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(54) SILICONE COMPOSITION FOR RELEASE PAPER OR RELEASE FILM

(57) A silicone composition for release paper or release films which comprises (A) an organopolysiloxane having at
least two alkenyl groups in the molecule, (B) an organohydrogenpolysiloxane having, in the molecule, at least three
hydrogen atoms each bonded to a silicon atom, (C) a platinum-group metal catalyst, (D) an organic solvent, (E) an ionic
compound, and (F) a compound (F-1), which has (f1) and (f3), a compound (F-2), which has (f2) and (f3), or a compound
(F-3), which has (f1), (f2), and (f3): (f1) is a group capable of undergoing hydrosilylation; (f2) is a polysiloxane structure;
and (f3) is a polyoxyethylene chain.
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Description

TECHNICAL FIELD

[0001] This invention relates to an antistatic silicone composition for release paper or release film.

BACKGROUND ART

[0002] It is known that a releasable coating to a sticky or pressure-sensitive adhesive material, which is obtained by
coating a silicone-base release agent to the surface of a substrate such as paper sheet or plastic film, and effecting
crosslinking reaction to form a cured coating, is used as release paper or film. Of these, the release film having a silicone-
base release agent coated to the surface of a plastic material substrate is used in the optical application and electron-
ic/electric part application.
[0003] Nevertheless, the substrate tends to be readily electrically charged and more readily charged when coated
with a silicone-base release agent. Electrostatic charges build up by friction and peeling, giving rise to such problems
as charging of pressure-sensitive adhesive, adsorption of foreign particles, and working inefficiency. It is thus required
to endow the release film with antistatic properties.
[0004] An antistatic release film is known comprising a substrate, an antistatic layer containing metal nanoparticles
or π conjugated electroconductive polymer disposed on the substrate, and a silicone resin-containing release agent
layer disposed on the antistatic layer. In this case, however, since the antistatic layer and the release agent layer are
separately formed, plural coating steps are involved to add to the cost. Also, since the antistatic layer using metal
nanoparticles has a high haze, the release film is inadequate in the optical application.
[0005] Thus an attempt to incorporate an antistatic agent in a release agent for imparting antistatic properties thereto
has been studied. As the antistatic agent, ion conductive compounds such as surfactants are widely used. The ion
conductive compounds have the problems of fluctuating antistatic properties because their humidity-dependent conduc-
tivity, and bleed-out from the release agent layer. The other antistatic agent is a π conjugated conductive polymer having
non-humidity-dependent conductivity and undergoing no bleed-out. Patent Document 1: JP 2636968 proposes a water
dispersion of a π conjugated conductive polymer to which polyanion is added as a dopant-and-surfactant. Also Patent
Document 2: JP-A 2002-241613 proposes a release film using a release agent containing an addition curable silicone
emulsion and a thiophene base conductive polymer.
[0006] However, the silicone emulsion was difficult to use in the antistatic release film application because it is less
bondable to substrates and contains a large amount of water, which can cause corrosion to the coating tool.
[0007] It was then considered to use a non-aqueous conductive polymer dispersion instead of the water dispersion.
As the non-aqueous conductive polymer dispersion, Patent Document 3: WO 2005/052058 discloses an organic solvent
solution of polyaniline. Further, Patent Document 4: JP-A 2006-249303, Patent Document 5: JP-A 2007-254730, and
Patent Document 6: JP-A 2008-045061 disclose an organic solvent dispersion which is obtained from a water dispersion
containing a π conjugated conductive polymer and polyanion by replacing water by an organic solvent. Patent Document
7: JP-A 2011-032382 discloses an organic solvent dispersion which is obtained by freeze drying a water dispersion of
a π conjugated conductive polymer and polyanion and dissolving the dry solids in an organic solvent.
[0008] Although a composition obtained by mixing the organic solvent solution of Patent Document 3 with a silicone
base release agent has been solubilized depending on a choice of the solvent, the silicone base release agent and the
complex of π conjugated conductive polymer and polyanion separate apart during drying, failing to achieve the desired
antistatic and release properties.
[0009] When a silicone base release agent is merely mixed with the organic solvent solution of Patent Documents 4
to 7, the silicone base release agent is not compatible with the complex of π conjugated conductive polymer and polyanion,
making it difficult to achieve the desired antistatic and release properties. While hydrosilylation reaction is generally
utilized as the silicone curing reaction, the procedure of mixing a silicone base release agent with the organic solvent
solution of Patent Documents 4 to 7 and heating the mixture encounters the problem that hydrosilylation reaction is
inhibited, the silicone is not cured, and thus no release agent layer is formed.

PRIOR ART DOCUMENTS

PATENT DOCUMENTS

[0010]

Patent Document 1: JP 2636968
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Patent Document 2: JP-A 2002-241613

Patent Document 3: WO 2005/052058

Patent Document 4: JP-A 2006-249303

Patent Document 5: JP-A 2007-254730

Patent Document 6: JP-A 2008-045061

Patent Document 7: JP-A 2011-032382

Patent Document 8: JP-A 2016-027128

SUMMARY OF THE INVENTION

TECHNICAL PROBLEM

[0011] An object of the invention, which has been made under the above-mentioned circumstances, is to provide a
silicone composition for release paper or release film, having improved antistatic and release properties as well as
satisfactory safety and cure behavior.

SOLUTION TO THE PROBLEM

[0012] The inventors found that a cured release agent layer can be formed by selecting a silicone base release agent
of the condensation cure type that is unsusceptible to cure inhibition, and mixing it with an organic solvent dispersion of
the complex of π conjugated conductive polymer and polyanion. However, there are left the problem of safety of a tin
compound used as a cure catalyst and the problem of a slow cure speed as compared with the hydrosilylation reaction.
[0013] Making further investigations, the inventors have found that by blending a conventional silicone composition
for release paper or release film with (F-1) a compound having (f1) hydrosilylation reactive group and (f3) polyoxyethylene
chain, (F-2) a compound having (f2) polysiloxane structure and (f3) polyoxyethylene chain, or (F-3) a compound having
(f1) hydrosilylation reactive group, (f2) polysiloxane structure and (f3) polyoxyethylene chain, there is obtained a silicone
composition for release paper or release film, having improved antistatic and release properties as well as satisfactory
safety and cure behavior.
[0014] Accordingly, the invention is as defined below.

[1] A silicone composition for release paper or release film, comprising

(A) 100 parts by weight of an organopolysiloxane containing at least two alkenyl groups per molecule and having
an alkenyl content of 0.001 to 0.2 mol/100 g and a 30 wt% toluene dilution viscosity at 25°C of 0.01 to 70 Pa·s,
(B) an organohydrogenpolysiloxane containing at least three silicon-bonded hydrogen atoms per molecule,
represented by the average compositional formula (1), in such an amount that the moles of silicon-bonded
hydrogen atoms is 0.5 to 70 times the moles of alkenyl groups in component (A),

R1
aHbSiO(4-a-b)/2 (1)

wherein R1 which may be the same or different is a substituted or unsubstituted monovalent hydrocarbon group
free of aliphatic unsaturation, a is a positive number of 0.1 to 2, b is a positive number of 0.1 to 3, a+b is a
positive number of 1 to 3, a and b are selected such that the organohydrogenpolysiloxane contains at least
three SiH groups per molecule and has a viscosity in the range of 0.005 to 10 Pa·s at 25°C,
(C) a catalytic amount of a platinum group metal catalyst,
(D) 0 to 100,000 parts by weight of an organic solvent,
(E) 0.1 to 10 parts by weight of an ionic compound, and
(F) 1 to 30 parts by weight of a compound selected from the following (F-1), (F-2) and (F-3):

(F-1) a compound having (f1) and (f3),
(F-2) a compound having (f2) and (f3), and
(F-3) a compound having (f1), (f2) and (f3),
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wherein (f1) is a hydrosilylation reactive group, (f2) is a polysiloxane structure, and (f3) is a polyoxyethylene chain.
[2] The silicone composition for release paper or release film of [1] wherein component (B) is present in such an
amount that the moles of silicon-bonded hydrogen atoms is 3 to 60 times the moles of alkenyl groups in component (A).
[3] The silicone composition for release paper or release film of [1] or [2], further comprising (G) a migratory com-
ponent.
[4] A release paper or release film comprising a paper or film substrate and a release layer formed on the substrate,
the release layer being a cured product of the silicone composition of any one of [1] to [3].

ADVANTAGEOUS EFFECTS OF THE INVENTION

[0015] According to the invention, there is provided a silicone composition for release paper or release film, having
improved antistatic and release properties as well as satisfactory safety and cure behavior.

DESCRIPTION OF EMBODIMENTS

[0016] Now the invention is described in detail.
[0017] The silicone composition for release paper or release film (sometimes abbreviated as silicone composition,
hereinafter) of the invention is a silicone composition comprising the following components (A) to (F) and adapted to
cure through addition reaction.

Component (A)

[0018] Component (A) is an organopolysiloxane containing at least two alkenyl groups per molecule and having an
alkenyl content of 0.001 to 0.2 mol/100 g and a 30 wt% toluene dilution viscosity at 25°C of 0.01 to 70 Pa·s, preferably
represented by the general formula (2).

[0019] In formula (2), R2 which may be the same or different is a substituted or unsubstituted monovalent hydrocarbon
group of 1 to 20 carbon atoms free of aliphatic unsaturation, or an alkenyl group of 2 to 12 carbon atoms which may
have an intervening oxygen atom, at least two of groups R2 are alkenyl.
[0020] Typical of the C1-C20 monovalent hydrocarbon group free of aliphatic unsaturation are monovalent hydrocarbon
groups of 1 to 10 carbon atoms including alkyl groups of preferably 1 to 6 carbon atoms, such as methyl, ethyl, propyl
and butyl, cycloalkyl groups of preferably 5 to 8 carbon atoms, such as cyclohexyl, aryl groups of preferably 6 to 10
carbon atoms, such as phenyl and tolyl, aralkyl groups of preferably 7 to 10 carbon atoms, such as benzyl, and the
foregoing groups in which one or more or all carbon-bonded hydrogen atoms are substituted by hydroxyl, alkoxy, poly-
ether, alkoxyalkyl, epoxy, halogen or the like, such as hydroxypropyl, chloropropyl, and 3,3,3-trifluoropropyl. Especially
from the standpoint of releasability, alkyl and aryl groups are preferred, with methyl, ethyl, propyl and phenyl being more
preferred.
[0021] The alkenyl group of 2 to 12 carbon atoms which may have an intervening oxygen atom is preferably selected
from groups having the formula: -(CH2)n-CH=CH2 wherein n is 0 or an integer of 1 to 10, such as vinyl, propenyl, butenyl,
hexenyl, octenyl and decenyl. Inter alia, vinyl is preferred.
[0022] The organopolysiloxane as component (A) contains at least two alkenyl groups per molecule. If the number of
alkenyl groups is less than 2, there is a strong possibility that non-crosslinked molecules are left after cure, indicating a
lowering of curability. The content of alkenyl groups per 100 g of the organopolysiloxane (A) is preferably 0.001 to 0.2
mole, more preferably 0.002 to 0.15 mole. An alkenyl content of less than 0.001 mole may invite a lowering of curability
whereas a content in excess of 0.2 mole may invite tightening of release and hence, release failure.
[0023] Component (A) has a viscosity at 25°C of 0.01 to 70 Pa·s as measured in a 30 wt% toluene solution, preferably
0.01 to 50 Pa·s as measured in a 30 wt% toluene solution. If the viscosity is less than 0.01 Pa·s, the resulting composition
is inefficiently coatable. If the viscosity exceeds 70 Pa·s, the resulting composition is poorly workable. It is noted that
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the viscosity is measured by a rotational viscometer (the same holds true, hereinafter).
[0024] In formula (2), c, d, e and f are selected from positive numbers so as to give a viscosity in the above-defined
range. Specifically, c is an integer of at least 2, preferably 2 to 300, d is an integer of at least 100, preferably 200 to
20,000, e is an integer of at least 0, preferably 0 to 100, f is an integer of at least 0, preferably 0 to 100, and 150 ≤
c+d+e+f ≤ 20,000, preferably 200 ≤ c+d+e+f ≤ 15,000.
[0025] Examples of component (A) are given below, but not limited thereto. In the formulae, Me, Vi, and Ph stand for
methyl, vinyl, and phenyl, respectively.

(150 ≤ g1 ≤ 2,500)

(150 ≤ g2 ≤ 10,000)

(150 ≤ g3 ≤ 19,000, 2 ≤ g4 ≤ 500)

(150 ≤ g5 ≤ 19,000, 1 ≤ g6 ≤ 500)



EP 3 524 655 A1

6

5

10

15

20

25

30

35

40

45

50

55

(150 ≤ g7 ≤ 19,000, 1 ≤ g8 ≤ 500, 1 ≤ g9 ≤ 500)

(150 ≤ g10 ≤ 5,000, 0 ≤ g11 ≤ 5,000, 0 ≤ g12 ≤500, 0 ≤ g13 ≤ 100)
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(150 ≤ g14 ≤ 5,000, 0 ≤ g15 ≤ 5,000, 0 ≤ g16 ≤ 500, 0 ≤ g17 ≤ 500, 0 ≤ g18 ≤500, 0 ≤ g19 ≤ 100, 0 ≤g20 ≤ 100)

Component (B)

[0026] Component (B) is an organohydrogenpolysiloxane containing at least three silicon-bonded hydrogen atoms
(also referred to as "SiH group," hereinafter) per molecule, represented by the average compositional formula (1).

R1
aHbSiO(4-a-b)/2 (1)

Herein R1 which may be the same or different is a substituted or unsubstituted monovalent hydrocarbon group free of
aliphatic unsaturation, a is a positive number of 0.1 to 2, preferably 0.2 to 1.5, b is a positive number of 0.1 to 3, preferably
0.2 to 2, a+b is a positive number of 1 to 3, preferably 0.5 to 2.7, a and b are selected such that the viscosity at 25°C
falls in the range of 0.005 to 10 Pa·s.
[0027] In formula (1), R1 is a substituted or unsubstituted monovalent hydrocarbon group free of aliphatic unsaturation.
Examples include alkyl groups of preferably 1 to 6 carbon atoms, such as methyl, ethyl, propyl and butyl, cycloalkyl
groups of preferably 5 to 8 carbon atoms, such as cyclohexyl, aryl groups of preferably 6 to 10 carbon atoms, such as
phenyl and tolyl, aralkyl groups of preferably 7 to 10 carbon atoms, such as benzyl, and the foregoing groups in which
one or more or all carbon-bonded hydrogen atoms are substituted by hydroxyl, alkoxy, polyether, alkoxyalkyl, epoxy,
halogen or the like, such as hydroxypropyl, 1-chloropropyl, and 3,3,3-trifluoropropyl. Among these, alkyl and aryl groups
are preferred, with methyl being more preferred from the standpoint of increasing the addition reaction rate.
[0028] Examples of the organohydrogenpolysiloxane having formula (1) include polymers or copolymers comprising
at least one of R1HSiO2/2 units (wherein R1 is as defined above, the same holds true hereinafter), HSiO3/2 units, and
R1

2HSiO1/2 units, and optionally further containing at least one of R1
2SiO2/2 units, R1SiO3/2 units, and R1

3SiO1/2 units,
preferably at least 3, more preferably 10 to 100 R1HSiO2/2 units and/or R1

2HSiO1/2 units in total being included per
molecule. Also, SiO4/2 units may be included as long as the benefits of the invention are obtainable.
[0029] Notably, the content of SiH groups is preferably 0.1 to 3 moles/100 g, more preferably 0.2 to 2 moles/100 g of
the organopolysiloxane.
[0030] The organohydrogenpolysiloxane may be linear, branched or cyclic, or a mixture thereof.
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[0031] Examples of component (B) are given below, but not limited thereto. In the formulae, Ph stands for phenyl.

(3 ≤ h1 ≤ 100)

(3 ≤ h2 ≤ 100, 0 ≤ h3 ≤ 500)

(1 ≤ h4 ≤ 100, 0 ≤ h5 ≤ 500)

(3 ≤ h6 ≤ 100, 0 ≤ h7 ≤ 500)
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(0 ≤h8 ≤ 200, 0 ≤ h9 ≤ 200, 0 ≤ h10 ≤ 100, 1 ≤ h11 ≤ 100)
[0032] Component (B) is blended in such an amount that the moles of SiH groups is 0.5 to 70 times the moles of
alkenyl groups in component (A). If this molar ratio is less than 0.5, curability may be low and adhesion to the substrate
may be poor. If this molar ratio is more than 70, the pot life may be short. Preferably component (B) is blended in such
an amount that the moles of SiH groups is 3 to 60 times, more preferably 5 to 60 times the moles of alkenyl groups in
component (A).

Component (C)

[0033] Component (C) is a platinum group metal catalyst or addition reaction catalyst which is used to promote crosslink-
ing reaction between components (A) and (B) to form a cured film. Examples of the addition reaction catalyst include
platinum black, chloroplatinic acid, complexes of chloroplatinic acid with olefins or vinylsiloxanes, chloroplatinic acid-
alcohol coordination compounds, rhodium, and rhodium-olefin complexes. These compounds may be used alone or in
combination of two or more.
[0034] The addition reaction catalyst is used in a catalytic amount, preferably 5 to 2,000 ppm (weight basis) of platinum
or rhodium based on the total weight of components (A) and (B). The amount may be properly adjusted in accordance
with the reactivity of the components and the desired cure rate.

Component (D)

[0035] Component (D) is an organic solvent which is blended for the purposes of improving the stability of treating
solution, facilitating coating to various substrates, and adjusting the coating weight and viscosity, if necessary. Especially
the solvent imparts the desired effect to the silicone composition for release film. Those organic solvents in which the
composition is uniformly dissolved are useful, for example, toluene, xylene, ethyl acetate, acetone, methyl ethyl ketone,
and hexane. Preferably toluene, methyl ethyl ketone, and hexane are used. The solvents may be used alone or in
combination of two or more.
[0036] Since component (D) is optional, its amount may be 0 part by weight. The organic solvent is not blended when
the danger of the organic solvent or a lowering of safety is undesired, and in this case, the silicone composition for
release paper or film may be used as solventless type. When component (D) is blended, its amount is preferably 10 to
100,000 parts by weight, more preferably 10 to 10,000 parts by weight per 100 parts by weight of component (A). Too
much amounts may cause inefficient coating whereas too less amounts may lead to a short pot-life.

Component (E)

[0037] The inventive composition contains (E) an ionic compound as an antistatic agent. The ionic compound is ion-
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dissociable at room temperature. Component (E) can impart excellent antistatic properties when combined with com-
ponent (F). Suitable ionic compounds include alkali metal salts and ionic liquids and may be used alone or in combination
of two or more.
[0038] Examples of the alkali metal salt include, but are not limited to, metal salts composed of cations such as lithium
ion, sodium ion and potassium ion, with anions such as chloride ion, bromide ion, iodide ion, tetrachloroaluminum ion,
hexafluorophosphate ion, tetrafluoroborate ion, thiocyanate ion, perchlorate ion, p-toluenesulfonate ion, trifluorometh-
anesulfonate ion, pentafluoroethanesulfonate ion, bis(trifluoromethanesulfonyl)imide, dicyanamide, tris(trifluoromethyl-
sulfonyl)methide, acetate ion, trifluoroacetate ion, and hexafluoroantimony ion. More preferred are lithium salts such as
lithium bromide, lithium iodide, lithium tetrafluoroborate, lithium hexafluorophosphate, lithium thiocyanate, lithium per-
chlorate, lithium trifluoromethanesulfonate, and lithium bis(trifluoromethanesulfonyl)imide. These alkali metal salts may
be used alone or in combination of two or more.
[0039] The ionic liquid refers to a molten salt which is liquid and nonvolatile at a temperature in the range of 0 to 150°C.
Since the ionic liquid is liquid at any temperature in the range, it is easier to add to, disperse in or dissolve in the release
agent than a solid salt.
[0040] The ionic liquid is preferably selected from nitrogen-containing onium salts, sulfur-containing onium salts, and
phosphorus-containing onium salts, more preferably from nitrogen-containing onium salts. Each onium salt is composed
of an anion moiety and a cation moiety, which are described below.
[0041] Suitable anion moieties include, but are not limited to, chloride ion, bromide ion, iodide ion, hexafluorophosphate
ion, tetrafluoroborate ion, p-toluenesulfonate ion, trifluoromethanesulfonate ion, pentafluoroethanesulfonate ion, N-meth-
yltrifluoromethanesulfonamide, bis(trifluoromethanesulfonyl)imide, dicyanamide, tris(trifluoromethylsulfonyl)methide,
acetate ion, trifluoroacetate ion, as well as conjugated bases of superstrong acids such as tetrafluoroborate ion, hex-
afluorophosphate ion, chlorofluoroborate ion, hexafluoroantimonate ion, hexafluoroarsenate ion, taurine hexafluoride
ion and antimony hexafluoride ion as described in JP-A 2016-027128.
[0042] Suitable cation moieties include, but are not limited to, 1-butyl-3-methylimidazolium, 1-ethyl-3-methylimidazo-
lium, 1-hexyl-3-methylimidazolium, 1-butyl-2,3-dimethylimidazolium, 1-methyl-3-(3-cyanopropyl)imidazolium, 1-methox-
yethyl-3-methylimidazolium, N-hexylpyridinium, 1-butyl-1-methylpyrrolidinium, 1-butyl-1-methylpiperidinium, tetrabutyl-
phosphonium, trihexyl(tetradecyl)phosphonium, trimethylsulfonium, trimethylammonium, diisopropylethylammonium, as
well as quaternary ammonium salts such as trimethyldodecylammonium, trimethyltetradecylammonium, trimethylhexa-
decylammonium, trimethyloctadecylammonium, trimethyl coconut oil alkylammonium, trimethyl-2-ethylhexylammonium,
dimethylethyldodecylammonium, dimethylethyltetradecylammonium, dimethylethylhexadecylammonium, dimethylethy-
loctadecylammonium, dimethylethyl coconut oil alkylammonium, dimethylethyl-2-ethylhexylammonium, methyldiethyl-
dodecylammonium, methyldiethyltetradecylammonium, methyldiethylhexadecylammonium, methyldiethyloctadecylam-
monium, methyl diethyl coconut oil alkylammonium, methyldiethyl-2-ethylhexylammonium, dimethyldihexylammonium,
dimethyldioctylammonium, dimethyldidecylammonium, dimethyldidodecylammonium, trimethyloleylammonium, dimeth-
ylethyloleylammonium, methyldiethyloleylammonium, dimethyldecylbenzylammonium, dimethyldodecylbenzylammoni-
um, dimethyltetradecylbenzylammonium, dimethylhexadecylbenzylammonium, dimethyl coconut oil alkylbenzylammo-
nium, dimethyloleylbenzylammonium, dimethyl-2-ethylhexylbenzylammonium, oleamidoethyldiethylmethylammonium,
stearamidoethyldiethylbenzylammonium, stearamidopropyldimethylhydroxyethylammonium, stearyloxymethylpyridin-
ium, hexadecyloxymethylpyridium, and hexadecyloxymethylpyridinium as described in JP-A 2016-027128.
[0043] Preferred are trimethylammonium, diisopropylethylammonium, trimethylhexadecylammonium, dimethyldide-
cylammonium, dimethyldodecylbenzylammonium, and dimethyltetradecylbenzylammonium.
[0044] More specifically, suitable ionic liquids include, but are not limited to, trimethylammonium bis(trifluorometh-
anesulfonyl)imide, diisopropylethylammonium bis(trifluoromethanesulfonyl)imide, 1-butyl-3-methylimidazolium bis(trif-
luoromethanesulfonyl)imide, 1-ethyl-3-methylimidazolium bis(trifluoromethanesulfonyl)imide, 1-butyl-2,3-dimethylimi-
dazolium bis(trifluoromethanesulfonyl)imide, 1-methyl-3-(3-cyanopropyl)imidazolium bis(trifluoromethanesulfonyl)imi-
de, 1-methoxyethyl-3-methylimidazolium bis(trifluoromethanesulfonyl)imide, 1-butyl-1-methylpyrrolidinium bis(trifluor-
omethanesulfonyl)imide, 1-butyl-1-methylpyrrolidinium dicyanamide, dimethyldidecylammonium tetrafluoroborate, dide-
cyldimethylammonium trifluoromethanesulfonate, trimethylhexadecylammonium tetrafluoroborate, dimethyl coconut oil
alkylbenzylammonium tetrafluoroborate, dimethyl coconut oil alkylbenzylammonium trifluoromethanesulfonate, and the
ionic liquids described in JP-A 2016-027128. Preferred are trimethylammonium bis(trifluoromethanesulfonyl)imide, di-
isopropylethylammonium bis(trifluoromethanesulfonyl)imide, dimethyldidecylammonium tetrafluoroborate, didecyld-
imethylammonium trifluoromethanesulfonate, trimethylhexadecylammonium tetrafluoroborate, dimethyl coconut oil
alkylbenzylammonium tetrafluoroborate, and dimethyl coconut oil alkylbenzylammonium trifluoromethanesulfonate. The
ionic liquids may be used alone or in combination of two or more.
[0045] Component (E) is preferably blended in an amount of 0.1 to 10 parts by weight, more preferably 0.2 to 9 parts
by weight per 100 parts by weight of component (A) from the standpoint of obtaining excellent antistatic properties. If
the amount is less than 0.1 part by weight, antistatic properties may be insufficient. If the amount exceeds 10 parts by
weight, cure may be insufficient.
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Component (F)

[0046] Component (F) is a compound selected from the following (F-1), (F-2) and (F-3):

(F-1) a compound having (f1) and (f3),
(F-2) a compound having (f2) and (f3), and
(F-3) a compound having (f1), (f2) and (f3),

wherein (f1) is a hydrosilylation reactive group, (f2) is a polysiloxane structure, and (f3) is a polyoxyethylene chain. Each
of (f1) to (f3) may be a combination of two or more.
[0047] The hydrosilylation reactive group is a reactive functional group capable of participating in addition reaction
between carbon-carbon double bonds and silicon-bonded hydrogen atoms in the presence of a hydrosilylation reaction
catalyst such as a platinum group metal catalyst. Examples include organic groups having a carbon-carbon double bond
at least in part, such as alkenyl groups of 2 to 20 carbon atoms, acrylic or methacrylic groups, and Si-H groups.

(F-1): compound having (f1) organic group having a carbon-carbon double bond at least in part and (f3)

[0048] Examples include, but are not limited to, polyethylene glycol monoallyl ether, methoxypolyethylene glycol
monoallyl ether, phenoxypolyethylene glycol monoallyl ether, polyethylene glycol diallyl ether, ethylene glycol monoallyl
ether, ethylene glycol diallyl ether, polyethylene glycol monoacrylate, methoxypolyethylene glycol monoacrylate, phe-
noxypolyethylene glycol monoacrylate, polyethylene glycol diacrylate, ethylene glycol monomethacrylate, ethylene glycol
dimethacrylate, and polyethylene glycol mono(2-propynyl) ether.

(F-1): compound having (f1) Si-H group and (f3)

[0049] Examples include, but are not limited to, etherified products of polyethylene glycol monoallyl ether and chlo-
rodimethylsilane, etherified products of polyethylene glycol and chlorodimethylsilane, etherified products of trimethylol
propane diallyl ether and chlorodimethylsilane, etherified products of EO adducts of pentaerythritol triallyl ether and
chlorodimethylsilane, EO adducts of glycerol monoallyl ether, and etherified products of EO adducts of allyl amine and
chlorodimethylsilane, as described in JP-A 2016-027128.

(F-2): compound having (f2) and (f3)

[0050] Examples include, but are not limited to, urethane urea products obtained by reacting amino-modified silicone
with polyethylene glycol (abbreviated as PEG, hereinafter) using polyisocyanate, esterified products obtained by reacting
epoxy-modified silicone with PEG using dicarboxylic acid, urethane products obtained by reacting carbinol-modified
silicone with PEG using polyisocyanate, polyether-modified silicone, thiourethane products obtained by reacting mer-
capto-modified silicone with PEG using polyisocyanate, esterified product of carboxyl-modified silicone or carboxylic
anhydride-modified silicone with PEG, compounds obtained from addition reaction of methylhydrogensilicone and PEG
having an ethylenically unsaturated bond at an end or side chain, and PEG-modified silicone, as described in JP-A
2016-027128.

(F-3): compound having (f1), (f2) and (f3)

[0051] Examples include, but are not limited to, urethane urea products obtained from reaction of (f1) with (F-2) using
polyisocyanate, etherified products of allyl chloride and (F-2), and etherified products of chlorodimethylsilane and (F-2),
as described in JP-A 2016-027128.
[0052] According to the invention, excellent antistatic effect is exerted by the combined use of components (E) and
(F) for the following reason. Since component (F) has (f1) hydrosilylation reactive group, it can react with component
(A) or (B) and be incorporated in a silicone film. Also, component (F) having (f2) polysiloxane structure is well compatible
with the cured film and readily dispersed in the film. If a compound is free of (f1) and/or (f2), it is less compatible with
the cured film so that it may be locally distributed at the interface between the substrate and the cured film or the surface
of the cured film, leading to a reduction of adhesion.
[0053] When the ionic compound (E) is blended alone, the ionic compound tends to agglomerate together because it
is less compatible with the cured film of silicone. It is also believed that the ionic compound is locally distributed at the
substrate-film interface or the film surface. Then, the antistatic effect is not exerted, and there occur degradation of
adhesion to the substrate and bleed-out from the cured film. According to the invention, (F) compound having polyox-
yethylene chain is dispersed in the cured film, which helps the ionic compound to disperse, achieving good adhesion to
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the substrate, suppression of bleed-out, and excellent antistatic effect.
[0054] Component (F) is preferably blended in an amount of 1 to 30 parts by weight, more preferably 3 to 25 parts by
weight per 100 parts by weight of component (A). Within the range, excellent antistatic properties are developed without
compromising adhesion to the substrate.
[0055] While the inventive silicone composition is obtained by blending predetermined amounts of components (A) to
(F) defined above, other optional components may be added if desired and insofar as the objects and benefits of the
invention are not impaired. Any well-known additives commonly used in silicone-base release compositions may be
added in standard amounts. The other optional components which can be blended include (G) migratory component,
(H) release force adjusting agent, and (I) pot-life extender, as well as well-known antioxidants, pigments, stabilizers,
defoamers, adhesion improvers, tackifiers, and inorganic fillers such as silica insofar as the benefits of the invention are
not impaired.

Component (G)

[0056] Component (G) is a migratory component which imparts slippage and migration to the cured film. When com-
ponent (G) is added, the amount of antistatic agent available near a surface layer of the cured film is increased, with
antistatic properties being improved. This is effective for preventing breakage or degradation of the cured film during
the manufacture or conversion of release paper or film and also useful for lightening the release force of the cured film.
Examples of (G) migratory component include organopolysiloxane containing or not containing a small amount of alkenyl
group (e.g. up to 0.003 mole of alkenyl group per 100 g of the organopolysiloxane), and acrylic silicone graft copolymers,
which may be used alone or in combination of two or more.
[0057] The organopolysiloxane used herein preferably has the general formula (3):

R3
3-iR4

i-SiO-(Me2SiO)j(R5MeSiO)k(R6
2SiO)l-SiR3

3-iR4
i (3)

wherein R3 is independently a monovalent organic group free of aliphatic unsaturation, R4 is independently an alkyl,
hydroxyl, alkoxy or alkenyl group, R5 and R6 are each independently a monovalent organic group free of aliphatic
unsaturation, i is independently an integer of 1 to 3, j, k and 1 are selected from positive numbers such that the organ-
opolysiloxane may have a viscosity at 25°C of up to 100 Pa·s as expressed by a 30 wt% toluene dilution viscosity.
[0058] A main skeleton composed mainly of dimethylsiloxane units and having no functional group on side chain is
adequate for the purpose. Also, the elimination of a functional group at an end is effective for slippage, but the possession
thereof is effective for increasing residual adhesion. Suitable functional groups are hydroxyl groups capable of reacting
with SiH groups in component (B) and alkoxy groups which are hydrolysable to be reactive, as well as alkenyl groups.
[0059] Examples of the organopolysiloxane include those having the general formula (4), but are not limited thereto.
In the formulae, Me and Ph stand for methyl and phenyl, respectively.

(10 ≤ j ≤ 20,000, 0 ≤ l ≤ 500)
[0060] The acrylic silicone graft copolymer used herein is a copolymer of an organopolysiloxane compound (Ga)
having acrylic and/or methacrylic group (referred to as (meth)acrylic group, hereinafter) and a radical polymerizable
monomer (Gb) having one radical polymerizable group per molecule. Its weight average molecular weight is preferably
1,000 to 100,000.
[0061] The weight average molecular weight (Mw) of the copolymer is 1,000 to 100,000, more preferably 1,500 to
50,000, even more preferably 2,000 to 30,000, as measured by gel permeation chromatography (GPC) using toluene
as developing solvent versus polystyrene standards. A Mw of less than 1,000 leads to a reduction of percent residual
adhesion whereas a copolymer with a Mw in excess of 100,000 is less dispersible in the silicone composition.
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Component (Ga): organopolysiloxane compound having (meth)acrylic group

[0062] The organopolysiloxane compound (Ga) used herein is not particularly limited as long as it has a (meth)acrylic
group. A radical polymerizable silicone macromonomer having the general formula (5) is preferred from the standpoints
of ease of copolymerization with a radical polymerizable monomer (Gb) having one radical polymerizable group per
molecule, ease of synthesis of the organopolysiloxane compound itself, and the effect of a release force-controlling
component.

[0063] In formula (5), R7 is hydrogen or methyl. X is a divalent functional group selected from oxygen atom, NH group
and sulfur atom. Y is a divalent hydrocarbon group of 1 to 12 carbon atoms, preferably 1 to 10 carbon atoms, which may
have an intervening oxygen atom. Examples include alkylene groups such as methylene, ethylene, propylene (trimeth-
ylene, methylethylene), butylene (tetramethylene, methylpropylene), hexamethylene, and octamethylene, arylene
groups such as phenylene, combinations of two or more of the foregoing (e.g. alkylene-arylene groups), -CH2CH2-O-
CH2CH2-, -CH2CH2-O-CH2CH2-O-CH2CH2-, -CH(CH3)CH2-O-CH(CH3)CH2-, and -CH2CH2CH2CH2-O-
CH2CH2CH2CH2-. Preferably Y is ethylene, propylene or butylene. The subscript m is an integer of 0 to 1,000, preferably
0 to 500, more preferably 0 to 200.
[0064] R8 which may be the same or different is a substituted or unsubstituted monovalent hydrocarbon group of 1 to
20 carbon atoms, preferably 1 to 18 carbon atoms, hydrogen, hydroxyl, alkoxy group of 1 to 10 carbon atoms, preferably
1 to 8 carbon atoms, or a substituent group having the general formula (6).

Herein R9 which may be the same or different is a substituted or unsubstituted monovalent hydrocarbon group of 1 to
20 carbon atoms, preferably 1 to 18 carbon atoms, hydrogen, hydroxyl, or alkoxy group of 1 to 10 carbon atoms, preferably
1 to 8 carbon atoms, and n is an integer of 0 to 300.
[0065] Examples of the substituted or unsubstituted monovalent hydrocarbon groups represented by R8 and R9 include
alkyl groups such as methyl, ethyl, propyl and butyl, cycloalkyl groups such as cyclohexyl, aryl groups such as phenyl
and tolyl, aralkyl groups such as benzyl and phenethyl, and substituted forms of the foregoing in which one or more or
even all carbon-bonded hydrogen atoms are substituted by hydroxyl, cyano, halogen or the like, such as hydroxypropyl,
cyanoethyl, 3-chloropropyl and 3,3,3-trifluoropropyl. Examples of the alkoxy group of 1 to 10 carbon atoms include
methoxy, ethoxy, propoxy and butoxy. R8 is preferably an alkyl or aryl group, more preferably an alkyl group of 1 to 5
carbon atoms. R9 is preferably an alkyl or aryl group, more preferably an alkyl group of 1 to 5 carbon atoms. The subscript
n is an integer of 0 to 300, preferably 0 to 100, more preferably 0 to 50.
[0066] Examples of component (Ga) are given below, but not limited thereto. In the formulae, Me, OMe, and Ph stand
for methyl, methoxy, and phenyl, respectively.
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(1 ≤ o ≤ 12, 0 ≤ m1 ≤ 1,000)

(1 ≤ o ≤ 12, 0 ≤ m1 ≤ 1,000)

(1 ≤ o ≤ 12, 0 ≤ m1 ≤ 1,000, 0 ≤ m2 ≤ 1,000, 0 ≤ m1+m2 ≤ 1,000)

(1 ≤ o ≤ 12, 0 ≤ m1 ≤ 1,000, 0 ≤ m3 ≤ 1,000, 0 ≤ m1+m3 ≤ 1,000)

(1 ≤ o ≤ 12, 0 ≤ m1 ≤ 1,000)
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(1 ≤ o ≤ 12, 0 ≤ m1 ≤ 1,000)

(1 ≤ o ≤ 12)

(1 ≤ o ≤ 12, 0 ≤ m1’ ≤ 999)
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(1 ≤ o ≤ 12, 0 ≤ m1’ ≤ 999, 0 ≤ n ≤ 300)

Component (Gb): radical polymerizable monomer

[0067] The radical polymerizable monomer (Gb) may be used herein alone or in admixture. It is not particularly limited
as long as it has one radical polymerizable group per molecule.
[0068] Exemplary of component (Gb) are compounds having one radical polymerizable group such as acrylic, meth-
acrylic, styryl, cinnamate, vinyl or allyl per molecule. Examples include esters of (meth)acrylic acid such as methyl
(meth)acrylate, ethyl (meth)acrylate, n-butyl (meth)acrylate, 2-ethylhexyl (meth)acrylate, lauryl (meth)acrylate, stearyl
(meth)acrylate, cyclohexyl (meth)acrylate, benzyl (meth)acrylate, isobornyl (meth)acrylate, trifluoropropyl (meth)acrylate,
perfluorobutylethyl (meth)acrylate, and perfluorooctylethyl (meth)acrylate; epoxy-containing radical polymerizable mon-
omers such as glycidyl (meth)acrylate, β-methylglycidyl (meth)acrylate, and 3,4-epoxycyclohexylmethyl (meth)acrylate;
hydroxyl-containing radical polymerizable monomers such as 2-hydroxyethyl (meth)acrylate, 2-hydroxypropyl (meth)acr-
ylate, and 2-hydroxybutyl (meth)acrylate; radical polymerizable silane compounds such as γ-methacryloxypropyltrimeth-
oxysilane, γ-methacryloxypropylmethyldimethoxysilane, γ-methacryloxypropyldimethylmethoxysilane, γ-methacryloxy-
propyltriethoxysilane, γ-methacryloxypropylmethyldiethoxysilane, γ-methacryloxypropyltributoxysilane, γ-methacryloxy-
propyltriisopropenoxysilane, γ-acryloxypropyltrimethoxysilane, acryloxymethyltrimethoxysilane, γ-acryloxypropyltri-
ethoxysilane, γ-acryloxypropylmethyldiethoxysilane, styryltrimethoxysilane, styryltriethoxysilane, and α-methylstyryltri-
methoxysilane; polyoxyalkylene-containing radical polymerizable monomers; and glycerol (meth)acrylate.
[0069] When the release lightening effect and residual adhesion-increasing effect obtained from the release force-
controlling component are taken into account, alkyl (meth)acrylates of 1 to 30 carbon atoms are preferred, with methyl
(meth)acrylate being most preferred.

Ratio of component (Ga)/component (Gb)

[0070] The organopolysiloxane compound having (meth)acrylic group (Ga) and the radical polymerizable monomer
having one radical polymerizable group per molecule (Gb) are combined in a polymerization weight ratio (Ga)/(Gb) in
the range of preferably 30/70 to 99/1, more preferably 40/60 to 97/3, even more preferably 50/50 to 95/5. If the polym-
erization weight ratio (Ga)/(Gb) is less than 30/70, which means a less content of silicone component, the compatibility
of the copolymer in the silicone composition may be low, allowing the release force-controlling component to separate
out. If the ratio is more than 99/1, the release lightening effect may be reduced.

Synthesis Of Acrylic-Silicone Graft Copolymer

[0071] Monomer materials containing the organopolysiloxane compound having (meth)acrylic group (Ga) and the
radical polymerizable monomer having one radical polymerizable group per molecule (Gb) are copolymerized in the
presence of a conventional radical polymerization initiator selected from peroxides such as benzoyl peroxide, dicumyl
peroxide, lauroyl peroxide, and tert-butyl 2-ethylperoxyhexanoate, and azo compounds such as 2,2’-azobis(2-methyl-



EP 3 524 655 A1

17

5

10

15

20

25

30

35

40

45

50

55

butyronitrile). Any of solution polymerization, emulsion polymerization, suspension polymerization, and mass polymer-
ization techniques may be applied.
[0072] In the practice of the invention, the solution polymerization technique is preferred among these polymerization
techniques because the molecular weight of the resulting acrylic silicone graft copolymer can be readily adjusted to an
optimum range. Examples of the solvent which can be used for polymerization include aromatic hydrocarbons such as
benzene, toluene and xylene, ketones such as acetone, methyl ethyl ketone and methyl isobutyl ketone, esters such as
ethyl acetate, n-butyl acetate and isobutyl acetate, alcohols such as ethanol, isopropanol, n-butanol and isobutanol, and
mixtures thereof.
[0073] The polymerization temperature is preferably in the range of 50 to 180°C, more preferably 60 to 120°C. Under
such temperature condition, polymerization reaction may be complete in about 1 to 10 hours. Although the method for
taking out the copolymer from the copolymerization solution is not particularly limited, exemplary methods include a
method of evaporating the solvent, and a method of adding a poor solvent such as water or methanol to the copolym-
erization solution, causing the copolymer to precipitate out, and drying.
[0074] When used, component (G) is blended in an amount of preferably 0.1 to 20 parts by weight, more preferably
0.1 to 15 parts by weight per 100 parts by weight of component (A). As long as the amount of component (G) blended
is in the range, a better release force-controlling effect is obtained.

Component (H)

[0075] The release force-adjusting agent (H) is used for the purpose of reducing SiH groups remaining in the treating
bath for lightening the release force or increasing the crosslinking density for improving adhesion. A compound containing
at least two alkenyl groups per molecule, having an alkenyl content corresponding to 5 to 1000 times the alkenyl content
of component (A), and having a viscosity at 25°C of less than 1 Pa·s or a 30 wt% toluene dilution viscosity at 25°C of
less than 0.1 Pa·s is used to this end.
[0076] When used, component (H) is preferably blended in an amount of 0.1 to 20 parts by weight, more preferably
0.1 to 15 parts by weight per 100 parts by weight of component (A). Using component (H) in the range, the release force
may be adjusted as desired.
[0077] Examples of the release force-adjusting agent are given below, but not limited thereto. In the formulae, Me, Vi,
and Ph stand for methyl, vinyl, and phenyl, respectively.
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(0 ≤ q1 ≤ 500)

(0 ≤ q1 ≤ 500, 1 ≤ q2 ≤ 500, 1 ≤ q1+q2 ≤ 500)

(0 ≤ q1 ≤ 500)
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(3 ≤ q3 ≤ 6)

(0 ≤ q4 ≤ 200, 0 ≤ q5 ≤ 200, 0 ≤ q6 ≤ 100, 1 ≤ q7 ≤ 30, 2 ≤ q4+q5+((q6+2)3q7) ≤ 500)
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(0 ≤ q4 ≤ 200, 0 ≤ q5 ≤ 200, 0 ≤ q6 ≤ 100, 0 ≤ q7 ≤ 30, 0 ≤ q8 ≤ 100, 0 ≤ q9 ≤ 100, 1 ≤ q10 ≤ 30, 3 ≤
q4+q5+((q6+2)3q7)+((q8+q9+3)3q10) ≤ 500)

Component (I)

[0078] The pot-life extender is selected from, for example, organic nitrogen compounds, organic phosphorus com-
pounds, acetylene compounds, oxime compounds, and organic chlorine compounds. Examples include acetylene al-
cohols such as 3-methyl-1-butyn-3-ol, 3,5-dimethyl-1-hexyn-3-ol, 3-methyl-1-penten-3-ol, phenylbutynol, acetylene com-
pounds such as 3-methyl-3-1-penten-1-yne and 3,5-dimethyl-1-hexyn-3-yne, the reaction products of these acetylene
compounds with alkoxysilanes, siloxanes or hydrogensilanes, vinylsiloxanes such as cyclic tetramethylvinylsiloxane,
organic nitrogen compounds such as benzotriazole, and other organic phosphorus compounds, oxime compounds, and
organic chromium compounds.
[0079] The amount of component (I) blended may be sufficient to provide a satisfactory pot-life, and in most cases,
preferably 0.01 to 10 parts by weight per 100 parts by weight of component (A).

Preparation method

[0080] For the preparation of the silicone composition, a method comprising the steps of previously mixing components
(A), (B), (D), (E), (F) and optional components uniformly and adding component (C) immediately before use is preferred
in view of pot life.
[0081] The silicone composition of the invention is of the addition reaction cure type. The composition or a cured
product thereof is a silicone composition having antistatic effect for forming an antistatic release paper or film.

Release liner

[0082] A release liner includes a substrate and a release layer formed on the substrate, the release layer being a
cured product of the silicone composition. Specifically, a release paper or film includes a paper or film substrate and a
release layer in the form of a cured product of the silicone composition formed on the substrate. The release layer may
be formed on at least one surface of the substrate, that is, either on one surface or on both surfaces. Using the silicone
composition of the invention, an antistatic release liner is obtained.
[0083] A cured product of the silicone composition of the invention should preferably have a surface resistivity of up
to 531012 Ω/h, more preferably up to 531011 Ω/h as measured under conditions: applied voltage 500 V, temperature
2363°C, and humidity 4565%.
[0084] Examples of the paper substrate include coated paper sheets such as polyethylene laminated paper, glassine
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paper, pure paper, kraft paper, and clay coated paper and synthetic paper sheets such as Yupo. Examples of the film
substrate include plastic films such as polyethylene, polypropylene, polystyrene, polyvinyl chloride, polyvinyl alcohol,
polyethylene terephthalate (PET), polybutylene terephthalate, polyethylene naphthalate, polyacrylate, polycarbonate,
polyvinylidene fluoride, polyarylate, styrene base elastomer, polyester base elastomer, polyether sulfone, polyether
imide, polyether ether ketone, polyphenylene sulfide, polyarylate, polyimide, polycarbonate, cellulose triacetate, and
cellulose acetate propionate. Among others, PET is preferred from the standpoints of transparency, flexibility, antifouling
property and strength.
[0085] The thickness of the substrate is selected from the range of 2 to 500 mm. The thickness of the release liner
(release paper or film) that is the total thickness of a substrate and a release layer is preferably 2 to 500 mm, more
preferably 10 to 100 mm. The thickness of the substrate and the release liner may be measured by a dial gauge, ultrasonic
thickness gauge, or well-known thickness gauge. The thickness of the release layer is preferably 0.05 to 5.0 mm, more
preferably 0.1 to 2.0 mm. The thickness of the release layer may be measured by an X-ray fluorescence analyzer.
[0086] Exemplary of the method for preparing the release liner is a method comprising the steps of coating the silicone
composition to at least one surface, for example, one surface or both surfaces of a substrate, drying and curing the
silicone composition to form a release layer. A coating technique using a coater such as a bar coater, gravure coater,
air knife coater, roll coater, or wire bar is applicable. Although the coating weight is not particularly limited, the coating
weight is typically 0.1 to 5.0 g/m2 of solids. One exemplary drying method is by heating the coating to remove volatile
and solvent components. For example, a hot air dryer or IR dryer is used. Alternatively, the coating is allowed to stand
at room temperature. The drying temperature is preferably 50 to 200°C, more preferably 70 to 180°C. The drying time
is preferably 1 to 120 seconds, more preferably 5 to 90 seconds. The silicone composition of the invention is effectively
curable, indicating that once the silicone composition is coated and cured, the single coating step is sufficient to impart
antistatic and release properties.
[0087] The release liner of the invention has improved antistatic and release properties. Therefore, it is preferably
used as a pressure-sensitive adhesive (PSA) sheet for optical and electronic/electric parts. The use of the antistatic
release liner as a PSA sheet encompasses bonding of the release liner to an optical or electronic/electric part.

EXAMPLES

[0088] Synthesis Examples, Examples and Comparative Examples are given below for further illustrating the invention,
but the invention is not limited to the Examples. In the Examples, parts are by weight (pbw).

PREPARATION OF SILICONE COMPOSITION AND RELEASE FILM

RAW MATERIALS

Component (A)

[0089]

(A-1)

an organopolysiloxane consisting of 0.02 mol% of dimethylvinylsiloxane units: (CH3)2(CH2=CH)SiO1/2, 0.48
mol% of methylvinylsiloxane units: (CH3)(CH2=CH)SiO2/2, 97.7 mol% of dimethylsiloxane units: (CH3)2SiO2/2,
and 1.80 mol% of diphenylsiloxane units: (Ph)2SiO2/2
viscosity in 30 wt% toluene solution at 25°C = 15 Pa·s
alkenyl content = 0.0065 mol/100 g

(A-2)

an organopolysiloxane consisting of 0.02 mol% of dimethylvinylsiloxane units: (CH3)2(CH2=CH)SiO1/2, 2.98
mol% of methylvinylsiloxane units: (CH3)(CH2=CH)SiO2/2, and 97.00 mol% of dimethylsiloxane units:
(CH3)2SiO2/2
viscosity in 30 wt% toluene solution at 25°C = 10 Pa·s
alkenyl content = 0.040 mol/100 g

Component (B)

[0090]
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(B-1)

an organohydrogenpolysiloxane consisting of 2 mol% of trimethylsiloxane units: (CH3)3SiO1/2, 58 mol% of
methylhydrogensiloxane units: (CH3)HSiO2/2, 20 mol% of dimethylsiloxane units: (CH3)2SiO2/2, and 20 mol%
of diphenylsiloxane units: (Ph)2SiO2/2
viscosity at 25°C = 0.7 Pa·s
SiH content = 0.64 mol/100 g

(B-2)

an organohydrogenpolysiloxane consisting of 5 mol% of trimethylsiloxane units: (CH3)3SiO1/2 and 95 mol% of
methylhydrogensiloxane units: (CH3)HSiO2/2
viscosity at 25°C = 0.02 Pa·s
SiH content = 1.6 mol/100 g

Component (C)

[0091] platinum-vinylsiloxane complex as catalyst

Component (D)

[0092] solvent mixture of toluene and hexane in weight ratio 1:1

Component (E)

[0093]

(E-1) dimethyldi-n-decylammonium tetrafluoroborate
(E-2) diisopropylethylammonium bis(trifluoromethanesulfonyl)imide
(E-3) lithium bis(trifluoromethanesulfonyl)imide

[0094]

(F1-1) Uniox PKA-5001 (polyethylene glycol monoallyl ether, average molecular weight 200, by NOF Corp.)
(F1-2) Uniox AA-480R (polyethylene glycol diallyl ether, average molecular weight 500, by NOF Corp.)
(F2) KF-6017 (polyether-modified silicone, by Shin-Etsu Chemical Co., Ltd.)

Preparation Example of (F3)

[0095] A glass reactor equipped with a stirrer, thermometer, reflux condenser and dropping funnel was charged with
11.2 parts (2 mol) of allyl alcohol ethylene oxide adduct, 41 parts (1 mol) of carboxyl-modified silicone oil (X-22-162C
by Shin-Etsu Chemical Co., Ltd.), and 0.3 part of esterifying catalyst (p-toluenesulfonic acid monohydrate by Nacalai
Tesque Inc.) all at once. The contents were heated for reaction at 18065°C in a nitrogen stream for 24 hours while
distilling off the water formed, yielding an allyl-containing PEG-modified silicone (F3).

(F’) PEG #600
(polyethylene glycol, average molecular weight 600, by NOF Corp.) for comparison
(G-1) an organopolysiloxane consisting of 0.03 mol% of dimethylvinylsiloxane units: (CH3)3SiO1/2 and 99.7 mol%
of dimethylsiloxane units: (CH3)2SiO2/2 (viscosity in 30 wt% toluene solution at 25°C = 10 Pa·s)

Preparation Example of (G-2)

[0096] A glass reactor equipped with a stirrer, thermometer, reflux condenser and dropping funnel was charged with
33.0 parts of toluene and heated at 90-100°C. In a nitrogen stream, a mixture of 55.7 parts (0.067 mol) of a radical
polymerizable silicone macromonomer having the formula (7) below, 9.8 parts (0.098 mol) of methyl methacrylate, 2.5
parts (0.012 mol) of tert-butyl 2-ethylperoxyhexanoate, and 51.8 parts of toluene was added dropwise to the reactor
over 4 hours. Polymerization was performed at 90-100°C for 2 hours. Thereafter, 0.4 part (0.002 mol) of tert-butyl 2-
ethylperoxyhexanoate was added, followed by 2 hours of polymerization. On drying in a vacuum dryer under conditions:
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150°C and 10 mmHg, there was obtained an acrylic silicone graft copolymer (G-2), which had a Mw of 12,000 by GPC
versus polystyrene standards.

Component (H)

[0097] 3 -methyl-1 -butyn-3 -ol

EXAMPLES 1 TO 12 & COMPARATIVE EXAMPLES 1 TO 7

[0098] Using the foregoing components (A) to (H) as raw materials, coating compositions were prepared according
to the following procedure.
[0099] Components (A), (B), (E), (F) and optionally (G) were fed into a flask in accordance with the formulation ratio
shown in the Tables, and 3,200 parts of (D) and 5 parts of (H) were added thereto, which were stirred until dissolution.
Component (C) was added to the solution in accordance with the formulation ratio, which was stirred and mixed, obtaining
a coating composition. A coated article was prepared from the composition and tested by the following methods.

TESTS

[0100] The release agent of each Example was evaluated or measured for curability, the force required to peel (referred
to as "release strength" hereinafter), residual adhesion, and surface resistivity by the following methods. The results are
shown in Table 1.

Curability (adhesion immediately after curing)

[0101] The composition was coated onto a PET film 38 mm thick at a coating weight of 0.3 g/m2 as solids by means
of a bar coater and heated in a hot-air dryer at 120°C for 1 minute to form a release layer. The release layer was rubbed
with a finger for 10 strokes, after which it was visually observed for smear and rub-off and evaluated according to the
following criterion.

A: no smear or rub-off observed
B: some smear and rub-off observed
C: smear and rub-off observed

Release strength

[0102] A release layer was formed as in the above cure test. Evaluation was made by the following procedure according
to the FINAT test method.
[0103] A PSA tape 25 mm wide (Tesa 7475 tape by Tesa Tape Inc.) was rested on the surface of the release agent
layer. With a load of 70 g/cm2 resting on the PSA tape, the assembly was heat treated in a dryer at 25°C for 20 hours.
The assembly was cooled in air for 30 minutes. Using a tensile tester (DSC-500 model tester by Shimadzu Corp.), a
release force (N/25 mm) was measured by peeling the Tesa 7475 tape from the release layer at an angle of 180° and
a peel rate of 0.3 m/min.

Residual adhesion (%)

[0104] A release layer was formed as in the above cure test. A polyester PSA tape (Nitto 31B by Nitto Denko Corp.)
was rested on the surface of the release layer. With a load of 1,976 Pa/cm2 resting on the PSA tape, the PSA tape was
bonded to the release agent layer. After further heat treatment at 70°C for 20 hours, the polyester PSA tape was peeled
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from the release agent layer and in turn, attached to a stainless steel plate. Next, using a tensile tester, a release strength
X required to peel the polyester PSA tape from the steel plate was measured.
[0105] Also, a polyester PSA tape which had not been bonded to the release agent layer was attached to a stainless
steel plate. Using a tensile tester, a release strength Y required to peel the polyester PSA tape from the steel plate was
measured.
[0106] A percent residual adhesion was computed from the formula: 

[0107] The higher the residual adhesion, the better is the release of the release agent layer. A reduction of the adhesive
force of polyester PSA tape as a result of bonding to the release agent layer is suppressed. That is, bleed-out from the
layer is prevented.

Surface resistivity

[0108] Using Hiresta MCP-HT450 by Mitsubishi Chemical Co., Ltd., surface resistivity was measured under conditions:
probe type UR-100, applied voltage 500 V, temperature 2363°C, and humidity 4565%. In the Tables, "Ω/h" means
ohm per square.

Table 1

Composition (pbw)
Example

1 2 3 4 5 6

(A-1) 100 100 100 100

(A-2) 100 100

(B-1) 8 16 8 16

(B-2) 10 10

(C) 0.08 0.08 0.08 0.08 0.08 0.08

(D) 3,200 3,200 3,200 3,200 3,200 3,200

(E-1) 1 1 3

(E-2) 1 6 3

(E-3) 1

(F1-1) 15 15

(F1-2) 15 15

(F2) 15

(F-3) 15

(H) 5 5 5 5 5 5

Hydrogen atoms (mole) 0.0512 0.1024 0.1600 0.0512 0.1024 0.1600

Alkenyl groups (mole) 0.0065 0.0065 0.0400 0.0065 0.0065 0.0400

Hydrogen/alkenyl 7.9 15.8 4.0 7.9 15.8 4.0

Curability (adhesion immediately after curing) A A A A A A

Release strength (N/25 mm) 0.83 1.32 0.28 0.75 1.56 0.23

Residual adhesion (%) 98 99 96 99 97 95

Surface resistivity (Ω /h) 431011 231011 331011 231011 531010 331010



EP 3 524 655 A1

25

5

10

15

20

25

30

35

40

45

50

55

Table 2

Composition (pbw)
Example

7 8 9 10 11 12

(A-1) 100 100 100 100 100

(A-2) 100

(B-1) 16 10 10

(B-2) 13 24 20

(C) 0.08 0.08 0.08 0.08 0.04 0.15

(D) 3,200 3,200 3,200 3,200 3,200 3,200

(E-1) 1 2 1

(E-2) 1 1 2 1 1

(F1-1) 15

(F1-2) 15

(F2) 15 15

(F-3) 15 15

(G-1) 10

(G-2) 10

(H) 5 5 5 5 5 5

Hydrogen atoms (mole) 0.2080 0.3840 0.1024 0.3200 0.0640 0.0640

Alkenyl groups (mole) 0.0065 0.0065 0.0065 0.0400 0.0065 0.0065

Hydrogen/alkenyl 32.0 59.1 15.8 8.0 9.8 9.8

Curability (adhesion immediately after curing) A A A A A A

Release strength (N/25 mm) 3.12 6.73 0.19 0.08 1.31 0.79

Residual adhesion (%) 100 98 90 92 97 100

Surface resistivity (Ω /h) 631011 231011 131010 83109 431011 231011

Table 3

Composition (pbw)
Comparative Example

1 2 3 4 5 6 7

(A-1) 100 100 100 100 100

(A-2) 100 100

(B-1) 8 16 8 16 16

(B-2) 10 10

(C) 0.08 0.08 0.08 0.08 0.08 0.08 0.08

(D) 3,200 3,200 3,200 3,200 3,200 3,200 3,200

(E-1) 1 5

(E-2) 1 20

(F1-1) 15

(F1-2) 15

(F’) 15 15
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INDUSTRIAL APPLICABILITY

[0109] The antistatic release agent and antistatic release films of the invention have excellent antistatic and release
properties as well as satisfactory safety and cure behavior and are thus quite useful in the industry.

Claims

1. Silicone composition for release paper or release film, comprising

(A) 100 parts by weight of organopolysiloxane containing at least two alkenyl groups per molecule and having
an alkenyl content of 0.001 to 0.2 mol/100 g and a 30 wt% toluene dilution viscosity at 25°C of 0.01 to 70 Pa·s,
(B) organohydrogenpolysiloxane containing at least three silicon-bonded hydrogen atoms per molecule, repre-
sented by the average compositional formula (1), in such an amount that the moles of silicon-bonded hydrogen
atoms is 0.5 to 70 times the moles of alkenyl groups in component (A),

R1
aHbSiO(4-a-b)/2 (1)

wherein R1 which may be the same or different are substituted or unsubstituted monovalent hydrocarbon groups
free of aliphatic unsaturation, a is a positive number of 0.1 to 2, b is a positive number of 0.1 to 3, a+b is a
positive number of 1 to 3, a and b are selected such that the organohydrogenpolysiloxane contains at least
three SiH groups per molecule and has a viscosity in the range of 0.005 to 10 Pa·s at 25°C,
(C) a catalytic amount of platinum group metal catalyst,
(D) 0 to 100,000 parts by weight of organic solvent,
(E) 0.1 to 10 parts by weight of ionic compound, and
(F) 1 to 30 parts by weight of compound selected from the following (F-1), (F-2) and (F-3):

(F-1) compound having (f1) and (f3),
(F-2) compound having (f2) and (f3), and
(F-3) compound having (f1), (f2) and (f3),

wherein (f1) is a hydrosilylation reactive group, (f2) is a polysiloxane structure, and (f3) is a polyoxyethylene chain.

2. Silicone composition for release paper or release film of claim 1 wherein component (B) is present in such an amount
that the moles of silicon-bonded hydrogen atoms is 3 to 60 times the moles of alkenyl groups in component (A).

3. Silicone composition for release paper or release film of claim 1 or 2, further comprising (G) a migratory component.

(continued)

Composition (pbw)
Comparative Example

1 2 3 4 5 6 7

(G-2) 10

(H) 5 5 5 5 5 5 5

Hydrogen atoms (mole) 0.0512 0.1024 0.1600 0.0512 0.1024 0.1600 0.1024

Alkenyl groups (mole) 0.0065 0.0065 0.0400 0.0065 0.0065 0.0400 0.0065

Hydrogen/alkenyl 7.9 15.8 4.0 7.9 15.8 4.0 15.8

Curability (adhesion immediately 
after curing)

A A A C C C

UncuredRelease strength (N/25 mm) 0.81 0.96 0.21 0.88 0.68 0.09

Residual adhesion (%) 95 98 96 82 80 81

Surface resistivity (Ω /h) >131014 531013 431013 431013 631011 >13101
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4. Release paper or release film comprising a paper or film substrate and a release layer formed on the substrate, the
release layer being a cured product of a silicone composition of any one of claims 1 to 3.
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