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Description
Technical Field

[0001] The presentinvention relates to a mixed composition capable of forming a film having a liquid-repellent property
on various base materials, a film obtained by curing the mixed composition, and glass having the film.

Background Art

[0002] Various vehicles, houses, building equipment and the like may have a problem such as deterioration of visibility
and a poor appearance due to contamination of a surface of a windowpane. Thus, a surface of a base material such as
glass is required to have a good liquid-repellent property. In particular, not only prevention of deposition of liquid droplets
on a surface of a base material but also easy removal of deposited liquid droplets is required. As a film capable of
improving a liquid-repellent property when formed on a surface of a base material, Patent Literature 1 discloses a
transparent film comprising a polysiloxane backbone, and a trialkylsilyl group-containing molecular chain bonded to
some of silicon atoms forming the polysiloxane backbone.

Citation List
Patent Literature
[0003] Patent Literature 1: International Publication No. WO 2016/068138
Summary of Invention
Technical Problem
[0004] An object of the present invention is to provide a mixed composition which is capable of forming a film excellent
in liquid-repellent property (water-repellent property in particular) and furthermore which is excellent in storage stability
and is capable of forming a film excellent in liquid-repellent property (water-repellent property in particular) even if stored
for a long period of time and then formed into a film. Another object of the present invention is to provide a film obtained
by curing the mixed composition, and glass having the film.
Solution to Problem
[0005] The present invention is as follows.
[11 A mixed composition of a compound (A1) represented by the following formula (a1), an organosilicon compound
(B) represented by the following formula (b1), and a solvent (E), wherein the solvent (E) comprises a compound

(E1) satisfying a Hansen solubility parameter of 18 (J/cm3)12 or more and 23.5 (J/cm3)'/2 or less and a hydrogen
bonding term (5H) of the Hansen solubility parameter, of 5.5 (J/cm3)!/2 or more.

[Formula 1]

at
(A% )r1 (a1)

|
(2813 —Si—R?"

wherein A21 represents a hydroxy group or a hydrolyzable group, a plurality of A21s, when present, are optionally
different from each other, Z21 represents a hydrocarbon group, a trialkylsilyl group-containing molecular chain
or a siloxane backbone-containing group, a plurality of Za's, when present, are optionally different from each
other, and r1 represents an integer of 1 to 3; and

Ra' represents a group represented by the following formula (a11):
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[Formula 2]
all
A );‘2

“ZS1‘€SI O),YSLMS! (Ra11)3 . (31 1)

wherein Rs2s each independently represent an alkyl group having 1 to 4 carbon atoms;

Rall represents a hydrocarbon group or a trialkylsilyloxy group, hydrogen atoms in the hydrocarbon group or
the trialkylsilyloxy group are optionally replaced by fluorine atoms, and a plurality of Ra1's, when present, are
optionally different from each other;

A2 represents a hydroxy group or a hydrolyzable group, and a plurality of A211s, when present, are optionally
different from each other;

Zs1 represents -O- or a divalent hydrocarbon group, and -CH,- in the divalent hydrocarbon group is optionally
replaced by -O-;

Ys1 represents a singly bond or -Si(Rs2),-Ls1-, Ls1 represents a divalent hydrocarbon group, and -CH,- in the
divalent hydrocarbon group is optionally replaced by -O-;

r2 represents an integer of 0 to 3;

r10 represents an integer of 1 or more; and

* represents a bond,

Si(RP1)p20(XP1)4-p20 (b1)

wherein RP1 represents a hydrocarbon group having 1 to 5 carbon atoms, Xb1 represents a hydrolyzable group,
and b20 is 0 or 1, and

[2] The mixed composition according to [1], wherein the molar ratio [organosilicon compound (B)/compound (A1)]
of the organosilicon compound (B) to the compound (A1) is less than 10.

[3] The mixed composition according to [1] or [2], wherein an organosilicon compound (C) represented by the
following formula (c1) is mixed:

RC1-Si(XC1), (c1)

wherein R¢' represents a hydrocarbon group having 6 to 30 carbon atoms, and X¢! represents a hydrolyzable group.
[4] The mixed composition according to [3], wherein the mass ratio [compound (A1)/(organosilicon compound (B)
+ organosilicon compound (C))] of the compound (A1) to the total amount of the organosilicon compound (B) and
the organosilicon compound (C) is 0.060 or more.

[5] The mixed composition according to [3] or [4], wherein the mass ratio [compound (A1)/organosilicon compound
(C)] of the compound (A1) to the organosilicon compound (C) is 0.2 or more and 30 or less.

[6] The mixed composition according to any one of [1] to [5], wherein the compound (E1) satisfies a ratio (5P/5H)
of the polar term (3P) to the hydrogen bonding term (5H) of the Hansen solubility parameter, of 0.70 or more and
1.70 or less.

[7] The mixed composition according to any one of [1] to [6], wherein the solvent (E) comprises 5 mass% or more
and 100 mass% or less of the compound (E1).

[8] The mixed composition according to any one of [1] to [7], wherein the solvent (E) satisfies a ratio (6P/6H) of the
polarterm (3P) to the hydrogen bonding term (H) of the Hansen solubility parameter, of 0.57 or more and 1.55 or less.
[9] The mixed composition according to any one of [1] to [8], wherein the compound (A1) is a compound represented
by the following formula (a1-1):
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[Formula 3]

Ra13
(A21) -SI—ZS‘{Sl— YS*-SI—RQ*S (a1-1)
FQSZ 10 F2a13

wherein A21, 7s1 Rs2 Ys1 andr10 have the same meanings as described above, R213s each independently represent
a hydrocarbon group or a trialkylsilyloxy group, and hydrogen atoms in the hydrocarbon group or the trialkylsilyloxy
group are optionally replaced by fluorine atoms.

[10] The mixed composition according to [9], wherein R213s each independently represent an alkyl group having 1
to 4 carbon atoms.

[11] The mixed composition according to any one of [1] to [10], wherein water (D) is mixed, and when the total
amount of the mixed composition is 100 mass%, the amount of the water (D) is less than 20 mass%.

[12] The mixed composition according to any one of [1] to [11], wherein a weak acid (G) having a pKa of 1 or more
and 5 or less is mixed.

[13] A film obtained by curing the mixed composition according to any one of [1] to [12].

[14] Glass having the film according to [13] on at least one surface thereof.

[0006] Where a range of the amount, the molar ratio or the mass ratio of each component is described herein, the
range can be adjusted during preparation of the mixed composition.

Advantageous Effect of Invention

[0007] By using the mixed composition of the present invention, a film excellent in liquid-repellent property (water-
repellent property in particular) can be provided. The mixed composition of the present invention is excellent in storage
stability, and thus a film excellent in liquid-repellent property (water-repellent property in particular) can be provided even
by using the mixed composition stored for a long period of time.

Description of Embodiments

[0008] The mixed composition of the present invention is a mixed composition of a compound (A1) represented by
formula (a1), an organosilicon compound (B) represented by formula (b1), and a solvent (E). The solvent (E) comprises
a compound (E1) satisfying a Hansen solubility parameter of 18 (J/cm3)1/2 or more and 23.5 (J/cm3)1/2 or less and a
hydrogen bonding term (8H) of the Hansen solubility parameter, of 5.5 (J/cm3)1/2 or more. By using the mixed composition,
the liquid-repellent property (water-repellent property in particular), in particular, the slip drop property of the liquid droplet
in the film (slip drop property of water droplet in particular) is significantly enhanced, so that deposition of a very small
liquid droplet can be suppressed. The mixed composition is excellent in storage stability, and thus, even when the mixed
composition stored for a long period of time is used, a film excellent in liquid-repellent property (water-repellent property
in particular), in particular, slip drop property of the liquid droplet (slip drop property of water droplet in particular) can
be provided.

[0009] Hereinafter, the components will be described.

[Compound (A1)]

[0010] In the mixed composition of the present invention, the compound (A1) represented by the following formula
(a1) is mixed.
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[Formula 4]

(/i\m )r1
(Z%")3.r—Si—R™"

[0011] Informula (a1), A2! represents a hydroxy group or a hydrolyzable group, a plurality of A2ls, when present, are
optionally different from each other, Z21 represents a hydrocarbon group, a trialkylsilyl group-containing molecular chain,
or a siloxane backbone-containing group, a plurality of Za1s, when present, are optionally different from each other, r1
represents an integer of 1 to 3, and R2" represents a group represented by the following formula (a11).

(a1)

[Formula 5]

Aaﬁ)

m-z“{—s. 07\Y31--Sz (RT3 0
RSZ

[0012] Informula(a11), R2s each independently represent an alkyl group having 1 to 4 carbon atoms, Ra211 represents
a hydrocarbon group or a trialkylsilyloxy group, hydrogen atoms in the hydrocarbon group or the trialkylsilyloxy group
are optionally replaced by fluorine atoms, a plurality of Ra11s, when present, are optionally different from each other,
A211 represents a hydroxy group or a hydrolyzable group, a plurality of A211s, when present, are optionally different from
each other, Z8! represents -O- or a divalent hydrocarbon group, -CH- in the divalent hydrocarbon group is optionally
replaced by -O-, Ys! represents a single bond or -Si(Rs2) ,-Ls1-, Ls! represents a divalent hydrocarbon group, -CH,- in
the divalent hydrocarbon group is optionally replaced by -O-, r2 represents an integer of 0 to 3, r10 represents an integer
of 1 or more, and * represents a bond.

[0013] By mixing the compound (A1) with the mixed composition, the liquid-repellent property (water-repellent property
in particular), in particular, the slip drop property of the liquid droplet in the film (slip drop property of water droplet in
particular) is improved.

[0014] First, the moiety represented by the following formula (s2) (hereinafter, sometimes referred to as a molecular
chain (s2)) in the group represented by the above formula (a11) will be described.

(@11)

[Formula 6]

% ---ZSL{-S‘i---O YST—x  (82)
l 10

[0015] In the molecular chain (s2), the number of carbon atoms in the alkyl group represented by RS2 is preferably 1
to 4, more preferably 1 to 3, still more preferably 1 to 2. Examples of the alkyl group represented by RS2 include a methyl
group, an ethyl group, a propyl group, and a butyl group, and among them, a methyl group or an ethyl group is preferable,
with a methyl group being particularly preferable.

[0016] In the molecular chain (s2), r10 is preferably an integer of 1 to 100, more preferably an integer of 1 to 80, still
more preferably an integer of 1 to 60, particularly preferably an integer of 1 to 50, most preferably an integer of 1 to 30.
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[0017] Inthe molecular chain (s2), the number of carbon atoms in the divalent hydrocarbon group represented by Zs?
orLs1is preferably 1to 10, more preferably 1 to 6, still more preferably 1to 4. The divalent hydrocarbon group is preferably
chainlike, and may be linear or branched when the divalent hydrocarbon group is chainlike. The divalent hydrocarbon
group is preferably a divalent aliphatic hydrocarbon group, which is preferably an alkanediyl group. Examples of the
divalent hydrocarbon group include alkanediyl groups such as a methylene group, an ethylene group, a propylene group
and a butylene group. Further, some of -CH,-s in the divalent hydrocarbon group are optionally replaced by -O-. In this
case, both two consecutive -CH,-s are not replaced by -O-, and -CH,-adjacent to the Si atom is not replaced by -O-.
When two or more -CH,-s are replaced by -O-, the number of carbon atoms between -O- and -O- is preferably 2 to 4,
more preferably 2 or 3. As the group in which a part of the divalent hydrocarbon group is replaced by -O-, specifically,
groups having a (poly)ethylene glycol unit, groups having a (poly)propylene glycol unit, and the like can be exemplified.
[0018] In the molecular chain (s2), Zs1is preferably -O- or a divalent aliphatic hydrocarbon group, more preferably-O-.
[0019] In the molecular chain (s2), YS! is preferably a single bond.

[0020] Preferably, Zs!is -O- and Y$' is a single bond in the molecular chain (s2), i.e. the molecular chain (s2) consists
only of repeated dialkylsilyloxy groups.

[0021] Examples of the molecular chain (s2) include molecular chains represented by the following formulae. In the
formula, r21 represents an integer of 1 or more, and * represents a bond to a silicon atom. r21 is in the same numerical
range as that for r10 above, and the same applies to the preferred range.

[Formula 7]

Ci—l3

“ty 07\

cl:Hg CIDHs CHs (|7H3

o /H\f 0 ’H% ’H\E 0

/\e )\ ‘}\ rf*‘ T SII o7
3 3 3 CH3

[Formula 8]
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CHz  CHj

| o
*/\esli r218¥i//\\*

CH;  CH;

M?HS ?Ha
0
% 3 Sj by SE/\*

l
CH;  CH,

?Hs ?H
_0
*/\Esll ;2183'%\)2\*

CH;  CH,

*HCH%SI.*»

CH3 CH3

?Ha ?H
O
*/\GE\I" 2101\ 3%

CH;  CH,

*HCH%A./G\

CHs CH3

?Hs ?H

B T

*/\(\Sll 2191 /i
|

CH;  CH,4

*HCH%'.@\

CHs CH3

[0022] Next, moieties other than the molecular chain (s2) in the group represented by the above formula (a11) will be
described. In formula (a11), Ra8'! represents a hydrocarbon group or a trialkylsilyloxy group, and hydrogen atoms in the
hydrocarbon group or the trialkylsilyloxy group are optionally replaced by fluorine atoms. The number of the replacing

?H3 CI:H3
0
*mslt s N

CH;  CH,

/H\e i;s*,«@\

H Ci—i3

M?H%*«m

HS CH3

CH; CH
Sli r2€8f 3

CH;  CH,

MCHG’ T
¥ ! SI' 12191

CH;  CH,4

CH; CH
Aoy TR
* SI’ rzfst:i 4

CH3 CH3,

*HCH%S'.%\

CHs CH3
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fluorine atoms is preferably 1 or more, more preferably 3 or more, and preferably equal to or less than 2 X A + 1 where
A is the number of carbon atoms.

[0023] WhenRa'lis ahydrocarbon group, the number of carbon atoms in the group is preferably 1to 4, more preferably
1 to 3, still more preferably 1 or 2. When Ra11 is a hydrocarbon group, an aliphatic hydrocarbon group is preferable, and
an alkyl group is more preferable. Examples of the alkyl group include a methyl group, an ethyl group, a propy! group
and a butyl group.

[0024] When Ra11 s a trialkylsilyloxy group, the number of carbon atoms in the alkyl group forming the trialkylsilyloxy
group is preferably 1 to 4, more preferably 1 to 3, still more preferably 1 or 2. Examples of the alkyl group include a
methyl group, an ethyl group, a propyl group and a butyl group. The three alkyl groups forming the trialkylsilyloxy group
may be the same or different, and are preferably the same. The trialkylsilyloxy group means a group in which an oxygen
atom is bonded to a silicon atom of a trialkylsilyl group.

[0025] Informula (a11), A2 represents a hydroxy group or a hydrolyzable group. The hydrolyzable group may be a
group which gives a hydroxy group (silanol group) when hydrolyzed, and preferred examples thereof include alkoxy
groups having 1 to 4 carbon atoms, such as a methoxy group, an ethoxy group, a propoxy group and a butoxy group;
an acetoxy group; a chlorine atom; and an isocyanate group. A2!! is more preferably an alkoxy group having 1 to 4
carbon atoms, still more preferably an alkoxy group having 1 or 2 carbon atoms.

[0026] Ra!represented by the above formula (a11) is preferably a group represented by the following formula (a11-1)
or formula (a-11-2).

[Formula 9]

F'282 F}a13
«=Z84-Si—0—+Ys'-Si-R3"® (a11-1)
F!QSZ r10 éa13

[0027] Informula (a11-1), Z81, RS2, Ys1, and r10 have the same meanings as described above, R213s each independ-
ently represent a hydrocarbon group or a trialkylsilyloxy group, hydrogen atoms in the hydrocarbon group or the trialkyls-
ilyloxy group are optionally replaced by fluorine atoms, and * represents a bond to a silicon atom.

[Formula 10]

I.QSZ \ (’?\a12)y12
=0 §iw0/ Si ({32&”2)3'_y12 (a11-2)
RS2 /r10

[0028] Informula (a11-2), R$2and r10 have the same meanings as described above, A212 represents a hydroxy group
or a hydrolyzable group, a plurality of A212s, when present, are optionally different from each other, Ra12 represents a
hydrocarbon group, a plurality of Ra12s, when present, are optionally different from each other, y12 represents an integer
of 1 to 3, and * represents a bond to a silicon atom.

[0029] First, the group represented by formula (a11-1) will be described. Examples of the hydrocarbon group repre-
sented by R213 in formula (a11-1) include those similar to the hydrocarbon groups described for Ra2!'! above, and the
hydrocarbon group is preferably an alkyl group having 1 to 4 carbon atoms, more preferably an alkyl group having 1 to
3 carbon atoms, still more preferably an alkyl group having 1 or 2 carbon atoms. In particular, when all Ra13s are
hydrocarbon groups, Ra13 is preferably an alkyl group. The three Ra13s may be the same or different, and are preferably
the same. When all R213s are hydrocarbon groups, the total number of carbon atoms of the three R213s is preferably 9
or less, more preferably 6 or less, still more preferably 4 or less. Preferably at least one, more preferably at least two,
particularly preferably all of the three R213s are methyl groups.

[0030] Examples of the trialkylsilyloxy group represented by Ra13 in formula (a11-1) include those similar to the tri-
alkylsilyloxy groups described for Ra11 above, and the same applies to the preferred range. In formula (a11-1), at least
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one of the R213s may be a trialkylsilyloxy group, and it is also preferable that all of the R213s be trialkylsilyloxy groups.
[0031] The group represented by formula (a11-1) is more preferably a group of the following formula (s3-1), still more
preferably a group of the following formula (s3-1-1). It is also more preferable that the group represented by formula
(a11-2) be a group represented by the following formula (s3-2), still more preferably a group represented by the following
formula (s3-2-1).

[Formula 11]

3
R53 ?i'RSS
J

R82 I 33
E /

» =2~ Si—O5 VS —SHO0—SI—R™ (s3-1)
RS2 Rs3

s3

RSB FE-/RSB
|

'?Sz C|) >
/
A PI g SO o} 3 -
*—o—(-sla OF— SO—sIR® (3-1-1)
R52 (lj R

Si
A IN5s3
RS3 [|Q83RS

[0032] In formula (s3-1) and (s3-1-1), Z81, RS2, Ys1, and r10 have the same meanings as described above. Rs3 rep-
resents an alkyl group having 1 to 4 carbon atoms, and * represents a bond to a silicon atom.

[Formula 12]

RS2 RS3
« =75 s:,im-o A s§--R83 (s3-2)
RS2 RSS
RSZ ng
—o s:i-—o - s;’\;gss (s3-2-1)
RsZ

[0033] Informula (s3-2) and formula (s3-2-1), Z81, Rs2, Ys1 Rs3 and r10 have the same meanings as described above.
* represents a bond to a silicon atom.
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[0034] The number of carbon atoms in the alkyl group represented by RS3 is preferably 1 to 3, more preferably 1 or
2. In formulae (s3-1), (s3-1-1), (s3-2) and (s3-2-1), the total number of carbon atoms in RS3s in -Si(Rs3); is preferably 9
or less, more preferably 6 or less, still more preferably 4 or less. Further, preferably at least one, more preferably at least
two, particularly preferably all of the three RS3s in -Si(Rs3); are methyl groups.

[0035] Examples of the group represented by formula (a11-1) include groups represented by formula (s3-I). In formula
(s3-1), combinations of Zs10, Rs20, n10, Ys10 and Rs10 are preferably those shown in the tables below.

[Formula 13]

RS20 Rs10
I I
*--»zsm-éssmo Ys10—Sj-Rs° (83-1)
]|Q32O n10 F|QS1 0
[Table 1]
7s10 Rs20 n10 Ys10 Rs10

(s3-1-1) *.0-* CHs-* | 1~60 - (CH3),SiO-*
(s3-1-2) *.0-* CHs-* | 1~60 | *-Si(CHj3),-CH,-* | (CHj)sSiO-*
(s3-1-3) *.0-* CHs-* | 1~60 | *-Si(CH3)-(CHp)y-* | (CHs)sSiO-*
(s3-1-4) *0-* CHy-* | 1~60 | *-Si(CHg),-(CH,)s* | (CHs)sSiO-*
(s3-1-5) *0-* CHy-* | 1~60 | *-Si(CHg),-(CH,),~* | (CHs)sSiO-*
(s3-1-6) *.CHy* | CHs* | 1~60 - (CH3),SiO-*
(s3-1-7) *.CHy* | CHg* | 1~60 | *-Si(CH3),-CH,-* | (CHj3)3SiO-*
(s3-1-8) *.CHy* | CHg* | 1~60 | *-Si(CHg)y-(CHyp)y-* | (CH3)3SiO-*
(s3-1-9) *.CHy* | CHg* | 1~60 | *-Si(CHg),-(CHy)3-* | (CH3)3SiO-*
(s3-1-10) | *-CHy* | CHg-* | 1~60 | *-Si(CHg),-(CH,),-* | (CH3)3SiO-*
(s3-1-11) | *~(CHy),-* | CHs-* | 1~60 - (CH3)3SiO-*
(s3-1-12) | *-(CHy)-* | CHg-* | 1~60 | *-Si(CH3),-CHo-* | (CHj3)3SiO-*
(s3-1-13) | *-(CHy),-* | CHg-* | 1~60 | *-Si(CHg),-(CHy)y-* | (CH3)3SiO-*
(s3-1-14) | *~(CHy),-* | CHg-* | 1~60 | *-Si(CHg),-(CHy)s-* | (CH3)3SiO-*
(s3-1-15) | *-(CHy)-* | CHg-* | 1~60 | *-Si(CHg),-(CHo)s-* | (CH3)3SiO-*
(s3-1-16) | *~(CHy)s-* | CHs-* | 1~60 - (CH3)3SiO-*
(s3-1-17) | *<(CHy)s-* | CHg-* | 1~60 | *-Si(CH3),-CHy-* | (CH3)3SiO-*
(s3-1-18) | *-(CHy)s-* | CHg-* | 1~60 | *-Si(CHg)y-(CHy)y-* | (CH3)3SiO-*
(s3-1-19) | *-(CHy)s* | CHg-* | 1~60 | *-Si(CHg),-(CHp)s-* | (CH3)3SiO-*
(s3-1-20) | *-(CHy)s-* | CHg-* | 1~60 | *-Si(CHg),-(CHo)s-* | (CH3)3SiO-*
(s3-1-21) | *-(CHy),~* | CHz-* | 1~60 - (CH3),SiO-*
(s3-1-22) | *~(CHy)4-* | CHg-* | 1~60 | *-Si(CH3),-CHy-* | (CH3)3SiO-*
(s3-1-23) | *~(CHy)s-* | CHg-* | 1~60 | *-Si(CHg)o-(CHy),-* | (CH3)3SiO-*
(s3-1-24) | *~(CHy),;* | CHg-* | 1~60 | *-Si(CHg),-(CHo)s-* | (CH3)3SiO-*

10
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(continued)
[Table 1]
7s10 RS20 n10 ys10 Rs10
(s3-1-25) | *-(CHjy)s-* | CHgz-* | 1~60 | *-Si(CH3),-(CHy)4-* | (CHj3)3SiO-*
[Table 2]
7s10 RS20 n10 ys10 Rs10

(s3-1-26) *-O-* CHz* | 1~60 - CH3-*
(s3-1-27) *-O-* CHz* | 1~60 *-Si(CH3),-CHy-* CHz-

(s3-1-28) *-O-* CH;-* | 1~60 | *-Si(CHg)o-(CHp)o-* | CHg-*
(s3-1-29) *-O-* CH;-* | 1~60 | *-Si(CHg)o-(CHp)s-* | CHg-*
(s3-1-30) *-O-* CH;-* | 1~60 | *-Si(CHg)o-(CHp)4-* | CHg-*
(s3-1-31) *-CH,-* CHz* | 1~60 - CH3-*
(s3-1-32) *-CH,-* CHs- 1~60 *-Si(CH3),-CHy-* CHs-

(s3-1-33) *-CH,-* CHz-* | 1~60 | *-Si(CH3),-(CH,)o-* | CH3-*
(s3-1-34) *-CH,-* CHz-* | 1~60 | *-Si(CH3),-(CH5)3-* | CH3-*
(s3-1-35) *-CHy-* CH;-* | 1~60 | *-Si(CHg)o-(CHp)s-* | CHg-*
(s3-1-36) | *-(CH,),-* | CHs* | 1~60 - CH;-*
(s3-1-37) | *-(CHp),-* | CHs-* | 1~60 *-Si(CH3),-CHy-* CH3-*
(s3-1-38) | *-(CHj),-* | CHz-* | 1~60 | *-Si(CH3),-(CH5)o-* | CH3-*
(s3-1-39) | *-(CHy),-* | CHz-* | 1~60 | *-Si(CH3),-(CH5)3-* | CH3-*
(s3-1-40) | *-(CHy),-* | CHs- 1~60 | *-Si(CH3),-(CHj)s-* | CHs-

(s3-1-41) | *-(CH,)3-* | CHs* | 1~60 - CH;-*
(s3-1-42) | *-(CH,)3-* | CHs* | 1~60 *-Si(CH3),-CH,-* CH;-*
(s3-1-43) | *-(CHy)3-* | CHz-* | 1~60 | *-Si(CH3),-(CH5)o-* | CHa-*
(s3-1-44) | *-(CHy)3-* | CHz-* | 1~60 | *-Si(CH3),-(CH5)3-* | CH3-*
(s3-1-45) | *-(CHj)3-* | CHz-* | 1~60 | *-Si(CH3),-(CH5)4-* | CH3-*
(s3-1-46) | *-(CHj)s-* | CHz-* | 1~60 - CH3-*
(s3-1-47) | *-(CH,)4-* | CHs* | 1~60 *-Si(CH3),-CH,-* CH;-*
(s3-1-48) | *-(CH,)4-* | CHz* | 1~60 | *-Si(CH3),-(CH,),-* | CHj3-*
(s3-1-49) | *-(CHy)4-* | CHz-* | 1~60 | *-Si(CH3),-(CH5)3-* | CH3-*
(s3-1-50) | *-(CHj)s-* | CHz-* | 1~60 | *-Si(CH3),-(CH5)4-* | CH3-*

[0036] n10 shown in Tables 1 and 2 above is preferably an integer of 1 to 30.
[0037] Next, the group represented by formula (a11-2) will be described. In formula (a11-2), A212 represents a hydroxy

group or a hydrolyzable group, and the hydrolyzable group may be a group which gives a hydroxy group (silanol group)
when hydrolyzed, and preferred examples thereof include alkoxy groups having 1 to 4 carbon atoms, such as a methoxy
group, an ethoxy group, a propoxy group and a butoxy group; an acetoxy group; a chlorine atom; and an isocyanate
group. A212 is preferably an alkoxy group having 1 to 4 carbon atoms or a hydroxy group, more preferably an alkoxy
group having 1 or 2 carbon atoms or a hydroxy group. A plurality of A212s, when present, may be the same or different,
and are preferably the same.

[0038] Examples of the hydrocarbon group represented by R212 in formula (a11-2) include those similar to the hydro-
carbon groups described for Ra811 above, and the hydrocarbon group is preferably an alkyl group having 1 to 4 carbon

1"



10

20

25

30

35

40

45

50

55

EP 4 261 249 A1

atoms, more preferably a methyl group or an ethyl group, still more preferably a methyl group. A plurality of R212s, when
present, may be the same or different, and are preferably the same.

[0039] In formula (a11-2), y12 is preferably 1 or 3.

[0040] Examples of the group represented by formula (a11-2) include groups represented by formula (s3-I1). In formula
(s3-11), combinations of A20, Rs22, n20, y0 and Ra0 are preferably those shown in the tables below.

[Formula 14]

(Aae)y()

R522 ’
L)
- - i 0 s3-ll
$O YO SRy (s3-11)
R822 020
[Table 3]
Aao Rs22 n20 y0 Ra0

(s3-l1) | C,HsO-* | CHay* | 1~60 | 1 | CHg*
(s3-1-2) | CHs0-* | CHy* | 1~60 | 1 | CHg*
(s3-11-3) HO-* | CHg* | 1~60 | 1 | CHg*
(s3-l-4) | C,HsO-* | CHa* | 1~60 | 1 | C,Hs*
(s3-5) | CHs0-* | CHs* | 1~60 | 1 | C,Hs*
(s3-11-6) HO-* | CHy* | 1~60 | 1 | C,oHg
(s3--7) | C,HsO-* | CHa* | 1~60
(s3-:8) | CH,0-* | CHa* | 1~60
(s3-11-9) HO-* | CHg* | 1~60
(s3-11110) | C,Hs0-* | CHay* | 1~60
(s3-I111) | CH40-* | CHgy* | 1~60
(s3-I112) | HO-* | CHa* | 1~60
(s3-I1113) | C,Hs0-* | CHa* | 1~60
(s3-l-14) | CH,0-* | CHs* | 1~60
(s3-I115) | HO-* | CHg* | 1~60

W|W[ W |N|N|NINM|N|N
O
N
I
(<]
I*

[0041] n20 shown in Table 3 above is preferably an integer of 1 to 30.

[0042] Next, formula (a1) will be described. A21 in formula (a1) represents a hydroxy group or a hydrolyzable group,
and the hydrolyzable group may be a group which gives a hydroxy group (silanol group) when hydrolyzed, and preferred
examples thereof include alkoxy groups having 1 to 4 carbon atoms, such as a methoxy group, an ethoxy group, a
propoxy group and a butoxy group; an acetoxy group; a chlorine atom; and an isocyanate group. A1 is preferably an
alkoxy group having 1 to 4 carbon atoms, more preferably an alkoxy group having 1 or 2 carbon atoms. A plurality of
Aals, when present, may be the same or different, and are preferably the same.

[0043] Z2'informula(a1)represents a hydrocarbon group, a trialkylsilyl group-containing molecular chain or a siloxane
backbone-containing group.

[0044] When Z21is a hydrocarbon group, the number of carbon atoms thereof is preferably 1 to 4, more preferably 1
to 3, still more preferably 1 or 2. When Z21 is a hydrocarbon group, an aliphatic hydrocarbon group is preferable, and
an alkyl group is more preferable. Examples of the alkyl group include a methyl group, an ethyl group, a propy! group
and a butyl group, and among them, a methyl group or an ethyl group is still more preferable, with a methyl group being
particularly preferable.
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[0045] The trialkylsilyl group-containing molecular chain means a monovalent group having a structure in which a
trialkylsilyl-containing group is bonded to an end of the molecular chain. When Z2' is a trialkylsilyl group-containing
molecular chain, a group of the above formula (a11-1) is preferable where when all Ra13s are hydrocarbon groups, the
Ra13s are alkyl groups.

[0046] When Z2! is a siloxane backbone-containing group, the siloxane backbone-containing group is preferably a
monovalent group containing a siloxane unit (Si-O-) and consisting of atoms whose number is smaller than the number
of atoms forming Ra1. This makes the siloxane backbone-containing group smaller in length or three-dimensional extent
(bulkiness) than Ra1. The siloxane backbone-containing group may contain a divalent hydrocarbon group. The siloxane
backbone-containing group is preferably a group represented by the following formula (s4).

[Formula 15]

RSZ RS5
| |

—752 - 2.Ci S5

+ —Z2~-Si—0) - Y*2-Si—R® (s4)
RSZ RSS

[0047] Informula (s4), Rs2s have the same meaning as described above, and each independently represent an alkyl
group having 1 to 4 carbon atoms.

[0048] RS5represents a hydrocarbon group or a hydroxy group, -CH,- in the hydrocarbon group is optionally replaced
by -O-, and hydrogen atoms in the hydrocarbon group are optionally replaced by fluorine atoms.

[0049] Zs2 represents -O- or a divalent hydrocarbon group, and -CH,- in the divalent hydrocarbon group is optionally
replaced by -O-.

[0050] Ys2 represents a single bond or -Si(Rs2),-Ls2-. LS2 represents a divalent hydrocarbon group, and -CH,- in the
divalent hydrocarbon group is optionally replaced by -O-.

[0051] r40 represents an integer of 0 to 5. * represents a bond to a silicon atom.

[0052] Examples of the hydrocarbon group represented by RS in formula (s4) include those similar to the hydrocarbon
group described for Ra11 above, and the hydrocarbon group is preferably an aliphatic hydrocarbon group, more preferably
an alkyl group. The number of carbon atoms is preferably 1 to 4, more preferably 1 to 3, still more preferably 1 or 2.
[0053] Examples of the divalent hydrocarbon group represented by Zs2 or LS2 include groups similar to the divalent
hydrocarbon groups represented by Zs', and the number of carbon atoms is preferably 1 to 10, more preferably 1 to 6,
still more preferably 1 to 4. The divalent hydrocarbon group represented by 752 or L$2 is preferably a divalent aliphatic
hydrocarbon group, more preferably a linear or branched alkanediyl group.

[0054] r40 is preferably an integer of 1 to 5, more preferably an integer of 1 to 3.

[0055] The total number of atoms in the siloxane backbone-containing group is preferably 100 or less, more preferably
50 or less, still more preferably 30 or less, and preferably 10 or more. The difference between the number of atoms in
Ra' and the number of atoms in the siloxane backbone-containing group is 10 or more, more preferably 20 or more, and
preferably 1000 or less, more preferably 500 or less, still more preferably 200 or less.

[0056] Specific examples of the siloxane backbone-containing group include groups represented by the following
formulae.
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[Formula 16]

CH; CH;  CH,4
»se'”o“‘Si/—CH3 */O‘sli”o“s{—mg
CHj CHy CH;
CHg CH?, CHs
+ \f& 3‘S|—CH3 + \fSr ﬁ‘s:—c&fg, \6& \}&—CH3
Hs Hs CH3 CH3 CH3 CH3

[0057] r1in formula (a1) represents an integer of 1 to 3, preferably 2 or 3, more preferably 3.

[0058] Examples of the compound (A1) represented by formula (a1) include compounds represented by the following
formula (a1-1) or the following formula (a1-2).

[0059] Examples of the compound (A1) represented by formula (a1) include compounds represented by the following
formula (a1-1), i.e. compounds in which Ra1in formula (a1) is a group represented by formula (a11-1) and r1 in formula
(a1)is 3.

[Formula 17]

Ra13
(A21) -SI—ZS‘{Sr— YS*-SI—RQ*S (a1-1)
RSZ 10 Ra13

[0060] In formula (a1-1), Aa1, zs1 Rs2, ys1 Ra13 and r10 have the same meanings as those described above.
[0061] Among compounds represented by formula (a1-1), compounds represented by the following formula (1-1) are
preferable, and compounds represented by formula (1-1-1) are more preferable. The compound represented by formula
(a1-1) may be a compound represented by the following formula (1-2), and is preferably a compound represented by
formula (1-2-1).

[Formula 18]
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RS3
RS:ELSI;’RS3
RS2 (lg RSS
|
(A")g~Si—2Z"" (Sllmc 1 Y“mmsf;mgmsngss (1)
r
R 82 (ID RSS
Si
RSS/ FIQS\‘:D)RSS
3
RS3 Fis/RSf_’r
i
Ffsz é RS3
| /
(A%")3—Si—O—{-§i—0— Si—0—S{ R (-1-1)
Flisz ' O RS3
|
Si
AN ms3
RS3 és?:Rs

[0062] Informulae (1-1)and (I-1-1), A21, Zs1 Rs2, Ys1 Rs3 and r10 have the same meanings as those described above.

[Formula 19]
RSZ

RSS

alhy __aj.7sl { ) s1 183
(A%')3—Si—Z \éll C/rmY él; R

RS2

RS3

(Aa’)s—s:—o—és;mo%—és—aﬁ

R53

(I-2)

(I-2-1)

[0063] Informulae (1-2)and (1-2-1), Aa1, zs1 Rs2 Ys1 Rs3andr10 have the same meanings as those described above.
[0064] Specific examples of the compound represented by formula (a1-1) include compounds represented by formula
(I-1). In formula (I-1), combinations of A220, 7810 Rs20 n10, Ys10 and Rs10 are preferably those shown in the tables below.

[Formula 20]

RSZO RS‘IO
|
(AT20), -—s;—z“0—{—s|—o—)——YS*°—s;—RS"° ()
R s20 %sfe
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[Table 4-1]
Aaz20 7s10 Rs20 n10 Ys10 Rs10

(H-1) | C,HgO-* *.0-* CHa* | 1~60 - (CHj),SiO-*
(H-2) | C,HgO-* *.0-* CHy* | 1~60 | *-Si(CHg),-CHy* | (CHg)3SiO-*
(H-3) | C,HsO-* *.0-* CHa* | 1~60 | *-Si(CHj)y-(CHp)y* | (CHa)sSiO-*
(H-4) | C,HsO-* *.0-* CHa* | 1~60 | *-Si(CHj)y-(CHp)s* | (CHa)sSiO-*
(H-5) | C,HsO-* *.0-* CHa* | 1~60 | *-Si(CHj)y-(CHp),* | (CHg)sSiO-*
(H-6) | CoHsO-* | *-CHy* | CHy* | 1~60 - (CHj),SiO-*
(H-7) | CoHsO-* | *-CHy* | CHa* | 1~60 | *-Si(CHg),-CHy* | (CHj)sSiO-*
(H-8) | CoHsO-* | *-CHy* | CHa* | 1~60 | *-Si(CHs)o-(CHp)y-* | (CHg)sSiO-*
(H-9) | CoHsO-* | *-CHy* | CHy* | 1~60 | *-Si(CHy),-(CH,)s-* | (CHy)sSiO-*
(F-10) | CoHs0-* | *-CHy* | CHg* | 1~60 | *-Si(CHy),-(CH,),~* | (CHy)sSiO-*
(F-11) | CoHs0-* | *~(CH,)y* | CHy* | 1~60 - (CHy),SiO-*
(F-12) | CoHsO-* | *~(CHp)y* | CHg* | 1~60 | *-Si(CH3),-CHy-* | (CHj)sSiO-*
(H-13) | CoHsO-* | *~(CHp)y* | CHa* | 1~60 | *-Si(CHs)o-(CHp)p-* | (CHj)sSiO-*
(F-14) | CoHsO-* | *~(CHp)y-* | CHa* | 1~60 | *-Si(CHs)o-(CHp)s-* | (CHj)sSiO-*
(H-15) | CoHsO-* | *~(CHp)y* | CHg* | 1~60 | *-Si(CHg)o-(CHp)s-* | (CHj)sSiO-*
(-16) | CoHs0-* | *~(CH,)s-* | CHy* | 1~60 - (CHy),SiO-*
(H-17) | CoHs0-* | *~(CH,)s-* | CHg* | 1~60 | *-Si(CHg),-CHy-* | (CHy)sSiO-*
(-18) | CoHsO-* | *~(CHp)s-* | CHg* | 1~60 | *-Si(CHg)o-(CHp)p-* | (CHj)sSiO-*
(F-19) | CoHsO-* | *~(CHp)s-* | CHg* | 1~60 | *-Si(CHs)o-(CHp)s-* | (CHj)sSiO-*
(F-20) | CoHsO-* | *~(CHp)s-* | CHg* | 1~60 | *-Si(CHg)o-(CHp)s-* | (CHg)sSiO-*
(H-21) | C,Hs0-* | *~(CHp),-* | CHs* | 1~60 - (CHj),SiO-*
(F-22) | CoHs0-* | *~(CH,)s-* | CHg* | 1~60 | *-Si(CHg),-CHy-* | (CHy)sSiO-*
(H-23) | CoHg* | *-(CHy)s* | CHg* | 1~60 | *-Si(CHg),-(CH,),-* | (CHy)sSiO-*
(-24) | CoHsO-* | *~(CHp)s-* | CHg* | 1~60 | *-Si(CHg)o-(CHp)s-* | (CHg)sSiO-*
(H-25) | CoHsO-* | *~(CHp)s-* | CHz* | 1~60 | *-Si(CHs)o-(CHp)s-* | (CHj)sSiO-*

[Table 4-2]

Aa20 7s10 Rs20 n10 Yys10 Rs10

(H-26) | CH;O-* *.0-* CHa* | 1~60 - (CHj),SiO-*
(H-27) | CH,O-* #.0-* CHa* | 1~60 | *-Si(CHj),-CH,-* | (CHa)SiO-*
(H-28) | CH,O-* #.0-* CHa* | 1~60 | *-Si(CHg)y-(CHp)y* | (CHa)sSiO-*
(H-29) | CH;O-* #.0-* CHg* | 1~60 | *-Si(CHg),-(CHp)3* | (CHs)sSiO-*
(H-30) | CH;O-* *.0-* CHa* | 1~60 | *-Si(CHg),-(CHp)s* | (CHa)SiO-*
(H-31) | CH0-* | *-CHy,* | CHy* | 1~60 - (CHj),Si0-*
(H-32) | CHzO-* | *-CH,* | CHg* | 1~60 | *-Si(CHg),-CH,* | (CHs)3SiO-*
(H-33) | CHzO-* | *-CH,* | CHg* | 1~60 | *-Si(CHg)y-(CHp)y* | (CHs)sSiO-*
(H-34) | CH0-* | *-CH,* | CHg* | 1~60 | *-Si(CHg)y-(CHp)s* | (CHs)sSiO-*
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(continued)
Aa20 7s10 RS20 n10 ys10 Rs10
(I--35) | CH30-* *-CH,-* CHgz* | 1~60 | *-Si(CH3),-(CHy)4-* | (CHg3)3SiO-*
(I--36) | CH30-* | *-(CH,)-* | CH3-* | 1~60 - (CHg3);SiO-*
(IF-37) | CH30-* | *-(CHy)-* | CHz-* | 1~60 *-Si(CH3),-CHy-* (CHg3);SiO-*
(-1-38) | CHZO-* | *-(CHp)o-* | CHs-* | 1~60 | *-Si(CHg)o-(CHp)o-* | (CHz)3SiO-*
(-1-39) | CHZO-* | *-(CHp)o-* | CHs-* | 1~60 | *-Si(CHg)o-(CHp)s-* | (CHz)3SiO-*
(-1-40) | CHZO-* | *-(CHp)y-* | CHs-* | 1~60 | *-Si(CHg)o-(CHp)s-* | (CHz)3SiO-*
(I--41) | CH30-* | *-(CHy)s-* | CHz* | 1~60 - (CHg3);SiO-*
(I--42) | CH30-* | *-(CH,)s-* | CH3-* | 1~60 *-Si(CH3),-CHy-* (CHg3);SiO-*
(I-1-43) | CH30-* | *-(CH,)s-* | CHs-* | 1~60 | *-Si(CH3),~(CHj)o-* | (CH3)3SiO-*
(-1-44) | CHZO-* | *-(CHp)s-* | CHs-* | 1~60 | *-Si(CHg)o-(CHp)s-* | (CHz)3SiO-*
(-1-45) | CHZO-* | *-(CHp)s-* | CHs-* | 1~60 | *-Si(CHg)o-(CHp)s-* | (CHz)3SiO-*
(-1-46) | CH3O-* | *-(CHy)s-* | CHs-* | 1~60 - (CH53)5SiO-*
(I--47) | CH30-* | *-(CHy)s-* | CHz* | 1~60 *-Si(CH3),-CHy-* (CHg3);SiO-*
(I-1-48) | CH30-* | *-(CH,)4-* | CHs-* | 1~60 | *-Si(CH3),~(CHj)o-* | (CH3)3SiO-*
(I--49) | CH30-* | *-(CH,)-* | CHs-* | 1~60 | *-Si(CH3),~(CHj)3-* | (CH3)3SiO-*
(IF-50) | CH30-* | *-(CH,)s4-* | CHs-* | 1~60 | *-Si(CH3),~(CHj)s-* | (CH3)3SiO-*
[Table 5-1]
Aa10 7510 RS20 n10 ys10 Rs10
(I--51) | CoH50O-* *-O-* CHz* | 1~60 - CHs-
(-1-562) | C,H50-* *-O-* CH;-* | 1~60 *-Si(CH3),-CH,- * CH;-*
(-1-563) | C,H50-* *-O-* CH;-* | 1~60 | *-Si(CHg)o-(CHp)p-* | CH4-*
(I-1-54) | CoH5O-* *-O-* CHgz* | 1~60 | *-Si(CH3),-(CH,)3-* | CH3-*
(I--55) | C,H5O-* *-O-* CHz-* | 1~60 | *-Si(CH3),-(CH,),-* | CH3-*
(I--56) | C,H5O-* *-CH,-* CHgz- 1~60 - CHz-
(I--57) | C,H50-* *-CH,-* CHz* | 1~60 *-Si(CH3),-CHy-* CH3-*
(-1-568) | C,H5O-* *-CHy-* CHs-* | 1~60 | *-Si(CHg)o-(CHp)p-* | CHg-*
(-1-569) | C,H5O-* *-CHy-* CH;-* | 1~60 | *-Si(CHg)o-(CHp)s-* | CHg-*
(I-1-60) | CoH5O-* *-CH,-* CHz* | 1~60 | *-Si(CH3),-(CH,),-* | CH3-*
(I-1-61) | CoH50-* | *-(CH5)o-* | CHs- 1~60 - CHz-
(I-1-62) | CoH50-* | *-(CH5)o-* | CH3-* | 1~60 *-Si(CH3),-CHy-* CH3-*
(I-1-83) | CoH50-* | *-(CHy)o-* | CHa-* | 1~60 | *-Si(CHj3)o-(CH,)o-* | CHa-*
(-1-64) | CoHgO-* | *-(CHy),-* | CHz-* | 1~60 | *-Si(CH3),-(CH,)5-* | CHj3-*
(-1-65) | CoHgO-* | *-(CHy),-* | CHz-* | 1~60 | *-Si(CH3),-(CH,)4-* | CHj3-*
(I-1-66) | CoH50-* | *-(CHy)3-* | CHs-* | 1~60 - CH3-*
(I-1-67) | CoHsO-* | *-(CHy)s3-* | CHsz-* | 1~60 *-Si(CH3),-CHy-* CH3-*
(I-1-68) | CoH50-* | *-(CHy)3-* | CHa-* | 1~60 | *-Si(CHj3)o-(CH,)o-* | CHa-*
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(continued)

Aal0 7s10 RS20 n10 ys10 Rs10

(I-1-869) | CoH50-* | *-(CHy)s-* | CHa-* | 1~60 | *-Si(CHj3)o-(CH,)3-* | CHa-*
(I--70) | CoH50-* | *-(CHy)3-* | CHa-* | 1~60 | *-Si(CHj3)o-(CH,)s-* | CHa-*
(IF-71) | CoH50-* | *-(CH5)4-* | CH3-* | 1~60 - CH3-*
(-1-72) | CoHgO-* | *-(CHy)4-* | CHz* | 1~60 *-Si(CH3),-CH,-* CH;-*
(-1-73) | CoHgO-* | *-(CHy)s-* | CHz-* | 1~60 | *-Si(CH3),-(CH,),-* | CHj3-*
(-1-74) | CoHgO-* | *-(CHy)s-* | CHz* | 1~60 | *-Si(CH3),-(CH,)5-* | CHj3-*
(I--75) | CoH50-* | *-(CHy)4-* | CHa-* | 1~60 | *-Si(CHj3)o-(CH,)s-* | CHa-*

[Table 5-2]

Aa10 7s10 RS20 n10 ys10 Rs10
(I-1-76) CH3O-* *-O-* CHz-* | 1~60 - CHj-*
(1-1-77) CH30-* *-O-* CHz-* | 1~60 *-Si(CH3),-CHy-* CH,-
(I-1-78) CH30-* *-O-* CHgz-* | 1~60 | *-Si(CH3),-(CHp)o-* | CHg-*
(I-1-79) CH30-* *-O-* CHz-* | 1~60 | *-Si(CH3),-(CHy)3-* | CHa-*
(I-1-80) CH;0-* *-O-* CH;-* | 1~60 | *-Si(CH3),-(CHy)s-* | CHj-*
(I-1-81) CH;0-* *-CHy-* CH;-* | 1~60 - CH;-*
(I-1-82) CH30O-* *-CH,-* CHz-* | 1~60 *-Si(CH3),-CHy-* CHj-*
(1-1-83) CH30-* *-CH,-* CHz-* | 1~60 | *-Si(CH3),-(CHy)o-* | CHa-*
(I-1-84) CH30-* *-CH,-* CHz-* | 1~60 | *-Si(CH3),-(CHy)3-* | CHa-*
(I-1-85) CH30-* *-CH,-* CHz- 1~60 | *-Si(CH3),-(CH5)4-* | CHs-
(I-1-86) CH30-* | *~(CHy)-* | CHs-* | 1~60 - CH;-*
(I-1-87) CH30-* | *~(CHy)-* | CHs-* | 1~60 *-Si(CH3),-CH,-* CH;-*
(I-1-88) CH3O-* | *-(CH,)-* | CHgz-* | 1~60 | *-Si(CH3),-(CHy)o-* | CHa-*
(I-1-89) CH3O-* | *-(CHy)-* | CHgz-* | 1~60 | *-Si(CH3),-(CHy)3-* | CHa-*
(I-1-90) CH30-* | *-(CH,)-* | CHgs- 1~60 | *-Si(CH3),-(CH5)4-* | CHa-
(I-1-91) CHzO-* | *-(CH,)3-* | CHz-* | 1~60 - CHj-*
(I-1-92) CH30-* | *~(CHy)s-* | CHs-* | 1~60 *-Si(CH3),-CH,-* CH5-*
(I-1-93) CH30-* | *~(CHp)s-* | CHs-* | 1~60 | *-Si(CH3),~(CH,),-* | CHj-*
(I-1-94) CH3O-* | *-(CH,)3-* | CHgz-* | 1~60 | *-Si(CH3),-(CHy)3-* | CHa-*
(I-1-95) CH30-* | *-(CH,)3-* | CHgs- 1~60 | *-Si(CH3),-(CH5)4-* | CHs-
(I-1-96) CHzO-* | *-(CH,)s-* | CHz* | 1~60 - CHj-*
(I-1-97) CHzO-* | *-(CH,)s-* | CHz* | 1~60 *-Si(CH3),-CHy-* CHj-*
(I-1-98) CH30-* | *~(CHp),-* | CHs-* | 1~60 | *-Si(CH3),~(CH,),-* | CHj-*
(I-1-99) CH30-* | *~(CHp),-* | CHs-* | 1~60 | *-Si(CH3),~(CH,)s-* | CHj-*
(1-1-100) | CH30-* | *-(CHy)s-* | CH3-* | 1~60 | *-Si(CHg3)o-(CHj)s-* | CHs-*

[0065]

18

n10 shown in Tables 4-1, 4-2, 5-1 and 5-2 above is preferably an integer of 1 to 30.
[0066] A compound represented by formula (1-1-26) may be used as the compound represented by formula (I-1). The
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compound represented by formula (1-1-26) is represented by the following formula (a1-I).

[Formula 21]

O-Si—
()(:F13 1 /// h
7

CH30— SIWO Si—0O SimOWSQ (a1-)

ooy | \O—Sii
™~

[0067] In formula (a1-1), n represents an integer of 1 to 60. n is more preferably an integer of 2 or more, still more
preferably an integer of 3 or more, and more preferably an integer of 50 or less, still more preferably an integer of 45 or
less, particularly preferably an integer of 30 or less, most preferably an integer of 25 or less.

[0068] Examples of the method for synthesizing the compound represented by formula (a1-1) include a method de-
scribed in Japanese Patent Laid-Open No. 2017-201009.

[0069] As the compounds (A1) represented by formula (a1), "X-24-9011" manufactured by Shin-Etsu Chemical Co.,
Ltd., or the like can be used. "X-24-9011" manufactured by Shin-Etsu Chemical Co., Ltd. and represented by the following
formula is a compound having a trimethoxysilyl group only at one end of one side and no hydroxy group and hydrolyzable
group at the other end and containing a siloxane bond in the structure. The compound is represented by formula (a1)
where r1 is 3, A2! represents a methoxy group, and R is a group of formula (a11-1), and the compound has a weight
average molecular weight of 3400.

[Formula 22]

(H300)3”83”0—€ Sl”CH3
CHS 43 CHS

[0070] Examples of the compound (A1) represented by formula (a1) also include compounds represented by the
following formula (a1-2), i.e. compounds in which Ra1 in formula (a1) is a group represented by formula (a11-2) and z31
in formula (a1) is a hydrocarbon group.

[Formula 23]

a12
(A% W12

;\af
(Z212),. H-—Sa—o—es?ﬂ-o}—&mmamb vz (al2)

[0071] In formula (a1-2), Aa1, Rs2, Aa12 Ral12 (1, r10 and y12 have the same meanings as those described above,
Z212 represents a hydrocarbon group, a plurality of Z212s, when present, are optionally different from each other.
[0072] In formula (a1-2), A2! and A212 may be the same or different, and are preferably the same.

[0073] Examples of the hydrocarbon group represented by Z212 include those similar to the groups described for Za1
above, and the hydrocarbon group is preferably a methyl group or an ethyl group, with a methyl group being more
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preferable. Z212 and R212 may be the same or different, and are preferably the same.

[0074] r1 and y12 are each preferably 1 or 3. r1 and y12 may be the same or different, and are preferably the same.
[0075] As the compound represented by formula (a1-2), a compound is preferably used where RS2 is a methyl group,
r10 represents an integer of 1 to 60, each of A21 and A212 is an alkoxy group having 1 or 2 carbon atoms, or a hydroxy
group, each of Z212 and Ra12 is a methyl group or an ethyl group, and r1 and y12 are the same, and each represent an
integer of 1 to 3.

[0076] Specific examples of the compound represented by formula (a1-2) include compounds represented by the
following formula (I-11). In formula (I-11), combinations of A200, 7a0 Rs22 n20, y0, A20 and Ra0 are preferably those shown
in the table below.

[Formula 24]

(AaOO)y RSZQ AaD)yO
(z° )3y0~81——o—€ s.—-mao)s o (D

RSZZ na
[Table 6]
Aa00 7ao Rs22 n20 yO Aa0 Rao

(HI-1) | CoHgO-* | CHa-* | CHa* | 1~60 | 1 | C,HsO-* | CHj-*
(HI-2) | CHsO-* | CHg-* | CHg* | 1~60 | 1 | CHs0-* | CHs-*
(I-11-3) HO-* CHy* | CHg* | 1~60 | 1 HO-* CHj-*
(H1-4) | CoHgO-* | CoHg* | CHyx | 1~60 | 1 | CoHsO-* | CoHg*
(HI-5) | CH30-* | CoHg* | CHax | 1~60 | 1 | CH0-* | C,Hg
(I-11-6) HO-* | CoHs* | CHy* | 1~60 | 1 HO-* | C,Hs-*

(HI-7) | CoHgO-* | CHa-* | CHy* | 1~60 | 2 | C,HsO-* | CHj-*
(-1-8) | CHsO-* | CHs-* | CHy* | 1~60 | 2 | CH,0-* | CHj-*
(I-11-9) HO-* CHay* | CHgx | 1~60 | 2 HO-* CHj-*
(1-11-10) | C,HgO-* | CoHg* | CHgx | 1~60 | 2 | C,Hs0-* | C,Hs-*
(1-11-11) | CH0-* | CoHg* | CHa* | 1~60 | 2 | CHa0-* | C,Hs*
(H1-12) HO-* | CoHs* | CHyx | 1~60 | 2 HO-* | C,Hs-*
(1-11-13) | C,H5O-* - CHy* | 1~60 | 3 | C,H5O- -
(H1-14) | CHZ0-* - CHy* | 1~60 | 3 | CH,;0- -
(I-11-15) HO-* - CHy* | 1~60 | 3 HO-* -

[0077] As the compound represented by formula (a1-2), compounds (1-11-1) to (I-11-3) and (1-11-13) to (1-11-15) are
preferable, and the compound (1-11-3), the compound (1-11-13) or the compound (1-11-14) is more preferable.
[0078] Asthe compounds (A1) represented by formula (a1), "DMS-S12" manufactured by Gelest Inc., "KR-410" man-
ufactured by Shin-Etsu Chemical Co., Ltd. or the like can also be used. "DMS-S12" manufactured by Gelest Inc. is a
compound in which n20 is 4 to 7 in formula (1-11-3) shown in Table 6 above. "KR-410" manufactured by Shin-Etsu
Chemical Co., Ltd. is a compound in which n20 is 10 in formula (1-11-14) shown in Table 6 above.

[0079] The compound (A1) represented by formula (a1) is preferably a compound represented by formula (a1-1) or
acompound represented by formula (a1-2), more preferably a compound represented by formula (a1-1). The compounds
(A1) may be used alone, or used in combination of two or more thereof.

[0080] When the total amount of the mixed composition is 100 mass%, the amount of the compound (A1) is preferably
0.01 mass% or more and 30 mass% or less. The amount of the compound (A1) is the total amount of a plurality of
compounds (A1) when a plurality of compounds (A1) are used. The amount of the compound (A1) is more preferably
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0.05 mass% or more, still more preferably 0.1 mass% or more, furthermore preferably 0.5 mass% or more, and more
preferably 25 mass% or less, still more preferably 10 mass% or less, furthermore preferably 5 mass% or less.

[Organosilicon compound (B)]

[0081] Inthe mixed composition of the present invention, an organosilicon compound (B) represented by the following
formula (b1) is mixed. By mixing the organosilicon compound (B), the liquid-repellent property (water-repellent property
in particular), in particular, the slip drop property of the liquid droplet in the film (slip drop property of water droplet in
particular) is improved.

Si(RP),00(XP")4.520 (b1)

[0082] Informula (b1), RP!represents a hydrocarbon group having 1 to 5 carbon atoms, XP1 represents a hydrolyzable
group, and b20 is 0 or 1. In formula (b1), b20 is preferably 0.

[0083] In formula (b1), the number of carbon atoms in the hydrocarbon group represented by RP! is preferably 2 or
more, and preferably 4 or less, more preferably 3 or less. In formula (b1), the hydrocarbon group represented by RP1 is
preferably a saturated hydrocarbon group, more preferably a linear or branched alkyl group, still more preferably a linear
alkyl group. The alkyl group is particularly preferably a methyl group, an ethyl group or a propyl group.

[0084] Examples of the hydrolyzable group represented by XP1 in formula (b1) include groups which give a hydroxy
group (silanol group) when hydrolyzed, and alkoxy groups having 1 to 6 carbon atoms, a cyano group, an acetoxy group,
a chlorine atom, an isocyanate group and the like are preferable. A plurality of XP's may be the same or different, and
are preferably the same. X1 is preferably an alkoxy group having 1 to 6 (more preferably 1 to 4) carbon atoms, or an
isocyanate group, more preferably an alkoxy group having 1 to 6 (more preferably 1 to 4) carbon atoms, and it is still
more preferable that all XP1s be alkoxy groups having 1 to 6 (more preferably 1 to 4) carbon atoms.

[0085] The organosilicon compound (B) is preferably one in which b20 is 0, and XP' is an alkoxy group having 1 to 6
(more preferably 1 to 4) carbon atoms. Specific examples of the organosilicon compound (B) include tetramethoxysilane,
tetraethoxysilane (tetraethyl orthosilicate), tetrapropoxysilane, tetrabutoxysilane, methyltrimethoxysilane, methyltri-
ethoxysilane, methyltripropoxysilane and methyltributoxysilane, and tetramethoxysilane and tetraethoxysilane are pref-
erable. The organosilicon compounds (B) may be used alone, or used in combination of two or more thereof.

[0086] When the total amount of the mixed composition is 100 mass%, the amount of the organosilicon compound
(B) is preferably 0.01 mass% or more and 25 mass% or less. The amount of the organosilicon compound (B) is the total
amount of a plurality of organosilicon compounds (B) when a plurality of organosilicon compounds (B) are used. The
amount of the organosilicon compound (B) is more preferably 0.05 mass% or more, still more preferably 0.08 mass%
or more, furthermore preferably 0.1 mass% or more, and more preferably 20 mass% or less, still more preferably 5
mass% or less, furthermore preferably 2 mass% or less.

[0087] The molar ratio (B/A1) of the organosilicon compound (B) to the compound (A1) is preferably 0.1 or more and
1000 or less. The molar ratio (B/A1) is more preferably 0.3 or more, still more preferably 0.5 or more, furthermore
preferably 1 or more, and more preferably 800 or less, still more preferably 250 or less, furthermore preferably 30 or
less, furthermore preferably less than 10, particularly preferably 8 or less. When the molar ratio (B/A1) is in particular
less than 10, the storage stability of the mixed composition can be further improved.

[0088] The mass ratio (A1/B) of the compound (A1) to the organosilicon compound (B) is preferably 0.001 or more
and 40 or less. The mass ratio (A1/B) is more preferably 0.01 or more, still more preferably 0.1 or more, furthermore
preferably 1 or more, and more preferably 30 or less, still more preferably 20 or less, furthermore preferably 10 or less.

[Solvent (E)]

[0089] A solvent (E) is mixed in the mixed composition of the present invention, and the solvent (E) comprises a
compound (E1) satisfying a Hansen solubility parameter of 18 to 23.5 (J/cm3)1/2 and a hydrogen bonding term (8H) of
the Hansen solubility parameter, of 5.5 (J/cm3)12 or more.

[0090] The Hansen solubility parameter is obtained by dividing the solubility parameter introduced by Hildebrand, into
three components of a dispersion term (D), a polar term (3P), and a hydrogen bonding term (3H), and representing
them in a three-dimensional space. The dispersion term (8D) indicates the effect due to the dispersion force, the polar
term (5P) indicates the effect due to the dipole force, and the hydrogen bonding term (8H) indicates the effect due to the
hydrogen bonding force. The definition and calculation of the Hansen solubility parameter are described in Hansen
Solubility Parameters: A Users Handbook (CRC Press, 2007) edited by Charles M. Hansen. The Hansen solubility
parameter of a compound whose literature value or the like is not known can also be simply estimated from the chemical
structure of the compound by use of computer software Hansen Solubility Parameters in Practice (HSPiP). The Hansen
solubility parameter of a compound whose literature value or the like is not known can also be calculated by using a

21



10

15

20

25

30

35

40

45

50

55

EP 4 261 249 A1

solubility sphere method described below. When the respective Hansen solubility parameters of the compound (E1) and
the solvent (E) are determined in the present invention, the respective Hansen solubility parameters of the compound
(E1) and the solvent (E) may be adopted as they are with HSPiP version 5.2.05 in the case where the parameters are
registered in the database, the respective Hansen solubility parameters of the compound (E1) and the solvent (E) may
be values estimated from the chemical structures with HSPIP version 5.2.05 in the case where the parameters are not
registered and the chemical structures are known, and the respective Hansen solubility parameters of the compound
(E1) and the solvent (E) may be calculated by using a solubility sphere method described below in the case where the
parameters are not registered and the chemical structures are not known.

[0091] The solubility sphere method is a method for calculating the Hansen solubility parameter of an objective sub-
stance (compound (E1) or solvent (E)), and can be made by a solubility test in which the objective substance is dissolved
or dispersed in a number of different solvents having Hansen solubility parameters fixed and the dissolubility or dispers-
ibility of the objective substance in a specified solvent is evaluated. The types of these solvents for use in the solubility
test are preferably selected so that the total values of the dispersion terms, the polar terms and the hydrogen bonding
terms of HSPs of these solvents are widely different between these solvents, and more specifically, evaluation is preferably
made by using preferably 10 or more, more preferably 15 or more, still more preferably 17 or more solvents. Specifically,
a sphere (solubility sphere): where, when the Hansen solubility parameter value of a solvent dissolving or dispersing
the objective substance, among these solvents used in the solubility test, is plotted in a three-dimensional manner, all
points about such a solvent, plotted in a three-dimensional manner, are included inside the sphere and points about a
solvent not dissolving or dispersing are located outside the sphere, and the sphere has the minimum radius; is found
out, and the central coordinate of the sphere is defined as the Hansen solubility parameter of the objective substance.
For example, it is considered that, when the Hansen solubility parameter of another certain solvent not used in meas-
urement of the Hansen solubility parameter of the objective substance corresponds to (8d, 3p, 3h), this solvent dissolves
or disperses the objective substance if the point indicated by this coordinate is included inside the solubility sphere of
the objective substance. On the other hand, it is considered that this solvent cannot dissolve or disperse the objective
substance if this coordinate point is located outside the solubility sphere of the objective substance. The dissolubility
and the dispersibility are respectively evaluated by visually determining whether or not the objective substance of interest
is dissolved and dispersed in a solvent. A specific method of the solubility test is described in detail in the section of
Examples.

[0092] By mixing the compound (E1), the compound (A1) and/or the organosilicon compound (B) in the mixed com-
position can be reduced in condensation and the storage stability of the mixed composition is thus improved, without
being bound by any particular theory.

[0093] The Hansen solubility parameter of the compound (E1) is preferably 18.5 (J/cm3)1/2 or more, more preferably
19.0 (J/cm3)12 or more, and preferably 22.5 (J/cm3)1/2 or less, more preferably 21.5 (J/cm3)1/2 or less.

[0094] The hydrogen bonding term (3H) of the Hansen solubility parameter of the compound (E1) is preferably 6
(J/em3)V2 or more, more preferably 6.5 (J/cm3)12 or more. The upper limit of the hydrogen bonding term (8H) of the
Hansen solubility parameter is, for example, preferably 20 (J/cm3)12 or less, more preferably 15 (J/cm3)1/2 or less, still
more preferably 10 (J/cm3)'/2 or less.

[0095] Examples of the compound (E1) include methyl acetate [Hansen solubility parameter = 18.7 (J/cm3)1/2, §H =
7.6 (J/cm3)172], ethyl acetate [Hansen solubility parameter = 18.2 (J/cm3)1/2, §H = 7.2 (J/cm3)12], acetone [Hansen
solubility parameter = 19.9 (J/cm3)1/2, 8H = 7.0 (J/cm3)1/2], tetrahydrofuran [Hansen solubility parameter = 19.5 (J/cm3)1/2,
8H = 8.0 (J/cm3)1/2], dichloromethane [Hansen solubility parameter = 19.8 (J/cm3)12, §H = 7.1 (J/cm3)1/2], diacetone
alcohol [Hansen solubility parameter = 20.8 (J/cm3)1/2, §H = 10.8 (J/cm3)1/2], and 1,3-dioxolane [Hansen solubility pa-
rameter = 21.4 (J/lem3)1/2, §H = 9.3 (J/cm3)!/2], and among them, acetone is preferable. In the mixed composition, one,
or two or more of the compounds (E1) may be mixed.

[0096] The ratio (8P/3H) of the polar term (3P) to the hydrogen bonding term (8H) of the Hansen solubility parameter
of the compound (E1) preferably satisfies 0.70 or more and 1.70 or less. The ratio (5P/8H) is more preferably 0.8 or
more, still more preferably 1 or more, furthermore preferably 1.1 or more, and more preferably 1.65 or less, still more
preferably 1.6 or less, furthermore preferably 1.55 or less.

[0097] When the total amount of the solvent (E) is 100 mass%, the amount of the compound (E1) is preferably 5
mass% or more and 100 mass% or less. The amount of the compound (E1) is the total amount of a plurality of compounds
(E1) when a plurality of compounds (E1) are used. The amount of the compound (E1) is more preferably 10 mass% or
more, still more preferably 20 mass% or more, furthermore preferably 28 mass% or more, furthermore preferably 50
mass% or more, particularly preferably 80 mass% or more. The amount of the compound (E1) may be 100 mass%,
namely, only the compound (E1) may be mixed as the solvent (E). The amount of the compound (E1) may be 98 mass%
or less, or may be 96 mass% or less.

[0098] The solvent (E) may consist only of the compound (E1), or may be further mixed with an organic solvent (E2).
The organic solvent (E2) is an organic solvent other than the compound (E1), namely, an organic solvent may be mixed
which has a Hansen solubility parameter of less than 18 (J/cm3)1/2, a Hansen solubility parameter of more than 23.5
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(J/em3)1/2, or a hydrogen bonding term (5H) of the Hansen solubility parameter, of less than 5.5 (J/cm3)1/2,

[0099] The organic solvent (E2) is more preferably a hydrophilic organic solvent such as an alcohol-based solvent
(except for diacetone alcohol), an ether-based solvent (except for tetrahydrofuran and 1,3-dioxolane), a ketone-based
solvent (except for acetone), an ester-based solvent (except for methyl acetate and ethyl acetate), or an amide-based
solvent. These solvents may be used alone, or used in combination of two or more thereof.

[0100] When the total amount of the solvent (E) is 100 mass%, the amount of the organic solvent (E2) is preferably
95 mass% or less. The amount of the organic solvent (E2) is the total amount of a plurality of organic solvents (E2) when
a plurality of organic solvents (E2) are used. The amount of the organic solvent (E2) is more preferably 90 mass% or
less, still more preferably 80 mass% or less, furthermore preferably 72 mass% or less, furthermore preferably 50 mass%
or less, particularly preferably 20 mass% or less. The amount of the organic solvent (E2) may be 0 mass%, may be 2
mass% or more, or may be 4 mass% or more.

[0101] Examples of the alcohol-based solvent include ethanol, 1-propanol, 2-propanol (isopropyl alcohol), butanol,
ethylene glycol, propylene glycol and diethylene glycol. Examples of the ether-based solvent include dimethoxyethane
and dioxane. Examples of the ketone-based solvent include methyl ethyl ketone and methyl isobutyl ketone. Examples
of the ester-based solvent include butyl acetate. Examples of the amide-based solvent include dimethylformamide. In
particular, the organic solvent (E2) is preferably an alcohol-based solvent, more preferably 2-propanol or ethanol.
[0102] 2-Propanol is preferably mixed as the organic solvent (E2) in the mixed composition. By mixing 2-propanol,
the compound (A1) and/or the organosilicon compound (B) in the mixed composition can be reduced in condensation
speed and the storage stability of the mixed composition is thus improved, without being bound by any particular theory.
In order that such effects are exerted, the amount of 2-propanol is preferably 2 mass% or more, more preferably 3
mass% or more, still more preferably 4 mass% or more when the total amount of the solvent (E) is 100 mass%. The
amount of 2-propanol is preferably 30 mass% or less, more preferably 25 mass% or less, still more preferably 10 mass%
or less when the total amount of the solvent (E) is 100 mass%. 2-Propanol is preferably used in production of a stock
solution (referred to as "sample solution" in Examples described below).

[0103] The Hansen solubility parameter of the solvent (E) is, for example, preferably 18.0 (J/cm3)!2 or more, more
preferably 19.0 (J/cm3)12 or more, still more preferably 20.0 (J/cm3)'/2 or more, and preferably 26.0 (J/cm3)'2 or less,
more preferably 25.0 (J/cm3)'2 or less, still more preferably 24.0 (J/cm3)1/2 or less.

[0104] The hydrogen bonding term (5H) of the Hansen solubility parameter of the solvent (E) is preferably 7.0 (J/cm3)1/2
or more, more preferably 7.5 (J/lcm3)12 or more, still more preferably 7.6 (J/cm3)!/2 or more. The upper limit of the
hydrogen bonding term (8H) of the Hansen solubility parameter of the solvent (E) is, for example, preferably 20 (J/cm3)1/2
or less, more preferably 19 (J/cm3)12 or less, still more preferably 17 (J/cm3)1/2 or less.

[0105] The ratio (8P/3H) of the polar term (3P) to the hydrogen bonding term (8H) of the Hansen solubility parameter
of the solvent (E) preferably satisfies 0.40 or more and 1.70 or less. The ratio (5P/8H) is more preferably 0.50 or more,
still more preferably 0.57 or more, and more preferably 1.55 or less, still more preferably 1.40 or less.

[0106] The Hansen solubility parameter of the solvent (E) in the present invention means the value of the Hansen
solubility parameter of the compound (E1) in the case of the solvent (E) consisting only of the compound (E1), or means
the value of the Hansen solubility parameter of a mixed solvent of the compound (E1) and the organic solvent (E2) mixed
in the mixed composition in the case of the solvent (E) consisting of the compound (E1) and the organic solvent (E2).
When a plurality of compounds (E1) are used, the D1 total, the 3P1 total and the §H1 total of the entire compounds
(E1) can be determined from 8D1, 8P1, and 3H1 of each of the compounds (E1), and the volume fraction of each of the
compounds (E1) based on the total volume of the entire compounds (E1) and the entire organic solvent (E2). The 8D1
total can be determined based on the following expression.

[0107]

[Expression 1]

5D 1 total=z 8D1; x Xi

i=1

[0108] In the above expression, when a plurality of compounds (E1) are used, 8D 1; represents the value of D1 of
each of the compounds (E1), n represents the number of types of the compounds (E1), and X, represents the volume
fraction of each of the compounds (E1) relative to the total volume of the entire compounds (E1) and the entire organic
solvent (E2). The 6P1 total and the 3H1 total can also be determined in the same manner. Also when a plurality of organic
solvents (E2) are used, the 6D2 total, the 6P2 total, and the 3H2 total of the entire organic solvents (E2) can be determined
in the same manner. The sum of the 8D1 total and the 6D2 total, the sum of the 6P1 total and the 3P2 total, and the sum
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of the 6H1 total and the 8H2 total are respectively 3D, 6P, and 8H of the solvent (E), and the value of the Hansen solubility
parameter (HSP) of the solvent (E) can be determined based on these values.

[0109] When the total amount of the mixed composition is 100 mass%, the amount of the solvent (E) is preferably 60
to 98.5 mass%. The amount of the solvent (E) is more preferably 65 mass% or more, still more preferably 90 mass%
or more, particularly preferably 95 mass% or more, and more preferably 98.3 mass% or less, still more preferably 98.2
mass% or less.

[0110] The mass ratio (E/A1) of the solvent (E) to the compound (A1) is preferably 50 to 120. The mass ratio (E/A1)
is more preferably 55 or more, still more preferably 60 or more, and more preferably 110 or less, still more preferably
90 or less, particularly preferably 85 or less, most preferably 80 or less.

[Organosilicon compound (C)]

[0111] An organosilicon compound (C) represented by the following formula (c1) is preferably mixed in the mixed
composition of the present invention. By mixing the organosilicon compound (C), reaction between the compound (A1)
and the organosilicon compound (B) can be accelerated, so that the film formation time can be reduced.

Re1-si(Xcl), (c1)

[0112] In formula (c1), R represents a hydrocarbon group having 6 to 30 carbon atoms, and X¢! represents a
hydrolyzable group.

[0113] In formula (c1), the number of carbon atoms in the hydrocarbon group represented by R¢! is preferably 7 or
more, more preferably 8 or more, still more preferably 10 or more, and preferably 20 or less, more preferably 18 or less,
still more preferably 12 or less.

[0114] In formula (c1), the hydrocarbon group represented by R¢1 is preferably a saturated hydrocarbon group, more
preferably a linear or branched alkyl group, still more preferably a linear alkyl group. As alkyl groups, a hexyl group, a
heptyl group, an octyl group, a nonyl group, a decyl group, an undecyl group, a dodecyl group, a tetradecyl group, a
hexadecyl group and an octadecyl group are preferable, an octyl group, a decyl group, a dodecyl group, a tetradecyl
group, a hexadecyl group and an octadecyl group are more preferable, and an octyl group, a decyl group and a dodecyl
group are still more preferable.

[0115] Examples of the hydrolyzable group represented by X¢! in formula (c1) include groups which give a hydroxy
group (silanol group) when hydrolyzed, and alkoxy groups having 1 to 6 carbon atoms, a cyano group, an acetoxy group,
a chlorine atom, an isocyanate group and the like are preferable. Three X¢!s may be the same or different, and are
preferably the same. X¢! is preferably an alkoxy group having 1 to 6 (more preferably 1 to 4, still more preferably 1 or
2) carbon atoms, or a cyano group, more preferably an alkoxy group having 1 to 6 (more preferably 1 to 4, still more
preferably 1 or 2) carbon atoms, and it is still more preferable that all X¢!s be alkoxy groups having 1 to 6 (more preferably
1 to 4, still more preferably 1 or 2) carbon atoms.

[0116] The organosilicon compound (C) is preferably one in which R¢! is a linear alkyl group having 6 to 18 (more
preferably 8 to 18, still more preferably 8 to 12) carbon atoms, and all X¢'s are the same, and are alkoxy groups having
1to 6 (more preferably 1 to 4, still more preferably 1 or 2) carbon atoms. Specific examples of the organosilicon compound
(C) include hexyltrimethoxysilane, hexyltriethoxysilane, heptyltrimethoxysilane, heptyltriethoxysilane, octyltrimethoxysi-
lane, octyltriethoxysilane, nonyltrimethoxysilane, nonyltriethoxysilane, decyltrimethoxysilane, decyltriethoxysilane, un-
decyltrimethoxysilane, undecyltriethoxysilane, dodecyltrimethoxysilane, dodecyltriethoxysilane, tridecyltrimethoxysi-
lane, tridecyltriethoxysilane, tetradecyltrimethoxysilane, tetradecyltriethoxysilane, pentadecyltrimethoxysilane, pentade-
cyltriethoxysilane, hexadecyltrimethoxysilane, hexadecyltriethoxysilane, heptadecyltrimethoxysilane, heptadecyltri-
ethoxysilane, octadecyltrimethoxysilane and octadecyltriethoxysilane. Among them, octyltrimethoxysilane, octyltriethox-
ysilane, decyltrimethoxysilane, decyltriethoxysilane, dodecyltrimethoxysilane, dodecyltriethoxysilane, tetradecyltrimeth-
oxysilane, tetradecyltriethoxysilane, hexadecyltrimethoxysilane, hexadecyltriethoxysilane, octadecyltrimethoxysilane
and octadecyltriethoxysilane are preferable, and octyltrimethoxysilane, octyltriethoxysilane, decyltrimethoxysilane, de-
cyltriethoxysilane, dodecyltrimethoxysilane and dodecyltriethoxysilane are more preferable. The organosilicon com-
pounds (C) may be used alone, or used in combination of two or more thereof.

[0117] When the total amount of the mixed composition is 100 mass%, the amount of the organosilicon compound
(C)is preferably 0.001 mass% or more and 3 mass% or less. The amount of the organosilicon compound (C) is the total
amount of a plurality of organosilicon compounds (C) when a plurality of organosilicon compounds (C) are used. The
amount of the organosilicon compound (C) is more preferably 0.005 mass% or more, still more preferably 0.01 mass%
or more, furthermore preferably 0.03 mass% or more, and more preferably 2 mass% or less, still more preferably 1
mass% or less, furthermore preferably 0.5 mass% or less.

[0118] The molar ratio (A1/C) of the compound (A1) to the organosilicon compound (C) is preferably 0.001 or more
and 5 or less. The molar ratio (A1/C) is more preferably 0.005 or more, still more preferably 0.01 or more, furthermore
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preferably 0.1 or more, and more preferably 4 or less, still more preferably 3 or less, furthermore preferably 2.5 or less.
[0119] The mass ratio (A1/C) of the compound (A1) to the organosilicon compound (C) is preferably 0.2 or more and
30 or less. The mass ratio (A1/C) is more preferably 1 or more, still more preferably 10 or more, and more preferably
29 or less, still more preferably 28 or less.

[0120] The molar ratio (B/C) of the organosilicon compound (B) to the organosilicon compound (C) is preferably 0.01
or more and 48 or less. The molar ratio (B/C) is more preferably 0.1 or more, still more preferably 0.5 or more, furthermore
preferably 1 or more, and more preferably 40 or less, still more preferably 25 or less, furthermore preferably 10 or less.
[0121] The mass ratio [A1/(B+C)] of the compound (A1) to the total amount of the organosilicon compound (B) and
the organosilicon compound (C) is preferably 0.060 or more. When the mass ratio [A1/(B+C)] is 0.060 or more, liquid-
repellent property (water-repellent property in particular), in particular, the slip drop property of the liquid droplet in the
film (slip drop property of water droplet in particular) is improved. The mass ratio [A1/(B+C)] is more preferably 0.1 or
more, still more preferably 1 or more, furthermore preferably 2 or more. The upper limit of the mass ratio [A1/(B+C)] is,
for example, 100 or less, more preferably 50 or less, still more preferably 30 or less, particularly preferably 10 or less.
[0122] When the total amount of the mixed composition is 100 mass%, the total amount (A1 + B + C) of the compound
(A1), the organosilicon compound (B), and the organosilicon compound (C) is 0.1 mass% or more and 30 mass% or
less. The total amount (A1 + B + C) is more preferably 0.5 mass% or more, still more preferably 1 mass% or more,
furthermore preferably 1.3 mass% or more, and more preferably 15 mass% or less, still more preferably 10 mass% or
less, furthermore preferably 5 mass% or less.

[0123] The mass ratio [E/(A1 + B + C)] of the amount of the solvent (E) to the total amount of the compound (A1), the
organosilicon compound (B), and the organosilicon compound (C) is preferably 40 or more and 90 or less. The mass
ratio [E/(A1 + B + C)] is more preferably 43 or more, still more preferably 45 or more, and more preferably 70 or less,
still more preferably 68 or less, particularly preferably 65 or less.

[0124] In the mixed composition of the present invention, water (D) may be mixed. When the total amount of the mixed
composition is 100 mass%, the amount of the water (D) is preferably less than 20 mass%. The amount of the water (D)
is more preferably 19 mass% or less, still more preferably 10 mass% or less, furthermore preferably 5 mass% or less,
furthermore preferably 1 mass% or less. The amount of the water (D) may be, for example, 0.001 mass% or more, and
is preferably 0.01 mass% or more, more preferably 0.02 mass% or more.

[0125] The mass ratio (D/A1) of the amount of the water (D) to the compound (A1) is preferably 0.01 or more and 10
or less. The mass ratio (D/A1) is more preferably 0.015 or more, still more preferably 0.02 or more, and more preferably
5 or less, still more preferably 1 or less, furthermore preferably 0.5 or less, furthermore preferably 0.1 or less.

[0126] The mass ratio [D/(A1+B+C)] of the amount of the water (D) to the total amount of the compound (A1), the
organosilicon compound (B) and the organosilicon compound (C) is preferably 0.01 or more and 3 or less. The mass
ratio [D/(A1+B+C)] is more preferably 0.013 or more, still more preferably 0.015 or more, and more preferably 2 or less,
still more preferably 1 or less.

[0127] It is preferable that in the mixed composition of the present invention, a catalyst (F) and/or a weak acid (G)
having an acid dissociation constant pKa of 1 or more and 5 or less be mixed in addition to the above-described
components.

[Catalyst (F)]

[0128] As the catalyst (F), inorganic acids such as hydrogen chloride (normally used in the form of hydrochloric acid),
phosphoric acid and nitric acid; carboxylic acid compounds (organic acids) such as maleic acid, malonic acid, formic
acid, benzoic acid, phenylethanoic acid, butanoic acid, 2-methylpropanoic acid, propanoic acid, 2,2-dimethylpropanoic
acid and acetic acid; basic compounds such as ammonia and amine; organometallic compounds such as aluminum
ethylacetoacetate compounds; and the like can be used. As the catalyst (F), acidic compounds such as inorganic acids
and organic acids are preferably used, inorganic acids are more preferable, and hydrogen chloride (hydrochloric acid)
is still more preferable. The catalysts (F) may be used alone, or used in combination of two or more thereof.

[0129] When the total amount of the mixed composition is 100 mass%, the amount of the catalyst (F) is preferably
0.000001 mass% or more and 0.0015 mass% or less. The amount of the catalyst (F) is the total amount of a plurality
of catalysts (F) when a plurality of catalysts (F) are used. The amount of the catalyst (F) is more preferably 0.000005
mass% or more, still more preferably 0.00001 mass% or more, and more preferably 0.001 mass% or less, still more
preferably 0.0001 mass% or less.

[0130] The mass ratio (F/A1) of the amount of the catalyst (F) to the compound (A1) is preferably 0.000005 or more
and 0.003 or less. The mass ratio (F/A1) is more preferably 0.000006 or more, still more preferably 0.000007 or more,
and more preferably 0.001 or less, still more preferably 0.0001 or less.

[0131] The mass ratio [F/(A1+B+C)] of the amount of the catalyst (F) to the total amount of the compound (A1), the
organosilicon compound (B) and the organosilicon compound (C) is preferably 0.000003 or more and 0.003 or less. The
mass ratio [F/(A1+B+C)]is more preferably 0.000004 or more, still more preferably 0.000005 or more, and more preferably
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0.001 or less, still more preferably 0.0001 or less.
[Weak acid (G) having pKa of 1 or more and 5 or less]

[0132] When a catalyst other than a phosphoric acid or carboxylic acid compound is used as the catalyst (F), it is
preferable that in the mixed composition of the present invention, the weak acid (G) having a pKa of 1 or more and 5 or
less be mixed. This enables suppression of impairment of storage stability due to gelation of the mixed composition.
The pKa of the weak acid (G) is preferably 4.3 or less, more preferably 4.0 or less, still more preferably 3.5 or less. The
pKa of the weak acid (G) is, for example, 1 or more. When the weak acid (G) has a plurality of pKas, whether or not the
range of pKa is satisfied is determined on the basis of the smallest pKa.

[0133] The weak acid (G) may be either an inorganic acid or an organic acid, and examples thereof include carboxylic
acid compounds and phosphoric acid compounds. The weak acids (G) mixed may be used alone, or used in combination
of two or more thereof.

[0134] The carboxylic acid compound means a compound having at least one carboxy group, may be either a mono-
valent carboxylic acid compound or a polyvalent carboxylic acid compound (carboxylic acid compound having two or
more carboxy groups), and is preferably a polyvalent carboxylic acid compound. The polyvalent carboxylic acid compound
is more preferably oxalic acid with two carboxy groups directly bonded to each other, or a polyvalent carboxylic acid
compound in which a carboxy group is bonded to each of both ends of a divalent hydrocarbon group and the main chain
(longest linear chain) of the hydrocarbon group has 1 to 15 carbon atoms (more preferably 1 to 5, still more preferably
1to 4, furthermore preferably 1to 3, particularly preferably 1 or 2 carbon atoms) (particularly dicarboxylic acid, tricarboxylic
acid or tetracarboxylic acid). The divalent hydrocarbon group may be linear or branched, may be an aliphatic hydrocarbon
group or an aromatic hydrocarbon group, and may be a saturated hydrocarbon group or an unsaturated hydrocarbon
group, and hydroxy groups or carboxy groups may be bonded to carbon atoms other than those at both ends of the
hydrocarbon group.

[0135] Examples of the carboxylic acid compound include dicarboxylic acids such as oxalic acid (pKa = 1.27), malonic
acid (pKa = 2.60), succinic acid (pKa = 3.99), maleic acid (pKa = 1.84), fumaric acid (pKa = 3.02), glutaric acid (pKa =
4.13), adipic acid (pKa = 4.26), pimelic acid (pKa = 4.71), tartaric acid (pKa = 2.98), malic acid (pKa = 3.23), phthalic
acid (pKa = 2.89), itaconic acid (pKa = 3.85), muconic acid (pKa = 3.87), 1,4-cyclohexanedicarboxylic acid (pKa = 4.51),
1,4-naphthalenedicarboxylic acid, 2,6-naphthalenedicarboxylic acid (pKa = 3.69), 2,7-naphthalenedicarboxylic acid (pKa
= 3.72) and 4,4’-biphenyldicarboxylic acid (pKa = 3.77); tricarboxylic acids such as citric acid (pKa = 2.90), aconitic acid
(pKa = 2.8), trimellitic acid (pKa = 2.52), trimesic acid, biphenyl-3,4’,5-tricarboxylic acid (pKa = 3.36) and tricarballylic
acid (pKa = 3.49); and tetracarboxylic acid such as butanetetracarboxylic acid (pKa = 3.25). The carboxylic acid compound
is more preferably oxalic acid, dicarboxylic acid with a carboxy group bonded to each of both ends of a saturated or
unsaturated linear hydrocarbon group having 1 to 3 carbon atoms(particularly 1 or 2 carbon atoms), or tricarboxylic acid.
Specifically, the carboxylic acid compound is preferably oxalic acid, malonic acid, succinic acid, maleic acid, glutaric
acid, tricarballylic acid or the like, more preferably oxalic acid, malonic acid, succinic acid, maleic acid or tricarballylic acid.
[0136] The carboxylic acid compound may be a polymer having at least one carboxy group in the molecule. Examples
of the polymer include polymers containing a structural unit having a carboxy group on a side chain, and the polymer
may contain two or more structural units having a carboxy group on a side chain. Examples of the polymer having at
least carboxy group in the molecule include (meth)acrylic polymers having a carboxy group, polyester polymers having
a carboxy group, and polyolefin polymers having a carboxy group.

[0137] The molecular weight of the carboxylic acid compound is preferably 1000 or less, more preferably 500 or less.
The molecular weight is preferably 50 or more, more preferably 80 or more, still more preferably 90 or more.

[0138] The carboxylic acid compound is preferably a compound represented by the following formula (g1).

[Formula 25]

Rg3 Rg4

|
HOOC—RY'{C=CY}-R%2—COOH (g1)
\ )g?O

[0139] Informula (g1), R9! and R92 each independently represent a divalent aliphatic hydrocarbon group having 1 to
10 carbon atoms and optionally having a carboxy group and/or a hydroxy group, a divalent aromatic hydrocarbon group
having 6 to 10 carbon atoms and optionally having a carboxy group, or a single bond. R93 and R94 each independently
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represent an alkyl group having 1 to 10 carbon atoms and optionally having a carboxy group, a carboxy group, or a
hydrogen atom. g10 is 0 or 1.

[0140] The divalent aliphatic hydrocarbon group having 1 to 10 carbon atoms and represented by R91 and R92 may
be linear, branched or cyclic. Specific examples thereofinclude alkanediyl groups such as a methylene group, an ethylene
group, a propylene group and a butylene group. Examples of the divalent aromatic hydrocarbon group having 6 to 10
carbon atoms and represented by R9" and R92 include a phenylene group. The divalent aliphatic hydrocarbon groups
represented by R9' and R92 optionally have a carboxy group and/or a hydroxy group, and the divalent aromatic hydro-
carbon group optionally has a carboxy group. R9' is preferably a single bond, or a divalent aliphatic hydrocarbon group
having 1 to 10 carbon atoms and optionally having a carboxy group, and R9' is more preferably a single bond, or a
divalent linear aliphatic hydrocarbon group having 1 to 10 carbon atoms and optionally having a carboxy group. R92 is
preferably a single bond.

[0141] The alkyl groups having 1 to 10 carbon atoms and represented by R93 and R% may be linear, branched or
cyclic, and specific examples thereof include a methyl group, an ethyl group, a propyl group and a butyl group. R93 is
preferably a hydrogen atom. R94 is preferably a hydrogen atom.

[0142] The compound represented by formula (g1) is preferably a compound represented by the following formula
(g2). In the following formula (g2), preferably, g20 is an integer of 0 to 2 and g20 is 1.

[Formula 26]

0 0
HO)L(CHZ)gz/gU\OH (92)

[0143] The carboxylic acid compounds mixed may be used alone, or used in combination of two or more thereof.
[0144] Examples of the phosphoric acid compound include orthophosphoric acid (pKa = 1.83); and polyphosphoric
acids such as pyrophosphoric acid (pKa = 1.57), tripolyphosphoric acid (pKa = 0.71), tetrapolyphosphoric acid (pKa =
0.33), trimetaphosphoric acid, tetraphosphorus decaoxide and metaphosphoric acid. Among them, orthophosphoric acid
is preferable. The phosphoric acid compounds may be used alone, or used in combination of two or more thereof.
[0145] When the total amount of the mixed composition is 100 mass%, the amount of the weak acid (G) is preferably
0.001 mass% or more and 3 mass% or less. The amount of the weak acid (G) is the total amount of a plurality of weak
acids (G) when a plurality of weak acids (G) are used. The amount of the weak acid (G) is more preferably 0.005 mass%
or more, still more preferably 0.01 mass% or more, particularly preferably 0.05 mass% or more, and more preferably 2
mass% or less, still more preferably 1 mass% or less, furthermore preferably 0.5 mass% or less.

[0146] The mass ratio (G/A1) of the amount of the weak acid (G) to the compound (A1) is preferably 0.001 or more
and 1.5 or less. The mass ratio (G/A1) is more preferably 0.005 or more, still more preferably 0.01 or more, and more
preferably 1 or less, still more preferably 0.5 or less.

[0147] The mass ratio [G/(A1+B+C)] of the amount of the weak acid (G) to the total amount of the compound (A1),
the organosilicon compound (B) and the organosilicon compound (C) is preferably 0.001 or more and 2 or less. The
mass ratio [G/(A1+B+C)] is more preferably 0.01 or more, still more preferably 0.05 or more, and more preferably 1 or
less, still more preferably 0.5 or less.

[0148] The solid content concentration of the mixed composition of the present invention is preferably 0.1 to 3 mass%
when the total amount is 100 mass%. The solid content concentration is more preferably 0.5 mass% or more, still more
preferably 1 mass% or more, and more preferably 2.5 mass% or less, still more preferably 2 mass% or less.

[0149] Inthe mixed composition of the present invention, other components such as various additives such as oxidation
inhibitors, antirust agents, ultraviolet absorbers, light stabilizers, fungicides, antibacterial agents, biofouling inhibitors,
deodorants, pigments, flame retardants and antistatic agents may be mixed in the range not inhibiting the effects of the
present invention.

[0150] The mixed composition of the present invention is capable of forming a film excellent in liquid-repellent property
(water-repellent property in particular), in particular, slip drop property of the liquid droplet (slip drop property of water
droplet in particular).

[0151] The mixed composition of the present invention can be produced by, for example, mixing the above-described
components at room temperature.

[0152] The method for imparting a liquid-repellent property (slip drop property of liquid droplet in particular) to a base
material using the mixed composition of the present invention is preferably a method in which a film is formed on a
surface of a base material using the mixed composition of the present invention. As the method for forming a film on a
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surface of a base material using the mixed composition of the present invention, a method can be adopted in which the
mixed composition of the present invention is brought into contact with a base material, and left to stand in air in this state.
[0153] Examples of the method for bringing the mixed composition of the present invention into contact with a base
material include hand-coating (a method in which a cloth or the like is impregnated with the mixed composition and the
mixed composition is rubbed against a base material, where, upon rubbing, it is preferable to move the cloth back and
forth multiple times on the base material), a spin coating method, a dip coating method, pouring (a method in which the
mixed composition is directly dropped to a base material with a dropper or the like to perform coating), spraying (a base
material is coated with the mixed composition using a spray), and combinations of these methods.

[0154] By leaving the mixed composition of the present invention to stand in air at normal temperature in a state of
contact with the base material, the mixed composition can be cured to form a film on the base material.

[0155] The standing time is not particularly limited, and is preferably 10 minutes or more and 24 hours or less, for
example. The standing time is preferably 30 minutes or more, and preferably 12 hours or less, more preferably 8 hours
or less, still more preferably 5 hours or less, particularly preferably 3 hours or less. It is also preferable to further dry the
obtained film by blowing air, for example. When the organosilicon compound (C) is mixed in the mixed composition,
reaction between the compound (A1) and the organosilicon compound (B) is accelerated, so that it is possible to form
a film in a further short time.

[0156] The thickness of the film is preferably 1 nm or more, more preferably 1.5 nm or more, and the upper limit thereof
may be, for example, 50 nm or less, 20 nm or less. It is preferable that the thickness of the film be above a certain level
because exhibition of good liquid-repellent property (water-repellent property in particular), in particular, the slip drop
property of the liquid droplet in the film (slip drop property of water droplet in particular) with stability can be expected.
[0157] The material of the base material for contact of the mixed composition of the present invention may be an
organic material or an inorganic material. Examples of the organic material include thermoplastic resins such as acrylic
resin, polycarbonate resin, polyester resin, styrene resin, acryl-styrene copolymer resin, cellulose resin and polyolefin
resin; 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 ceramics; glass; metals such as iron, silicon,
copper, zinc and aluminum; and alloys including any of the above-described metals, and glass is preferable.

[0158] The shape of the base material for contact of the mixed composition of the present invention is not particularly
limited, and may be a planar surface shape or a curved surface shape, or the base material may have a three-dimensional
structure in which many surfaces are combined.

[0159] The base material for contact of the mixed composition of the present invention may be subjected to treatment
for easy bonding in advance. Examples of the treatment for easy bonding include hydrophilization treatments such as
corona treatment, plasma treatment and ultraviolet treatment. Primer treatment may be performed with resin, a silane
coupling agent, a tetraalkoxysilane or the like, or a glass film of polysilazane or the like may be applied to a base material
in advance.

[0160] The film obtained using the mixed composition of the present invention is excellent in liquid-repellent property
(water-repellent property in particular). The liquid-repellent property of the film, in particular, the slip drop property of the
water droplet with respect to the film can be evaluated on the basis of the result of a spraying test described in Examples.
In the present invention, the film is evaluated as being excellent in slip drop property of the water droplet when the
average of the numbers of times of spraying in the spraying test is less than 4.0, and the film is evaluated as being
particularly excellent in slip drop property of the water droplet when the average of the numbers of times of spraying is
less than 2.0.

[0161] The results of evaluations of the slip drop property of the water droplet with respect to the film, evaluated by a
spraying test described below, are associated with the results of evaluations of the contact angle and the slip drop angle
of water with respect to a surface of the film, as common evaluation methods, and these have the same trends. The
contact angle of water with respect to a surface of the film is preferably 100° or more, more preferably 103° or more,
still more preferably 105° or more. The upper limit of the contact angle of water with respect to a surface of the film is
not particularly limited, and is, for example, 120° or less. The slip drop angle of water with respect to a surface of the
film is preferably 20° or less, more preferably 18° or less, still more preferably 17° or less, furthermore preferably 16° or
less. The lower limit of the slip drop angle of water with respect to a surface of the film is not particularly limited, and is,
for example, 2° or more. The method for measuring the contact angle and the slip drop angle of water with respect to a
surface of the film will be described in Examples.

[0162] By using the mixed composition of the present invention, a film excellent in liquid-repellent property (water-
repellent property in particular), in particular, slip drop property of the liquid droplet (slip drop property of water droplet
in particular) can be provided. The mixed composition of the present invention is excellent in storage stability, and thus,
even when the mixed composition stored for a long period of time is used, a film excellent in liquid-repellent property
(water-repellent property in particular), in particular, slip drop property of the liquid droplet can be provided.

[0163] Thefilm obtained using the mixed composition of the presentinvention is useful for building materials, automobile
parts and plant equipment, for example. By applying the mixed composition of the present invention to glass to form a
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film, the liquid-repellent property (water-repellent property in particular) of the glass, in particular, the slip drop property
of the liquid droplet (slip drop property of water droplet in particular) can be improved, and the present invention also
includes glass having a film on at least one surface thereof. Specifically, by applying the mixed composition of the present
invention to glass for various vehicles and windowpanes of buildings, the liquid-repellent property (water-repellent prop-
erty in particular) and, in particular, the slip drop property of the liquid droplet (slip drop property of water droplet in
particular) can be improved, and a film obtained from the mixed composition of the present invention may be present
on at least one surface of the glass. In particular, when a film is formed on a surface of glass for various vehicles using
the mixed composition of the present invention, the liquid droplet is unlikely to adhere to a surface of glass, so that the
antifouling property can be imparted, resulting in good visibility.

Examples

[0164] Hereinafter, the present invention will be described in detail by way of Examples. The present invention is not
limited by Examples below, and can be carried out while changes are appropriately made as long as the spirits described
above and later can be met, and all of these changes are encompassed in the technical scope of the present invention.
(Example 1)

[0165] 177 plof"X-24-9011" manufactured by Shin-Etsu Chemical Co., Ltd. as the compound (A1), 45 pl of tetraethyl
orthosilicate (tetraethoxysilane) as the organosilicon compound (B) and 7 pl of n-decyltrimethoxysilane as the organo-
silicon compound (C) were dissolved in 40 pl of isopropyl alcohol (2-propanol), and the solution was stirred at room
temperature for 10 minutes. To the obtained solution was added dropwise 4 pl of 0.01 M hydrochloric acid, and the
mixture was stirred at room temperature for 3 hours. To the obtained solution were added 276 .l of a solution of malonic
acid diluted by 10 times in terms of mass ratio with isopropyl alcohol, and 450 pl of isopropyl alcohol (2-propanol) to
prepare a sample solution 1. The obtained sample solution 1 (999 pl) and 14 ml of acetone were mixed to prepare a
coating solution 1.

(Example 2)

[0166] The sample solution 1 (999 wl) prepared by the method described in Example 1 and 14 ml of ethyl acetate
were mixed to prepare a coating solution 2.

(Example 3)

[0167] The sample solution 1 (999 pl) prepared by the method described in Example 1, 9.5 ml of ethanol and 4.5 ml
of acetone were mixed to prepare a coating solution 3.

(Example 4)

[0168] The sample solution 1 (999 nl) prepared by the method described in Example 1, 12.5 ml of ethanol and 1.5 ml
of acetone were mixed to prepare a coating solution 4.

(Example 5)

[0169] The sample solution 1 (999 pl) prepared by the method described in Example 1, 2.75 ml of isopropyl alcohol
(2-propanol), 7.5 ml of ethanol and 3.750 ml of acetone were mixed to prepare a coating solution 5.

(Example 6)

[0170] The sample solution 1 (999 nl) prepared by the method described in Example 1, 2.750 ml of ethyl acetate and
11.250 ml of acetone were mixed to prepare a coating solution 6.

(Example 7)

[0171] The sample solution 1 (999 wl) prepared by the method described in Example 1 and 14 ml of tetrahydrofuran
were mixed to prepare a coating solution 7.
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(Example 8)

[0172] The sample solution 1 (999 wl) prepared by the method described in Example 1 and 14 ml of dichloromethane
were mixed to prepare a coating solution 8.

(Example 9)

[0173] The sample solution 1 (999 pl) prepared by the method described in Example 1 and 14 ml of methyl acetate
were mixed to prepare a coating solution 9.

(Example 10)

[0174] The sample solution 1 (999 ul) prepared by the method described in Example 1 and 14 ml of diacetone alcohol
were mixed to prepare a coating solution 10.

(Example 11)

[0175] The sample solution 1 (999 nl) prepared by the method described in Example 1 and 14 ml of 1,3-dioxolane
were mixed to prepare a coating solution 11.

(Example 12)

[0176] 177 plof"X-24-9011" manufactured by Shin-Etsu Chemical Co., Ltd. as the compound (A1), 45 pl of tetraethyl
orthosilicate (tetraethoxysilane) as the organosilicon compound (B) and 7 ul of decyltrimethoxysilane as the organosilicon
compound (C) were dissolved in 40 pl of acetone, and the solution was stirred at room temperature for 10 minutes. To
the obtained solution was added dropwise 4 ulof 0.01 M hydrochloric acid, and the mixture was stirred atroom temperature
for 3 hours. To the obtained solution were added dropwise 273 ul of a solution of malonic acid diluted by 10 times in
terms of mass ratio with acetone, and 453 pl of acetone to prepare a sample solution 2. The obtained sample solution
2 (999 pl) and 14 ml of acetone were mixed to prepare a coating solution 12.

(Comparative Example 1)

[0177] The sample solution 1 (999 wl) prepared by the method described in Example 1 and 14 ml of ethanol were
mixed to prepare a coating solution 13.

(Comparative Example 2)

[0178] The sample solution 1 (999 wl) prepared by the method described in Example 1 and 14 ml of butyl acetate
were mixed to prepare a coating solution 14.

(Comparative Example 3)

[0179] The sample solution 1 (999 wl) prepared by the method described in Example 1 and 14 ml of methyl ethyl
ketone were mixed to prepare a coating solution 15.

[0180] Tables 7-1 to 7-3 show the component compositions (mass%) of the coating solutions. The amount of each
component is a value when the total amount of the coating solution is 100 mass%. The amount of the water (D) shown
in Tables 7-1 to 7-3 is a value including the amount of water in the catalyst (F). In addition, Tables 7-1 to 7-3 show the
molar ratios and the mass ratios of components which are calculated on the basis of the amount of each component.
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[Table 7-3]
Comparative | Comparative | Comparative
Example 1 Example 2 Example 3
Compound (A1) X-24-9011 1.46 1.32 1.42
Sgﬁ;ﬁig"fg) Tetraethyl orthosilicate 0.36 0.32 0.35
Sgﬁ;ﬁi'{;"?& Decyltrimethoxysilane 0.056 0.051 0.055
Water (D) 0.037 0.033 0.036
Compound | Acetone - - -
(ET) Ethyl acetate - - -
(C;?arr;zx)ent Solvent Isopropyl alcohol 4.9 4.5 4.8
(E) Organic Ethanol 93.0 - -
solvent(E2) | Butyl acetate - 93.6 -
Methyl ethyl ketone - - 93.1
Hydrogen chloride 0.0000133 0.0000121 0.0000130
Catalyst (F) (Amount in terms of
0.01 M hydrochloric 0.037 0.033 0.036
acid)
Weak acid (G) Malonic acid 0.191 0.173 0.187
Solid content concentration (mass%) A1+B+C 1.87 1.69 1.83
Total solvent (E) (mass%) 97.9 98.1 98.0
Total organic solvent (E2) (mass%) 97.9 98.1 98.0
Proportion (mass%) of compound (E1) to solvent (E) - - -
Proportion (mass%) of organic solvent (E2) to solvent (E) 100 100 100
Proportion (mass%) of isopropyl alcohol to solvent (E) 5.04 4.55 4.93
B/A1 4 4 4
Molar ratio B/C 8 8 8
A1/C 2 2 2
A1/B 4.1 4.1 4.1
A1/C 25.9 259 25.9
A1/(B+C) 35 3.5 35
D/A1 0.025 0.025 0.025
D/(A1+B+C) 0.020 0.020 0.020
Mass ratio E/A1 67 75 69
E/(A1+B+C) 52 58 54
F/A1 0.0000092 0.0000092 0.0000092
F/(A1+B+C) 0.0000071 0.0000071 0.0000071
G/Al 0.131 0.131 0.131
G/(A1+B+C) 0.10 0.10 0.10
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[0182] The Hansen solubility parameter (HSP) of each of acetone, ethyl acetone, isopropyl alcohol, tetrahydrofuran,
dichloromethane, methyl acetate, and methyl ethyl ketone used in preparation of the coating solutions, registered in the
database of HSPiP version 5, is shown in Table 8 below. The values of the dispersion term (3D), the polar term (3P),
and the hydrogen bonding term (3H) of the Hansen solubility parameter are also shown in Table 8 below. The calculated
value of the ratio (8P/3H) of the polar term (8P) to the hydrogen bonding term (3H) is also shown in Table 8 below.

[Table 8]
3D 5P SH HSP | 8P/8H
Acetone 15.5 | 104 7.0 19.9 1.49
Ethyl acetate 15.8 5.3 7.2 18.2 0.74
Isopropyl alcohol 15.8 6.1 164 | 23.6 0.37
Tetrahydrofuran 16.8 57 8.0 19.5 0.71
Dichloromethane 17 7.3 7.1 19.8 1.03
Methyl acetate 15.5 7.2 7.6 18.7 0.95
Diacetone alcohol 15.8 8.2 10.8 | 20.8 0.76
1,3-Dioxolane 18.1 6.6 9.3 214 0.71
Ethanol 158 | 8.8 194 | 26.5 0.45
Butyl acetate 15.8 3.7 6.3 17.4 0.59
Methyl ethyl ketone | 16.0 | 9.0 5.1 19.1 1.76

[0183] The volume fraction was determined by multiplying the density with the mass ratio of the compound (E1) and
the organic solvent (E2) mixed in each of the solvents (E) in Examples 1 to 12 and Comparative Examples 1 to 3, and
the Hansen solubility parameter (HSP) of such each solvent (E) was calculated based on the volume fraction determined
and the Hansen solubility parameters (HSP) of the compound (E1) and the organic solvent (E2) registered in the database
of HSPIP version 5, according to the above-described expression. The results of calculation are shown in Table 9 below.
The hydrogen bonding term (8H) of the Hansen solubility parameter calculated of such each solvent (E) was calculated
according to the above-described expression. The hydrogen bonding term is also shown in Table 9. The dispersion term
(8D) and the polar term (8P) of the Hansen solubility parameter calculated of such each solvent (E) were also similarly
calculated. These are also shown in Table 9 below. The ratio (P/3H) of the polar term (8P) to the hydrogen bonding
term (8H) was calculated. The ratio is also shown in Table 9 below.

[Table 9]
Solvent (E)
8D 5P SH HSP | 8P/8H
Example 1 155 | 102 | 7.5 20.0 1.36
Example 2 15.8 5.3 7.7 184 0.69
Example 3 15.7 9.2 155 | 23.9 0.59
Example 4 15.8 8.8 18 255 0.49
Example 5 15.7 8.6 155 | 23.7 0.55
Example 6 15.6 9.3 7.5 19.6 1.24
Example 7 16.7 5.7 8.4 19.6 0.68
Example 8 16.9 7.2 7.6 19.9 0.96
Example 9 15.5 71 8.0 18.9 0.89
Example 10 15.8 8.1 11.1 | 20.9 0.73
Example 11 18.0 6.6 9.7 214 0.68
Example 12 155 | 104 | 7.0 19.9 1.49
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(continued)

Solvent (E)
8D 5P SH HSP | 8P/8H
Comparative Example1 | 15.8 8.7 19.2 | 26.3 0.45
Comparative Example2 | 15.8 3.8 6.8 17.6 0.56
Comparative Example3 | 16.0 8.9 5.7 19.2 1.56

[0184] Next, the obtained coating solutions 1 to 15 were each applied onto a glass substrate of 10 cm X 40 cm (soda
lime glass, top surface) with a surface activated by atmospheric pressure plasma treatment, by hand-coating using a
nonwoven fabric. The amount of the coating solution applied was 0.5 ml. After the coating, an excess solution was wiped
off with a cotton towel. After the coating, the applied coating solution was left to stand at normal temperature and normal
humidity for 90 minutes to perform curing, thereby forming a film on the glass substrate. For the film on the glass substrate,
which had been obtained with a curing time set to 90 minutes, the contact angle and the slip drop angle were measured
by the following method.

[Measurement of contact angle]

[0185] Using DM 700 manufactured by Kyowa Interface Science Co., Ltd. as a contact angle measuring apparatus,
the contact angle of water with respect to a surface of the film was measured by a liquid droplet method. The analysis
method in the liquid droplet method was a 0/2 method, and the amount of water droplet was 3.0 pL.

[Measurement of slip drop angle]

[0186] Using DM 700 manufactured by Kyowa Interface Science Co., Ltd. as a contact angle measuring apparatus,
the slip drop angle of water with respect to a surface of the film was measured by a slip drop method, and the dynamic
water-repellent property of the surface of the film was evaluated. The analysis method in the slip drop method was a
tangent method, and the amount of water droplet was 10 pL. The method for setting slope was intermittent sloping, and
slip drop detection was performed after slip drop. Determination of movement was based on an angle of advancement,
the slip drop determination time was 10000 ms, and the slip drop determination distance was 5 dot. The "dot" means a
pixel at a definition at the time of taking a picture with a camera attached to DM 700.

[0187] The contact angle and the slip drop angle were measured after a lapse of 24 hours from formation of a film on
the glass substrate for a curing time set to 90 minutes. The results (initial values) of the measurements of the contact
angle and the slip drop angle are shown in Table 10 below.

[0188] Next, each of the obtained coating solutions 1 to 15 was held at 50°C for 15 days, 30 days, or 45 days, a film
was then formed on a glass substrate by the above-described method, and the obtained film on the glass substrate was
subjected to measurements of the contact angle and the slip drop angle of water with respect to a surface of the film in
the same manner as in the above-described method. The results of the measurements of the contact angle and the slip
drop angle after the holding are also shown in Table 10 below.

[Table 10]
Contact angle (°) Slip drop angle (°)
Initial | 15days | 30 days | 45days | Initial | 15 days | 30 days | 45 days
Example 1 105.9 104.9 105.0 105.1 8.3 6.7 7.3 6.0
Example 2 104.3 104.2 104.2 103.9 8.3 7.3 8.7 7.7
Example 3 105.5 104.9 104.1 104.8 6.7 8.7 8.0 6.7
Example 4 105.3 105.5 104.4 103.3 6.7 7.7 8.7 11.0
Example 5 105.3 104.1 105.0 104.7 7.0 7.7 8.3 7.0
Example 6 106.0 104.1 103.9 104.2 8.7 8.3 9.3 7.7
Example 7 105.9 105.3 104.9 104.4 6.3 6.3 6.0 6.3
Example 8 104.8 103.7 103.8 103.3 8.0 10.0 18.3 19.7
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(continued)
Contact angle (°) Slip drop angle (°)
Initial | 15days | 30 days | 45days | Initial | 15 days | 30 days | 45 days

Example 9 104.8 104.5 103.8 103.8 9.3 8.7 11.0 12.3

Example 10 104.3 105.7 104.6 104.2 8.3 11.3 13.0 18.0

Example 11 105.1 104.2 104.1 104.0 9.0 8.0 7.3 7.7

Example 12 104.4 104.3 105.7 105.8 7.7 9.7 8.0 8.7
Comparative Example 1 | 106.3 101.2 98.2 - 8.3 18.3 38.0 -
Comparative Example 2 | 103.2 102.1 - - 10.0 32.0 - -
Comparative Example 3 | 106.6 1024 - - 10.7 34.0 - -

[0189] Next, for the film on the glass substrate, which had been obtained with a curing time set to 90 minutes, a
spraying test was conducted by the following method, and the slip drop property (water-repellent property) in adhesion
of the water droplet on the film was evaluated.

[Spraying test]

[0190] The glass substrate on which the film was formed was propped at an angle of elevation of 85° at normal
temperature and normal humidity, and water was sprayed once with a spray gun at a position 10 cm off a surface of the
film formed on the glass substrate, toward the surface of the film. The spray gun used was AS ONE SPRAYER "4-5002-01"
(capacity: 500 ml), and spraying of water was conducted with the spray gun being moved in a lateral direction. The
nozzle of the spray gun was in the form of mist spraying, and the amount of water per spraying was about 0.6 ml and
the movement distance in the lateral direction was 40 cm.

[0191] After spraying of water, the behavior of the water droplet adhering to the film was observed for up to a minute.
When the water droplet dropped or at least moved slowly within a minute, it was determined that "the water droplet
slipped and dropped", and the number of times of spraying at this point of time was measured. On the other hand, when
the water droplet did not move even though a minute had passed after spraying of water, water was sprayed again in
the same manner, and the number of times of spraying until it was determined that "the water droplet slipped and
dropped" was measured. When the water droplet did not slip and drop and stopped on the way, it was not determined
that "the water droplet slipped and dropped", water was sprayed again in the same manner, and such an operation was
repeated until drop of the water droplet. The number of tests was 3. In each test, the number of times of spraying in drop
of the water droplet was measured. The average values determined are shown in Table 9 below. When the number of
times of spraying until slip drop of the water droplet was small, the film was evaluated as having good slip drop property
because a very small water droplet slipped and dropped from a surface of the film. On the basis of the results of the
measurementsin the spraying test, the slip drop property of the film was evaluated in accordance with the following criteria.

[Evaluation criteria for slip drop property]

[0192] The average of the numbers of times of spraying in the three tests is less than 2.0 times: particularly excellent
slip drop property (indicated by © in Table below.)

[0193] The average of the numbers of times of spraying in the three tests is 2.0 or more and less than 3.0: more
excellent slip drop property (indicated by O in Table below.).

[0194] The average of the numbers of times of spraying in the three tests is 3.0 or more and less than 4.0: excellent
slip drop property (indicated by A in Table below.)

[0195] The average of the numbers of times of spraying in the three tests is 4.0 or more: poor slip drop property
(indicated by X in Table below.)

[0196] Ineachtest, the water dropletdropped and the number of times of spraying was measured, followed by repeating
spraying of water, so that water was sprayed to the film ten times. After the spraying ten times, the water droplet adhering
to a surface of the film was removed using an airgun, and the next test was subsequently conducted. Thatis, by repeating
the test three times, the durability of the film was also evaluated.

[0197] Table 11 below shows the results of evaluations of the number of times of spraying (initial value) and the slip
drop property in the spraying test.

[0198] Next, the storage stability of the obtained coating solutions was evaluated. For the storage stability, each of
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the obtained coating solutions 1 to 15 was held at 50°C for 15 days, 30 days, or 45 days, a film was then formed on a
glass substrate by the above-described method, the obtained film on the glass substrate was subjected to a spraying
test by the above-described method, and the slip drop property of the film was evaluated. Table 11 below shows the
results of evaluations of the number of times of spraying and the slip drop property in the spraying test after the holding.

[Table 11]
Initial | 15 days | 30 days | 45 days
Spraying test (number of times) 1.3 1.3 1.0 1.3
Example 1
Slip drop property © © © ©
Spraying test (number of times) 1.0 1.0 1.0 1.0
Example 2
Slip drop property © © © ©
Spraying test (number of times) 1.3 1.7 1.3 1.3
Example 3
Slip drop property © © © ©
Spraying test (number of times) 1.3 1.7 1.7 2.3
Example 4
Slip drop property © © © O
Spraying test (number of times) 1.3 1.3 1.7 1.7
Example 5
Slip drop property © © © ©
Spraying test (number of times) 1.3 1.7 1.7 1.7
Example 6
Slip drop property © © © ©
Spraying test (number of times) 1.3 1.0 1.0 1.0
Example 7
Slip drop property © © © ©
Spraying test (number of times) 1.0 2.3 3.3 3.0
Example 8
Slip drop property © O A A
Spraying test (number of times) 1.0 1.7 2.0 2.0
Example 9
Slip drop property © © O O
Spraying test (number of times) 1.3 2.3 2.7 3.0
Example 10
Slip drop property © O O A
Spraying test (number of times) 1.7 1.0 1.7 1.7
Example 11
Slip drop property © © © ©
Spraying test (number of times) 1.0 1.3 1.7 1.7
Example 12
Slip drop property © © © ©
Spraying test (number of times) 1.0 3.7 7.0 -
Comparative Example 1
Slip drop property © A X -
Spraying test (number of times) 1.7 4.3 - -
Comparative Example 2
Slip drop property © X - -
Spraying test (number of times) 1.8 5.0 - -
Comparative Example 3
Slip drop property © X - -

[0199] The following can be revealed from Table 10 and Table 11. In the films obtained using the coating solutions 1
to 12 being mixed compositions satisfying the requirements specified in the present invention, the average of the numbers
of times of spraying until slip drop of the water droplet was as small as less than 4.0, and thus the films were shown to
be excellent in slip drop property where even a very small water droplet slipped and dropped. The films formed after
holding the coating solutions 1 to 12 at 50°C for predetermined days were also excellent in slip drop property, and the
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coating solutions 1 to 12 were shown to be excellent in storage stability. On the other hand, the coating solutions 13 to
15 being mixed compositions not satisfying the requirements specified in the present invention were not able to be
sufficiently improved in storage stability.

Claims
1. A mixed composition of

a compound (A1) represented by the following formula (a1);

an organosilicon compound (B) represented by the following formula (b1); and

a solvent (E),

wherein the solvent (E) comprises a compound (E1) satisfying a Hansen solubility parameter of 18 (J/cm3)1/2
or more and 23.5 (J/cm3)'2 or less and a hydrogen bonding term (6H) of the Hansen solubility parameter, of
5.5 (J/cm3)1/2 or more:

[Formula 1]

(A2,
|
(22")3..—Si—R?

wherein A21 represents a hydroxy group or a hydrolyzable group, and a plurality of A2's, when present, are
optionally different from each other;

za1 represents a hydrocarbon group, a trialkylsilyl group-containing molecular chain, or a siloxane backbone-
containing group, and a plurality of z21s, when present, are optionally different from each other;

r1 represents an integer of 1 to 3; and

Ra' represents a group represented by the following formula (a11);

(a1)

[Formula 2]

Aa? 1 )r2

11
—Z“—éS! O}Y“—s; M), OV
RSZ

wherein Rs2s each independently represent an alkyl group having 1 to 4 carbon atoms;

Ra11 represents a hydrocarbon group or a trialkylsilyloxy group, hydrogen atoms in the hydrocarbon group or
the trialkylsilyloxy group are optionally replaced by fluorine atoms, and a plurality of R211s, when present, are
optionally different from each other;

A211 represents a hydroxy group or a hydrolyzable group, and a plurality of A211s, when present, are optionally
different from each other;

Zs1 represents -O- or a divalent hydrocarbon group, and -CH,- in the divalent hydrocarbon group is optionally
replaced by -O-;

Ys1 represents a single bond or -Si (R$2),-Ls1-, LS represents a divalent hydrocarbon group, and -CH,- in the
divalent hydrocarbon group is optionally replaced by -O-;

r2 represents an integer of 0 to 3;

r10 represents an integer of 1 or more; and

* represents a bond;
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Si (RP)p20(XP")4.520 (b1)
wherein RP represents a hydrocarbon group having 1 to 5 carbon atoms;
Xb1 represents a hydrolyzable group; and

b20isOor 1.

The mixed composition according to claim 1, wherein the molar ratio [organosilicon compound (B)/compound (A1)]
of the organosilicon compound (B) to the compound (A1) is less than 10.

The mixed composition according to claim 1 or 2, wherein an organosilicon compound (C) represented by the
following formula (c1) is mixed:

RC1-Si(XC1), (c1)

wherein R¢! represents a hydrocarbon group having 6 to 30 carbon atoms; and
Xc1 represents a hydrolyzable group.

The mixed composition according to claim 3, wherein the mass ratio [compound (A1)/(organosilicon compound (B)
+ organosilicon compound (C))] of the compound (A1) to the total amount of the organosilicon compound (B) and

the organosilicon compound (C) is 0.060 or more.

The mixed composition according to claim 3 or 4, wherein the mass ratio [compound (A1)/organosilicon compound
(C)] of the compound (A1) to the organosilicon compound (C) is 0.2 or more and 30 or less.

The mixed composition according to any one of claims 1 to 5, wherein the compound (E1) satisfies a ratio (5P/5H)
of the polar term (3P) to the hydrogen bonding term (5H) of the Hansen solubility parameter, of 0.70 or more and

1.70 or less.

The mixed composition according to any one of claims 1 to 6, wherein the solvent (E) comprises 5 mass% or more
and 100 mass% or less of the compound (E1).

The mixed composition according to any one of claims 1 to 7, wherein the solvent (E) satisfies a ratio (5P/8H) of the
polarterm (3P) to the hydrogen bonding term (H) of the Hansen solubility parameter, of 0.57 or more and 1.55 or less.

The mixed composition according to any one of claims 1 to 8, wherein the compound (A1) is a compound represented
by the following formula (a1-1):

[Formula 3]

Ra13
|
(A21) -SI—ZSLGSI— Ys1-Sj-Ra13 (a1-1)
RSZ 10 éaifﬂ

wherein A21, Zs1 Rs2 Ys1 and r10 have the same meanings as described above; and
Ra13s each independently represent a hydrocarbon group or a trialkylsilyloxy group, and hydrogen atoms in the
hydrocarbon group or the trialkylsilyloxy group are optionally replaced by fluorine atoms.

The mixed composition according to claim 9, wherein R213s each independently represent an alkyl group having 1
to 4 carbon atoms.

The mixed composition according to any one of claims 1 to 10, wherein water (D) is mixed, and when the total
amount of the mixed composition is 100 mass%, the amount of the water (D) is less than 20 mass%.

The mixed composition according to any one of claims 1 to 11, wherein a weak acid (G) having a pKa of 1 or more
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and 5 or less is mixed.
13. A film obtained by curing the mixed composition according to any one of claims 1 to 12.

14. Glass having the film according to claim 13 on at least one surface thereof.
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