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ABSTRACT OF THE DISCLOSURE
There is disclosed a sheet coated with a first silicone compound having a
certain surface tension and a second silicone compound having a lower surface tension
than the first silicone compound so that only the second silicone compound appears on
the sheet surface or the second silicone compound appears on the sheet surface more

than the first silicone compound. The sheet thus coated with the silicone compounds
are highly water-repellent and highly effective in preventing adhesion of protein-

containing stains. Moreover, it is highly resistant to friction so that the above effects

can be maintained for a long period of time.
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SHEET COATED WITH SILICONE COMPOUNDS HIGHLY
EFFECTIVE IN PREVENTING ADHESION OF STAINS AND
PROCESS FOR PREPARING THE SAME

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

The present invention relates to a sheet that is coated with silicone compounds
in order to heighten the effect of preventing adhesion of stains and a process for
preparing the sheet. More particularly, the invention relates to a sheet highly effective
in preventing adhesion of stains which has a multi-layer construction coated with
silicone compounds different in surface tension and a process for preparing the sheet.
DESCRIPTION OF THE RELATED ART |

In recent years, there are a variety of sheets formed of fabric, non-woven fabric,

or resin sheets that have undergone a water-repelling treatment. Examples of such

“sheets include raincoats, bibs for babies .a'nd infants, aprons, lunch mats, tablecloths,

boots, underwear, and back sheets of sanitary goods such as diapers and sanitary
napkins. This treatment is carried out to prevent adhesion of stains, to allow stains to
wash out easily even though the sheets are stained, or to prevent water or stains from
oozing through the sheets.

For the water-repelling treatment, sheets are coated, for example, with rubber,
resins, or silicone oil. For example, Japanese Patent Laid-Open No. 1941'83/ 1985
discloses cloth where a fiber construction treated with a silicone type water repellent is
coated with film formed of silicone rubber. However, this cloth can not prevent

adhesion (sticking) of stains effectively even though it can repel water.

In order to prevent adhesion (sticking) of stains, sheets need still higher water
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repellency. For example, blood is a liquid that contains water as solvent. The surface
tension of the water is about 73.0 mN/m 1n its standard condition and on the other hand,
the surface tension of the blood is about 54.0 mN/m. Accordingly, for preventing
adhesion of stains such as blood, the sheets require still higher water repellency. In
addition, for blood or a protein-containing. liquid to be scattered at meals, it 1s irrational
to evaluate its adheston only by surface tension. For exaxnple, albumin and globulin In
blood and various proteins contained in a liquid to be scattered at meals have a three-
dimensional structure and in addition, have various groups such as amino groups and
carboxyl groups. Consequenﬂy, protein-containing stains exhibit very nigh adhesion
as compared with water molecules 'having a strong tendency to cohere to themselves,
caused by hydrogen bonds. Therefore, the development of sheets that have still higher
water repellency and are highly effective of preventing adhesion of stains has been in
demand.

In addition, conventional water repellents having low tfesistance to friction
have a disadvantage of deteriorating in water repellency due to flaking off or producing
cracks on the surface by the use in a short period of time. For improvement in
anchoring effect to base materials, modification of the rnolecular structures of the water
repellents themselves or addition of an anchoring agent (such as hot melt adhesive,
urethane curing agent or the like) to the water repellents is carried out. However,

practice of these methods results in deterioration in water repellency of the repellents.

SUMMARY OF THE INVENTION
In preferred embodiments , the present invention provides a sheet

having high water repellency that can prevent adheeion of protein-

containing stains.
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Another feature of the invention is to provide a sheet that, in preferred
embodiments, can maintain high water repellency and high effectiveness in
preventing adhesion of stains in spite of friction working on its surface.

In accordance with one embodiment of the present invention there is
provided a sheet highly effective in preventing adhesion of stains, comprising: a
base sheet, a first silicone compound layer formed on a surface of the base
sheet, and a second silicone compound layer formed on a surface of the first
silicone compound layer, the second silicone compound having a lower surface

tension than the first silicone compound; wherein the first silicone compound is at

least one silicone oil selected from the group consisting of dimethyisilicone oil,

methyiphenylsilicone oil, alkyl-based silicone oil, aralkyl-based silicone oil,
polyether-modified silicone oil, fluoroalkyl-modified silicone oil, and aliphatic ester-
modified silicone oill.

In accordance with another embodiment of the present invention there is
provided a sheet highly effective in preventing adhesion of stains. The sheet has
a base sheet; and a layer formed on a surface of the base sheet. The layer
comprises a mixture of a first silicone compound having a surface tension of 30.0
mN/m or less, and a second silicone compound having a lower surface tension
than the first silicone compound. The second silicone compound appears on a
surface of the layer in an amount which is greater than the first silicone compound
by way of bleeding; and wherein the first silicone compound is at least one

silicone olil selected from the group consisting of methylhydrogensilicone oil,

polydimethylisiloxanediol, epoxy-modified silicone oil, carboxyl-modified silicone

oll, methacryl-modified silicone oil,al\cohol-modified silicone oil, mercapto-
modified silicone oil, vinyl-modified silicone oil, and amino modified silicone oil.

In accordance with yet another embodiment of the present invention there is
provided a sheet highly effective in preventing adhesion of stains, comprising: a
base sheet; and a layer formed on a surface of the base sheet. The layer
comprises a mixture of a first silicone compound having a surface tension of 30.0
mN/m or less, and a second silicone compound having a lower surface tension
than the first silicone compound. The second. silicone compound appears on a

-3 -
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surface of the layer in an amount which is greater than the first silicone compound
by way of bieeding. The second silicone compound is at least one silicone
compound selected from the group consisting of polysiloxane, silicone alkyd '
varnish, silicone acryl varnish, silicone phenol varnish, silicone urethane varnish,
silicone meilamine varnish, and dimethylsilicone rubber.

In accordance with a further embodiment of the present invention there is
provided a sheet highly effective in preventing adhesion of stains, comprising: a
base sheet made from at least one compound selected from the group consisting
of cellulose compounds, polyamide compounds, polyvinyl alcohol compounds,
polyvinylidene chloride compounds, ponviﬁyl chloride compounds, polyester
compounds, pblyacrylonitrile compounds, polyethylene compounds,
polypropylene compounds, polyuret'hane compounds, and polyalkylene p-
oxybenzoate compounds; and a layer formed on a surface of the base sheet.
The layer comprises a mixture of a first silicone compound having a surface
tension of 30.0 mN/m or less, and a second silicone compound having a lower
surface tension than the first silicone compound. The second silicone compound
appears on a surface of the layer in an amount which is greater than the first
silicone compound by way of bleeding.

In accordance with a still further embodiment of the present invention there
Is provided a process for preparing a sheet highly effective in preventing adhesiOn
of stains, comprising a base sheet and a layer formed on a surface of the base
sheet, where the layer comprises a mixture of a first silicone compound and a
second silicone compound having a lower surface tehsion than the first silicone
cOmpound. The second silicone compound appears on a surface of the layer in
an amount which is greater than the first silicone compound by way of bleeding.
The method comprises the steps of: forming a coat of a mixture of the first
silicone compound and the second silicone compound having a lower surface
tension than the first silicone compound on the base sheet; and crosslinking the
silicone compounds in a condition where the second silicone compound is bled fo
the surface side of the coat and the first silicone compound is bled to the base
sheet side of the coat.

-4 -
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In acco'rdance with another embodiment of.the present invention there is
provided a process for preparing a sheet highly effective in preventing adhesion
of stains, comprising a base sheet and a layer formed on a surface of the base
sheet. The layer comprises a mixture of a first silicone compound and a second
silicone compound having a lower surface tension than the first silicone
compound. The second silicone compound appearing on a surface of the layer in
an amount which is greater than the first silicone compound by way of bleeding.
The process comprises the steps of forming a coat of a mixture of the first silicone
compound and the second silicone compound having a lower surface tension
than the first silicone compound on the base sheet; and crosslinking the silicone
compounds so that the second silicone compound appears on the surface of the
coat more than the first silicone compound by bieeding.

" In accordance with another embodiment of the present invention there is
provided a sheet highly effective in preventing adhesion of stains. The sheet
comprises a base sheet, a first silicone compound layer formed on a surface of
the base sheet, and a second silicone compound layer formed on a surface of the
first silicone compound layer. The second silicone compound having a lower
surface tension than the first silicone compound. The first silicone compound Is
at least one compound selected from the group consisting of silicone polyester
varnish, silicone phenol varnish, silicone melamine varnish, dimethylsilicone
rubber, and methylphenylvinyisilicone rubber.

In accordance with yet another embodiment of the present invention there
1S proVided a sheet highly effective in preventing adhesion of stains, comprising:
base sheet; a first silicone compound layer formed on a surface of the base
sheet, and a second silicone compound layer formed on a suﬁace of the first
silicone compound layer. The second silicone compound having a lower surface
tension than the first silicone compound. The second silicone compound is
mercapto-modified silicone oil as non-reactive silicone oil.

In accordance with further embodiment of the present invention there is
provided a sheet highly effective in preventing adhesion of stains, comprising: a
base sheet comprising at least one compound selected from the group consisting

- 49 -
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of cellulose compounds, polyamide compounds, polyviny! alcochol compounds,
polyvinylidene chioride compounds, polyvinyl chloride compounds, polyester
compounds, polyacrylonitrile compounds, polyethylene compounds,
polypropylene compounds, polyurethane compounds, and polyalkylene p-
oxybenzoate compounds, a first silicone compound layer formed on a surface of
the base sheet, and a second silicone compound layer formed on a surface of the
first silicone compound layer. The second silicone compound has a lower surface
tension than the first silicone compound; wherein the base sheet is in at least one
of raincoats, bibs for babies and infants, aprons, lunch mats, tablecloths,
underwear, and sanitary goods including a sanitary napkin that are one of a resin
film, nettmg, nonwoven fabric and cloth.

These sheets of the invention are coated with silicone on the surfaces and
therefore, exhibit high water repellency. Moreover, they can prevent to a great
extent the adhesion of protein-containing stains. In these sheets, still moreover, '
friction of the surfaces coated with the silicones does not cause deterioration in
these effects.

The term "surface tension” as used for the silicone compounds in the
invention means a surface tension of silicone compound in a liquid state.
However, even after the silicone compounds are fixed (or solidified), it is
preferable that the surface tension of the first silicone compound is higher than

the surface tension of the second silicone compound.

DETAILED DESCRIPTION OF THE INVENTION

In accordance with the invention, the presence of the first silicone
compound having a certain surface tension on the base sheet side and the
presence of the second silicone compound having.a lower surface tension than
the first silicone compound on the surface side result in heightening the effect of
preventing the adhesion of stains. The sheets of the invention that are highly
effective in preventing the adhesion of stains can be prepared by any one of the
following three methods.

(1) A method where the first silicone compound is applied to the surface of
- 4b -
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a base sheet and then crosslinked to form a primary coat (layer) and after fixing
the primary coat, the second silicone compound having a lower surface tension
then the first silicone compound is applied to the surface of the primary coat to

form a surface

-4c -
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coat (layer).
(2) A method where a mixture of the first silicone compound and the second

silicone compound having a lower surface tension than the first silicone compound is

applied to the surface of a base sheet to form a coat (layer) and the silicone compounds

are crosslinked in a condition where the second silicone compound 1s transferred to the

surface side of the coat and the first silicone compound is transferred to the base sheet

side of the coat.

(3) A method where a mixture of the first silicone compound and the second

silicone compound having a lower surface tension than the first silicone compound is
applied to the surface of a base sheet to form a coat (layer) and after crosslinking, the

major portion of the second silicone compound is allowed to come to the surface of the

coat by bleeding.

In method (1), the first silicone compound is applied and fixed to the base sheet
and subsequently, the second silicone cbmpound 1s applied to form a double-layer
construction. Accordingly, either of a reactive polymer and a non-reactive compound
can be used as the first and the second silicone compounds.

In methods (2) and (3), it is preferred that a reactive polymer is used as the first
silicone compound and a non-reactive -‘éompound 1s used as the second silicone
compound. In method (2), when the mixture of the first silicone compound and the
second silicone compound is allowed to stand for a while in a condition where the
mixture has been coated on the base sheet, the first silicone compound is transferred to
the base sheet side of the coat and the second silicone compound is transferred to the

surface side of the coat. In this condition, crosslinking is carried out to fix the

silicones on the base sheet.

In method (3), immediately after the mixture of the first and the second silicone
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compounds is applied to the base sheet, a crosslinking treatment such as heating 1s

carried out. The second silicone compound undergoes bleeding to the surfacé side of

the coat by this treatment. This phenomenon seems to occur because the surface

tension of the second silicone compound formed of the non-reactive compound is lower
5 than that of the first silicone compound. -'In the sheet of the invention prepared by

method (3), the amount of the second silicone compound gradually increases toward the

layer’s surface away from the base sheet.

The first silicone compound is illustrated below.

In order to heighten the effect of preventing the adhesion of stains in

10 combination with the second silicone compound, the first silicone compound preferably
has a surface tension of 30.0mN/m or less. In the invention, the surface tensions were
determined at standard conditions (atmospheric temperature of 20°C).

The first silicone compound is preferably reactive silicone oil containing
siloxane structure as a fundamental skeleton. For example, the compound 1is

15 preferably at least one compound selected from the group consisting of
methylhydrogensilicone oil, polydimethylsiloxanediol, epoxy-modified silicone oil,
carboxyl-modified silicone oil, methacryl-modified silicone oil, alcohol-modified
silicone oil, mercapto-modified silicone oil, vinyl-modified silicone oil, and amino-
modified silicone oil. These compounds can be fixed on the base sheet by subjecting

20 them to a process of drying, heating or the like, after coating.

In method (1), non-reactive silicone compound can also be used as the first
silicone compound. In this case, the noﬁ-reactive silicone compound is coated and
fixed on the base sheet through crosslinking treatment by radical polymerization with
the aid of irradiation with UV (ultraviolet rays) or EB (electron beams) and

25 subsequently, the second silicone compound is coated. It is preferred that the non-
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reactive silicone compound is non-reactive silicone oil. For example, the compound is
preferably at least one compound selected from the group consisting of dimethylsilicone
oil, methylphenylsilicone oil, alkyl-modified silicone oil, aralkyl-modified silicone oil,
polyether-modified silicone oil, fluoroalkyl-modified silicone oil, and aliphatic ester-
modified silicone oil.

In method (1), in addition, examples of the first silicone compound may
include polysiloxane; silicone varnish sﬁch as silicone alkyd varnish, silicone epoxy
varnish, silicone polyester varnish, silicone acryl varnish, silicone phenol varnish,
silicone urethane varnish, and silicone melamine varnish; and silicone rubber such as

dimethylsilicone rubber, methylvinylsilicone rubber, methylphenylvinyl-silicone rubber,

and methylfluoroalkylsilicone rubber.

The second silicone compound is illustrated below.

The surface tension of the second silicone compound is lower than that of the
first silicone compound. The surface tension of the second silicone compound is
preferably at least 5.0 mN/m lower than that of the first silicone compound. When the
first silicone compound having a surface tension of 30.0 mN/m or less is used, the
surface tension of the second silicone compound is preferably 21.0 mN/m or less.

In method (1), the second silicone compound is preferably non-reactive
silicone oil. The second silicone compoimd 1s preferably, for example, at least one
compound selected from the group consisting of dimethylsilicone oil,
methylphenylsilicone oil, methylhydrogensilicone oil, polydimethylsiloxanediol, alkyl-
modified silicone oil, aralkyl-modified silicone oil, polyether-modified silicone o1l
fluoroalkyl-modified silicone oil, aliphatic ester-modified silicone oil, amino-modiﬁed
silicone oil, epoxy-modified silicone oil, carboxyl-modified silicone oil, methacryl-

modified silicone oil, alcohol-modified silicone oil, mercapto-modified silicone oil, and
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vinyl-modified silicone oil.

In methods (2) . and (3), the second silicone compound is preferably a non-
reactive silicone compound. The second silicone compound is preferably, for example,
at least one compound selected from the group consisting of polysiloxane, silicone

alkyd varnish, silicone acryl varnish, silicone phenol varnish, silicone urethane varnish,

silicone melamine varnish, and. dimethylsilicone rubber.

In the invention, any material can be used as the base sheet to be coated with
the silicone compounds. For example, -the' base sheet is formed of at least one
compound selected from the group consisting of: cellulose compounds such as cupra,
rayon, and acetate;, polyamide compounas such as nylon 6, nylon 66, and aromatic
nylon; polyvinyl alcohol compounds "such as Vinylon;, polyvinylidene chloride
compounds such as vinylidene; polyvinyl chloride compounds such as polyvinyl
chloride; polyester compounds such as lpolyethylene terephthalate, and polyacrylate;
polyacrylonitrile compounds such as acryl, polyethylene compounds such as low-
density polyethylene, high-density polyethylene, and linear low-density polyethylene;
polypropylene compounds such as pOlyprOpylene; polyurethane compounds such as
polyurethane; and polyalkylene p-oxybe‘ﬁzoate compounds such as benzoate. The
compound 1s directly formed into a resin sheet or net as the base sheet, or is formed into
chemical fibers from which a sheet, net, nonwoven fabric, or cloth (textile, knitted
goods) is prepared as the base sheet. Such sheet, net, nonwoven fabric, and cloth
(textile, knitted goods) may also be formed from natural fibers (cotton, linen, silk, and
pulp), or from a mixture of the aforementioned chemical fibers and the natural fibers.

For forming the base sheet, however, it is preferred to not use substances
inhibiting crosslinking of the silicone compounds coated. It is also preferred to not use

resins producing denaturation in the silicone compounds coated. More over, it is
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preferred that base sheet does not contain additives such as antioxidants, plasticizers,
UV absorbers, and pigments which may cause denaturation in the silicone compounds
coated. ‘

The base sheet preferably has ﬁigh wettability for uniform and thin coating
with the silicone compounds. In order to improve the wettability, a base sheet formed
of polyethylene film or the like can undergo corona discharge treatment prior to coating
with the silicone compounds.

In the invention, coating of the base sheet with the first silicone compound, the
second silicone compound, or the mixture of the first and the second silicone
compounds can be carried out by use of an air doctor coater, a blade coater, a rod coater,
a knife coater, a squeeze coater, an impregnating coater, a reverse-roll coater, a transfer
roller coatef, a gravure coater, a kiss-roll cdater, a cast coater, a spray coater, a curtain
coater (flood coater), a calender coater, an extrusion coater or the like.

In method (1), in order to obtain excellent effectiveness in preventing the
adhesion of stains, the primary coat formed of the first silicone compound preferably
has a thickness of at least 0.1um or more '(more preferably, a thickness of 0.3 pm or
more). The surface coat formed of the second silicone compound preferably' has a
thickness of at least 0.1 um or more (more preferably, a thickness of 0.2 um or more).
In methods (2) and (3), the respective silicone compounds preferably have thicknesses
similar to those described above, if the compounds are clearly separated into a

substantial double-layer structure.

In the invention, fixation of the first silicone compound or the mixture of the
first and the second silicone compounds'on the base sheet can be carried out according
to crosslinking methods adopted commonly for silicone compounds. Examples of the

methods include condensation crosslinking and addition crosslinking by heating,
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cationic polymerization and radical polymerization by UV, and radical polymerization
by EB. However, contamination with crosslinking agents, initiators, terminators, and
other additives may result in marring the effectiveness of preventing the adhesion of

stains. It is preferred, therefore, that the amounts of such substances added be as small

as possible.

The sheet coated with the silicone compou.nds of the invention can be used for
various purposes such as raincoats, bibs for babies and infants, aprons, lunch mats,
tablecloths, boots, underwear, back sheets of sanitary goods such as diapers and sanitary
napkins. Particularly, the sheet is useful for goods having high possibility that protein-
containing stains may adhere.

The invention will be illustrated in  more detail with reference to the following
examples, but these are not to be construed as limiting the invention.

EXAMPLE A

Polyethylene film (23 g/m*) having a surface tension of 31.0 mN/m was
subjected to corona discharge treatment to improve the wettability of the surface of the
film and used as a base sheet. A radical-polymerizable UV-crosslinkable silicone
having a surface tension of 24.9 mN/m was used as the first silicone compound. After
adding 2.0 percent by weight of a polymerization initiator to the silicone, the mixture
was diluted with isopropyl alcohol (Abbreviated as IPA). The dilution ratio of IPA to
the silicone was 3 : 1. The resulting solution was coated on the surface of the base
sheet by use of a bar coater so as to be 2.0 g/m® (having a thickness of 2um). After .
coating, the first silicone compound on the surface of the base sheet was cured by
irradiation with ultraviolet rays to form a primary coat.

As the second silicone ~compound,  dimethylsilicone oil  and

methylhydrogensilicone oil were diluted in IPA for Example 1 and Example 2

?
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respectively. The dilution ratios of IPA to the silicones each were 3 : 2. The
respective solutions were coated by use of a bar coater so as to be 5.0 g/m’ (havihg a
thickness of 5um) and dried at 70°C for 5 minutes to vaporize IPA. Sheets thus
prepared had a thickness of the first silfcone compound layer of about 0.5 um and a
5 thickness of the second silicone compoﬁnd layer of about 2.0 um. The sheets of
Examples 1 and 2 were subjected to the following blood repellency test.
(Blood Repellency Test)
Friction of the surfaces of the test sheets was carried out at a speed of 150
m/min by use of span lace nonwoven fabric in a condition where a load of 50 g/m’ was
10'- applied to the surfaces (surfaces coated with the silicones). In this test, the sheets of
the invention were supposed to be used aé liquid-impermeable back sheets for sanitary

napkins: the pressure applied to a hip of a person having an about 60-kg weight was

assumed to be 50 g/m* and the speed at which both legs move forward and backward at
“a slightly quick pace was assumed to be 1 50 m/min. The frequencies of friction are
15 shown in Table 1. The test sheets that had undergone friction were cut into 9 mm x
110 mm and 0.2 ml portions of simulated blood were dropped on their surfaces
(surfaces coated with the silicones). As' the simulated blood, use was made of an
aqueous solution, which contained albumin (the protein that is present in the largest
amount among proteins in serum) and was adjusted to have a surface tension of about
20 54.0 mN/m. Subsequently, the sheets wet_é inclined at a speed of 2°/sec and weighed
after the simulated blood flowed out from the sheets. The amounts of adherent
simulated blood were found by subtracting the weight of the sheets prior to dropping of
the simulated blood (i.e., the former weight) from the weight of the sheets from which

the simulated blood flowed out (i.e., the later weight).

25 Sheets of Comparative Examples as described below were prepared in a

11
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manner similar to that of Example 1, using the same base sheets as that of the Example
1. The sheets of comparative examples underwent the same blood repelléncy test as
described above.

Comparative Example 1: The base sheet with'no silicone coated.

Comparative Example 2: A sheet formed by coating radical-polymerizable UV-
crosslinkable silicone (thickness: 2.0 um) 01‘1‘ the base sheet.

Comparative Example 3: A sheet formed by coating dimethylsilicone oil
(thickness: 2.0 um) on the base sheet.

Comparative Example 4: A sheet formed by coating methylhydrogensilicone

oil (thickness: 2.0 um) on the base sheet.

Comparative Example 5: A sheet having a double-layer construction formed by
coating a rubber hot melt adhesive and the dimethylsilicone oil (thickness: 2.0 um) on

the base sheet.

Comparative Example 6: A sheet having a double-layer construction formed by
coating rubber hot melt adhesive and methylhydrogensilicone oil (thickness: 2.0 um) on
the base sheet.

Comparative Example 7: A sheet having a double-layer construction formed by
coating an epoxy resin and dimethylsilicone oil (thickness: 2.0 um) on the base sheet.

Comparative Example 8: A sheet having a double-layer construction formed by

coating the epoxy resin and methylhydrogensilicone oil (thickness: 2.0 um) on the base

sheet.

Results are shown in Table 1.

12
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As seen from Table 1, the sheets of the Examples 1 and 2 according to the
invention have high blood repellency as compared with those of the Comparative
Examples where other single-layer construction or double-layer constructions have been
formed. In addition, in the sheets of the Comparative Examples, cracking or dropping
off of the water repellents on the surfaceé by friction results in extreme deterioration in
blood repellency whereas the sheets of the invention are found to have no serious
deterioration in blood repellency in spite of the friction. This shows that for example,
even when the sheet of the invention is used as a top sheet of a sanitary napkin and
suffers from high friction due to contact with skin through body hair, there will be
caused little deterioration in blood repellency.

EXAMPLE B

Example 3: A sheet was prepared in the same manner as in Example 1 except
that methylhydrogensilicone oil having a _Sﬁrface tension of 20.0 mN/m was used in
place of the dimethylsilicone oil used as the second silicone compound in Example 1.

Example 4: The radical-polymerizable UV-crosslinkable silicone as the first
silicone compound, the dimethylsilicone oil as the second silicone compound, and' the
polymerization initiator that were used in E’xample 1 were mixed in a ratio of 49 : 50 : 1,
applied to the base sheet similarly to Example 1, and crosslinked for 30 minuiés at a

temperature (70°C), this degree of heat causing no deformation or melting of the base

sheet, to prepare a sheet.

Example 5: Methylphenylsilicone oil having a surface tension of 22.0 mN/m as
the first silicone compound was applied to the surface of the base sheet and .cr()sslinked
in the same manner as in Example 1 to form a priinary coat. Dimethylsilicone oil
having a surface tension of 19.7 mN/m as the second silicone compound was applied to

the surface of the primary coat and crosslinked to prepare a sheet.

14
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The sheets of Examples 3 to 5 also were found to have an excellent effect of
preventing the adhesion of protein-containing stains.

As understood from the above results, the sheet of the invention that has a
double-layer structure or double-layer-like :structure of silicone compounds, is effective
In preventing the adhesion of protein-containing stains. Moreover, even when friction
1s introduced to its silicone-coated surface in use, no serious deterioration will be caused
in either the water repellency or the effect of preventing the adhesion of protein-
containing stain.

The invention may be embodied in other specific forms without departing from
the spirit or essential characteristics thereof The present embodiment is therefore to
be considered in all aspects as illustrative and not restrictive, the scope of the invention
being indicated by the appended claims rather than by the foregoing descripti'on and all
changes which come within the meaning and range of equivalency of the claims are

therefore intended to be embraced therein.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A sheet highly effective in preventing adhesion of stains, comprising:

a base sheet,

a first silicone compound layer formed on a surface of the base sheet, and

a second silicone compound layer formed on a surface of the first silicone
compound layer, the second silicone compound having a lower surface tension
than the first silicone compound; |

wherein the first silicone compound is at least one silicone oil selected from
the group consisting of dimethylsilicone oil, methylphenylsilicone oii, alkyl-based
silicone oil, aralkyl-based silicone oil, polyether-modified silicone oil, fluoroalkyi-
modified silicone oil, and aliphatic ester-modified silicone oil.

2 The sheet as described in claim 1 wherein the surface tension of the first
silicone compound is 30.0 mN/m or less. '

3 The sheet as described in claim 2 wherein the first silicone compound layer
has a thickness of 0.1um or more.

4 The sheet as described in claim 2 wherein the second silicone compound
layer has a thickness of 0.1um or more. '

5 The sheet as described in claim 2 wherein the second silicone compound is
ot least one silicone oil selected from the group consisting of dimethyisilicone ol
methylphenyisilicone oil, methylhydrogensilicone oil, polydimethylsiloxanediol, -
alkyl-based silicone oil, aralkyl-based silicone oll, polyethe_r-modified silicone oll,
fluoroalkyl-modified silicone oil, aliphatic ester-modified silicone oil, amino-
modified silicone oil, epoxy-modified silicone oil, carboxyl-modified silicone oil,
methacryl-modified silicone oil, aicohol-modified silicone oil, mercapto-modified
sificone oil, and vinyl-modified silicone oil.

6 The sheet as described in claim 2 wherein the base sheet is made of at
least one compound selected from the group consisting of celiulose compounds,
polyamide compounds, polyvinyl alcohol compounds, polyvinylidene chloride
compounds, polyviny! chloride compounds, polyester compounds,
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polyacrylonitrile compounds, polyethylene compounds, polypropylene
compounds, poiyurethane compounds, and polyalkylene p-oxybenzoate

compounds.

/. A process for preparing the sheet as described in claim 1, comprising the
steps of. forming a primary coat of the first silicone compound on the surface of
the base sheet; curing the primary coat; and forming a surface coat of the second
silicone compound having a lower surface tension than the first silicone
compound on the surface of the primary coat.

8. The process as described in claim 7 wherein fixation of the first silicone
“compound on the base sheet is carried out through one of the following methods:
condensation crosslinking by heating; addition crosslinking by heating; cationic
polymerization by irradiation with ultraviolet rays; radical polymerization by
irradiation with ultraviolet rays; and radical polymerization by irradiation with
electron beams.

9. The process as described in claim 7 wherein formation of the coat of the
silicone compound is carried out by use of one of an air doctor coater, a blade
coater, a rod coater, a knife coater, a squeeze coater, an Impregnating coater, a
reverse roll coater, a transfer roller coater, a gravure coater, a kiss-roll coater, a
cast coater, a spray coater, a curtain coater, a calendar coater, and an extrusion
coater.

-10. A sheet highly effective in preventing adhesion of stains, comprising:

a base sheet; and

a layer formed on a surface of the base sheet,

wherein the layer comprises a mixture of a first silicone compound having a
surface tension of 30.0 mN/m or less, and a second silicone compound having a
lower surface tension than the first silicone compound, and the second silicone
compound appears on a surface of the layer in an amount which is greater than
the first silicone compound by way of bleeding; and

wherein the first silicone compound is at least one silicone oil selected from
the group consisting of methylhydrogensilicone cil, polydimethyisiloxanediol,
epoxy-modified silicone oil, carboxyl-modified silicone oil, methacryl-modified
silicone oil, alcohol-modified silicone oll, mercapto-modified silicone oil, vinyl-
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modified silicone oil, and amino modified silicone oll.

11. A sheet highly effective in preventing adhesion of stains, comprising:

- abase sheet; and

a layer formed on a surface of the base sheet,
wherein the layer comprises a mixture of a first silicone compound having a

surface tension of 30.0 mN/m or less, and a second silicone compound having a
lower surface tension than the first silicone compound, and the second silicone
‘compound appears on a surface of the layer in an amount which is greater than
the first silicone compound by way of bleeding; and _

wherein the second silicone compound is at least one silicone compound
selected from the group consisting of polysiloxane, silicone alkyd varnish, silicone
acryl varnish, silicone phenol varnish, silicone urethane varnish, silicone
melamine varnish, and dimethylsilicone rubber.

12. A sheet highly effective in preventing adhesion of stains, comprising:

a base sheet made from at least one compound selected from the group
consisting of cellulose compounds, polyamide compounds, polyvinyl alcohol
compounds, polyvinylidene chloride compounds, polyvinyl chioride compounds,
polyester compounds, polyacrylonitrile compounds, polyethylene compounds,
polypropylene compounds, polyurethane compounds, and polyalkylene p-
oxybenzoate compounds; andg

a layer formed on a surface of the base sheet;

wherein the layer comprises a mixture of a first silicone compound having a
surfacé tension of 30.0 mN/m or less, and a second silicone compound having a
lower surface tension than the first silicone compound, and the second silicone
compound appears on a surface of the layer in an amount which is greater than

the first silicone compound byway of bleeding.

13. A process for preparing a sheet highly effective in preventing adhesion of
stains, comprising a base sheet and a layer formed on a surface of the base
sheet, said layer comprising a mixture of a first silicone compound and a second
silicone compound having a lower surface tension than the first silicone
compound, said second silicone compound appearing on a surface of the layer in
an amount which is greater than the first silicone compound by way of bleeding,
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comprising the steps of:

forming a coat of a mixture of the first silicone compound and the second
silicone compound having a lower surface tension than the first silicone
compound on the base sheet;, and crosslinking the silicone compounds in a
condition where the second silicone compound is bled to the surface side of the
coat and the first silicone compound is bled to the base sheet side of the coat.

14. The process as described in claim 13 wherein formation of the coat of the
mixture of the first and the second silicone compounds is carried out by use of
one of an air doctor coater, a blade coater, a rod coater, a knife coater, a
squeeze coater, an impregnating coater, a reverse-roll coater, a transfer roller
coater, a gravure coater, a Kiss-roll coater, a cast coater, a spray coater, a curtain
coater, a calendar coater, and an extrusion coater.

15. A process for preparing a sheet highly effective in preventing adhesion of

- stains, comprising a base sheet and a layer formed on a surface of the base
sheet, said layer comprising a mixture of a first silicone compound and a second
silicone compound having a iower surface tension than the first silicone
compound, said second silicone compound appearing on a surface of the layer in
an amount which is greater than the first silicone compound by way of bleeding,
comprising the steps of forming a coat of a mixture of the first silicone compound
and the second silicone compound having a lower surface tension than the first
silicone compound on the base sheet; and crossliinking the silicone compounds
so that the second silicone compound appears on the surface of the coat more

than the first silicone compound by bleeding.

16. The process as described in claim 15 wherein formation of the coat of the
mixture of the first and the second silicone compounds is carried out by use of
one of an air doctor coater, a blade coater, a rod coater, a knife coater, a
squeeze coater, an impregnating coater, a reverse-roll coater, a transfer roller
coater, a gravure coater, a kiss-roll coater, a cast coater, a spray coater, a curtain
coater, a calendar coater, and an extrusion coater.

17. A sheet highly effective in preventing adhesion of stains, comprising:
a base sheet
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a first silicone compound layer formed on a surface of the base sheet, and

a second silicone compound layer formed on a surface of the first silicone
compound layer, the second silicone compound having a lower surface tension

than the first silicone compound;
wherein the first silicone compound is at least one compound selected from

the group consisting of silicone polyester varnish, silicone phenol varnish,
silicone melamine varnish, dimethyisilicone rubber, and methylphenyivinylsilicone
rubber. '

.1 8. The sheet as described in claim 17 wherein a surface tension of the first
silicone compound is 30.0 mN/m or less.

19. The sheet as described in claim 18 wherein the first silicone compound
layer has a thickness of 0.1um or more.

20. The sheet as described in claim 18 wherein the second silicone compound
layer has a thickness of 0.1um or more.

21. The sheet as described in claim 18 wherein the second silicone compound
comprises at least one silicone oll selected from the group consisting of
dimethyisilicone oil, methylphenylsilicone oil, methylhydrogensilicone oil,
polydimethylsiloxanediol, alkyl-based silicone oil, aralkyl-based silicone oil,
polyether-modified silicone oil, fluoroalkyl-modified silicone oil, aliphatic ester-
modified silicone oil, amino-modified silicone oil, epoxy-modified silicone oil,
carboxyl-modified silicone oil, methacryl-modified silicone oil, alcohol-modified
silicone oll, mercapto-modified silicone oil, and vinyl-modified silicone oil.

22. The sheet as described in claim 18 wherein the base sheet comprises at
least one compound selected from the group consisting of cellulose compounds,
polyamide compounds, polyviny! alcohol compounds, polyvinylidene chloride
compounds, polyvinyl chloride compounds, polyester compounds,
polyacrylonitrile compounds, polyethylene compounds, pdlyprOpylene
compounds, polyurethane compounds, and polyalkylene p-oxybenzoate
compounds.
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23. A sheet highly effective in preventing adhesion of stains, comprising:

a base sheet,

a first silicone compound layer formed on a surface of the base sheet, and

a second silicone compound layer formed on a surface of the first silicone
compound layer, the second silicone compound having a lower surface tension
than the first silicone compound,;

wherein the second silicone compound is mercapto-modified silicone oil as
non-reactive silicone oll.

24. The sheet as described in claim 23 wherein a surface tension of the first
silicone compound is 30.0 mN/m or less.

25. The sheet as described in claim 24 wherein the first silicone compound
layer has a thickness of 0.1um or more.

26. The sheet as described in claim 24 whérein the second silicone compound
layer has a thickness of 0.1um or more. '

27. The sheet as described in claim 24 wherein the first silicone compound
comprises at least one silicone oil selected from the group consisting of
methylhydrogenSilicone oil, polydimethylsiloxanediol, epoxy-modified silicone oll,
carboxyl-modified silicone oil, methacryl-modified silicone oil, alcohol-modified
silicone oil, mercapto-modified silicone oil, vinyl-modified silicone oil, and amino-
modified silicone oil.

28. The sheet as described in claim 24 wherein the first silicone compound
comprises at least one silicone oil selected from the group consisting of
dimethyisilicone oil, methylphenylsilicone oil, alkyl-based silicone oil, aralkyl-
pased silicone oll, polyether-modified silicone oil, fluoroalkyl-modified silico'ne oll,
and aliphatic ester-maodified silicone ail.

29. The sheet as described in claim 24 wherein the first silicone compound
COmprises at least one compound selected from the group consisting of
polyéiloxane, silicone alkyd varnish, silicone epoxy varnish, silicone polyester
varnish, silicone acry! Varnish, silicone phenol varnish, silicone urethane varnish,
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silicone melamine varnish, dimethylsilicone rubber, methylvinylsilicone rubber,
methylphenyivinyisilicone rubber, and methylfluoroalkylsilicone rubber.

30. The sheet as described in claim 24 wherein the base sheet comprises at
least one compound selected from the group consisting of cellulose compounds,
- polyamide compounds, polyvinyl alcohol compounds, polyvinylidene chloride
compounds, polyvinyl chloride compounds, polyester compounds,
polyacrylonitrile compounds, polyethylene compounds, polypropylene
compounds, polyurethane compounds, and polyalkylene p-oxybenzoate
compounds. |

31. A sheet highiy effective in preventing adhesion of stains, comprising:

a base sheet comprising at least one compound selected from the group
consisting of cellulose compounds, polyamide compounds, polyvinyl alcohol
compounds, polyvinylidene chloride compounds, polyvinyl chloride compounds,
polyester compounds, polyacrylonitrile compounds, polyethylene compounds,
polypropylene compounds, polyurethane compounds, and polyalkylene p-
oxybenzoate compounds,

a first silicone compound layer formed on a surface of the base sheet, and

a second silicone compound layer formed on a surface of the first silicone
compound layer, the second silicone compound having a lower surface tension
than the first silicone compound:; '

wherein the base sheet is in at least one of raincoats. bibs for babies and
Infants, aprons, lunch mats, tablecloths, underwear, and sanitary goods including
a sanitary napkin that are one of a resin film, netting, nonwoven fabric and cloth.

32. The sheet as described in claim 31 wherein the sheet is used in the
sanitary napkin for repelling blood.

33. The sheet as described in claim 32 wherein the surface tension of the first
silicone compound is 30.0 mMN/m or less. '

34. The sheet as described in claim 33 wherein the first silicone compound
layer has a thickness of 0.1um or more.
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35. The sheet as described in claim 33 wherein the second silicone compound
layer has a thickness of 0.1um or more.

36. The sheet as described in claim 33 wherein the first silicone compound
comprises at least one reactive silicone oil selected from the group consisting of
methylhydrogensilicone oil, polydimethylsiloxanediol, epoxy-modified silicone oil,
carboxyl-modified silicone oil, methacryl-modified silicone oil, alcohol-modified
silicone oll, mercapto-modified silicone oil, vinyl-modified silicone oil, and amino-
modified silicone olil. |

37. The sheet as described in claim 33 wherein the first silicone compound
comprises at least one silicone oll selected from the group consisting of
dimethyisilicone oil, methylphenylsilicone oil, alkyl-based silicone oil, aralkyl-
based silicone oil, polyether-modified silicone oil, fluoroalkyl-modified silicone oil,
and aliphatic ester-modified silicone oil.

38. The sheet as described in claim 33 wherein the first silicone compound
comprises at least one compound selected from the group consisting of '
polysiloxane, silicone alkyd varnish, silicone epoxy varnish, silicone polyester
varnish, silicone acryl varnish, silicone phenol varnish, silicone urethane varnish,
silicone melamine varnish, dimethyisilicone rubber, methylvinylsilicone rubber,
methylphenylvinylsilicone rubber, and methylfluoroalkylsilicone rubber.

39. The sheet as described in claim 33 wherein the second silicone compound
comprises at least one silicone oil selected from the group consisting of
dimethylsilicone oil, methylphenylsilicone oil, methylhydrogensilicone oil,
polydimethylsiloxanediol, alkyl-based silicone oil, arakyl-based silicone oil,
polyether-modified silicone oil, fluoroalkyl-modified silicone oil, aliphatic ester-
modified silicone oil, amino-modified silicone oil, epoxy-modified silicone oil,
carboxyl-modified silicone oil, methacryl-modified silicone oil, alcohol-modified
silicone oil, mercapto-modified silicone oil, and vinyl-modified silicone oil.
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