom, a cyano group, or
an isocyanate group, more preferably represents an alkoxy group, and even more
preferably represents a methoxy group or an ethoxy group.

[0032]

Y1 preferably represents -NH-.
[0033]

Z11 preferably represents a methacryloyl group, an acryloyl group, a
mercapto group, or an amino group, more preferably represents a mercapto group or
an amino group, and even more preferably represents an amino group.

[0034]

p1l preferably represents 1 to 15 and more preferably represents 2 to 10.
Preferably, p2, p3, and p4 each independently represent O to 5, and, more
preferably, all of p2, p3, and p4 represent O to 2. pb preferably represents 1 to 5
and more preferably represents 1 to 3. p6 preferably represents 2 to 3 and more
preferably represents 3.

[0035]
The organosilicon compound (C) is preferably a compound in which, in the

formula (c1), Rx11 and Rx12 each represent a hydrogen atom, Y!! represents -NH-,
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X11 represents an alkoxy group (in particular, a methoxy group or an ethoxy group),
711 represents an amino group or a mercapto group, pl represents 1 to 10, each of
p2, p3, and p4 represents 0, p5 represents 1 to 5 (in particular, 1 to 3), and p6
represents 3.
[0036]

The organosilicon comound (C1) is preferably represented by the following
formula (c1-2).
[0037]
[Chemical Formula 11]
Z‘l ZMCQqu_MY’E QMCerrWSi(X‘E 2)p(Rx1 6)3-9 . ow (C 1.2 )
[0038]

in the formula (c1-2),

X12 represents a hydrolyzable group,

when the number of X!2g is plural, the plurality of X12s may be different
from each other,

Y!2 represents -NH-,

712 represents an amino group or a mercapto group,

Rx16 represents an alkyl group having 1 to 20 carbon atoms,

when the number of Rx16s is plural, the plurality of R*16s may be different
from each other,

p represents an integer of 1 to 3,

q represents an integer of 2 to 5, and

r represents an integer of 0 to 5.
[0039]

X12 preferably represents an alkoxy group, a halogen atom, a cyano group, or
an isocyanate group, and more preferably represents an alkoxy group.
[0040]

712 preferably represents an amino group.
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[0041]

Rxt6 preferably represents an alkyl group having 1 to 10 carbon atoms, and
more preferably represents an alkyl group having 1 to 5 carbon atoms.
[0042]

p preferably represents an integer of 2 to 3 and more preferably represents
3.
[0043]

q preferably represents an integer of 2 to 3. r preferably represents an
integer of 2 to 4.
[0044]

2-2. Organosilicon compound (C) represented by the formula (c2)
(hereinafter, referred to as organosilicon compound (C2))
[0045]
[Chemical Formula 12]

T)@E} Tf)&@
(R g (X? s Si— ‘(‘?‘);20 (‘T—);m —Si(X) (R ¥ 20 (€2)
RX21 RF<21

in the formula (c2),

Rx20 and R*?! each independently represent a hydrogen atom or an alkyl
group having 1 to 4 carbon atoms,

when the number of Rx20g is plural, the plurality of R*20s may be different
from each other,

when the number of R¥2lg is plural, the plurality of R*21s may be different
from each other,

Rfx20 and Rfx2! each independently represent a fluorine atom, or an alkyl
group having 1 to 20 carbon atoms in which one or more hydrogen atom is
substituted by a fluorine atom,

when the number of Rf*20g ig plural, the plurality of Rf*20s may be different

from each other,
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when the number of Rf*2lg ig plural, the plurality of Rf*2ls may be different
from each other,

Rx22 agnd Rx23 each independently represent an alkyl group having 1 to 20
carbon atoms,

when the numbers of Rx22g and Rx23g are plural, the plurality of R*22g and
the plurality of Rx23s may be different from each other,

X20 and X2! each independently represent a hydrolyzable group,

when the numbers of X20g and X21g are plural, the plurality of X20g and the
plurality of X21s may be different from each other,

p20 represents an integer of 1 to 30,

p21 represents an integer of 0 to 30,

at least one of repeating units bracketed with p20 or p21 is replaced by an
amine skeleton -NR100-,

R1099 in the amine skeleton represents a hydrogen atom or an alkyl group,

p22 and p23 each independently represent an integer of 1 to 3, and

-{C(Rx20)(Rx21)}- whose number is p20 and -{C(Rfx20)(Rfx21)}- whose number is
p21 are aligned and bound in any order, p20 or p21 units may not necessarily be
continuous, and both ends are -Si(X20)p22(R¥22)3-522 and -Si(X21),23(R*23)3-pas.

[0046]

Preferably, Rx20 and R*2! each represent a hydrogen atom.
[0047]

Preferably, Rf*20 and Rf*21 each independently represent a fluorine atom, or
an alkyl group having 1 to 10 carbon atoms in which one or more hydrogen atom is
substituted by a fluorine atom.

[0048]

Preferably, Rx22 and Rx23 each represent an alkyl group having 1 to 5 carbon
atoms.
[0049]

Each of X20 and X2! preferably represents an alkoxy group, a halogen atom,
28
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a cyano group, or an isocyanate group, more preferably represents an alkoxy group,
and even more preferably represents a methoxy group or an ethoxy group.
[0050]

The number of the amine skeletons -NR190- may be at least one in the
molecule as described above. It is sufficient that any of the repeating units
bracketed with p20 or p21 is replaced by the amine skeleton, but a part of the
repeating unit bracketed with p20 is preferably replaced. The number of the
amine skeletons may be plural. In this case, the number of the amine skeletons is
preferably 1 to 10, more preferably 1 to 5, and even more preferably 2 to 5.
Furthermore, in this case, an alkylene group is preferably located between the
amine skeletons adjacent to each other, and the number of carbon atoms in the
alkylene group is preferably 1 to 10 and more preferably 1 to 5. The number of the
carbon atoms in the alkylene group between the amine skeletons adjacent to each
other is included in the total number of p20 or p21.

[0051]

When R0 represents an alkyl group in the amine skeleton -NR100- the
number of carbon atoms is preferably not larger than 5 and more preferably not
larger than 3. The amine skeleton -NR190- is preferably -NH- (R19 represents a
hydrogen atom).

[0052]

p20 preferably represents 1 to 15 and more preferably represents 1 to 10
excluding the number of the repeating units replaced by the amine skeletons.
[0053]

p21 preferably represents 0 to 5, and, more preferably represents O to 2,
excluding the number of the repeating units replaced by the amine skeletons.
[0054]

Each of p22 and p23 preferably represents 2 to 3 and more preferably

represents 3.
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[0055]

The organosilicon compound (C2) is preferably a compound in which, in the
formula (c2), Rx20 and R*2! each represent a hydrogen atom, X20 and X2! each
represent an alkoxy group (in particular, a methoxy group or an ethoxy group), at
least one of the repeating units bracketed with p20 is replaced by the amine
skeleton -NR100-  R100 represents a hydrogen atom, p20 represents 1 to 10 (excluding
the number of the repeating units replaced by the amine skeletons), p21 represents
0, and p22 and p23 each represent 3.

[0056]

When a reaction product (trade name: X-12-5263HP, manufactured by Shin-
Etsu Chemical Co., Ltd.), of N-2-(aminoethyl)-3-aminopropyltrimethoxysilane and
chloropropyltrimethoxysilane, described in Japanese Laid-Open Patent Publication
No. 2012-197330 and used as the compound (C) in Examples described below, is
represented by the formula (c2), Rx20 and R*2! each represent a hydrogen atom, p20
represents 8, p21 represents 0, the number of the amine skeletons is two (R100
represents a hydrogen atom in each amine skeleton), both the ends are the same,
p22 and p23 each represent 3, and X20 and X2! each represent a methoxy group.
[0057]

The organosilicon compound (C2) is preferably represented by the following
formula (c2-2).

[0058]

[Chemical Formula 18]

(R25); 1o5(X?%)258i— CyHow— Si(X?)0a(R*)3. 004 (€2-2)
[0059]

In the formula (c2-2),

X22 and X232 each independently represent a hydrolyzable group, and, when
the numbers of X22g and X23g are plural, the plurality of X22s and the plurality of

X23g may be different from each other,
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Rx24 and Rx25 each independently represent an alkyl group having 1 to 20
carbon atoms, and, when the numbers of Rx24s and Rx25s are plural, the plurality of
Rx24g and the plurality of Rx25s may be different from each other,

at least one methylene group that is a part of -CwHaw- is replaced by an
amine skeleton -NR!0- and R19 represents a hydrogen atom or an alkyl group,

w represents an integer of 1 to 30 (excluding the number of the methylene
groups replaced by the amine skeletons), and

p24 and p25 each independently represent an integer of 1 to 3.

[0060]

X22 and X23 each preferably represent an alkoxy group, a halogen atom, a
cyano group, or an isocyanate group, more preferably represents an alkoxy group,
and even more preferably represents an alkoxy group having 1 to 4 carbon atoms (in
particular, a methoxy group or an ethoxy group).

[0061]

The number of the amine skeletons -NR190- may be plural. In this case, the
number of the amine skeletons is preferably 1 to 10, more preferably 1 to 5, and
even more preferably 2 to 5. Furthermore, in this case, an alkylene group is
preferably located between the amine skeletons adjacent to each other. The
number of carbon atoms in the alkylene group is preferably 1 to 10 and more
preferably 1 to 5. The number of carbon atoms in the alkylene group between the
amine skeletons adjacent to each other is included in the total number of w.

[0062]

When R0 represents an alkyl group in the amine skeleton -NR100- the
number of carbon atoms is preferably not larger than 5 and more preferably not
larger than 3. The amine skeleton -NR190- is preferably -NH- (R19 represents a
hydrogen atom).

[0063]
Rx24 and Rx25 each preferably represent an alkyl group having 1 to 10 carbon

atoms, and more preferably represents an alkyl group having 1 to 5 carbon atoms.
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[0064]

p24 and p25 each preferably represent an integer of 2 to 3 and more
preferably represent 3.

[0065]

w is preferably not less than 1 and more preferably not less than 2, and
preferably not larger than 20 and more preferably not larger than 10.
[0066]

2-3. Organosilicon compound (C) represented by the formula (c3)
(hereinafter, referred to as organosilicon compound (C3))

[0067]
[Chemical Formula 14]

RxBﬂ ij'l RK33 Rf)c33 X
Z3- Tc—} fCﬁ {»-st {—s. (Y“ ) —{—Ss %— {s; z%
p3t ‘ p32 7033 ‘p34 p3s 36 pa?
;:QKSQ R R34 fo34

- {6d)

in the formula (c3),

73! and Z32 each independently represent a reactive functional group other
than a hydrolyzable group and a hydroxy group. Examples of the reactive
functional group include a vinyl group, an a-methylvinyl group, a styryl group, a
methacryloyl group, an acryloyl group, an amino group, an epoxy group, a ureido
group, and a mercapto group. Z3! and Z32 each preferably represent an amino
group, a mercapto group, or a methacryloyl group, and particularly preferably
represent an amino group.

[0068]

Rx31 Rx32 Rx33 and Rx34 each independently represent a hydrogen atom or
an alkyl group having 1 to 4 carbon atoms,

when the number of R¥31s is plural, the plurality of R*31s may be different

from each other,
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when the number of R¥32g is plural, the plurality of R*32g may be different
from each other,

when the number of Rx33g is plural, the plurality of Rx33s may be different
from each other,

when the number of Rx34s is plural, the plurality of R*34s may be different
from each other.

Rx31 Rx32 Rx33 and Rx34 each preferably represent a hydrogen atom or an
alkyl group having 1 to 2 carbon atoms, more preferably represent a hydrogen atom.
[0069]

Rfx31 Rfx32 Rfx33 and Rfx34 each independently represent a fluorine atom, or
an alkyl group having 1 to 20 carbon atoms in which one or more hydrogen atom is
substituted by a fluorine atom,

when the number of Rf*3lg ig plural, the plurality of Rf*31s may be different
from each other,

when the number of Rf*32g ig plural, the plurality of Rf*32g may be different
from each other,

when the number of Rf*33g ig plural, the plurality of Rf*33s may be different
from each other,

when the number of Rf*34g is plural, the plurality of Rf*34s may be different
from each other.

Rfx31 Rfx32 Rfx33 and Rfx31 each preferably represent a fluorine atom, or an
alkyl group having 1 to 10 carbon atoms in which one or more hydrogen atom is
substituted by a fluorine atom,

[0070]

Y31 represents -NH-, -N(CHs)-, or -O-,

when the number of Y31s is plural, the plurality of Y3ls may be different
from each other. Y3! preferably represents —-NH-.

[0071]

X381 X32 X33 and X34 each independently represent -OR¢ (Re represents a
33
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hydrogen atom, an alkyl group having 1 to 4 carbon atoms, or an aminoCi-salkyl
diCs-salkoxysilyl group),

when the number of X31s is plural, the plurality of X31s may be different
from each other,

when the number of X32g is plural, the plurality of X32s may be different
from each other,

when the number of X33g is plural, the plurality of X33s may be different
from each other,

when the number of X34g is plural, the plurality of X34s may be different
from each other.

X31, X32 X33 and X34 each preferably represent -OR¢ in which Re represents
a hydrogen atom or an alkyl group having 1 to 2 carbon atoms, and Re¢ preferably
represents a hydrogen atom.
[0072]

p31 represents an integer of 0 to 20,

p32, p33, and p34 each independently represent an integer of 0 to 10,

p35 represents an integer of 0 to 5,

p36 represents an integer of 1 to 10,

p37 represents O or 1.

p31 preferably represents 1 to 15, more preferably 3 to 13, even more
preferably 5 to 10.

preferably, p32, p33, and p34 each independently represent 0 to 5. It is
more preferable that all of p32, p33, and p34 are 0 to 2.

p35 preferably represents 1 to 5, more preferalyb 1 to 3.

p36 preferably represents 1 to 5, more preferably 1 to 3.

p37 preferably represents 1.
[0073]

The organosilicon compound (C83) is structured such that -{C(Rx31)(Rx32)}-

whose number is p31; -{C(Rfx31)(Rfx32)}- whose number is p32; -{Si(Rx33)(Rx34)}-
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whose number is p33; -{Si(Rfx33)(Rf*34)}- whose number is p34; -Y31- whose number
is p35; -{Si(X81)(X32)-0}- whose number is p36; and -{Si(X33)(X34)}- whose number is
p37 are aligned and bound in any order as long as a condition that at least one of
73! and Z32 represents an amino group or at least one of Y31s represents -NH- or -
N(CHy)- is satisfied, the ends are Z31- and Z32-, and -O- does not link to -O-.
Regarding -{C(R*31)(R*32)}- whose number is p31, the units of -{C(Rx31)(Rx32)}- may
not necessarily be continuously bound, and may be bound through another unit
located therebetween as long as the total number of the units of -{C(R*31)(Rx32)}- is
p31l. The same applies to units bracketed with each of p32 to p37.
[0074]

The organosilicon compound (C3) is preferably a compound in which Z3! and
732 each represent an amino group, R*3! and R*32 each represent a hydrogen atom,
p31 represents 3 to 13 (preferably 5 to 10), Rx33 and Rx34 each represent a hydrogen
atom, Rfs3! to Rf¥34 each represent a fluorine atom, or an alkyl group having 1 to 10
carbon atoms in which one or more hydrogen atom is substituted by a fluorine atom,
p32 to p34 each represent 0 to 5, Y3! represents -NH-, p35 represents O to 5
(preferably, 0 to 3), X3! to X34 each represent -OH, p36 represents 1 to 5 (preferably,
1 to 3), and p37 represents 1.
[0075]

The organosilicon compound (C3) is preferably represented by the following
formula (c3-2).
[0076]

[Chemical Formula 15]

x31 X33
| |
29 {-CHy—{ Y3 CH, Si—0—Si—{ CHy | —{ V') —{-CH}— 2
p41 p45 p42 )|(32 )'(34 P43 pds pda
- - - {e3-2)

[0077]

In the formula (c3-2), 731, 732, X31 X32 X33 X34 Y3l represent the same
35
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matters as those in the formula (c3), p41 to p44 each independently represent an
integer of 1 to 6, and p45 and p46 each independently represent O or 1.
[0078]

In the formula (c3-2), each of Z3! and Z32 preferably represents an amino
group, a mercapto group, or a methacryloyl group, and particularly preferably
represents an amino group. Each of X31, X32 X33 and X34 preferably represents -
ORc in which Re represents a hydrogen atom or an alkyl group having 1 to 2 carbon
atoms, and R¢ more preferably represents a hydrogen atom. Y3! preferably
represents -NH-. Each of p41 to p44 is preferably not less than 2, and is preferably
not larger than 5 and more preferably not larger than 4. Each of p45 and p46
preferably represents 0.

[0079]

The mixture composition (cc) is a composition in which the organosilicon
compound (C) is mixed. When the mixture composition (cc) is obtained by mixing
the organosilicon compound (C), and has a component other than the organosilicon
compound (C) mixed therein, the mixture composition (cc) is obtained by mixing the
organosilicon compound (C) and the other component. The mixture composition
(cc) also includes a composition in which a reaction has been proceeded after
mixing, for example, during storage.

[0080]

Examples of the mixture composition (cc) in which a reaction has been
proceeded during storage include the mixture composition (cc) containing a
condensate of the organosilicon compound (C). More specifically, for example, the
mixture composition (cc) includes an organosilicon compound (C3’) obtained by
condensing and binding the organosilicon compounds (C3) at the site of at least one
of the above-described X3! to X34
[0081]

The organosilicon compound (C3) is a compound which has two or more

structures (c31-1) represented by the following formula (c31-1) and in which the
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structures (c31-1) are bound at *3 or *4 described below so as to form a chain-like or
cyclic form. The structures (c31-1) are bound at *3 or *4 described below by
condensation of the above-described X3!s or X32s of two or more organosilicon
compounds (C3).

A group, in which at least one kind of units bracketed with p31, p32, p33,
p34, p35, (p36)-1, p37 in the following formula (c31-2) are bound in any order and
the end is Z-, is bound to each of *1 and *2 in the following formula (c31-1), and
groups bound to *1 and *2 may be different for each of the plurality of the
structures (c31-1), and

when the plurality of the structures (c31-1) are bound so as to form a chain-
like form, *3 at the end represents a hydrogen atom, and *4 represents a hydroxy
group.

[0082]
[Chemical Formula 16]

* 3
9
* 1—Si—0O—% 2
R
- - {c31-1)
* 4
[0083]
[Chemical Formula 17]
31 fo31 Rxaa fo33 ¥3
L
J— C .............. S YS‘E S| O SA_
i {ﬁf’?b ( | W {“Sl—};ﬁ?’ {i 7 'p3d jL }3541( 7;35}1T |
QXSZ fo32 Rx?,dé fo34

s (o320
[0084]
In the formula (c31-2),
Z represents a reactive functional group other than a hydrolyzable group

and a hydroxy group, and
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Rx31, Rx32, Rx33 Rx34 Rfx31 Rfx32 Rfx33 Rfx34 Y31 X31 X532 X33 X34 and p31 to
p37 are the same as those represented by the same reference characters in the
formula (c3).

[0085]

When the organosilicon compound (C3) is a compound represented by the
formula (c3-2), examples of the organosilicon compound (C3’) include a compound in
which the structures represented by the following formula (c31-3) are bound at *3
or *4 described below so as to form a chain-like or cyclic form. When the structures
represented by the following formula (c31-3) are bound so as to form a chain-like
form, *3 at the end represents a hydrogen atom and *4 at the end represents a
hydroxy group.

[0086]
[Chemical Formula 18]

#3
(i) )3(33
31_f Vot g - | i 510 52 R (sk] B3
z -ﬁ'CHziM\Yj [CHy——8i—0 &?»@%CJH?_H‘Y }TCHQ Z
P p45 paz | X34 pas p4d pad
4

[0087]

All the reference characters in the formula (c31-3) are the same as those in
the formula (c3-2).
[0088]

The organosilicon compound (C3) is preferably a compound in which 2 to 10
(preferably, 3 to 8) structures represented by the formula (c31-3) are bound.

[0089]

As the organosilicon compounds (C), only one kind may be used or two or
more kinds may be used. As the organosilicon compound (C), at least the
organosilicon compound (C1) and/or the organosilicon compound (C2) are preferably
used, and at least the organosilicon compound (C2) is more preferably used.

[0090]

The mixture composition (cc) preferably has a solvent (E) mixed therein.
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The solvent (E) is not particularly limited, and examples of the solvent (E) include
water, alcohol-based solvents, ketone-based solvents, ether-based solvents,
hydrocarbon-based solvents, and ester-based solvents. Water, alcohol-based
solvents, ketone-based solvents, and hydrocarbon-based solvents are particularly
preferable.

[0091]

Examples of the alcohol-based solvents include methanol, ethanol, 1-
propanol, 2-propanol (isopropyl alcohol), and 1-butanol.

Examples of the ketone-based solvents include acetone, methyl ethyl ketone,
and methyl isobutyl ketone.

Examples of the ether-based solvents include diethyl ether, dipropyl ether,
tetrahydrofuran, and 1,4-dioxane.

Examples of the hydrocarbon-based solvents include aliphatic hydrocarbon-
based solvents such as pentane and hexane, alicyclic hydrocarbon-based solvents
such as cyclohexane, and aromatic hydrocarbon-based solvents such as benzene,
toluene, and xylene.

Examples of the ester-based solvents include ethyl acetate, propyl acetate,
and butyl acetate.

[0092]

When the total of the composition (cc) is 100 mass%, the total amount of the
organosilicon compound (C) is preferably not less than 0.005 mass%, more
preferably not less than 0.01 mass%, and even more preferably not less than 0.02
mass%, and preferably not larger than 5 mass%, more preferably not larger than 3
mass%, and even more preferably not larger than 2 mass%. The above-described
amount of the organosilicon compound (C) can be adjusted when the composition is
prepared. The amount of the organosilicon compound (C) may be calculated from
the analysis result of the composition. In the description herein, when a range of

the amount of each component, or a mass ratio or a molar ratio among the
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components is described, the range can be adjusted when the composition is
prepared as described above.
[0093]

A thickness of the intermediate layer (c) is, for example, about 1 to 1000 nm.
[0094]

3. Water-repellent layer (r)

The water-repellent layer (r) is a cured layer of a mixture composition (ca) of
an organosilicon compound (A), and the mixture composition (ca) is more preferably
a mixture composition of the organosilicon compound (A) and an organosilicon
compound (B).

[0095]

3-1. Organosilicon compound (A)

The organosilicon compound (A) is a compound in which a monovalent group
having a perfluoropolyether structure is bound to a silicon atom through a linking
group or without a linking group located therebetween, and a hydrolyzable group is
bound to the silicon atom through a linking group or without a linking group
located therebetween. The water-repellent layer (r) is obtained by applying and
curing the composition (ca), and has a structure derived from the organosilicon
compound (A). As described above, the organosilicon compound (A) has a
hydrolyzable group bound to a silicon atom (may be bound through a linking group
located therebetween), and -SiOH groups (Si and OH may be bound through a
linking group located therebetween) of the organosilicon compounds (A) generated
by hydrolysis dehydrate and condense with each other, and the water-repellent
layer (r) thus has a condensed structure derived from the organosilicon compound
(A) in general. Examples of the hydrolyzable group include an alkoxy group, a
halogen atom, a cyano group, an acetoxy group, and an isocyanate group.

[0096]
The perfluoropolyether structure can also be referred to as a

perfluorooxyalkylene group. The perfluoropolyether structure has liquid
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repellency such as water repellency or oil repellency. The number of carbon atoms
contained in the longest linear chain portion in the perfluoropolyether structure is,
for example, preferably not less than 5, more preferably not less than 10, and even
more preferably not less than 20. The upper limit of the number of the carbon
atoms is not particularly limited, but may be, for example, about 200.
Furthermore, the monovalent group having the perfluoropolyether structure in the
organosilicon compound (A) preferably has a perfluoroalkyl group at a free end.
[0097]

The water-repellent layer (r) can be represented as a layer having the
perfluoropolyether structure and a polysiloxane skeleton, and preferably further
includes a perfluoroalkyl group. The water-repellent layer (r) preferably has a
structure in which a monovalent group having a perfluoroalkyl group at a free end
and the perfluoropolyether structure is bound to a part of silicon atoms of the
polysiloxane skeleton. The presence of perfluoroalkyl group at the free end
sideimprove water-repellency.

[0098]

The number of carbon atoms (in particular, the number of carbon atoms in
the longest linear chain portion) of the perfluoroalkyl group is, for example,
preferably not less than 3, more preferably not less than 5, and even more
preferably not less than 7. The upper limit of the number of the carbon atoms is
not particularly limited, but may be, for example, about 20, and, also in this case,
excellent water repellent properties are exhibited.

[0099]

The perfluoroalkyl group may form a fluorine-containing group such as a
fluoroalkyl group by binding to a hydrocarbon group and/or a group in which at
least a part of hydrogen atoms in a hydrocarbon group is substituted by a fluorine
atom, and examples of the fluoroalkyl group include CF3(CF2)m-(CH2)n- and
CF3(CF2)m-CeHy- (in each of them, m represents 1 to 10 and preferably represents 3

to 7, and n represents 1 to 5 and preferably represents 2 to 4), and the fluoroalkyl
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group is preferably CFs(CF2)m-(CH2)n- (m represents 1 to 10 and preferably
represents 3 to 7, and n represents 1 to 5 and preferably represents 2 to 4). The
perfluoroalkyl group is more preferably bound directly to the perfluoropolyether
structure.

[0100]

In the organosilicon compound (A), a monovalent group having the
perfluoropolyether structure and a silicon atom may be bound through an
appropriate linking group located therebetween, or a monovalent group having the
perfluoropolyether may be bound directly to a silicon atom without a linking group
located therebetween. Examples of the linking group include a hydrocarbon group
such as an alkylene group and an aromatic hydrocarbon group, a (poly)alkylene
glycol group, a group in which a part of hydrogen atoms in these groups is
substituted by F or a substituent, and a group in which these groups are
appropriately linked. The number of carbon atoms in the linking group is, for
example, not less than 1 and not larger than 20, and preferably not less than 2 and
preferably not larger than 15.

[0101]

The hydrolyzable group has the effect of binding the organosilicon
compounds (A) to each other or bind the organosilicon compound (A) and active
hydrogen (such as hydroxy group) on the surface of the substrate, through
hydrolysis anddehydration-condensation reaction. Examples of such a
hydrolyzable group include an alkoxy group (in particular, an alkoxy group having 1
to 4 carbon atoms), a hydroxy group, an acetoxy group, and a halogen atom (in
particular, chlorine atom). The hydrolyzable group is preferably an alkoxy group
and a halogen atom, and is particularly preferably a methoxy group, an ethoxy
group, and a chlorine atom.

[0102]
The hydrolyzable group may be bound to a silicon atom through a linking

group located therebetween, or may be bound directly to a silicon atom without a
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linking group located therebetween. The number of the hydrolyzable groups to be
bound to a silicon atom may be not less than 1, or may be 2 or 3. However, the
number thereof is preferably 2 or 3 and particularly preferably 3. When two or
more hydrolyzable groups are bound to a silicon atom, different hydrolyzable groups
may be bound to a silicon atom. However, the same hydrolyzable groups are
preferably bound to a silicon atom. The total of the number of fluorine-containing
groups to be bound to a silicon atom and the number of hydrolyzable groups to be
bound to the silicon atom is 4 in general, but may be 2 or 3 (in particular, 3). When
the total number is not larger than 3, a monovalent group other than a hydrolyzable
group may be bound to a remaining bond, and, for example, an alkyl group (in
particular, an alkyl group having 1 to 4 carbon atoms), H, NCO, or the like can be
bound.

[0103]

The monovalent group having the perfluoropolyether structure in the
organosilicon compound (A) may be linear or may have a side chain, and is
preferably linear.

[0104]

The organosilicon compound (A) may be represented by, for example, the
following formula (a).

[0105]
[Chemical Formula 19]

D? DZ (D3) 94 -« (a)
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[0106]

In the formula (a), D! represents a monovalent group having the
perfluoropolyether structure, an end of D! on the side bound to D2 is -CF2-O-* or -
CFD?-* (* represents a bond at D2), D2 represents a single bond or a divalent
hydrocarbon group in which substitution by a fluorine atom is not contained, D3
represents a trivalent hydrocarbon group in which substitution by a fluorine atom is
not contained, a part of methylene groups in the hydrocarbon group may be
replaced by an oxygen atom, D* represents a hydrogen atom or a fluorine atom, D5
represents a single bond or a divalent hydrocarbon group, D¢ represents a
monovalent group other than a hydrolyzable group, D7 represents a divalent group
or a single bond, D8 represents a hydrolyzable group, D? represents a hydrogen
atom, a fluorine atom, or a hydrocarbon group, n1 represents 1 to 30, and n2
represents 1 to 3. Examples of the hydrolyzable group as D8 include the above-
described groups.

[0107]
The organosilicon compound (A) is preferably represented by the following

formula (al).

[0108]
[Chemical Formula 20]
Ef B E?
l w ; (,Hz | , ;M2 j 1
ES G2 2R I GO ¢’ ’c e £3
é‘ 316 als a4 atld  att a13
s d12 .
CHs CE—fg CHQ
T a23 a2 T
Sitd)e3(R™®Yz03 Si(d?)en{R )30z
SidNe1(R" 361
+ (al)
[0109]

in the formula (al),
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Rf21 represents a divalent perfluoropolyether structure in which both ends
are oxygen atoms,

R11, R12, and R13 each independently (that is, R11, R!2, and R13 may be the
same or may be different from each other) represent an alkyl group having 1 to 20
carbon atoms,

when the number of Rlls is plural, the plurality of Rlls may be different
from each other,

when the number of R!Zs is plural, the plurality of R!2s may be different
from each other,

when the number of R13s is plural, the plurality of R13s may be different
from each other,

EL, E2, E3, E4 and E5 each independently represent a hydrogen atom or a
fluorine atom,

when the number of Els is plural, the plurality of Els may be different from
each other,

when the number of E2s is plural, the plurality of E2s may be different from
each other,

when the number of E3s is plural, the plurality of E3s may be different from
each other,

when the number of E4s is plural, the plurality of E4s may be different from
each other,

G1! and G2 each independently represent a 2 to 10 valent organosiloxane
group having a siloxane bond,

J1, J2, and J3 each independently represent a hydrolyzable group or -(CHg)es"
Si(OR1)s,

€6 represents 1 to 5,

R4 represents a methyl group or an ethyl group,

when the number of J1s is plural, the plurality of J1s may be different from

each other,
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when the number of J2s is plural, the plurality of J2s may be different from
each other,

when the number of J3s is plural, the plurality of J3s may be different from
each other,

L! and L2 each independently represent a divalent linking group that has 1
to 12 carbon atoms and may contain an oxygen atom, a nitrogen atom, or a fluorine
atom,

when the number of Ils is plural, the plurality of Li's may be different from
each other,

when the number of 1.2s is plural, the plurality of L2s may be different from
each other,

d11 represents 1to 9,

d12 represents O to 9,

al0 and al4 each independently represent O to 10,

all and al5 each independently represent O or 1,

al2 and al6 each independently represent O to 9,

al3 represents O or 1,

a21, a22, and a23 each independently represent 0 to 2, and

el, e2, and e3 each independently represent 1 to 3.

[0110]

The organosilicon compound (A) has the perfluoropolyether structure
represented by Rf#l and has at least one of a hydrolyzable group and -(CHg)es-
Si(OR4)3 (where R4 represents a methyl group or an ethyl group) represented by
J2, as represented by formula (al). The perfluoropolyether structure is structured
such that all hydrogen atoms in a polyoxyalkylene group are replaced by fluorine
atoms, and can also be referred to as a perfluorooxyalkylene group, and can impart
water-repellency to the obtained coating film. The organosilicon compounds (A)
are bound to each other by J2 or the organosilicon compound (A) and another

monomer are bound by J2, through polymerization reaction (in particular,
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polycondensation reaction), to allow the organosilicon compound (A) to become a
matrix of the obtained coating film.
[0111]

Rf21 preferably represents -O-(CF2CF20)es- or -O-(CF2CF2CF20)e5-. €4 and
eb each represent 15 to 80.
[0112]

Preferably, R!1, R12) and R13 each independently represent an alkyl group
having 1 to 10 carbon atoms.
[0113]

Preferably, L1 and L2 each independently represent a divalent linking group
that has 1 to 5 carbon atoms and contains a fluorine atom.
[0114]

Preferably, G! and G2 each independently represent a 2 to 5 valent
organosiloxane group having a siloxane bond.
[0115]

Preferably, J1, J2, and J3 each independently represent a methoxy group, an
ethoxy group or -(CHg)es"Si(ORM)s.
[0116]

al0 preferably represents 0 to 5 (more preferably O to 3), all preferably
represents 0, al2 preferably represents O to 7 (more preferably O to 5), al4
preferably represents 1 to 6 (more preferably 1 to 3), alb preferably represents 0,
al6 preferably represents 0 to 6, a21 to a23 each preferably represent 0 or 1 (more
preferably 0), d11 preferaboy represents 1 to 5 (more preferably 1 to 3), d12
preferably represents 0 to 3 (more preferably O or 1), el to e3 each preferably
represent 3. al3 preferably represents 1.
[0117]

The organosilicon compound (A) is preferably a compound in which, in the
formula (al), Rfe! represents -O-(CF2CF2CF20)es-, e5 represents 35 to 50, L! and L2

each represent a perfluoroalkylene group having 1 to 3 carbon atoms, E!, E2, and E3
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each represent a hydrogen atom, E4 and E5 each represent a hydrogen atom or a
fluorine atom, J1, J2, and J3 each represent a methoxy group or an ethoxy group(in
particular, a methoxy group), al0 represents 1 to 3, all represents 0, al2
represents O to 5, al3 represents 1, al4 represents 2 to b, alb represents 0, al6
represents O to 6, a21 to a23 each independently represents O or 1 (more preferably
all of a21 to a23 represent 0), d11 represents 1, d12 represents O or 1, and el to e3
each represents 3.

[0118]

The organosilicon compound (A) is also preferably a compound, in the
formula (al), Rfa! represents -O-(CF2CF2CF20)es-, €5 represents 25 to 40, L1
represents a divalent linking group that has 3 to 6 carbon atoms and contains a
fluorine atom and an oxygen atom, L2 represents a perfluoroalkylene group having
1 to 3 carbon atoms, E2 and E3 each represent a hydrogen atom, E5 represents a
fluorine atom, J2 represents -(CHs2)ee-Si(OCHy)s, €6 represents 2 to 4, al0 represents
1 to 3, all represents 0, al2 represents 0, al3 represents 0, al4 represents 2 to 5,
alb represents 0, al6 represents 0, a21 to a23 each independently represent O or 1
(more preferably, all of a21 to a23 represent 0), d11 represents 1, d12 represents 0,
and e2 represents 3.

[0119]
The organosilicon compound (A) is also preferably a compound represented

by the following formula (a2-1).

[0120]
[Chemical Formula 21]
R20 RfaEZ RZQ R§324 M.I
]
] |
21 ; £ 3, na2
Rf ((E:}m (G 8, U8, (MY —tCH G —M <+ (a2-h
R21 Rf823 R23 R§325 CH 2
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[0121]

In the formula (a2-1),

Rf221 represents a fluorine atom, or an alkyl group having 1 to 20 carbon
atoms in which one or more hydrogen atom is substituted by a fluorine atom,

Rf222 Rfa23 Rfa24 and Rf#*25 each independently represent a fluorine atom, or
an alkyl group having 1 to 20 carbon atoms in which one or more hydrogen atom is
substituted by a fluorine atom,

when the number of Rf#22g ig plural, the plurality of Rf222s may be different
from each other,

when the number of Rf223g ig plural, the plurality of Rfa23s may be different
from each other,

when the number of Rf?24g ig plural, the plurality of Rf224s may be different
from each other,

when the number of Rf#25g ig plural, the plurality of Rf225s may be different
from each other,

R20, R21) R22) and R% each independently represent a hydrogen atom or an
alkyl group having 1 to 4 carbon atoms,

when the number of R%0s is plural, the plurality of R20s may be different
from each other,

when the number of R2ls is plural, the plurality of R2ls may be different
from each other,

when the number of R%%s is plural, the plurality of R%2s may be different
from each other,

when the number of R%3s is plural, the plurality of R23s may be different
from each other,

R24 represents an alkyl group having 1 to 20 carbon atoms,

when the number of R%%s is plural, the plurality of R%4s may be different

from each other,
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M! represents a hydrogen atom or an alkyl group having 1 to 4 carbon
atoms,

when the number of M1s is plural, the plurality of M1s may be different from
each other,

M? represents a hydrogen atom or a halogen atom,

M3 represents -O-, -C(=0)-0O-, -O-C(=0)-, -NR-, -NRC(=0)-, or -C(=O)NR- (R
represents a hydrogen atom, an alkyl group having 1 to 4 carbon atoms, or a
fluorine-containing alkyl group having 1 to 4 carbon atoms),

when the number of M3s is plural, the plurality of M3s may be different from
each other,

M* represents a hydrolyzable group,

when the number of M4s is plural, the plurality of M4s may be different from
each other,

f11, f12, f13, f14, and f15 each independently represent an integer of 0 to
600, and the total value of f11, f12, f13, f14, and f15 represents not less than 13,

f16 represents an integer of 1 to 20,

f17 represents an integer of 0 to 2,

gl represents an integer of 1 to 3, and

Rfa21-; M2-; -{C(R20)(R21)}- whose number is f11; -{C(Rf222)(Rf223)}- whose
number is f12; -{Si(R22)(R23)}- whose number is 13, -{Si(Rf224)(Rf=25)}- whose number
is f14; -M3- whose number is f15; and -[CH2CMD{(CHg)s17-Si(M4)41(R24)3-¢1}]- whose
number is f16 are aligned and bound in any order as long as they are aligned in
such an order that Rf221- and M2- are located at ends and a perfluoropolyether
structure is formed in at least a part thereof, and -O- does not link to -O- and -F.
That is, in the formula (a2-1), -{C(R20)(R2})}- whose number is f11 may not
necessarily be continuous, -{C(Rf222)(Rf223)}- whose number is 12 may not
necessarily be continuous, -{Si(R?2)(R23)}- whose number is f13 may not necessarily
be continuous, -{Si(Rf*24)(Rf225)}- whose number is f14 may not necessarily be

continuous, t -M3- whose number is f15 may not necessarily be continuous, and -
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[CH2CMD(CHr17-SiMDg1(R29)3-51}]- whose number is f16 may not necessarily be
continuous, and they may not necessarily be aligned in this order, and can be
aligned in any order such as -C(R20)(R21)-Si(Rfs24)(Rf225)-CH2C(MD{(CH)r17-
SiM%g1(R29)5-¢1}-C(Rf222) (Rf223)-M3-Si(R22)(R23)- C(Rf222) (Rf023)-.

[0122]

Rf221 preferably represents an alkyl group having 1 to 10 carbon atoms in
which one or more hydrogen atom is substituted by a fluorine atom, more preferably
represents a perfluoroalkyl group having 1 to 10 carbon atoms, and even more
preferably represents a perfluoroalkyl group having 1 to 5 carbon atoms.

[0123]

Preferably, Rf#22 Rf223 Rf#24 and Rf225 each independently represent a
fluorine atom, or an alkyl group having 1 to 2 carbon atoms in which one or more
hydrogen atom is substituted by a fluorine atom, and all of them more preferably
represent fluorine atoms.

[0124]

Preferably, R20, R21) R22, and R23 each independently represent a hydrogen
atom or an alkyl group having 1 to 2 carbon atoms, and all of them more preferably
represent hydrogen atoms.

[0125]

R24 represents an alkyl group having 1 to 5 carbon atoms.
[0126]

Preferably, M! each independenly represents a hydrogen atom or an alkyl
group having 1 to 2 carbon atoms, and M! each more preferably represents
hydrogen atom.

[0127]

M2 preferably represents a hydrogen atom
[0128]

Preferably, M3 represents -C(=0)-O-,-O-, or -O-C(=0)-, M3 each more

preferably represents -O-.
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[0129]

M+ preferably represents an alkoxy group, or a halogen atom, more
preferably represents a methoxy group, an ethoxy group, of a chlorine atom.
[0130]

f11, £13, and f14 each are preferably not larger than 1/2 of f12, more
preferably not larger than 1/4 of f12. It is further preferable that f13 or f14
represents 0. It is particularly preferable that f13 and f14 are 0.
[0131]

f15 is preferably not less than 1/5 of the total value of f11, f12, f13 and f14,
and not larger than the total value of f11, f12, f13 and f14.
[0132]

f12 preferably represents 20 to 600, more preferably 20 to 200, even more
preferably 50 to 200 (furthermore preferably 30 to 150, particularly preferably 50 to
150, and most preferably 80 to 140). f15 preferably represents 4 to 600, more
preferably 4 to 200, even more preferably 10 to 200 (furthermore preferably 30 to
60). The total value of f11, f12, f13, f14 and f15 preferably represents 20 to 600,
more preferably 20 to 200, even more preferably 50 to 200.
[0133]

f16 preferably represents 1 to 18, more preferably 1 to 15, even more
preferably 1 to 10.
[0134]

f17 preferably represents O to 1.
[0135]

gl preferably represents 2 to 3, more preferably 3.
[0136]

-{C(R20)(R21)}- whose number is f11; -{C(Rfs22)(Rfs23)}- whose number is f12; -
{Si(R22)(R23)}- whose number is f13; -{Si(Rf*24)(Rf225)}- whose number is f14; and -M3-
whose number is f15 may be aligned in any order in the formula as long as the

perfluoropolyether structure is formed in at least a part thereof. However, a
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repeating unit bracketed with f12 (that is, -{C(Rf222)(Rf223)}-) on the side closest to
the stationary end (side bound to a silicon atom) is preferably located closer to a free
end than a repeating unit bracketed with f11 (that is, -{C(R20)(R21)}-) on the side
closest to the free end is, and repeating units bracketed with f12 and f14 (that is, -
{C(Rf222)(Rf223)}- and -{Si(Rf229)(Rf225)}-) on the side closest to the stationary end are
more preferably located closer to the free end than repeating units bracketed with
f11 and f13 (that is, -{C(R20)R21)}- and -{Si(R22)(R23)}-) on the side closest to the free
end are.

[0137]

Preferably, in the formula (a2-1), Rf221 represents a perfluoroalkyl group
having 1 to 5 carbon atoms, all of Rfs22 Rfa23 Rfa24 and Rf225 are fluorine atoms, M3
each represents -O-, M4 each represents a methoxy group, an ethoxy group, or a
chlorine atom (in particular, a methoxy group or an ethoxy group), M! and M2 each
represent hydrogen atoms, f11 represents 0, f12 represents 30 to 150 (more
preferably 80 to 140), f15 represents 30 to 60, f13 and f14 represent 0, f17
represents O to 1 (in particular 0), gl represents 3, and f16 represents 1 to 10.
[0138]

The organosilicon compound (A) is preferably a compound represented by
the following formula (a2-2).

[0139]
[Chemical Formula 22]

¥ R25 f2ealf R27 Rfa28 M3
L
0 ‘ ; ; 7, ; B
M %THZW}% {T'}fm (G U5y 81 8HG Mgy —(CH G — M2 ap)
CH, ‘ [26 ReE27 s Rf#29 M,
‘Tw’ézg T
Si(M')ga(R™)3 5 Si(M*)ga(R¥)3 g

[0140]
In the formula (a2-2),
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Rf226 Rfa27 Rf228 and Rf#*29 each independently represent a fluorine atom, or

an alkyl group having 1 to 20 carbon atoms in which one or more hydrogen atom is

substituted by a fluorine atom,

when the number of Rf#26g ig plural, the plurality of Rf226s may be different

from each other,

when the number of Rf227g ig plural, the plurality of Rfa27s may be different

from each other,

when the number of Rf#28g ig plural, the plurality of Rf228s may be different

from each other,

when the number of Rf229% ig plural, the plurality of Rfa29% may be different

from each other,

R25, R26, R27, and R28 each independently represent a hydrogen atom or an

alkyl group having 1 to 4 carbon atoms,

when the number of R%5s is plural, the plurality of R25s may be different
from each other,

when the number of R%6s is plural, the plurality of R26s may be different
from each other,

when the number of R%7s is plural, the plurality of R27s may be different
from each other,

when the number of R%8s is plural, the plurality of R28s may be different
from each other,

R29 and R30 each independently represent an alkyl group having 1 to 20
carbon atoms,

when the number of R%% is plural, the plurality of R2%s may be different
from each other,

when the number of R3% is plural, the plurality of R30s may be different

from each other,

M7 represents -O-, -C(=0)-0O-, -O-C(=0)-, -NR-, -NRC(=0)-, or -C(=0)NR-,

54

Date Regue/Date Received 2021-10-18



CA 03137292 2021-10-18

Our Ref. F20-038

R represents a hydrogen atom, an alkyl group having 1 to 4 carbon atoms, or
a fluorine-containing alkyl group having 1 to 4 carbon atoms,

when the number of M7s is plural, the plurality of M7s may be different from
each other,

M5 and M? each independently represent a hydrogen atom or an alkyl group
having 1 to 4 carbon atoms,

when the number of M5s is plural, the plurality of M5s may be different from
each other,

when the number of M9 is plural, the plurality of M% may be different from
each other,

M¢ and M9 each independently represent a hydrogen atom or a halogen

atom,

M3 and M!! each independently represent a hydrolyzable group,

when the number of MS8s is plural, the plurality of M8 may be different from
each other,

when the number of M1ls is plural, the plurality of M1ls may be different
from each other,

f21, 22, 23, 24, and 25 each independently represent an integer of 0 to
600, and the total value of £21, £f22, {23, 24, and 25 is not less than 13,

f26 and 28 each independently represent an integer of 1 to 20,

f27 and 29 each independently represent an integer of O to 2,

g2 and g3 each independently represent an integer of 1 to 3, and

M10-; M6-; -{C(R25)(R26)}- whose number is £21; -{C(Rf*26)(Rf227)}- whose
number is £22; -{Si(R27)(R28)}- whose number is £23; -{Si(Rfs28)(Rfa29)}- whose number
is £24; -M7- whose number is 25; -[CH2C(M3){(CH2)7-Si(M®8)g2(R29)3-50}] whose
number is £26; and -[CH2CM9){(CHz2)9-Si(M11)43(R30)s-031] whose number is 28 are
aligned and bound in any order as long as they are aligned in such an order that
M10- and M¢- are located at ends and the perfluoropolyether structure is formed in

at least a part thereof, and -O- is not continuous with -O-. The alignment and
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binding in any order is the same as described for the formula (a2-1), and does not
necessarily indicate that the repeating units are continuously aligned in the order
as described in the formula (a2-2).

[0141]

Preferably, in the formula (a2-2), all of Rfs26, Rf227, Rfa28 and Rfa29 are
fluorine atoms, M7 each represents -O-, all of M8 and M!! are methoxy groups,
ethoxy groups, or chlorine atoms (in particular methoxy groups, or ethoxy groups),
M5, M¢ M? and M0 each represent hydrogen atoms, f21 represents 0, f22 represents
30 to 150 (more preferably, 80 to 140), £25 represents 30 to 60, f23 and f24 represent
0, f27 and f29 represent 0 to 1 (particularly preferably, 0), g2 and g3 represent 3,
f26 and 28 represent 1 to 10.

[0142]

The specific example of the organicsilicon compound (A) include a compound
represented by the following formula (a3).
[0143]

[Chemical Formula 23]

R®—O—RMO+—LRZ4—LRBY—H -+« (ad)
\ 1 2 'h3
Si(OR3*),

[0144]

In the formula (a3), R3 represents a perfluoroalkyl group having 2 to 6
carbon atoms, R3! and R32each independently represent a perfluoroalkylene group
having 2 to 6 carbon atoms, R33 represents a trivalent saturated hydrocarbon group
having 2 to 6 carbon atoms, and R34 represents an alkyl group having 1 to 3 carbon
atoms. Preferably, the numbers of carbon atoms in R30, R31, R32, R33 each
independently represent 2 to 4, and, more preferably, the numbers thereof each
independently represent 2 to 3. h1 represents 5 to 70, h2 represents 1 to 5, and h3

represents 1 to 10. h1l preferably represents 10 to 60 and more preferably
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represents 20 to 50. h2 preferably represents 1 to 4 and more preferably
represents 1to 3. h3 preferably represents 1 to 8 and more preferably represents 1
to 6.
[0145]

The organosilicon compound (A) also include a compound represented by the
following formula (a4).
[0146]
[Chemical Formula 24]

N
a0_ 41 42) [ a3) oddai b
R O%R oﬁa —O0—{R | SIRMSIOR™)ly

" e o (34)
[0147]

In the formula (a4), R represents a perfluoroalkyl group having 2 to 5
carbon atoms, R*! represents a perfluoroalkylene group having 2 to 5 carbon atoms,
R%2 represents a fluoroalkylene group obtained by substituting a part of hydrogen
atoms in an alkylene group having 2 to 5 carbon atoms by fluorine, R4 and R#* each
independently represent an alkylene group having 2 to 5 carbon atoms, and R#®
represents a methyl group or an ethyl group. k1, k2, k3 each independently
represent an integer of 1 to 5.

[0148]

A number average molecular weight of the organosilicon compound (A) is
preferably not less than 2,000, more preferably not less than 4,000, even more
preferably not less than 6,000, particularly preferably not less than 7,000, and
preferably not larger than 40,000, more preferably not larger than 20,000, even
more preferably 15,000.

[0149]
Examples of the organosilicon compound (A) include a compound

represented by the following formula (1) or a compound having a structure similar
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to that of the compound, and include OPTOOL (registered trademark) UF503
manufactured by DAIKIN INDUSTRIES, LTD.
[Chemical Formula 25]
Fo Fo [F, Fy F; Fo Fp
F4C—C —~C ~0—+C ~C —C owc C~<CHZCH7—H = (D

SHOCH3);
[0150]

Examples of the compound represented by the formula (1) include a
compound synthesized by methods described in synthesis examples 1 and 2 in
Japanese Laid-Open Patent Publication No. 2014-15609, and r represents 43, s
represents an integer of 1 to 6, and the number average molecular weight is about
8000.

[0151]

Examples of the similar structure include a structure in which the number
of carbon atoms in the hydrocarbon group or the number of carbon atoms in the
hydrocarbon groups containing substitution by fluorine atoms is different from
those in the formula (1), a structure in which the perfluoropolyether structure and a
silicon atom are bound without a linking group located therebetween, a structure in
which another hydrocarbon group (also including a hydrocarbon group in which at
least a part of hydrogen atoms is substituted by fluorine atoms) is located at any
position in a linking group between the perfluoropolyether structure and a silicon
atom, a structure in which a silicon atom and a hydrolyzable group are bound
through a linking group located therebetween, and a structure in which r and s
represent different values. However, the similar structure is not limited to these
structures.

[0152]
As the organosilicon compounds (A), only one kind may be used, or two or

more kinds may be used.
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[0153]

3-2. Organosilicon compound (B)

The organosilicon compound (B) represented by the following formula (b1)
has a hydrolyzable group represented by A2 as described below. In general, a -
SiOH group of the organosilicon compound (B) generated by hydrolysis is
dehydration-condensed with a -SiOH group of the organosilicon compound (A)
generated by hydrolysis and/or a -SiOH group of the organosilicon compound (B)
generated by hydrolysis. Therefore, in a preferable mode, the water-repellent layer
(r) that is a cured layer of the mixture composition (ca) has a condensed structure
derived from the organosilicon compound (A) and a condensed structure derived
from the organosilicon compound (B). Examples of the hydrolyzable group include
an alkoxy group, a halogen atom, a cyano group, an acetoxy group, and an
isocyanate group.

[0154]
[Chemical Formula 26]

Tma ;i{ftm RO13 be13

\ \ a A

be']ﬂ__m Mé_cww}w %C# %Sl‘q‘ #Sl”‘”“\f“ ( A'i 3 . SI(AZ)C(szS):B-{:
| /b1 g 012 . /b3 ‘ ‘b4 'b15
Rb12 Rft12 Rb14 pgb1d

PR (b}}

[0155]

In the formula (b1),

Rf10 represents a fluorine atom, or an alkyl group having 1 to 20 carbon
atoms in which one or more hydrogen atom is substituted by a fluorine atom,

Rb11 RP12 Rb13 gand RP4 each independently represent a hydrogen atom or
an alkyl group having 1 to 4 carbon atoms,

when the number of Rb!ls is plural, the plurality of RP11s may be different
from each other,

when the number of Rb!2s is plural, the plurality of RP12s may be different

from each other,
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when the number of Rb!3g is plural, the plurality of RP13s may be different
from each other,

when the number of Rbl4s is plural, the plurality of Rb14s may be different
from each other,

Rf11 RfP12 RS and R4 each independently represent a fluorine atom, or
an alkyl group having 1 to 20 carbon atoms in which one or more hydrogen atom is
substituted by a fluorine atom,

when the number of RfPlls is plural, the plurality of Rfblls may be different
from each other,

when the number of Rf*!2g ig plural, the plurality of Rfb12s may be different
from each other,

when the number of RfP!3g is plural, the plurality of Rf’13s may be different
from each other,

when the number of Rf*4s is plural, the plurality of Rf*l4s may be different
from each other,

RPb15 represents an alkyl group having 1 to 20 carbon atoms,

when the number of Rb15s is plural, the plurality of RP15s may be different
from each other,

Al represents -O-, -C(=0)-0O-, -O-C(=0)-, -NR-, -NRC(=0)-, or -C(=0O)NR-,

R represents a hydrogen atom, an alkyl group having 1 to 4 carbon atoms, or
a fluorine-containing alkyl group having 1 to 4 carbon atoms,

when the number of Als is plural, the plurality of Als may be different from
each other,

A2 represents a hydrolyzable group,

when the number of AZs is plural, the plurality of A2s may be different from
each other,

b11,b12, b13, bl4, and b15 each independently represent an integer of 0 to
100,

c represents an integer of 1 to 3, and
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RP10-; -Si(A2)(RP15)3-¢; -{C(RP11)(RP12)}- whose number is b11; -
{C(RPH1)(RH12)}- whose number is b12; -{Si(Rb13)(RP14)}- whose number is b13; -
{Si(Rfr13)(Rf*14)}- whose number is b14; and -Al- whose number is b15 are aligned
and bound in any order as long as Rf*10- and -Si(A2).RP15)s- are located at ends, no
perfluoropolyether structure is formed, and -O- does not link to -O- and -F.

[0156]

R10 each independently represents a fluorine atom or a perfluoroalkyl

group having 1 to 10 (more preferably 1 to 5) carbon atoms.
[0157]

Rbi1 Rb12 Rb13 gnd Rb4 preferably represent hydrogen atoms.
[0158]

RPb15 preferably represents an alkyl group having 1 to 5 carbon atoms.
[0159]

Al preferably represents -O-, -C(=0)-O-,or -O-C(=0)-.

[0160]

A2 preferably represents an alkoxy group having 1 to 4 carbon atoms or a
halogen atom, more preferably represents a methoxy group, an ethoxy group, or a
chlorine atom.

[0161]

b11 preferably represents 1 to 30, more preferably represents 1 to 25, even
more preferably represents 1 to 10, particularly preferably represents 1 to 5, and
most preferably 1 to 2.

[0162]

b12 preferably represents 0 to 15, and more preferably represents O to 10.
[0163]

b13 preferably represents O to 5, and more preferably represents O to 2.
[0164]

b14 preferably represents 0 to 4, and more preferably represents 0 to 2.
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[0165]

b15 preferably represents 0 to 4, and more preferably represents 0 to 2.
[0166]

c preferably represents 2 to 3, and and more preferably represents 3.

[0167]

The total value of b11, b12, b13, b14 and b15 preferably represents not less
than 3, more preferably represents not less than 5, and preferably represents not
larger than 80, more preferably represents not larger than 50, and even more
preferably represents not larger than 20.

[0168]

In particular, it is preferable that Rf*10 represents a fluorine atom or a
perfluoroalkyl group having 1 to 5 carbon atoms, RP!! and RP12 each represent
hydrogen atoms, AZ represents a methoxy group or an ethoxy group, b11 represents
1to 5, b12 represents 0 to 5, all of b13, b14 and b15 represent 0, and ¢ repreesnts 3.
[0169]

When FAS 13E used as the compound (B) in Examples described below, is
represented by the formula (b1), RP!1 and Rb12 each represent hydrogen atoms, b11
represents 2, all of b13, b14 and b15 represent 0, c represents 3, AZ represents an
ethoxy group, and RfP10-{C(RP1)(RP12)},19- is located at end and represents CeFis-.
[0170]

The specific examples of a compound represented by the formula (b1)
include CF3-Si-(OCHzs)s, CiF2j+1-Si-(OC2Hs)s (j represents an integer of 1 to 12).
Among them, in particular, C4Fg-Si-(OC2Hs5)3. CeF13-Si-(OC2Hs)s, C7F15-Si-(OC2Hs)s.
and CsF17-Si-(OC2Hs)s are preferable. Further, the specific examples include
CF3CH20(CH2)xSiCls, CF3CH20(CH2)xSi(OCHz3)s, CF3CH20(CH2)xSi(OC2Hs)s,
CF3(CH2):2Si(CHs)2(CH2)xSiCls, CF3(CH2)2Si(CH3s)2(CH2)xSi(OCHs)s,
CF3(CH2)2Si(CH3)2(CH2):Si(OC2Hs)3. CF3(CH2)6Si(CHs)2(CHo)SiCla,
CF3(CH26Si(CH3)2(CH2)1Si(OCHs)s, CF3(CH2)6Si(CHs)2(CH2):Si(OC2Hs)s,

CF3COO(CH2)SiCls, CF3sCOO(CH2)xSi(OCHs)s, and CF3COO(CH2:Si(OCzH»)s (k
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each represents 5 to 20, and preferably represents 8 to 15.). In addition, the
specific examples include CF3(CF2)m-(CH2)nSiCls, CF3(CF2)m-(CH2)1Si(OCH3)3, and
CF3(CF2)m-(CH2)1Si(OC2Hs)s (m each represents 1 to 10, preferably represents 3 to
7, n each represents 1 to 5, and more preferably represents 2 to 4.). The specific
examples also include CF3(CF2),-(CHg),-Si-(CH:CH=CHy)s (p represents 2 to 10,
preferably represents 2 to 8, q represents 1 to 5, and preferably represents 2 to 4.).
In addition, the specific examples include CF3(CF2),-(CHz2)qSiCH;5Clz, CF3(CF2),-
(CH2)¢SiCH3(OCHz3)z, and CF3(CF2),-(CH2)SiCHs(OC2Hs)2 (p each represents 2 to
10, more preferably represents 3 to 7, q each represents 1 to 5, more preferably
represent 2 to 4.).

[0171]

Among the compounds represented by the formula (b1), a compound

represented by the following formula (b2) is preferable.
[0172]
[Chemical Formula 27]

R60—R61—gj(OR?), - - - (b2}

[0173]

In the formula (b2), R6 represents a perfluoroalkyl group having 3 to 8
carbon atoms, R¢! represents an alkylene group having 1 to 5 carbon atoms, and R¢2
represents an alkyl group having 1 to 3 carbon atoms.

[0174]

As the organosilicon comound (B), only one kind may be used, or two or
more kinds may be used.
[0175]

The mixture composition (ca) is a composition in which the organosilicon
compound (A) is mixed, and is preferably a composition in which the organosilicon
compound (A) and the organosilicon compound (B) are mixed, and is obtained by

mixing the organosilicon compound (A) and, as necessary, the organosilicon
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compound (B). When a component other than the organosilicon compound (A) and
the organosilicon compound (B) is mixed, the mixture composition (ca) is obtained
by mixing the organosilicon compound (A), and, as necessary, the organosilicon
compound (B) and the other component. The mixture composition (ca) also
includes a composition in which a reaction has been proceeded after mixing, for
example, during storage.

[0176]

3-3. Solvent (D)

In the mixture composition (ca), a solvent (D) is mixed in general. As the
solvent (D), a fluorine-based solvent is preferably used, and, for example, a
fluorinated ether-based solvent, a fluorinated amine-based solvent, a fluorinated
hydrocarbon-based solvent, or the like can be used. A solvent having a boiling
point of not lower than 100°C is particularly preferable. As the fluorinated ether-
based solvent, hydrofluoroether such as fluoroalkyl (in particular, perfluoroalkyl
group having 2 to 6 carbon atoms)-alkyl (in particular, methyl group or ethyl group)
ether is preferable, and examples thereof include ethyl nonafluorcbutyl ether and
ethyl nonafluoroisobutyl ether. Examples of the ethyl nonafluorobutyl ether or
ethyl nonafluoroisobutyl ether include Novec (registered trademark) 7200
(manufactured by 8M, molecular weight of about 264). As the fluorinated amine-
based solvent, amine in which at least one hydrogen atom in ammonia is
substituted by a fluoroalkyl group is preferable. A tertiary amine in which all
hydrogen atoms in ammonia are substituted by fluoroalkyl groups (in particular,
perfluoroalkyl groups) is preferable. Specific examples of the fluorinated amine-
based solvent include tris(heptafluoropropyl)amine, and Fluorinert (registered
trademark) FC-3283 (manufactured by 3M, molecular weight of about 521)
corresponds thereto. Examples of the fluorinated hydrocarbon-based solvent
include a fluorinated aliphatic hydrocarbon-based solvent such as 1,1,1,3,3-

pentafluorobutane and a fluorinated aromatic hydrocarbon-based solvent such as
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1,3-bis(trifluoromethyl benzene). Examples of 1,1,1,3,3-pentafluorobutane include
SOLVE 55 (manufactured by SOLVEX INC.).
[0177]

As the fluorine-based solvent other than the above-described solvents, for
example, hydrochlorofluorocarbon such as ASAHIKLIN (registered trademark)
AK225 (manufactured by Asahi Glass Co., Ltd.) and hydrofluorocarbon such as
ASAHIKLIN (registered trademark) AC2000 (manufactured by Asahi Glass Co.,
Ltd.) can be used.

[0178]

As the solvent (D), at least fluorinated amine-based solvent is preferably
used. Furthermore, as the solvent (D), two or more kinds of fluorine-based
solvents are preferably used, and the fluorinated amine-based solvent and the
fluorinated hydrocarbon-based solvent (in particular, fluorinated aliphatic
hydrocarbon-based solvent) are preferably used.

[0179]

An amount of the organosilicon compound (A) in the mixture composition
(ca) is, for example, not less than 0.05 mass%, preferably not less than 0.1 mass%,
and more preferably not less than 0.2 mass%, and preferably not larger than 1.0
mass%, more preferably not larger than 0.8 mass%, and even more preferably not
larger than 0.6 mass%, with respect to 100 mass% of the entirety of the
composition.

[0180]

An amount of the organosilicon compound (B) in the mixture composition
(ca) is, for example, not less than 0.01 mass% and preferably not less than 0.03
mass%, and preferably not larger than 0.3 mass% and more preferably not larger
than 0.2 mass%, with respect to 100 mass% of the entirety of the composition.
[0181]

A mass ratio of the organosilicon compound (B) to the organosilicon

compound (A) is preferably not less than 0.05, more preferably not less than 0.08,
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and even more preferably not less than 0.10, and preferably not larger than 2.0,
more preferably not larger than 1.0, and even more preferably not larger than 0.6.
[0182]

The amounts of the organosilicon compounds (A) and (B) can be adjusted
when the composition is prepared. The amounts of the organosilicon compounds
(A) and (B) may be calculated from the analysis result of the composition.

[0183]

The mixture composition (ca) for forming the water-repellent layer (r) may
have various additives mixed therein as long as the effect of the present invention is
not inhibited, and examples of the additive include a silanol condensation catalyst,
an antioxidant, a rust inhibitor, an ultraviolet absorber, a light stabilizer, an
antifungal agent, an antibacterial agent, a biofouling inhibitor, a deodorant,
pigment, a flame retardant, and an antistatic agent.

[0184]

A thickness of the water-repellent layer (r) is, for example, about 1 to 1000
nm.
[0185]

In the laminate of the present invention, a ratio (absolute value of
Sa(c)/absolute value of Sa(s)) of an absolute value of an arithmetic average height
Sal(c) of the intermediate layer (c) before the water-repellent layer (r) is laminated,
relative to an absolute value of an arithmetic average height Sa(s) of the substrate
(s) before the intermediate layer (c) is laminated, is preferably less than 100%.
[0186]

The hard coat layer as disclosed in Patent Literature 1 has a sufficiently low
surface roughness (in the present invention, the surface roughness is evaluated
based on the arithmetic average height) in general. Therefore, in a case where
another layer is laminated on the hard coat layer, the surface roughness of the
other layer is equivalent to or larger than the surface roughness of the hard coat

layer on which the other layer has not been laminated yet, in general. Therefore,
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in a preferable mode of the present invention, the matter that the ratio (absolute
value of Sa(c)/absolute value of Sa(s)) of an absolute value of the arithmetic average
height Sa(c) of the intermediate layer (c) before the water-repellent layer (r) is
laminated, relative to an absolute value of the arithmetic average height Sa(s) of
the substrate (s) before the layer (c) is laminated, is less than 100%, means that the
substrate (s) of the present invention has a surface roughness larger than the hard
coat layer disclosed in Patent Literature 1 and the like, and simultaneously
represents the preferable requirements that abrasion resistance of the laminate in
which a water-repellent layer is laminated on a substrate having a surface
roughness larger than the hard coat layer is enhanced.

[0187]

The absolute value of Sa(c)/absolute value of Sa(s) is preferably not larger
than 80%, more preferably not larger than 60%, even more preferably not larger
than 40%, and particularly preferably not larger than 20%. The lower limit of the
absolute value of Sa(c)/absolute value of Sa(s) is not particularly limited, and may
be, for example, 1%.

[0188]

In a preferable mode in which, in the substrate (s) of the present invention,
the absolute value of the arithmetic average height Sa(s) is larger than the absolute
value of the arithmetic average height of the hard coat layer as described above, as
long as the condition that the absolute value of Sa(c)/absolute value of Sa(s) is less
than 100% as described above is satisfied, the absolute value of the arithmetic
average height Sa(s) of the substrate (s) before the layer (c) is laminated is not
limited, but is, for example, not less than 0.01 pm. The absolute value of Sa(s) is
preferably not larger than 5 pm, more preferably not larger than 3 pm, and even
more preferably not larger than 1 pm, and, furthermore, still more preferably not
larger than 0.8 pm and particularly preferably not larger than 0.5 pm. The value
itself (not the absolute value) of the arithmetic average height Sa(s) of the substrate

(s) before the layer (c) is laminated is preferably a negative value. That is, a recess
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is preferably formed. The arithmetic average height Sa is calculated in accordance
with ISO 25178.
[0189]

When the laminate of the present invention is evaluated in accordance with
a method described below in Examples, the water contact angle (initial contact
angle) is, for example, not less than 105°, and more preferably not less than 110°,
and is, for example, not larger than 125°. After a abrasion resistance test
described below in Examples has been performed, a water contact angle (contact
angle after abrasion resistance test) is preferably not less than 85% of the contact
angle before the abrasion resistance test, more preferably not less than 90% thereof,
and generally not larger than 110% thereof.
[0190]

When the laminate of the present invention is evaluated in accordance with
a method described below in Examples, the sliding angle is not larger than 25°,
preferably not larger than 20°, and more preferably not larger than 15°, and is, for
example, not less than 2°. After a abrasion resistance test described below in
Examples has been performed, a sliding angle is preferably not larger than 200% of
the sliding angle before the abrasion resistance test, more preferably not larger
than 150% thereof, and generally not less than 15% thereof.
[0191]

Next, a production method for the laminate of the present invention will be
described.
[0192]

A first method for producing the laminate of the present invention includes
(i) a step of applying the mixture composition (cc) to an anti-reflection layer surface
of the substrate (s) having the anti-reflection layer, (ii) a step of applying the
mixture composition (ca) to the surface to which the mixture composition (cc) has
been applied, and (iii) a step of curing the mixture composition (cc) and the mixture

composition (ca) to form the intermediate layer (c) from an applied layer of the
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mixture composition (cc), and form the water-repellent layer (r) from an applied
layer of the mixture composition (ca).
[0193]

As the method for applying the mixture composition (cc), a known method
can be used, and a dip coating method is preferable.
[0194]

Next, the mixture composition (ca) for forming the water-repellent layer (r)
is applied to the surface to which the mixture composition (cc) has been applied and
dried, whereby the intermediate layer (c) can be formed from the applied layer of
the mixture composition (cc), and the water-repellent layer (r) can be formed from
the applied layer of the mixture composition (ca). The intermediate layer (c) may
be formed while the mixture composition (cc) is being applied or after the mixture
composition (cc) has been applied, and formation of the intermediate layer (c) and
formation of the water-repellent layer (r) may be caused to simultaneously progress.
Examples of the method for applying the composition for forming the water-
repellent layer () include a dip coating method, a roll coating method, a bar coater
method, a spin coating method, a spray coating method, a die coater method, and a
gravure coater method.

[0195]

After the composition for forming the water-repellent layer (r) has been
applied, the composition is left, as it is, at an ordinary temperature in the
atmosphere for, for example, not shorter than one hour (and in general, not longer
than 24 hours), to produce the laminate of the present invention. In the present
invention, the ordinary temperature represents in a temperature range of 5 to 60°C,
and preferably represents in a temperature range of 15 to 40°C. When the
composition is left as it is at the ordinary temperature, the humidity may be 50 to
90%RH.

[0196]

In a second method for producing the laminate of the present invention, the
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organosilicon compound (C) is vapor-deposited on an anti-reflection layer surface of
the substrate (s) having the anti-reflection layer to form the layer (c), and the
mixture composition (ca) is applied onto the intermediate layer (c) and cured, to
form the water-repellent layer (r) from an applied layer of the mixture composition
(ca). When the organosilicon compound (C) is vapor-deposited to form the
intermediate layer (c), the organosilicon compound (C) as a single element may be
vapor-deposited on the substrate (s), or a solid product (that is, the organosilicon
compound (C)) obtained by removing a solvent from a mixture composition of the
solvent and the organosilicon compound (C) may be vapor-deposited on the
substrate (s). After the composition for forming the water-repellent layer (r) has
been applied, the process may be performed in the same manner as in the first
method.
[0197]

Before the composition (cc) is applied or before the organosilicon compound
(C) is vapor-deposited, the anti-reflection layer of the substrate (s) is preferably
subjected to hydrophilization treatment. Examples of the hydrophilization
treatment include corona treatment, plasma treatment, ultraviolet treatment, and
ion cleaning, and plasma treatment and ion cleaning are more preferable. By
performing the hydrophilization treatment such as plasma treatment, a functional
group such as an OH group or a COOH group can be formed on the surface of the
substrate. When such a functional group is formed on the surface of the substrate,
adhesiveness between the intermediate layer (c) and the substrate (s) can be
particularly enhanced. However, in a case where the laminate is used for a
spectacle lens, the mixture composition (cc) is preferably applied or the
organosilicon compound (C) is preferably vapor-deposited without performing the
hydrophilization treatment on the anti-reflection layer of the substrate (s).
Therefore, the hydrophilization treatment is preferably performed in a case where

the laminate is used in usages other than spectacle lenses.
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[0198]

The laminate of the present invention can be preferably used as a front
plate of a flexible display device, and the front plate may be referred to as a window
film. The flexible display device preferably includes a laminate for the flexible
display device and an organic EL display panel, and the laminate for the flexible
display device is disposed on the viewing side with respect to the organic EL display
panel, and is foldable. The laminate for the flexible display device may further
include a polarizing plate (preferably, circularly polarizing plate), a touch sensor,
and the like. These are laminated in any order, and the window film (that is, the
laminate of the present invention), the polarizing plate, and the touch senor are
preferably laminated in this order from the viewing side, or the window film, the
touch sensor, and the polarizing plate are preferably laminated in this order from
the viewing side. The polarizing plate is preferably disposed closer to the viewing
side than the touch sensor is, because the pattern in the touch sensor is not easily
viewed, and visibility of a display image is enhanced. The components can be
laminated by using an adhesive, a tackiness agent, or the like. The flexible display
device can have a light-shielding pattern formed on at least one surface of any of
layers of the window film, the polarizing plate, and the touch sensor.

[0199]

This application claims priority to Japanese Patent Application No. 2019-
086595 filed on April 26, 2019. The entire contents of the specification of Japanese
Patent Application No. 2019-086595 filed on April 26, 2019 are incorporated herein

by reference.

EXAMPLES
[0200]

The present invention will be described below in more detail by means of
examples. The present invention is not limited by the following examples, and can

also be carried out with appropriate modifications being made within the range of
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the gist described above and below, and any of these modifications are included in
the technical scope of the present invention.
[0201]

[Example 1-1]

Preparation of solution for forming intermediate layer (c)

A solution in which 0.5 mass% of an organosilicon compound (C) and

99.5 mass% of isopropyl alcohol as the solvent (E) were mixed, was stirred at room
temperature to obtain a solution for forming the intermediate layer (c). The
organosilicon compound (C) was a reaction product (trade name: X-12-5263HP,
manufactured by Shin-Etsu Chemical Co., Ltd.), of N-2-(aminoethyl)-3-
aminopropyltrimethoxysilane and chloropropyltrimethoxysilane, represented by the
following formula and described in Japanese Laid-Open Patent Publication No.
2012-197330.
[0202]
[Chemical Formula 28]

H ,
N Si{OCH3)3
{HSCO)GSiM\a’/\\/ ~ N

[0203]

Preparation of substrate (s)

A glass substrate (8 cm % 8 cm, “EAGLE XG” manufactured by Corning) was
subjected to hydrophilization treatment by ion cleaning. An anti-reflection coat
(the anti-reflection layer (ar)) which was a multilayer film made of inorganic oxide
(silica and zirconia) with a thickness of about 0.4 pm was formed by a vacuum vapor
deposition method on the surface subjected to the hydrophilization treatment.

Thus, a glass substrate having the anti-reflection layer (ar) formed thereon was
obtained as the substrate (s). The substrate (s) was immersed in the solution for

forming the intermediate layer (c) by using a dip coater (type DC4300)
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manufactured by Aiden under conditions that a liquid immersion time was 10
seconds and a taking-up speed was 10 mm/second, to form a film.
[0204]

Next, a solution in which OPTOOL (registered trademark) UF503
manufactured by DAIKIN INDUSTRIES, LTD. as the organosilicon compound (A),
FAS13E (CsF13-C2H4-Si(OC2Hs)s, manufactured by Tokyo Chemical Industry Co.,
Ltd.) as the organosilicon compound (B), and FC-3283 (CoF21N, Fluorinert,
manufactured by 3M) as the solvent (D) were mixed, was prepared and stirred at
room temperature for a predetermined time, to obtain a solution for forming the
water-repellent layer (r). The OPTOOL (registered trademark) UF503 is an
organosilicon compound in which a monovalent group having the perfluoropolyether
structure and a hydrolyzable group are each bound to a silicon atom. In the
solution for forming the water-repellent layer (r), when the entirety of the solution
for forming the water-repellent layer (r) was determined as 100 mass%, a
proportion of the organosilicon compound (A) was 0.425 mass%, and a proportion of
the organosilicon compound (B) was 0.05 mass%. The solution for forming the
water-repellent layer (r) was applied to a surface to which the solution for forming
the intermediate layer (c) was applied (the surface means a surface, on the anti-
reflection coat of the substrate, to which the solution for forming the intermediate
layer (c) ) by using a dip coater (type DC4300) manufactured by Aiden under
conditions that a liquid immersion time was 10 seconds and a taking-up speed was
10 mm/second, to form a film. Thereafter, moist-heat curing was performed at
50°C and 80%RH for 30 minutes.

[0205]

[Examples 1-2 to 1-9]

The laminates were each obtained in the same manner as in Example 1-1
except that a concentration and a kind of the organosilicon compound (C), or a kind
of the solvent (E) were changed as indicated in Table 1-1 and Table 1-2. In the

Tables, KBM-603 represents N-2-(aminoethyl)-3-aminopropyltrimethoxysilane
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manufactured by Shin-Etsu Chemical Co., Ltd., FAS9E represents C4Fo-C2H4-
Si(OC2Hs)s (manufactured by Tokyo Chemical Industry Co., Ltd.), and FASSM
represents CF3-C2H4-Si(OCHs)s (manufactured by Tokyo Chemical Industry Co.,
Ltd.). DSX represents OPTOOL (registered trademark) DSX manufactured by
DAIKIN INDUSTRIES, LTD. and represents an organosilicon compound in which a
monovalent group having the perfluoropolyether structure and a hydrolyzable
group are each bound to a silicon atom.

[0206]

[Comparative example 1-1]

A laminate in which the substrate (s) and the water-repellent layer (r) were
laminated in this order, was obtained in the same manner as in Example 1-1 except
that the water-repellent layer (r) was directly formed on the substrate (s) without
forming the intermediate layer (c). In Comparative example 1-1, the intermediate
layer (c) was not formed. Therefore, the layer (c), specified by the present
invention, before formation of the water-repellent layer (r) was not exactly present.
However, in a preferable mode of the present invention, the arithmetic average
height of the layer (c) before laminating of the water-repellent layer (r) is significant
in order to specify the arithmetic average height of the surface on which the water-
repellent layer (r) is laminated. From the viewpoint of the arithmetic average
height Sa of the surface on which the water-repellent layer (r) was laminated, in
Comparative example 1-1, it can also be said that the arithmetic average height Sa
of the surface on which the water-repellent layer (r) was laminated was the
arithmetic average height Sa of the substrate (s), and was the same value as the
arithmetic average height Sa of the substrate (s) before formation of the layer (c)
(that is, the ratio between absolute values of the arithmetic average heights was
100%).

[0207]
The laminates obtained in Examples and Comparative examples were

evaluated in the following methods.
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[0208]

(1-1) Initial contact angle and initial sliding angle

Water droplet was dropped by 1 pL onto the water-repellent layer (r) of the
obtained laminate, and a contact angle measurement device (DM700, manufactured
by Kyowa Interface Science Co., Ltd) was used to measure a water contact angle
with a liquid amount of 1 pL by using a 6/2 method.

Water droplet was dropped by 20 nL onto the water-repellent layer (r) of the
obtained laminate, and the contact angle measurement device (DM700,
manufactured by Kyowa Interface Science Co., Ltd) was used to measure a water
sliding angle by a sliding method (analysis method: tangent method, inclination
method: continuous inclination, sliding detection: after sliding, movement
determination: advancing angle, sliding determination distance: 5 dot).

[0209]

(1-2) Contact angle and sliding angle after abrasion resistance test

Using 16 laminated KIMWIPe wipers S-200 manufactured by NIPPON
PAPER CRECIA CO., LTD. attached to a 15 mm X 15 mm square elastic body
(acrylic plate having a thickness of 1 mm), a 200 g load was applied to the water-
repellent layer (r) of the obtained laminate, and a abrasion resistance test was
performed 20,000 times at 30 mm stroke and 70 r/minute (70 reciprocations per one
minute). A sliding angle was measured at almost the center of the abraded portion
after the abrasion resistance test in the same manner as in above-described (1-1).

After the abrasion resistance test, 1 pL of water droplet was dropped onto
the water-repellent layer (r), and the contact angle measurement device (DM700,
manufactured by Kyowa Interface Science Co., Ltd) was used to measure a water
contact angle with a liquid amount of 1 pL. by using a 6/2 method.

[0210]
(1-8) Surface reflectance
A colorimeter (CM-387004, illuminant: D65) manufactured by KONICA

MINOLTA, INC. was used and a spectral reflectance at a wavelength of 530 nm at
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an angle of incidence of 12° and an angle of reflection of 12° was calculated at 2-
degree visual field ((lluminant C) in JIS Z8701, on the surface on the water-
repellent layer (r) side of the laminate. From the obtained value, the front surface
reflection loss of 4.2% and the back surface reflection loss of 4.2% were subtracted to
calculate a reflectance. The surface reflectance measured in the same manner as
described above on each of the surfaces of the anti-reflection layers of the substrates
(s) was 1.7%.
[0211]

(1-4) Measurement of fluorine amount and nitrogen amount on surface on
water-repellent layer (r) side by XPS

A fluorine amount (F1s) and a nitrogen amount were measured on the
surface on the water-repellent layer (r) side by using Type JFS-9010 manufactured
by JEOL Ltd with an excitation X-ray of MgKa, at X-ray output of 110 W, a
photoelectron escape angle of 45°, and pass energy of 50eV.
[0212]

(1-5) Coefficient of kinetic friction

A coefficient of kinetic friction of the surface on the water-repellent layer (r)
side was measured with artificial leather by using constant load measurement with
Tribogear (surface property tester TYPE: 38) manufactured by SHINTO Scientific
Co. Ltd under the following measurement conditions. A coefficient of kinetic
friction was measured also after the abrasion resistance test was performed under
the same conditions as described above in (1-2).
Load converter: 1.442 mV/V
Load: 1000 g
Movement distance: 20 mm
Movement speed: 600 mm/min
Sampling number: 210
[0213]

(1-6) Measurement of arithmetic average height Sa
76
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Surfaces of the substrate (s) before formation of the intermediate layer (c)
and the layer (c) before formation of the water-repellent layer (r) were observed at a
magnification of 100 times by using a laser microscope LEXT OSL4000
manufactured by Olympus Corporation. The arithmetic average height Sa was
evaluated in accordance with ISO 25178. The arithmetic average height Sa was an
average value of N=3. The arithmetic average height of the substrate (s) before
formation of the intermediate layer (c) was represented as Sa(s). The arithmetic
average height of the intermediate layer (c) before formation of the layer (r) was
represented as Sa(c).
[0214]

The results for Examples 1-1 to 1-9 and Comparative example 1-1 are
indicated in Table 1-1 and Table 1-2.
[0215]
[Table 1-1]
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Examplel-1 Examplel-2 Examplel-3 Examplel-4 Examplel-5

Organosilicon UF503 UF503 UF503 UF503 UF503
Water - | compound(A) | 0.425% 0.425% 0.425% 0.425% 0.425%
repellent —
Layer Organosilicon FAS13E FAS13E FAS13E FAS13E FAS13E
" Compound(B) 0.05% 0.05% 0.05% 0.05% 0.05%
Solvent(D) FC3283 FC3283 FC3283 FC3283 FC3283
. X-12 X-12 X-12
Intermediate g;iap’:’usr'l'c'f(‘ér)' -5263HP | -5263HP | -5263np | KBM-603 | KBM-603
Layer 0.50% 0.25% 0.25% 0.25% 0.25%
(c) Isopropyl Methyl Ethyl Isopropyl
Solvent (E) Alcpohz:l Ke‘t,one Y Hexane Alcpohz:l Acetone
XPS F amount(atomic %) 50.21 48.97 49.27 52.14 55.24
XPS N amount(atomic %) 2.87 2.68 3.18 1.65 1.85
Initial Contact Angle (°) 113.0 113.6 113.4 114.3 114.4
Initial Sliding Angle(°) 17.0 12.0 12.0 16.0 11.0
Contact Angle After Paper
Abrasion Resistance Test(°) 118.2 117.9 118.0 114.6 114.6
Sliding Angle After Paper
Abrasion Resistance Test (°) 3.0 4.0 4.0 7.0 13.0
Reflectance(%) 530nm 2.52 1.81 1.56 2.07 1.81
Coefficient of Kinetic Friction 0.25 0.27 0.23 0.28 0.22
Coefficient of Kinetic Friction
After Paper Abrasion 0.18 0.25 0.21 0.29 0.25

Resistance Test

Contact Angle After Abrasion
Resistance Test/” 104.6 103.8 104.1 100.3 100.2
Initial Contact Angle (%)

Sliding Angle After Abrasion
Resistance Test/” 17.6 33.3 33.3 43.8 118.2
Initial Sliding Angle (%)

Sa (s) of Substrate (s) before

Formation of Layer (c) (pm) 0.07 0.07 0.07 0.07 0.07
(Absolute Value)

Sa (c) of Layer (c) before

Formation of Layer (r) (pm) 0.005 0.047 0.041 0.007 0.039

(Absolute Value)

Absolute Value of Sa(c)/

Absolute Valute of Sa (s) (%) 7.14 67.14 58.57 10.00 55.71
[0216]
[Table 1-2]
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Comparative
Examplel-6 Examplel-7 Examplel-8 Examplel-9 Example1-1
Water - Organosilicon UF503 UF503 UF503 DSX UF503
repellent Compound(A) 0.425% 0.425% 0.425% 0.425% 0.425%
Layer Organosilicon FAS13E FAS9E FAS3M FAS13E FAS13E
" Compound(B) 0.05% 0.05% 0.05% 0.05% 0.05%
Solvent(D) FC3283 FC3283 FC3283 FC3283 FC3283
Intermediate | Organosilicon X-12 X-12 X-12 X-12 -
Layer Compound(C) -5263HP -5263HP -5263HP -5263HP
© 0.25% 0.25% 0.25% 0.25% -
Solvent (E) | Butyl Acetate | Butyl Acetate | Butyl Acetate | Butyl Acetate -
XPS F amount(atomic %) 49.37 50.31 50.11 48.22 46.02
XPS N amount(atomic %) 3.09 3.02 3.05 2.98 0.12
Initial Contact Angle {(°) 118.2 113.5 114.7 109.1 114.3
Initial Sliding Angle(°) 8.0 7.0 9.0 7.0 15.0
Contact Angle After Paper
AgrilSion Res:sta?tce Test(°) 118.9 118.9 118.6 106.5 91.1
iding Angle After Paper
Abrasion Resistance Test (°) 4.0 5.0 5.0 46.0 67.2
Reflectance(%) 530nm 1.94 1.92 1.90 2.01 1.55
Coefficient of Kinetic Friction 0.22 0.23 0.24 0.28 0.32
Coefficient of Kinetic Friction
After Paper Abrasion 0.21 0.22 0.22 0.31 0.44
Resistance Test
Contact Angle After Abrasion
Resistance Test/ 100.6 104.8 103.4 97.6 79.7
Initial Contact Angle (%)
Sliding Angle After Abrasion
Resistance Test/ 50.0 71.4 55.6 657.1 448.0
Initial Sliding Angle (%)
Sa (s) of Substrate (s) before
Formation of Layer (c) (pm) 0.07 0.07 0.07 0.07 0.07
(Absolute Value)
Sa (c) of Layer (c) before
Formation of Layer (r) (pm) 0.027 0.027 0.027 0.027 -
(Absolute Value)
Absolute Value of Sa(c),”
Absolute Valute of Sa (s) (%) 38.57 38.57 38.57 38.57 N

[0217]
[Example 2-1]

Preparation of solution for forming intermediate layer (c)

A solution in which 0.25 mass% of an organosilicon compound (C) and 99.75

mass% of hexane as the solvent (E) were mixed, was stirred at room temperature to

obtain a solution for forming the layer (c). The organosilicon compound (C) was a
reaction product (trade name: X-12-5263HP, manufactured by Shin-Etsu Chemical
Co., Ltd.), of N-2-(aminoethyl)-3-aminopropyltrimethoxysilane and

chloropropyltrimethoxysilane, which was the same as in Example 1-1.
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[0218]

Preparation of substrate (s)

Coating liquid was applied, in an immersion method, to a surface of NL3-SP
(size of 75 mmg, center thickness of 1.1 mm) manufactured by Nikon-Essilor Co.,
Ltd., and heated and cured, to laminate an urethane-based impact-resistance-
enhancing coat (primer layer) having a thickness of about 1 pm and a silicone-based
abrasion-resistance-enhancing hard coat having a thickness of about 2 pm in this
order. Next, an anti-reflection coat (the anti-reflection layer (ar)) which was a
multilayer film made of inorganic oxide (silica and zirconia) with a thickness of
about 0.4 nm was formed on the silicone-based abrasion-resistance-enhancing hard
coat (hard coat layer) by a vacuum vapor deposition method, to obtain a plastic
spectacle lens as the substrate (s). The substrate (s) was immersed in the solution
for forming the intermediate layer (c) by using a dip coater (type DC4300)
manufactured by Aiden under conditions that a liquid immersion time was 10
seconds and a taking-up speed was 10 mm/second, to form a film.

[0219]

Next, a solution in which OPTOOL (registered trademark) UF503
manufactured by DAIKIN INDUSTRIES, LTD. as the organosilicon compound (A),
FAS13E (CgF13-C2H4-Si(OC2Hs)s, manufactured by Tokyo Chemical Industry Co.,
Ltd.) as the organosilicon compound (B), and FC-3283 (CoF21N, Fluorinert,
manufactured by 3M) as the solvent (D) were mixed, was prepared, and stirred at
room temperature for a predetermined time, to obtain a solution for forming the
water-repellent layer (r). In the solution for forming the water-repellent layer (r),
when the entirety of the solution for forming the water-repellent layer (r) was
determined as 100 mass%, a proportion of the organosilicon compound (A) was
0.425 mass% and a proportion of the organosilicon compound (B) was 0.05 mass%.
The solution for forming the water-repellent layer (r) was applied to a surface to
which the solution for forming the intermediate layer (c) was applied (the surface

means a surface, on the anti-reflection coat of the substrate, to which the solution
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for forming the intermediate layer (c) was applied) by using a dip coater (type
DC4300) manufactured by Aiden under conditions that a liquid immersion time was
10 seconds and a taking-up speed was 10 mm/second, to form a film. Thereafter,
moist-heat curing was performed at 50°C and 80%RH for 30 minutes.

[0220]

[Example 2-2]

A laminate was obtained in the same manner as in Example 2-1 except that
the solvent (E) of the solution for forming the intermediate layer (c) was changed
from hexane to butyl acetate.

[0221]

[Comparative example 2-1]

A laminate in which the substrate (s) and the water-repellent layer (r) were
laminated in this order, was obtained in the same manner as in Example 2-1 except
that the water-repellent layer (r) was directly formed on the substrate (s) without
forming the layer (c). In Comparative example 2-1, the layer (c) was not formed.
Therefore, the intermediate layer (c), specified by the present invention, before
formation of the water-repellent layer (r) was not exactly present. However, in a
preferable mode of the present invention, the arithmetic average height of the layer
(c) before laminating of the water-repellent layer (r) is significant in order to specify
the arithmetic average height of the surface on which the water-repellent layer (r)
is laminated. From the viewpoint of the arithmetic average height Sa of the
surface on which the water-repellent layer (r) was laminated, in Comparative
example 2-1, it can also be said that the arithmetic average height Sa of the surface
on which the water-repellent layer (r) was laminated was the arithmetic average
height Sa of the substrate (s), and was the same value as the arithmetic average
height Sa of the substrate (s) before formation of the intermediate layer (c) (that is,

the ratio between absolute values of the arithmetic average heights was 100%).
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[0222]

Examples 2-1 and 2-2, and Comparative example 2-1 were evaluated in the
following method.
[0223]

(2-1) Initial contact angle and initial sliding angle

Water droplet was dropped by 1 pL onto the water-repellent layer (r) of the
obtained laminate, and a contact angle measurement device (DM-500/DM-SA,
manufactured by Kyowa Interface Science Co., Ltd) was used to measure a water
contact angle by a sessile drop method (analysis method: ellipse fitting).

Water droplet was dropped by 20 nL onto the water-repellent layer (r) of the
obtained laminate, and the contact angle measurement device (DM-500/DM-SA,
manufactured by Kyowa Interface Science Co., Ltd) was used to measure a water
sliding angle by a sliding method (analysis method: perfect circle fitting, inclination
method: continuous inclination, sliding detection: before sliding, movement
determination: advancing and receding, slipping determination distance: 10 dot).
[0224]

(2-2) Contact angle and sliding angle after abrasion resistance test

Using 16 laminated KIMWIPe wipers S-200 manufactured by NIPPON
PAPER CRECIA CO., LTD. attached to a 15 mm X 15 mm square elastic body
(plastic eraser, Type 1156SMTR00 manufactured by Maped (France)), a 200 g load
was applied to the water-repellent layer (r) of the obtained laminate, and the water-
repellent layer (r) was rubbed 20000 times at a 30 mm stroke and 90 r/minute (90
reciprocations per one minute) to perform a abrasion resistance test, and a sliding
angle was measured after the abrasion resistance test in the same manner as in the
above-described (2-1).

After the abrasion resistance test, 1 pL of water droplet was dropped onto
the water-repellent layer (r), and the contact angle measurement device (DM-

500/DM-SA, manufactured by Kyowa Interface Science Co., Ltd) was used to
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measure a water contact angle by a sessile drop method (analysis method: ellipse
fitting).
[0225]

(2-3) Surface reflectance

A reflectance of the surface of the water-repellent layer (r) of the laminate
was measured with an objective lens of 10-fold magnification by using a lens
reflectance measuring device (Type: USPM-RU, illuminant: halogen lamp)
manufactured by Olympus Corporation, and a spectral reflectance at a wavelength
of 530 nm was obtained by conversion with illuminant D65 and 10-degree visual
field. The surface reflectance measured in the same manner as described above on
each of the surfaces of the anti-reflection layers of the substrates (s) was 1.07%.
[0226]

(2-4) Measurement of fluorine amount and nitrogen amount on surface on
water-repellent layer (r) side by XPS

A fluorine amount (F1s) and a nitrogen amount were measured on the
surface on the water-repellent layer (r) side by using Type JFS-9010 manufactured
by JEOL Ltd with an excitation X-ray of MgKa, at X-ray output of 110 W, a
photoelectron escape angle of 45°, and pass energy of 50eV.
[0227]

(2-5) Coefficient of kinetic friction

A coefficient of kinetic friction of the surface on the water-repellent layer (r)
side was measured with artificial leather by using constant load measurement with
Tribogear (surface property tester TYPE: 38) manufactured by SHINTO Scientific
Co. Ltd under the following measurement conditions. A coefficient of kinetic
friction was measured also after the abrasion resistance test was performed under
the same conditions as described above in (2-2).
Load converter: 1.442 mV/V
Load: 1000 g

Movement distance: 20 mm
83
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Movement speed: 600 mm/min
Sampling number: 210
[0228]
(2-6) Measurement of arithmetic average height Sa
The arithmetic average height Sa was measured in the same manner as in
evaluation of Examples 1-1 to 1-6 and Comparative example 1-1
[0229]
Table 2 indicates the results of Examples 2-1 and 2-2, and Comparative
example 2-1.
[0230]
[Table 2]
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Comparative
Example 2-1 | Example 2-2 Example 2-1
Wat Organosilicon UF503 UF503 UF503
) a :rn't Compound(A)[  0.425% 0.425% 0.425%
el'_"ae :r Organosilicon |  FAS13E FAS13E FAS13E
(‘r’) Compound(B)[ _ 0.05% 0.05% 0.05%
Solvent(D) FC3283 FC3283 FC3283
Intermediate | Organosilicon | X-12-5263HP | X-12-5263HP -
L"("c’;r Compound(C) =4 0% 0.25% .
Solvent (E) Hexane Butyl Acetate -
XPS F amount(atomic %) 55.31 47.82 49.39
XPS N amount(atomic %) 2.21 3.31 0.31
Initial Contact Angle (°) 117.1 120.3 115.2
Initial Sliding Angle(°) 8.3 3.0 13.7
Contact Angle After Paper
Abrasion Resistance Test(°) 120.8 120.7 90.0
Sliding Angle After Paper
Abrasion Resistance Test (°) 7.0 2.0 62.3
Reflectance(%) 530nm 1.19 1.49 1.20
Coefficient of Kinetic Friction 0.23 0.2 0.37
Coefficient of Kinetic Friction
After Paper Abrasion 0.23 0.21 0.98
Resistance Test
Sa (s) of Substrate (s) before
Formation of Layer (c) (pm) 0.224 0.224 0.224
(Absolute Value)
Sa (c) of Layer (c) before
Formation of Layer (r) (pm) 0.046 0.042 -
(Absolute Value)
Absolute Value of Sa(c).”
Absolute Valute of Sa (s) (%) 20.54 18.75 B
Contact Angle After Abrasion
Resistance Test/” 103.2 100.3 78.1
Initial Contact Angle (%)
Sliding Angle After Abrasion
Resistance Test/” 84.3 66.7 454.7
Initial Sliding Angle (%)
85

Date Regue/Date Received 2021-10-18



CA 03137292 2021-10-18

Our Ref. F20-038

[0231]

According to Table 1, in Examples 1-1 to 1-6, the contact angle and the
sliding angle after the abrasion resistance test were good, the abrasion resistance
was excellent, and the absolute value of Sa(c)/absolute value of Sa(s) according to
the preferable requirements of the present invention was less than 100%.
Meanwhile, in Comparative example 1-1 in which the intermediate layer (c) was not
provided, the results were such that the contact angle and the sliding angle after
the abrasion resistance test significantly deteriorated, and abrasion resistance was
poor.

[0232]

According to Table 2, in Examples 2-1 to 2-2, the contact angle and the
sliding angle after the abrasion resistance test were good, the abrasion resistance
was excellent, and the absolute value of Sa(c)/absolute value of Sa(s) according to
the preferable requirements of the present invention was less than 100%.
Meanwhile, in Comparative example 2-1 in which the intermediate layer (c) was not
provided, the results were such that the contact angle and the sliding angle after
the abrasion resistance test significantly deteriorated and abrasion resistance was

poor.

INDUSTRIAL APPLICABILITY
[0233]

The laminate of the present invention allows a film to be preferably formed
for display devices such as touch panel displays, optical devices, semiconductor
devices, construction materials, nanoimprint technology, solar batteries, window
glass of automobiles and buildings, metal products such as cockware, ceramic
products such as tableware, plastic automobile components, and the like, and is
industrially useful. Furthermore, the laminate of the present invention is
preferably used for products of each component for kitchens, bathrooms,

washstands, mirrors, and toilets, goggles, spectacle lenses, and the like.
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CLAIMS

[Claim 1] A laminate comprising:

a substrate (s) having an anti-reflection layer;

an intermediate layer (c) placed on the anti-reflection layer side of the
substrate; and

a water-repellent layer (v), in this order, wherein

the intermediate layer (c) is a cured layer of a mixture composition (cc) of an
organosilicon compound (C) , or a vapor deposition layer of the organosilicon
compound (C),

the organosilicon compound (C) contains a silicon atom together with an
amino group and/or an amine skeleton,

the water-repellent layer (r) is a cured layer of a mixture composition (ca) of
an organosilicon compound (A) in which a monovalent group having a
perfluoropolyether structure is bound to a silicon atom through a linking group
located therebetween or without a linking group located therebetween, and a
hydrolyzable group is bound to the silicon atom through a linking group located
therebetween or without a linking group located therebetween, and

the laminate satisfies the following requirement (1),

(1) a water sliding angle is not larger than 50° after a abrasion resistance
test in which a 200 g load per 1.5 cm X 1.5 cm area is applied to a surface on the
water-repellent layer (r) side of the laminate and the surface is rubbed 20,000

times.

[Claim 2]
The laminate according to claim 1, wherein
the organosilicon compound (A) is at least one kind of organosilicon

compounds represented by the following formula (al),
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[Chemical Formula 1]

4 1 g2

| Hy ; A N ‘ , Ha i

= {{ c-C' W (2 2RI 61 ('\c ~CA—C —C 531

E\ a?GJ als al4 atld  at1 al2 a13 )

. 12 e - att
CHy CH; CHs

T a23 a2 “T"azz
Sitdes(R™)ae Si(d%e2(R )00

Si(de1{R" )g.01

< - (al}
in the formula (al),

Rf21 represents a divalent perfluoropolyether structure having oxygen atoms
at both ends,

R, R12) and R!3 each independently represent an alkyl group having 1 to 20
carbon atoms,

when the number of Rlls is plural, the plurality of R!ls may be different
from each other,

when the number of R!Zs is plural, the plurality of R!2s may be different
from each other,

when the number of R13s is plural, the plurality of R3s may be different
from each other,

EL, E2, E3, E4 and E5 each independently represent a hydrogen atom or a
fluorine atom,

when the number of Els is plural, the plurality of Els may be different from
each other,

when the number of E2s is plural, the plurality of E2s may be different from
each other,

when the number of E3s is plural, the plurality of E3s may be different from
each other,

when the number of E4s is plural, the plurality of E4s may be different from

each other,
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G1! and G2 each independently represent a 2 to 10 valent organosiloxane
group having a siloxane bond,

J1, J2, and J3 each independently represent a hydrolyzable group or -(CHg)es"
Si(ORM)3,

€6 represents 1 to 5,

R14 represents a methyl group or an ethyl group,

when the number of J1s is plural, the plurality of J1s may be different from
each other,

when the number of J2s is plural, the plurality of J2s may be different from
each other,

when the number of J3s is plural, the plurality of J3s may be different from
each other,

L1 and L2 each independently represent a divalent linking group that has 1
to 12 carbon atoms and may contain an oxygen atom, a nitrogen atom, or a fluorine
atom,

when the number of Ils is plural, the plurality of Li's may be different from
each other,

when the number of 1.2s is plural, the plurality of L2s may be different from
each other,

d11 represents 1to 9,

d12 represents O to 9,

al0 and al4 each independently represent O to 10,

all and al5 each independently represent O or 1,

al2 and al6 each independently represent O to 9,

al3 represents O or 1,

a21, a22, and a23 each independently represent O to 2, and

el, e2, and e3 each independently represent 1 to 3.
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[Claim 3]

The laminate according to claim 1 or 2, wherein the mixture composition
(ca) further contains at least one kind of organosilicon compounds (B) represented
by the following formula (b1),

[Chemical Formula 2]

Rtﬂ? be'l‘% RMS bem
K B ;o | n
rett— e o Lsit s [A) SR,
- /o1 5 012 - p13 ¢ ‘ 'b14 'b18
RH12 Rf012 Rb14 pRfo14

)
in the formula (b1),

Rf10 represents a fluorine atom, or an alkyl group having 1 to 20 carbon
atoms in which one or more hydrogen atom is substituted by a fluorine atom,

RP11 Rb12 RbP13 and RP4 each independently represent a hydrogen atom or
an alkyl group having 1 to 4 carbon atoms,

when the number of Rb!ls is plural, the plurality of RP11s may be different
from each other,

when the number of Rb!2s is plural, the plurality of RP12s may be different
from each other,

when the number of Rb!3g is plural, the plurality of RP13s may be different
from each other,

when the number of Rb!4s is plural, the plurality of RP14s may be different
from each other,

Rf11 Rf12 RS and R4 each independently represent a fluorine atom, or
an alkyl group having 1 to 20 carbon atoms in which one or more hydrogen atom is
substituted by a fluorine atom,

when the number of RfPlls is plural, the plurality of Rfblls may be different
from each other,

when the number of Rf*!%g ig plural, the plurality of Rf’12s may be different

from each other,
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when the number of RfP!3g is plural, the plurality of Rf’13s may be different
from each other,

when the number of Rf*!4s is plural, the plurality of Rfb14s may be different
from each other,

RPb15 represents an alkyl group having 1 to 20 carbon atoms,

when the number of Rb15s is plural, the plurality of Rb15s may be different
from each other,

Al represents -O-, -C(=0)-0O-, -O-C(=0)-, -NR-, -NRC(=0)-, or -C(=0O)NR-,

R represents a hydrogen atom, an alkyl group having 1 to 4 carbon atoms, or
a fluorine-containing alkyl group having 1 to 4 carbon atoms,

when the number of Als is plural, the plurality of Als may be different from
each other,

A2 represents a hydrolyzable group,

when the number of AZs is plural, the plurality of A2s may be different from
each other,

b11,b12, b13, bl4, and b15 each independently represent an integer of 0 to
100,

c represents an integer of 1 to 3, and

RP10-5 -Si(A2)RP15)5.; -{C(RP11)(RP12)}- whose number is b11; -
{CRP1)(R12)}- whose number is b12; -{Si(RP13)(RP14)}- whose number is b13; -
{Si(RP13)(R14)}- whose number is b14; and -Al- whose number is b15 are aligned
and bound in any order as long as Rf*10- and -Si(A2).RP15)s-. are located at ends, no

perfluoropolyether structure is formed, and -O- does not link to -O- and -F.

[Claim 4]
The laminate according to claim 3, wherein, in the mixture composition (ca),
a mass ratio of the organosilicon compound (B) to the organosilicon compound (A) is

0.05 to 2.0.
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[Claim 5]
The laminate according to any one of claims 1 to 4, wherein a hydrolyzable
group or a hydroxy group is bound to at least one silicon atom in the organosilicon

compound (C).

[Claim 6]

The laminate according to any one of claims 1 to 5, wherein the
organosilicon compound (C) is an organosilicon compound represented by any of the
following formulas (c1) to (c3),

[Chemical Formula 3]

Rxﬂ foﬁ RX13 fo'lB
A {—c—} Ls; {—s; «ww“fw —SiX")ps(R*1%)3 6
\ 533 /p5
fotz RX'M- RfXM

- (e

in the formula (c1),

Rx11 Rx12 Rx13 and Rx!4 each independently represent a hydrogen atom or
an alkyl group having 1 to 4 carbon atoms,

when the number of Rx!ls is plural, the plurality of R*1ls may be different
from each other,

when the number of Rx!2s is plural, the plurality of R*12s may be different
from each other,

when the number of Rx13g is plural, the plurality of R*13s may be different
from each other,

when the number of Rx!s is plural, the plurality of R*14s may be different
from each other,

Rfx11 Rfx12 Rfx13 and Rfx!4 each independently represent a fluorine atom, or
an alkyl group having 1 to 20 carbon atoms in which one or more hydrogen atom is

substituted by a fluorine atom,
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when the number of Rf*1lg is plural, the plurality of Rf*1ls may be different
from each other,

when the number of Rfx12g ig plural, the plurality of Rfx12s may be different
from each other,

when the number of Rf*13g is plural, the plurality of Rf*13s may be different
from each other,

when the number of Rfx14g is plural, the plurality of Rfx14s may be different
from each other,

Rx15 represents an alkyl group having 1 to 20 carbon atoms,

when the number of Rx!5g is plural, the plurality of Rx15s may be different
from each other,

X1l represents a hydrolyzable group,

when the number of X!1g is plural, the plurality of X11s may be different
from each other,

Y11 represents -NH- or -S-,

when the number of Ylls is plural, the plurality of Ylls may be different
from each other,

Z11 represents a vinyl group, an a-methylvinyl group, a styryl group, a
methacryloyl group, an acryloyl group, an amino group, an isocyanate group, an
isocyanurate group, an epoxy group, a ureido group, or a mercapto group,

p1l represents an integer of 1 to 20,

p2, p3, and p4 each independently represent an integer of 0 to 10,

p5 represents an integer of 1 to 10,

p6 represents an integer of 1 to 3,

when Z11 does not represent an amino group, at least one of Ylls represents -
NH-,

when all of Y!ls represent -S-, Z1! represents an amino group, and

Z11-; -Si(X11)p6(Rx15)3-56; -{C(Rx11)(Rx12)}- whose number is p1l; -

{C(Rf11)(Rfx12)}- whose number is p2; -{Si(Rx13)(Rx14)}- whose number is p3; -
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{Si(Rfx13)(Rfx14)}- whose number is p4; and -Y'!- whose number is p5 are aligned and
bound in any order as long as Z!1- and -Si(X11)ps(Rx15)3.56 are located at ends and -O-
does not link to -O-,

[Chemical Formula 4]

?X2G Tf)@@
(R*%)3 p2a(X*")p2aSi— “(‘T%za ‘(‘(’3’;;21 —SiXP)olR)5 020 (€2)
RX21 Rfx21

in the formula (c2),

Rx20 and Rx2! each independently represent a hydrogen atom or an alkyl
group having 1 to 4 carbon atoms,

when the number of Rx20g is plural, the plurality of R*20s may be different
from each other,

when the number of Rx2lg is plural, the plurality of Rx21s may be different
from each other,

Rfx20 and Rfx2! each independently represent a fluorine atom, or an alkyl
group having 1 to 20 carbon atoms in which one or more hydrogen atom is
substituted by a fluorine atom,

when the number of Rf*20g ig plural, the plurality of Rf*20s may be different
from each other,

when the number of Rf*2lg ig plural, the plurality of Rf*21s may be different
from each other,

Rx22 agnd R*23 each independently represent an alkyl group having 1 to 20
carbon atoms,

when the numbers of Rx22g and Rx23g are plural, the plurality of R*22g and
the plurality of Rx23s may be different from each other,

X20 and X2! each independently represent a hydrolyzable group,

when the numbers of X20g and X21g are plural, the plurality of X20g and the
plurality of X21s may be different from each other,

p20 represents an integer of 1 to 30,
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p21 represents an integer of 0 to 30,

at least one of repeating units bracketed with p20 or p21 is replaced by an
amine skeleton -NR100-,

R199in the amine skeleton represents a hydrogen atom or an alkyl group,

p22 and p23 each independently represent an integer of 1 to 3, and

-{C(Rx20)(Rx21)}- whose number is p20 and -{C(Rfx20)(Rfx21)}- whose number is
p21 are aligned and bound in any order, p20 or p21 units may not necessarily be
continuous, and both ends are -Si(X20)p22(R¥22)3-522 and -Si(X21),23(R*23)3-pas,
[Chemical Formula 5]

R foﬁ Rx33 fo33

X
s L L) AV ; a2
Z T(I?j;m ( C 3{332 \ Sx p33 JTS{ Lo \y31 532 0-2:36 —t‘ ) Z

] p35 i : pS?
R¥32 R;xaz X34 Rfx34

33

=« {c3}

in the formula (c3),

73! and Z32 each independently represent a reactive functional group other
than a hydrolyzable group and a hydroxy group,

Rx31 Rx32 Rx33 and Rx34 each independently represent a hydrogen atom or
an alkyl group having 1 to 4 carbon atoms,

when the number of R¥31s is plural, the plurality of R*31s may be different
from each other,

when the number of R¥32g is plural, the plurality of R*32g may be different
from each other,

when the number of Rx33g is plural, the plurality of R*33s may be different
from each other,

when the number of Rx34s is plural, the plurality of R*34s may be different
from each other,

Rfx31 Rfx32 Rfx33 and Rf*3* each independently represent a fluorine atom, or
an alkyl group having 1 to 20 carbon atoms in which one or more hydrogen atom is

substituted by a fluorine atom,
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when the number of Rf*31g ig plural, the plurality of Rf*31s may be different
from each other,

when the number of Rf*32g ig plural, the plurality of Rf*32g may be different
from each other,

when the number of Rf*33g ig plural, the plurality of Rf*33s may be different
from each other,

when the number of Rf*34g is plural, the plurality of Rf*34s may be different
from each other,

Y31 represents -NH-, -N(CHs)-, or -O-,

when the number of Y31s is plural, the plurality of Y31s may be different
from each other,

X31 X382, X33 and X34 each independently represent -OR¢ (R¢ represents a
hydrogen atom, an alkyl group having 1 to 4 carbon atoms, or an aminoCi-zalkyl
diCi-salkoxysilyl group),

when the number of X31s is plural, the plurality of X31s may be different
from each other,

when the number of X32g is plural, the plurality of X32s may be different
from each other,

when the number of X33g is plural, the plurality of X33s may be different
from each other,

when the number of X34g is plural, the plurality of X34s may be different
from each other,

p31 represents an integer of 0 to 20,

p32, p33, and p34 each independently represent an integer of 0 to 10,

p35 represents an integer of 0 to 5,

p36 represents an integer of 1 to 10,

p37 represents O or 1, and

-{C(R*31)(R*32)}- whose number is p31; -{C(Rfx31)(Rfx32)}- whose number is

p32; -{Si(Rx33)(Rx34)}- whose number is p33; -{Si(Rfx33)(Rf*34)}- whose number is p34; -
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Y31- whose number is p35; -{Si(X31)(X32)-0}- whose number is p36; and -
{Si(X33)(X34)}- whose number is p37 are aligned and bound in any order, as long as a
condition that at least one of Z3! and Z32 represents an amino group or at least one
of Y31s represents -NH- or -N(CHs)- is satisfied, ends are Z3!- and Z32-, and -O- does

not link to -O-.

[Claim 7]

The laminate according to any one of claims 1 to 6, wherein the
organosilicon compound (A) is a compound represented by the following formula
(a3) or (a4), and the organosilicon compound (C) is a compound represented by the
following formula (c1-2) or (c2-2),

[Chemical Formula 6]

R®—O—RYOF—RZ}—RBY—H - - - (a3)
\ /1 2 | 'na

Si(OR>);

in the formula (a3),

R30 represents a perfluoroalkyl group having 2 to 6 carbon atoms,

R3! and R32 each independently represent a perfluoroalkylene group having
2 to 6 carbon atoms,

R33 represents a trivalent saturated hydrocarbon group having 2 to 6 carbon
atoms, and

R34 represents an alkyl group having 1 to 3 carbon atoms,
[Chemical Formula 7]

L
R‘*O—oﬂCR‘“oﬁ—J R@)Rz 0 ( R“}ks SIR*SI(OR*);,

e oom (34)
in the formula (a4),

R40 represents a perfluoroalkyl group having 2 to 5 carbon atoms,
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R4 represents a perfluoroalkylene group having 2 to 5 carbon atoms,

R4 represents a fluoroalkylene group in which a part of hydrogen atoms of
an alkylene group having 2 to 5 carbon atoms is substituted by fluorine,

R4 and R** each independently represent an alkylene group having 2 to 5
carbon atoms,

R45 represents a methyl group or an ethyl group, and

k1, k2, and k3 each independently represent an integer of 1 to 5,
[Chemical Formula 8]
Z‘i Z_Cqqumyf2wCrH2rmSi(x1 2)p(Rx‘¥6)3mp - (C 1-2 )

in the formula (c1-2),

X12 represents a hydrolyzable group,

when the number of X!2g is plural, the plurality of X12s may be different
from each other,

Y!2 represents -NH-,

712 represents an amino group or a mercapto group,

Rx16 represents an alkyl group having 1 to 20 carbon atoms,

when the number of Rx16s is plural, the plurality of R*16s may be different
from each other,

p represents an integer of 1 to 3,

q represents an integer of 2 to 5, and

r represents an integer of 0 to 5,
[Chemical Formula 9]
(R)3 505X)058i— CyHow—Si(X?) s (R¥ )3 004 (62-2)

in the formula (c2-2),

X22 and X2 each independently represent a hydrolyzable group,

when the numbers of X22g and X23g are plural, the plurality of X22s and the
plurality of X23s may be different from each other,

Rx24 and R*?5 each independently represent an alkyl group having 1 to 20

carbon atoms,
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when the numbers of Rx24g and Rx*25g are plural, the plurality of R*24s and
the plurality of Rx25s may be different from each other,

at least one methylene group in a part of -CwHaw- is replaced by an amine
skeleton -NR100-,

R100 represents a hydrogen atom or an alkyl group,

w represents an integer of 1 to 30 (excluding the number of methylene group
replaced by the amine skeleton), and

p24 and p25 each independently represent an integer of 1 to 3.

[Claim 8]

The laminate according to any one of claims 1 to 7, wherein a property
measured on a surface on the water-repellent layer side further satisfies at least
one of the following requirements (1°) and (3),

(1) a water contact angle after the abrasion resistance test is not less than
90°, and

(8) an initial water sliding angle is not larger than 21°.

[Claim 9]

The laminate according to any one of claims 1 to 8, wherein the property
measured on the surface on the water-repellent layer side further satisfies the
following requirement (4),

(4) a coefficient of kinetic friction after the abrasion resistance test is not

larger than 0.40.

[Claim 10]

The laminate according to any one of claims 1 to 9, wherein an F amount is
not less than 5 atom % and an N amount is not less than 0.15 atom % on a surface
of the laminate on the water-repellent layer (r) side in XPS measurement of the

surface.
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[Claim 11]

The laminate according to any one of claims 1 to 10, wherein a ratio
(absolute value of Sa(c)/absolute value of Sa(s)) of an absolute value of an arithmetic
average height Sa(c) of the intermediate layer (c) before the water-repellent layer (r)
is laminated, relative to an absolute value of an arithmetic average height Sa(s) of

the substrate (s) before the intermediate layer (c) is laminated, is less than 100%.

[Claim 12]
The laminate according to any one of claims 1 to 11, wherein the substrate

(s) is a glass layer or a resin layer on which the anti-reflection layer is formed.

[Claim 18]
A spectacle lens comprising the laminate according to any one of claims 1 to

12.

[Claim 14]

A production method for producing a laminate comprising a substrate (s)
having an anti-reflection layer, an intermediate layer (c) placed on the anti-
reflection layer side of the substrate, and a water-repellent layer (r), in this order,
the production method comprising

applying a mixture composition (cc) of an organosilicon compound (C)
represented by any of the following formulas (c1) to (c3) to an anti-reflection layer
surface of the substrate (s) having the anti-reflection layer,

applying a mixture composition (ca) of an organosilicon compound (A)
represented by the following formula (al) to the surface to which the mixture
composition (cc) has been applied, and

curing the mixture composition (cc) and the mixture composition (ca), to

form the intermediate layer (c) from an applied layer of the mixture composition
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(cc), and form the water-repellent layer (r) from an applied layer of the mixture
composition (ca),

[Chemical Formula 10]

Rx11 foﬂ Rx13 fo‘l3
R F oy ] "
2" C—t {fc {-si %ss%- A=Y S pe(R )06
J("g pt ﬁ-%z | ;prs e s ” ’
RK12 Rf)(12 Rx14 fo‘l‘i

in the formula (c1),

Rx11) Rx12 Rx13 and Rx!4 each independently represent a hydrogen atom or
an alkyl group having 1 to 4 carbon atoms,

when the number of Rx!ls is plural, the plurality of R*1ls may be different
from each other,

when the number of Rx!2g is plural, the plurality of Rx12s may be different
from each other,

when the number of Rx13g is plural, the plurality of R*13s may be different
from each other,

when the number of Rx!s is plural, the plurality of R*14s may be different
from each other,

Rfx11 Rfx12 Rfx13 and Rfx!4 each independently represent a fluorine atom, or
an alkyl group having 1 to 20 carbon atoms in which one or more hydrogen atom is
substituted by a fluorine atom,

when the number of Rf*1lg is plural, the plurality of Rf*1ls may be different
from each other,

when the number of Rf*12g is plural, the plurality of Rf*12g s may be different
from each other,

when the number of Rf*13g is plural, the plurality of Rf*13s may be different
from each other,

when the number of Rf*14g is plural, the plurality of Rf*14s may be different

from each other,
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Rx15 represents an alkyl group having 1 to 20 carbon atoms,

when the number of Rx!5g is plural, the plurality of Rx15s may be different
from each other,

X1l represents a hydrolyzable group,

when the number of X!1g is plural, the plurality of X11s may be different
from each other,

Y11 represents -NH- or -S-,

when the number of Ylls is plural, the plurality of Ylls may be different
from each other,

Z11 represents a vinyl group, an a-methylvinyl group, a styryl group, a
methacryloyl group, an acryloyl group, an amino group, an isocyanate group, an
isocyanurate group, an epoxy group, a ureido group, or a mercapto group,

p1l represents an integer of 1 to 20,

p2, p3, and p4 each independently represent an integer of 0 to 10,

p5 represents an integer of 1 to 10,

p6 represents an integer of 1 to 3,

when Z11 does not represent an amino group, at least one of Ylls represents -
NH-,

when all of Y!ls represent -S-, Z1! represents an amino group, and

Z11-; -Si(X 1) ps(Rx18)3-p65 -{C(Rx11)(Rx12)}-, whose number is p1; -
{CREI)(RFX12)}- whose number is p2; -{Si(Rx13)(Rx14)}- whose number is p3; -
{Si(Rfx13)(Rfx14)}- whose number is p4; and -Y'!- whose number is p5 are aligned and
bound in any order as long as Z!- and -Si(X1),6(Rx15)3-p are located at ends and -O-
does not link to -O-,

[Chemical Formula 11]

%20 REX20
(R%)3 pa3(X* 1 )ppaSi— ( {i3 }f ( C ) —SiX*0) 2R )5 000 (€2)
£20 p21
RX21 REX21
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in the formula (c2),

Rx20 and Rx2! each independently represent a hydrogen atom or an alkyl
group having 1 to 4 carbon atoms,

when the number of Rx20g is plural, the plurality of R*20s may be different
from each other,

when the number of Rx2lg is plural, the plurality of Rx21s may be different
from each other,

Rfx20 and Rfx2! each independently represent a fluorine atom, or an alkyl
group having 1 to 20 carbon atoms in which one or more hydrogen atom is
substituted by a fluorine atom,

when the number of Rf*20g is plural, the plurality of Rf*20s may be different
from each other,

when the number of Rfx2lg ig plural, the plurality of Rf*2ls may be different
from each other,

Rx22 agnd R*23 each independently represent an alkyl group having 1 to 20
carbon atoms,

when the numbers of Rx22g and Rx23g are plural, the plurality of R*22g and
the plurality of Rx23s may be different from each other,

X20 and X2! each independently represent a hydrolyzable group,

when the numbers of X20g and X21g are plural, the plurality of X20g and the
plurality of X21s may be different from each other,

p20 represents an integer of 1 to 30,

p21 represents an integer of 0 to 30,

at least one of repeating units bracketed with p20 or p21 is replaced by an
amine skeleton -NR100-.

R0 in the amine skeleton represents a hydrogen atom or an alkyl group,

p22 and p23 each independently represent an integer of 1 to 3, and
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-{C(R*20)(R*21)}- whose number is p20 and -{C(Rf=20)(Rfx21)}- whose number is
p21 are aligned and bound in any order, p20 or p21 units may not necessarily be
continuous, and both ends are -Si(X20)p22(Rx22)3-522 and -Si(X21),23(R*23)3-pa3,

[Chemical Formula 12]

Rxfﬂ fo31 R)@a RfXSS
Z?ﬁw ......... C'}' _h(:j_ {M A,>, ‘{"SI (Y31 ......... SI""““ .}. ‘681 .............. 732
T‘ p31 ‘ p32 /p33 pad pSSWT P36 937
%32 Rx32 Rx:M fx34

- {c3)

in the formula (c3),

73! and Z32 each independently represent a reactive functional group other
than a hydrolyzable group and a hydroxy group,

Rx31 Rx32 Rx33 and Rx34 each independently represent a hydrogen atom or
an alkyl group having 1 to 4 carbon atoms,

when the number of Rx31s is plural, the plurality of R*31s may be different
from each other,

when the number of R¥32g is plural, the plurality of R*32g may be different
from each other,

when the number of Rx33g is plural, the plurality of R*33s may be different
from each other,

when the number of Rx34s is plural, the plurality of R*34s may be different
from each other,

Rfx31 Rfx32 Rfx33 and Rf*3* each independently represent a fluorine atom, or
an alkyl group having 1 to 20 carbon atoms in which one or more hydrogen atom is
substituted by a fluorine atom,

when the number of Rf*31g ig plural, the plurality of Rf*31s may be different
from each other,

when the number of Rf*32g ig plural, the plurality of Rf*32g may be different

from each other,
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when the number of Rf*33g ig plural, the plurality of Rf®33g may be different
from each other,

when the number of Rf*34g ig plural, the plurality of Rf*34s may be different
from each other,

Y31 represents -NH-, -N(CHs)- or -O-,

when the number of Y31s is plural, the plurality of Y31s may be different
from each other,

X31 X382, X33 and X34 each independently represent -OR¢ (R¢ represents a
hydrogen atom, an alkyl group having 1 to 4 carbon atoms, or an aminoCi-zalkyl
diCi-salkoxysilyl group),

when the number of X31s is plural, the plurality of X31s may be different
from each other,

when the number of X32g is plural, the plurality of X32s may be different
from each other,

when the number of X33g is plural, the plurality of X33s may be different
from each other,

when the number of X34s is plural, the plurality of X34s may be different
from each other,

p31 represents an integer of 0 to 20,

p32, p33, and p34 each independently represent an integer of 0 to 10,

p35 represents an integer of 0 to 5,

p36 represents an integer of 1 to 10,

p37 represents O or 1, and

-{C(Rx31)(R*32)}- whose number is p31; -{C(Rf*31)(Rf*32)}- whose number is
p32; -{Si(Rx33)(Rx34)}- whose number is p33; -{Si(Rfx33)(Rf*34)}- whose number is p34; -
Y31- whose number is p35; -{Si(X31)(X32)-0}- whose number is p36; and -

{Si(X33)(X34)}- whose number is p37 are aligned and bound in any order, as

long as a condition that at least one of Z31 and Z32 represents an amino group or at
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least one of Y31s represents -NH- or -N(CHs)- is satisfied, ends are Z31- and Z32-, and
-O- does not link to -O-.
[Chemical Formula 13]

E* E E?
S.Lfi Ha W o) (2! al Lt {{ﬁz | Vo Ha | ,L ;—31
ES b GG G A LRI L G -G C &
i a6 als al4 atd  atl al2 al3 )
L a2 N ) 11
CHs ChH CHo
Az a2 ‘“T”azz
Sitd?)es(R™ )33 Si(dea(R)z.e0

SidNer(R g0

-+ fal)

in the formula (al),

Rf21 represents a divalent perfluoropolyether structure in which both ends
are oxygen atoms,

R, R12) and R!3 each independently represent an alkyl group having 1 to 20
carbon atoms,

when the number of Rlls is plural, the plurality of R!ls may be different
from each other,

when the number of R!Zs is plural, the plurality of R!2s may be different
from each other,

when the number of R13s is plural, the plurality of R3s may be different
from each other,

EL, E2, E3, E4 and E5 each independently represent a hydrogen atom or a
fluorine atom,

when the number of Els is plural, the plurality of Els may be different from
each other,

when the number of E2s is plural, the plurality of E2s may be different from
each other,

when the number of E3s is plural, the plurality of E3s may be different from

each other,
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when the number of E4s is plural, the plurality of E4s may be different from
each other,

Gt and G2 each independently represent a 2 to 10 valent organosiloxane
group having a siloxane bond,

J1, J2, and J3 each independently represent a hydrolyzable group or -(CHg)es"
Si(OR14)s,

€6 represents 1 to 5,

R4 represents a methyl group or an ethyl group,

when the number of J1s is plural, the plurality of J1s may be different from
each other,

when the number of J2s is plural, the plurality of J2s may be different from
each other,

when the number of J3s is plural, the plurality of J3s may be different from
each other,

L1 and L2 each independently represent a divalent linking group that has 1
to 12 carbon atoms and may contain an oxygen atom, a nitrogen atom, or a fluorine
atom,

when the number of Ils is plural, the plurality of Li's may be different from
each other,

when the number of 1.2s is plural, the plurality of L2s may be different from
each other,

d11 represents 1to 9,

d12 represents O to 9,

al0 and al4 each independently represent O to 10,

all and al5 each independently represent O or 1,

al2 and al6 each independently represent O to 9,

al3 represents O or 1,

a21, a22, and a23 each independently represent 0 to 2, and

el, e2, and e3 each independently represent 1 to 3.
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[Claim 15]

A production method for producing a laminate comprising a substrate (s)
having an anti-reflection layer, an intermediate layer (c) placed on the anti-
reflection layer side of the substrate, and a water-repellent layer (r) in this order,
the production method comprising:

vapor-depositing an organosilicon compound (C) represented by any of the
following formulas (c1) to (c3) on an anti-reflection layer surface of the substrate (s)
having the anti-reflection layer to form the intermediate layer (c), and

applying and curing a mixture composition (ca) of an organosilicon
compound (A) represented by the following formula (al) onto the intermediate layer
(c) to form the water-repellent layer (r) from an applied layer of the mixture
composition (ca),

[Chemical Formula 14]

R"“ fXﬂ Rx13 fx13
Zh— {-C"} LSa% %S ML ""#MY””}M —SiX M ypa(R* 1) 06
RX‘?Q fofz RK14 Rfﬁ("‘i

+ {c1)

in the formula (c1),

Rx11 Rx12 Rx13 and Rx!4 each independently represent a hydrogen atom or
an alkyl group having 1 to 4 carbon atoms,

when the number of Rx!ls is plural, the plurality of R*1ls may be different
from each other,

when the number of Rx!2g is plural, the plurality of R*12s may be different
from each other,

when the number of Rx13g is plural, the plurality of R*13s may be different
from each other,

when the number of Rx!s is plural, the plurality of R*14s may be different

from each other,
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Rfx11 Rfx12 Rfx13 and Rfx!4 each independently represent a fluorine atom, or
an alkyl group having 1 to 20 carbon atoms in which one or more hydrogen atom is
substituted by a fluorine atom,

when the number of Rf*1lg is plural, the plurality of Rf*1ls may be different
from each other,

when the number of Rf*12g is plural, the plurality of Rfx12g s may be different
from each other,

when the number of Rf*13g is plural, the plurality of Rf*13s may be different
from each other,

when the number of Rfx14g is plural, the plurality of Rfxl4s may be different
from each other,

Rx15 represents an alkyl group having 1 to 20 carbon atoms,

when the number of Rx!5g is plural, the plurality of Rx15s may be different
from each other,

X1l represents a hydrolyzable group,

when the number of X!1s is plural, the plurality of X11s may be different
from each other,

Y11 represents -NH- or -S-,

when the number of Y'ls is plural, the plurality of Y1ls may be different
from each other,

Z11 represents a vinyl group, an a-methylvinyl group, a styryl group, a
methacryloyl group, an acryloyl group, an amino group, an isocyanate group, an
isocyanurate group, an epoxy group, a ureido group, or a mercapto group,

p1l represents an integer of 1 to 20,

p2, p3, and p4 each independently represent an integer of 0 to 10,

p5 represents an integer of 1 to 10,

p6 represents an integer of 1 to 3,

when Z11 does not represent an amino group, at least one of Ylls represents -

NH-,
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when all of Y!ls represent -S-, Z1! represents an amino group, and

Z11-; -Si(X1)ps(Rx15)3-p65 -{C(Rx11)(Rx12)}-, whose number is p1; -
{C(RE1)(Rf12)}- whose number is p2; -{Si(Rx18)(Rx14)}- whose number is p3; -
{Si(Rf<13)(Rfx14)}- whose number is p4; and -Y'1- whose number is p5 are aligned and
bound in any order as long as Z!1- and -Si(X11),s(Rx15)3.46 are located at ends and -O-
does not link to -O-,
[Chemical Formula 15]

F;)QO F;f)@(}
(R34 003 (XF psSI— “(‘?%‘pz{) ‘P?‘)’l;j —Si(X?)y0o(R*%)y 0 (62)
RX21 RP<21

in the formula (c2),

Rx20 and R*?! each independently represent a hydrogen atom or an alkyl
group having 1 to 4 carbon atoms,

when the number of Rx20g is plural, the plurality of R*20s may be different
from each other,

when the number of R¥2lg is plural, the plurality of R*21s may be different
from each other,

Rfx20 and Rfx2! each independently represent a fluorine atom, or an alkyl
group having 1 to 20 carbon atoms in which one or more hydrogen atom is
substituted by a fluorine atom,

when the number of Rf*20g ig plural, the plurality of Rf*20s may be different
from each other,

when the number of Rf*2lg ig plural, the plurality of Rf*21s may be different
from each other,

Rx22 agnd R*23 each independently represent an alkyl group having 1 to 20
carbon atoms,

when the numbers of Rx22g and Rx23g are plural, the plurality of R*22g and
the plurality of Rx23s may be different from each other,

X20 and X2! each independently represent a hydrolyzable group,
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when the numbers of X20g and X21g are plural, the plurality of X20g and the
plurality of X21s may be different from each other,

p20 represents an integer of 1 to 30,

p21 represents an integer of 0 to 30,

at least one of repeating units bracketed with p20 or p21 is replaced by an
amine skeleton -NR100-,

R190 in the amine skeleton represents a hydrogen atom or an alkyl group,

p22 and p23 each independently represent an integer of 1 to 3, and

-{C(Rx20)(Rx21)}- whose number is p20 and -{C(Rfx20)(Rfx21)}- whose number is
p21 are aligned and bound in any order, p20 or p21 units may not necessarily be
continuous, and both ends are -Si(X20)p22(R¥22)3-522 and -Si(X21),23(R*23)3-pas,

[Chemical Formula 16]

Rx31 fo31 Rx33 fo33
73 C‘} C {—S ‘{fsi ( Y31 Sim .}. %8% z32
TW p31 1_ ‘ p32 5}33 'p34 pSST 36 93?
;:Qx'j?: fo32 Rx34 F\)fx%

- {63}

in the formula (c3),

73! and Z32 each independently represent a reactive functional group other
than a hydrolyzable group and a hydroxy group,

Rx31 Rx32 Rx33 and Rx34 each independently represent a hydrogen atom or
an alkyl group having 1 to 4 carbon atoms,

when the number of R¥31s is plural, the plurality of R*31s may be different
from each other,

when the number of Rx32g is plural, the plurality of R*32g may be different
from each other,

when the number of Rx33g is plural, the plurality of R*33s may be different
from each other,

when the number of Rx34s is plural, the plurality of R*34s may be different

from each other,
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Rfx31 Rfx32 Rfx33 and Rf*3* each independently represent a fluorine atom, or
an alkyl group having 1 to 20 carbon atoms in which one or more hydrogen atom is
substituted by a fluorine atom,

when the number of Rf*31g ig plural, the plurality of Rf*31s may be different
from each other,

when the number of Rf*32g ig plural, the plurality of Rf*32g may be different
from each other,

when the number of Rf*33g ig plural, the plurality of Rf*33s may be different
from each other,

when the number of Rf*34g is plural, the plurality of Rf*34s may be different
from each other,

Y31 represents -NH-, -N(CHs)-, or -O-,

when the number of Y3ls is plural, the plurality of Y3ls may be different
from each other,

X31 X382, X33 and X34 each independently represent -OR¢ (R¢ represents a
hydrogen atom, an alkyl group having 1 to 4 carbon atoms, or an aminoCi-zalkyl
diCi-salkoxysilyl group),

when the number of X31s is plural, the plurality of X31s may be different
from each other,

when the number of X32g is plural, the plurality of X32s may be different
from each other,

when the number of X33g is plural, the plurality of X33s may be different
from each other,

when the number of X34g is plural, the plurality of X34s may be different
from each other,

p31 represents an integer of 0 to 20,

p32, p33, and p34 each independently represent an integer of 0 to 10,

p35 represents an integer of 0 to 5,

p36 represents an integer of 1 to 10,
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p37 represents O or 1, and

-{C(Rx31)(R*32)}- whose number is p31; -{C(Rfx31)(Rfx32)}- whose number is
p32; -{Si(Rx33)(Rx34)}- whose number is p33; -{Si(Rfx33)(Rf*34)}- whose number is p34; -
Y31- whose number is p35; -{Si(X31)(X32)-0}- whose number is p36; and -
{Si(X33)(X34)}- whose number is p37 are aligned and bound in any order, as long as a
condition that at least one of Z3! and Z32 represents an amino group or at least one
of Y31s represents -NH- or -N(CHj)- is satisfied, ends are Z3!- and Z32-, and -O- does
not link to -O-.
[Chemical Formula 17]

E* E E?
sﬁif%] Ha l 2 (2 at_ (A0 { el {.’ He | v Hzx ,L 531
ES -GG et R g (Co e o
E\ aig als al4 at0  att a3
- @12 L
CH; CHZ CHg
a3 TT a2 T 222
Si(7)e3(R™)se3 Si(UZea(R )y o0

STTAA (- L P

+ o« (al)
in the formula (al),

Rf21 represents a divalent perfluoropolyether structure in which both ends
are oxygen atoms,

R, R12, and R!3 each independently represent an alkyl group having 1 to 20
carbon atoms,

when the number of Rlls is plural, the plurality of R!ls may be different
from each other,

when the number of R!Zs is plural, the plurality of R!2s may be different
from each other,

when the number of R13s is plural, the plurality of R3s may be different
from each other,

EL, E2, E3, E4 and E5 each independently represent a hydrogen atom or a

fluorine atom,
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when the number of Els is plural, the plurality of Els may be different from
each other,

when the number of E2s is plural, the plurality of E2s may be different from
each other,

when the number of E3s is plural, the plurality of E3s may be different from
each other,

when the number of E4s is plural, the plurality of E4s may be different from
each other,

Gt and G2 each independently represent a 2 to 10 valent organosiloxane
group having a siloxane bond,

J1, J2, and J3 each independently represent a hydrolyzable group or -(CHg)es"
Si(OR1)s,

€6 represents 1 to 5,

R4 represents a methyl group or an ethyl group,

when the number of J1s is plural, the plurality of J1s may be different from
each other,

when the number of J2s is plural, the plurality of J2s may be different from
each other,

when the number of J3s is plural, the plurality of J3s may be different from
each other,

L! and L2 each independently represent a divalent linking group that has 1
to 12 carbon atoms and may contain an oxygen atom, a nitrogen atom, or a fluorine
atom,

when the number of Ils is plural, the plurality of Li's may be different from
each other,

when the number of 1.2s is plural, the plurality of L2s may be different from
each other,

d11 represents 1to 9,

d12 represents O to 9,
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al0 and al4 each independently represent O to 10,

all and al5 each independently represent O or 1,

al2 and al6 each independently represent O to 9,

al3 represents O or 1,

a21, a22, and a23 each independently represent 0 to 2, and

el, e2, and e3 each independently represent 1 to 3.

[Claim 16] The production method for producing the laminate according to
claim 14 or 15, comprising

subjecting the anti-reflection layer of the substrate (s) to hydrophilization
treatment before the mixture composition (cc) is applied or before the organosilicon
compound (C) is vapor-deposited, and

applying the mixture composition (cc) to or vapor-depositing the
organosilicon compound (C) on a surface subjected to the hydrophilization

treatment.
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