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(57) ABSTRACT

A heat insulation sheet includes, as a substrate, a silica aero-
gel with low heat conductivity and high mechanical strength
In a hydrophobization reaction of a hydrogel, a silane cou-
pling agent having a reactive organic functional group is used
to conduct hydrophobization, and, after volatilization of a
solvent in a drying step, the temperature is elevated to 100° C.
or higher that is a reaction-starting temperature, thereby
reacting and bonding the reactive functional group and a fiber
to each other. This allows prevention of detachment or loss of
fine particles of silica xerogel from the unwoven fabric fiber.
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FIG. 1
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HEAT INSULATION SHEET AND METHOD
OF PRODUCING THE SAME

1. TECHNICAL FIELD

[0001] The technical field relates to a heat insulation sheet
and a method of producing the same.

2. DESCRIPTION OF RELATED ART

[0002] An aerogel in a broad sense is a gel produced by
drying an appropriate gel in a sense that it is a “gel in which
the air is present as a dispersion medium.” In this case, such an
aerogel in a broad sense includes an aerogel in a narrow sense,
xerogel, and also, cryogel.

[0003] Nomenclature for the gel in the narrow sense adopts
different names depending on a difference in drying methods;
a gel produced by use of a supercritical drying method is
called as aerogel, a gel produced by drying under ordinary
pressure is called as xerogel, and a gel produced by lyo-
philization is called as cryogel. The reason why there are
some names in the narrow sense based on the difference in
drying methods is because it is considered in the art that the
most important step in production steps for an aerogel is in a
drying method for removing a solvent from the gel.

[0004] The silica aerogel that was made of silicate particles
and that was first synthesized by S. S. Kister in 1931 (Nature,
127,741 (1931)) had a pore diameter equal to or smaller than
a mean free path (68 nm) of molecules constituting the air,
although the silica aerogel did not contain a foaming gas with
low heat conductivity, such as CO, or cyclopentane. There-
fore, it has been known that the silica aerogel exhibits excel-
lent heat insulation effects.

[0005] A silica acrogel is different from foamed urethane
(PU) or Styrofoam (EPS), which is a general-purpose heat
insulation material, or a vacuum heat insulation material
(VIP). Almost no changes are found in its heat insulation
performance of the silica aerogel over time, and a silica aero-
gel has heat resistance at 400° C. or higher. This has attracted
an attention as a next-generation heat insulation material.

[0006] Asto PU or EPS that is produced based on foaming
with a gas with low heat conductivity, not only the heat
insulation performance is deteriorated as the gas is released
therefrom over time, but also there is a problem of poor heat
resistance. Additionally, VIP has a problem of time degrada-
tion in which a minute amount of air molecules penetrate
thereinto, over time, from a portion to which a core material
is bonded based on heat-sealing when the core material is
vacuum-encapsulated therein, thereby causing a reduction in
the vacuum degree, as well as a problem in which the heat
resistance is as low as about 100° C., although VIP has excel-
lent heat insulation performance with several milliwatts per
meter-kelvin.

[0007] A silica aerogel is superior to existing heat insula-
tion materials in terms of time degradation or heat resistance,
and has a superior heat conductivity around 15 m W/mK.
However, in a silica aerogel, a network structure like beads, in
which silica particles on a scale of several ten nanometers are
connected with one another by point contact is formed.
Therefore, its mechanical strength is not very sufficient.
Hence, in order to overcome the fragility of a silica aerogel,
studies have been made on improvements in its strength based
on combination with fibers or unwoven fabrics, or resins or
the like.
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[0008] For example, a method in which an aerogel and a
crystalline polymer are mixed in a dry state, and the resulting
mixture is subjected to a heat treatment to prepare an aerogel
coated with the polymer has been known (JP-A-2009-73731).
In this case, since the polymer is added to the aerogel where
the volume ratio of the polymer and the aerogel is 1:1 or 1:2,
the mechanical strength is improved. However, the molten
polymer penetrates into nanosized voids in the aerogel, and
resinification partially occurs in the aerogel. This has caused
a problem of high heat conductivity.

[0009] In addition, a method in which fibers are impreg-
nated with a material solution, thereby producing a heat insu-
lation material, for the purpose of reinforcement of the xero-
gel skeleton, has been reported (JP-T-10-504793). However,
in this case, there has been a problem of detachment or loss of
silica xerogel particles from the surface.

SUMMARY

[0010] Inacomposite material of fibers and a silica xerogel,
there has been no effective method for preventing detachment
or loss of gel fine particles of silica xerogel. Therefore, this
has hampered expansion of the composite material to the field
of electronic devices that are intolerant of deterioration of
heat insulation performance or incorporation of particles.
Consequently, although a silica xerogel is an excellent heat
insulation material, its application was difficult.

[0011] An object is to provide a heat insulation sheet
including as a substrate a silica acrogel with low heat con-
ductivity and high mechanical strength, as well as a method of
producing the same.

[0012] In order to achieve the above object, a heat insula-
tion sheet, including: a silica xerogel; and an unwoven fabric,
wherein the silica xerogel and the unwoven fabric are chemi-
cally cross-linked to one another through a silane coupling
agent having a reactive organic functional group is used.
[0013] Furthermore, a method of producing a heat insula-
tion sheet, including: providing as a material a high molar
ratio silicate aqueous solution having a particle size of 1 to 10
nm, which is a medium size between water glass and colloidal
silica, and adding an acid to the high molar ratio silicate
aqueous solution to prepare a sol; or providing a water glass
as a material, removing sodium from the water glass by ion
exchange, and then, adding a base thereto to prepare a sol
solution; impregnating a fabric with the sol solution; conduct-
ing a polymerization reaction based on dehydration conden-
sation at 50° C. to 100° C. to obtain a hydrogel; hydrophobi-
zing a surface of the hydrogel with a silane coupling agent
having a reactive organic functional group, the silane cou-
pling agent represented by Y, Si(OR),,,; drying the hydro-
phobized hydrogel at 80° C. or lower; and heating the dried
hydrogel to 100° C. or higher to cause Y, which is the reactive
organic functional group, to undergo a ring opening polymer-
ization, thereby allowing a silica xerogel and the unwoven
fabric to bind to each other, wherein, in the silane coupling
agent represented by Y, Si(OR),_,, Y, which corresponds to
the reactive organic functional group, is any of a glycidox-
ypropyl group, a 3,4-epoxycyclohexylethyl group, a styryl
group, an acrylate group, a methyl methacrylate group, a
vinyl group and a derivative thereof, a thiol propyl group, and
an aminopropyl group, R is any of a methyl group, an ethyl
group and a propyl group, and n is 1 to 3 is used.

[0014] In the heat insulation sheet, detachment or loss of
silica xerogel from fibers of unwoven fabrics will not occur
even in long-term use. Therefore, the heat insulation sheet can
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be applied to electronic devices that are intolerant of deterio-
ration of heat insulation performance or incorporation of
particles.

[0015] The above heat insulation sheet can be produced by
the method of producing a heat insulation sheet.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG.1is adiagram thatillustrates cross-linking of a
silica xerogel and an unwoven fabric fiber through a silane
coupling agent having a reactive organic functional group in
an embodiment.

[0017] FIG. 2 is a diagram that illustrates the process
according to an embodiment.

[0018] FIG. 3 is a diagram that illustrates a chemical bond-
ing state in a hydrophobization step in an embodiment.
[0019] FIG. 4 is a diagram that illustrates cross-linking of a
silica xerogel and an unwoven fabric fiber through a silane
coupling agent having a reactive organic functional group.
[0020] FIG. 5 is diagram that illustrates cross-linking of
silica xerogels to one another through a silane coupling agent
in an embodiment.

[0021] FIG. 6 is a diagram that illustrates cross-linking of a
silica xerogel and an unwoven fabric fiber through a silane
coupling agent having a reactive organic functional group in
an embodiment.

DESCRIPTION OF EMBODIMENTS

[0022] One embodiment will be described below.

(Silica Xerogel 101)

[0023] A silica xerogel 101 in an embodiment includes a
dehydration condensate that is produced by adding a base to
a silicate aqueous solution obtained by providing, as a mate-
rial, water glass (a sodium silicate aqueous solution) and by
subjecting it to sodium removal based on ion exchange with
an ion-exchange resin or by electrodialysis.

[0024] Alternatively, the silicaxerogel 101 includes a dehy-
dration condensate that is produced by adding an acid to a
high molar ratio silicate aqueous solution having a particle
diameter that is a medium size (1 to 10 nm) between water
glass and colloidal silica, as a material.

<Mean Pore Diameter>

[0025] The silica xerogel 101 produced by the production
method in the embodiment has a mean pore diameter of 10 to
55 nm and a pore volume of 3.0 to 10 cc/g.

[0026]

[0027] If the mean pore diameter is smaller than 10 nm, a
bulk density of the xerogel becomes large, and, consequently,
the proportion of heat conductive components of the solid
(silica particles) is increased. Therefore, the value of the heat
conductivity becomes large.

[0028] If the mean pore diameter is larger than 55 nm, a
bulk density of the xerogel becomes small, and the amount of
components for the heat conductivity of the solid is reduced.
However, since the proportion of voids in the xerogel is
increased, influences of the convection of the air (nitrogen
molecules) will be significant, and the value of the heat con-
ductivity becomes large.

The mean pore diameter is preferably 10 to 55 nm.
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<Pore Volume>

[0029] The pore volume is preferably 2.5 to 10 cc/g.
[0030] If the pore volume is smaller than 2.5 cc/g, a pro-
portion of the solid heat conductive components will be
increased in the same manner as the case where the mean pore
diameter is smaller than 10 nm. Therefore, the value of the
heat conductivity becomes large.

[0031] Ifthe pore volume is larger than 10 cc/g, an amount
of components for the heat conductivity of the solid will be
reduced. However, since a proportion of voids in the xerogel
will be increased, influences of the convection will be signifi-
cant. Consequently, the value of the heat conductivity
becomes large.

<Summary>

[0032] When the mean pore diameter and the pore volume
of the silica xerogel 101 are within the above-described
ranges, the silica xerogel 101 exhibits excellent heat insula-
tion properties, and therefore, is suitable as a heat insulation
material.

[0033] Asto control of the mean pore diameter and the pore
volume of'the silica xerogel 101, they can easily be controlled
by adjusting a silicate concentration of water glass, which is
a material, and a type (a pH, dispersion solvent, particle
diameter, shape of particles, and particle concentration) and
an amount of a basic colloidal silica used for the solation,
conditions (a temperature and time) for gelation of the sol,
curing conditions (a temperature and time), etc.

(Heat Insulation Sheet)

[0034] A heat insulation sheet according to the embodi-
ment is an unwoven fabric that includes the above-described
silica xerogel 101, which has a heat conductivity of 0.010 to
0.020 W/mK. Its features are shown in FIG. 1. FIG. 1 is a
diagram that shows the chemical bonding. In the heat insula-
tion sheet, the silica xerogel 101 and an unwoven fabric fiber
102 are chemically cross-linked to each other through a silane
coupling agent 103 having a reactive organic functional group
104. The heat insulation sheet is a heat insulation sheet with
a heat conductivity of 0.015 to 0.025 W/mK.

<Unwoven Fabric Fiber 102>

[0035] Theunwoven fabric fiber 102 may be either an inor-
ganic fiber or an organic fiber. However, it is preferable to
determine which of the inorganic and organic fibers is used
therefor, depending on the purpose. For example, for fields
that require heat resistance or flame retardance besides heat
insulation properties (e.g., automobiles or aircrafts), an inor-
ganic fiber, which has excellent heat resistance or flame retar-
dance, is preferably selected. An organic fiber is preferably
used for fields that do not require heat resistance or flame
retardance (e.g., mobiles such as smart phones, tablets and
notebook PCs, and household electrical appliances).

[0036] For the inorganic fiber, glass wool, rock wool, and
an alumina fiber are preferable in terms of heat insulation
properties, heat resistance, flame retardance and dimension
stability. A carbon fiber is not preferable since it has high heat
conductivity and poor heat insulation properties. A fiber
diameter of glass wool, rock wool or an alumina fiber may be
1 to 20 um, and its fiber length may be 3 to 25 mm. A fiber
within such ranges has low heat conductivity, and therefore, is
preferable. Additionally, a fiber within the ranges of fiber
diameter and fiber length will exhibit a heat conductivity of
the unwoven fabric alone within a range of 0.03 to 0.05
W/mK.
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[0037] If the fiber diameter is larger than 20 um or if the
fiber length is larger than 25 mm, the solid heat conductive
components in the inorganic fiber will be increased, and the
heat conductivity becomes larger than 0.05 W/mK. Conse-
quently, even when the silica xerogel 101 is contained in
fibers, the heat conductivity of the finally-prepared heat insu-
lation material will exceed 0.025 W/mK, and therefore, this is
not preferable.

[0038] In a case of fibers with a fiber diameter less than 1
mm and with a fiber length less than 3 mm, entanglement of
the fibers will significantly be reduced, and a form of sheet
cannot be maintained. Therefore, such fibers are not prefer-
able.

[0039] For the organic fiber, polyethylene terephthalate
(PET), polyvinyl chloride (PVC), and polytetrafluoroethyl-
ene (PTFE) are preferable in view of heat insulation proper-
ties and chemical stability. Organic fibers such as polypropy-
lene, polyethylene and cellulose do not cause any problem in
terms of heat insulation properties as far as their fiber diam-
eter and fiber length are adjusted to appropriate ranges. How-
ever, they are not preferable because they lack sufficient
chemical stability (acid resistance in this case). As described
below, production steps for a heat insulation sheet containing
a silica xerogel 101 include a step of immersing an unwove
fabric in hydrochloric acid, and the unwoven fabric requires
acid resistance. However, organic fibers such as polypropy-
lene, polyethylene, and cellulose are not suitable because
they do not have acid resistance.

(Method of Producing a Heat Insulation Sheet Containing a
Silica Xerogel 101)

[0040] An overview of a method of producing a heat insu-
lation sheet containing a silica xerogel 101 will be described
by use of a flow diagram of FIG. 2. The method of producing
a heat insulation sheet includes seven steps of (1) to (7) in
FIG. 2. The seven steps are as follows:

[0041] (1)asol preparation step in which a catalyst is added
to water glass or high molar ratio sodium silicate as a material
to prepare a sol;

[0042] (2)astep inwhich anunwoven fabric is impregnated
with the sol;
[0043] (3) a step in which the sol is allowed to gelate inside

the unwoven fabric;

[0044] (4) a curing step in which a skeleton of silica is
reinforced;
[0045] (5) a step in which the gel sheet is immersed in an

acidic aqueous solution (a hydrophobization step in which the
gel sheet is reacted with the silane coupling agent 103 having
the reactive organic functional group 104);

[0046] (6) a step in which a solvent is removed by drying;
and
[0047] (7) a polymerization step in which the reactive

organic functional group 104 and the unwoven fabric fiber
102 are chemically bonded to each other by heat polymeriza-
tion.

[0048] Each of the steps will be described below.

(1) Sol Preparation Step

[0049] For the sol preparation step, there is a case where
water glass is used as a material, and a case where a high
molar ratio silicate aqueous solution is used as a material.

[0050] Inacase where water glass is used, sodium in water
glass is removed with an ion-exchange resin or by electrodi-
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alysis, is made acidic, and formed into a sol. Then, a base as
a catalyst is added to the sol, and is polycondensed to form a
hydrogel.

[0051] In a case where a high molar ratio silicate aqueous
solution is used, an acid as a catalyst is added to the high
molar ratio silicate aqueous solution, and is polycondensed to
form a hydrogel.

<Water Glass>

[0052] Water glass is a sodium silicate aqueous solution or
a silicate soda aqueous solution, and is a liquid that is pro-
duced by dissolving SiO, (silica) and Na,O (sodium oxide) in
H,O at various ratios. The molecular formula of water glass is
expressed as Na,O.nSiO2.mH,0, and n is called a molar
ratio, which represents a mixing ratio of Na,O and SiO,.
Types of water glass prescribed in the Japanese Industrial
Standards (JIS K1408) include Nos. 1, 2 and 3, and the
above-mentioned molar ratios of these types are described as
2,2.5 and 3, respectively. Since water glass used as a material
in the invention is diluted with pure water for use, there are not
any preferable molar ratios in particular, and water glass with
amolar ratio of 2 to 3 that is generally used can be used in the
invention.

<High Molar Silicate Aqueous Solution>

[0053] A high molar ratio silicate aqueous solution is a
material that is obtained by removing sodium, which is
unnecessary for formation of a hydrogel, from water glass,
followed by stabilization at sides of the base. The high molar
ratio silicate aqueous solution is neither water glass nor col-
loidal silica. Inthis case, colloidal silica is a colloid of SiO, or
a hydrate thereof, and generally refers to those that generally
have a particle diameter of 10 to 300 nm and that do not have
a certain structure.

[0054] Water glass is an aqueous solution with a high con-
centration of sodium silicate, and refers to a starch syrup-like
liquid that is obtained by dissolving sodium silicate in water,
followed by heating. On the other hand, a high molar ratio
silicate aqueous solution refers to a solution that is obtained
by removing sodium from such water glass and by further
adjusting the silica concentration to 8% or higher. One feature
of such a high molar ratio silicate aqueous solution is that a
particle diameter of the sol is a medium size (1 to 10 nm)
between water glass and colloidal silica.

[0055] A diameter of silicate particles in the high molar
ratio silicate aqueous solution is preferably 1 to 10 nm. Ifthe
particle diameter is smaller than 1 nm, the particle diameter is
too small to form an origin for the nucleus growth, and there
may be a case where an effect to shorten the curing time
cannot be obtained. If the particle diameter exceeds 10 nm,
not only activities of silicate particles alone are lowered, but
also a homogeneous network of silica particles cannot be
formed. Therefore, there may be a case where the strength of
the hydrogel is insufficient.

[0056] The high molar ratio silicate aqueous solution used
in the embodiment preferably has a silicate concentration of
13 to 20%.

[0057] Whenasilicate concentration of the high molar ratio
silicate aqueous solution is less than 13%, it is required that a
larger amount of'the high molar ratio silicate aqueous solution
be added thereto for adjusting the PH of water glass to a
desired value. Therefore, the number of colloidal silica that is
supposed to be an origin for silica particle growth will be
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reduced, and there may be a case where formation of the silica
network does not effectively proceed.

[0058] If a silicate concentration of the high molar ratio
silicate aqueous solution exceeds 20, there is a problem in
which a pot life of the material itself becomes short. In other
words, even when the material is allowed to stand at ordinary
temperature, the viscosity increases, and the material will
gelate.

(2) Impregnation Step

[0059] The sol solution prepared in Step (1) is poured into
an unwoven fabric with a thickness of 0.05 to 1.0 mm at a
quantity 6.5 to 10 times as large as the weight of the unwoven
fabric, and the unwoven fabric is impregnated with the sol
solution with a hand roller. In this case, a viscosity of the sol
solution is preferably 1 to 10 mPa-s (at 20° C.), and is more
preferably 1 to 5 mPa-s in order to increase the impregnation
rate.

[0060] In addition, in a case of inorganic fibers, glass wool
or rock wool can be used for the unwoven fabric. In a case of
organic fibers, polyethylene terephthalate (PET), polyvinyl
chloride (PVC), or polytetrafluoroethylene (PTFE) can be
used.

[0061] However, in order to improve the wettability, the
unwoven fabric fiber 102 may be subjected to UV ozone-
based cleaning or atmospheric pressure plasma-based clean-
ing, or a surfactant may be contained in the unwoven fabric,
prior to impregnation with the sol solution.

[0062] In addition, when the unwoven fabric is impreg-
nated with the sol solution, it is desirable that the unwoven
fabric is impregnated with the sol solution under room tem-
perature within 5 minutes after the sol is prepared. When 5
minutes or more passed, the viscosity of the sol solution is
increased to 10 mPas or higher, and the impregnation rate
suddenly becomes low.

(3) Gelation Step

<Gelation Temperature>

[0063] After Step (2), the sol is allowed to gelate. The
gelation temperature for the sol is preferably 20° C. to 90° C.
[0064] When the gelation temperature is less than 20° C.,
required heat is not transmitted to silicate monomers that are
active species for the reaction. Consequently, the growth of
silica particles is not promoted. As a consequence, it takes a
long time to allow gelation of the sol to proceed sufficiently.
Furthermore, the strength of the produced gel (hydrogel) is
low. Therefore, the gel may be shrunk significantly during
drying, and a hydrogel with desired strength may not be
obtained.

[0065] In addition, the growth of silica particles is exces-
sively promoted when the gelation temperature exceeds 90°
C. As a result, volatilization of water rapidly occurs, and a
phenomenon in which water and the hydrogel separate will be
observed. This leads to a reduction in the volume of the
resulting hydrogel, and there is a case where the desirable
silica xerogel 101 cannot be obtained.

<Gelation Time>

[0066] In addition, the gelation time varies with the gela-
tion temperature or a curing time after the gelation described
below. However, a sum of the gelation time and the curing
time described below is preferably 0.5 to 12 hours, and more
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preferably 1 to 6 hours in order to satisfy both of performance
(heat conductivity) and production tact.

[0067] If the gelation time is shorter than 0.5 hour, a net-
work of silica particles is not sufficiently reinforced, and
therefore, the gel is shrunk and the bulk density is increased
during drying.

[0068] If the gelation time is longer than 12 hours, rein-
forcement of the silica network is sufficiently proceeded.
However, if more time is spent for curing, not only produc-
tivity is impaired, but also shrinkage of the gel occurs, and the
bulk density is increased. Consequently, there is a problem of
increased heat conductivity.

[0069] When the gelation time is 1 to 6 hours, based on
gelation and curing, the network of silica particles can suffi-
ciently be reinforced while sufficient productivity is secured.

<Summary>

[0070] By conducting gelation and curing in this way, the
strength or rigidity of the wall of the hydrogel is improved,
and a hydrogel that hardly shrinks during drying can be
obtained.

(4) Curing Step

[0071] The curing step is a step of forming the skeleton of
the silica into a hydrogel with a reinforced skeleton after
gelation.

<Curing Temperature>

[0072]
C.
[0073] If the curing temperature is lower than 50° C., the
dehydration condensation reaction becomes relatively slow,
and therefore, it becomes difficult to sufficiently reinforce the
silica network within a target tact time in view of productivity.
[0074] Ifthe curing temperature is higher than 100° C., the
water in the gel is excessively evaporated. Therefore, shrink-
age or dryness of the gel is caused, and the heat conductivity
will be increased.

The curing temperature is preferably 50° C. to 100°

<Curing Time>

[0075] The curing time is preferably 0.1 to 12 hours, and
more preferably 0.5 to 6 hours in order to satisfy both of
performance (heat conductivity) and production tact.

[0076] If the curing time is shorter than 0.1 hour, the net-
work of silica particles is not sufficiently reinforced. Conse-
quently, the gel will be shrunk and the bulk density will be
increased during drying.

[0077] Ifthe curing time is longer than 12 hours, reinforce-
ment of the silica network is sufficiently proceeded. However,
if more time is spent for curing, not only the productivity is
impaired, but also shrinkage of the gel occurs and the bulk
density is increased.

[0078] Consequently, there will be a problem that the heat
conductivity is increased.

[0079] When curing is carried out where the curing time is
within a range of 0.5 to 6 hours, the network of silica particles
can sufficiently be reinforced while securing the productivity.

<Control>

[0080] To increase the pore volume or the mean pore diam-
eter of the xerogel, the gelation temperature or the curing
temperature are preferably elevated within the above-men-
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tioned ranges, or a sum of the gelation time and the curing
time is preferably prolonged within the above-described
range.

[0081] In addition, to reduce the pore volume or mean pore
diameter of the xerogel, the gelation temperature or the curing
temperature are preferably lowered within the above-de-
scribed ranges, or a sum of the gelation time and the curing
time is preferably shortened within the above-described
range.

(5) Acidic Aqueous Solution Immersion Step

[0082] The cured hydrogel (gel containing water) is reacted
with a silylating agent to conduct hydrophobization, and is
formed into a surface-modified gel. Therefore, the cured sheet
is immersed in an acidic aqueous solution. The acidic aque-
ous solution is not particularly limited, and a hydrochloric
acid aqueous solution, sulfuric acid aqueous solution, acetic
acid aqueous solution, formic acid aqueous solution and the
like are appropriately used.

<pH of the Solution>

[0083] The pH of the acidic aqueous solution is preferably
4.5 or lower.
[0084] Ifthe pH is higher than 4.5, a hydrolysis reaction of

an alkoxysilane becomes excessively slow.

[0085] If the pH is 4.5 or lower, the hydrolysis reaction
occurs without any problem under conditions of ordinary
pressure and ordinary temperature.

<Silylating Agent>

[0086] As the silylating agent for the hydrophobization
treatment in the embodiment, the silane coupling agent 103
can be used. The silylating agent is not limited, but an alkox-
ysilane represented by YnSi(OR),_,,, having at least one type
of the reactive organic functional group 104 can be used as a
starting material. By use of this silane coupling agent 103, a
dehydration condensation with silanol groups on the surface
of the hydrogel is carried out under acidic conditions.
[0087] In this case, for the silane coupling agent 103 rep-
resented by YnSi(OR),_,, any of a glycidoxypropyl group, a
3,4-epoxycyclohexylethyl group, a styryl group, an acrylate
group, a methyl methacrylate group, a vinyl group and a
derivative thereof, a thiol propyl group, and an aminopropyl
group can be selected as Y that corresponds to the reactive
organic functional group 104. A reaction induction method,
such as based on a photoreaction, a heat reaction or their
combination, can appropriately be selected.

[0088] In addition, two or more types of these functional
groups may be combined. In particular, a thiol propyl group or
aminopropyl group can favorably be used in combination
with a glycidoxypropyl group, because they can polymerize a
glycidoxypropyl group.

[0089] As a glycidoxypropyl group, 3-glycidoxypropylm-
ethyldimethoxysilane, 3-glycidoxypropylmethytri-
methoxysilane,  3-glycidoxypropylmethyldiethoxysilane,
3-glycidoxypropylmethyltrimethoxysilane, and 2-(3,4-ep-
oxycyclohexyl)ethyltrimethoxysilane can be used.

[0090] For example, by use of 3-glylcidoxypropytri-
methoxysilane, dehydration condensation with silanol
groups on the surface of the hydrogel can be conducted under
acidic conditions to carry out hydrophobization. Changes of
the chemical bonding state in this case are shown in FIG. 3.
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[0091] R can be a C,-C; alkyl group, although it is not
limited thereto, and, specifically, methoxysilane, ethoxysi-
lane, propoxysilane and the like can be mentioned. Among
them, methoxysilane and ethoxysilane are preferable because
hydrolysis is easily caused, and the reaction can easily be
controlled.

<Charging Amount of Silylating Agent>

[0092] For acharging amount of the silylating agent, 100%
to 800% is preferable, and 100% to 300% is more preferable
to a pore volume of the skeleton-reinforced hydrogel.
[0093] If the amount of the silylating agent is less than
100% of the pore volume, it becomes difficult to physically
immerse the hydrogel in the silylating agent. As a result, there
is a case where silanol (Si—OH) groups that exist on the
surface and the inside of the skeleton-reinforced hydrogel
remain unreacted.

[0094] In that case, the silanol groups come into physical
contact with one another due to a capillary force ofthe solvent
during drying, thereby causing a dehydration condensation
reaction, and this may lead to shrinkage and high density of
the gel.

<Proportion of Silylating Agent>

[0095] If the amount of the silylating agent is larger than
800% of the pore volume, there may be a case where the
silylating agent exists at a more excessive amount than a
minimum amount of the silylating agent that should be
reacted with silanol groups. In that case, the economic effi-
ciency and the productivity will be impaired.

[0096] When the charging amount of the silylating agent is
100% to 300% of the pore volume, the hydrogel can physi-
cally be immersed in the silylating agent. Therefore, the sily-
lation reaction proceeds without any problem, and a large
amount of the silylating agent is not consumed. As a result,
high production costs due to an increase in the size of the
reaction bath and an increase in the amount of silylating agent
used therein will be avoided.

[0097] In addition, the charging amount of the silylating
agent is based on the pore volume of the skeleton-reinforced
hydrogel. For example, when the charging amount of the
silylating agent is 150% of the pore volume, this means that
an amount of the silylating agent 1.5 times as large as the pore
volume of the skeleton-reinforced hydrogel is added thereto.

<Pore Volume of the Skeleton-Reinforced Hydrogel>

[0098] The pore volume of the skeleton-reinforced hydro-
gel is a value obtained by subtracting a volume of SiO, per
unit weight from a volume of the high molar ratio silicate
aqueous solution per unit weight, and is calculated based on
the following formulas.

A pore volume of the skeleton-reinforced hydrogel
(volume of water in the gel)=a volume of the
high molar ratio silicate aqueous solution—a vol-

ume of SiO, (Formula 1)

A volume of the high molar ratio silicate aqueous
solution=a weight x of the high molar ratio sili-
cate aqueous solution [g]/a density of the high
molar ratio silicate aqueous solution (1.1) [em?/
g] (Formula 2)

A volume of SiO,=(the weight x of the high molar
ratio silicate aqueous solution [g]xa silicate con-

centration)/a density of Si0,(2.2) [em®/g] (Formula 3)
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<Other Silylating Agents>

[0099] Besides the silane coupling agent 103 having a reac-
tive organic functional group 104, one or more types of silox-
ane-based solvents represented by R;SiO(SiR,0),SiR;
(where n is 0 to 2) may be combined as silylating agents.
HMDSO (hexamethyldisiloxane), octamethyltrisiloxane,
and decamethyl tetrasiloxane are preferably used.

[0100] In addition, it is a silane represented by R*;SiCl or
R! Si(OR?),., (wherein R and R? are each independently a
C1-C6 linear alkyl, cyclic alkyl or phenyl), and hexamethyl-
disilazane (hereinafter, HMDS) is also suitable.

[0101] Trimethylchlorosilane (hereinafter, TMCS) is pref-
erably used for R';SiCl, and methyltrimethoxysilane
(MTMS) is preferably used for R*, Si(OR?),_,.

<Temperature for the Hydrophobization Reaction>

[0102] The hydrophobization reaction is conducted in a
solvent, as needed, and is performed generally at 20° C. to
100° C.

[0103] If the reaction temperature is lower than 20° C.,
diffusion of the silylating agent is insufficient, and there may
be a case where hydrophobization does not proceed suffi-
ciently.

[0104] If the reaction temperature exceeds 100° C., the
silylating agent itself is evaporated, and there may be a case
where the silylating agent required in the reaction is not
supplied to the outside and the inside of the skeleton-rein-
forced hydrogel.

<Solvent>

[0105] As for the solvent used herein, alcohols such as
methanol, ethanol, 2-propanol, tert-butanol and ethylene gly-
col; ketones such as acetone and methylethylketone; and lin-
ear aliphatic hydrocarbons such as pentane, hexane and hep-
tane are preferable.

[0106] The skeleton-reinforced hydrogel is solid and
hydrophilic. To the contrary, the silylating agent is liquid and
hydrophobic. Therefore, they are not mixed with each other.
Furthermore, because of a solid-liquid heterogeneous system
reaction, alcohols or ketones, which are amphiphilic solvents,
are preferably used in order to efficiently reacting the silylat-
ing agent, which is an active species, with the skeleton-rein-
forced hydrogel, and alcohols are more preferable.

(6) Drying Step

[0107] As a drying technique used in the drying step for
volatilizing a liquid solvent in the surface-modified gel
obtained in the preceding step, either a supercritical drying
method or non-supercritical drying method (an ordinary pres-
sure drying method or freeze-drying method) can be used as
a known drying method, and there is no particular limitation
thereto.

[0108] However, an ordinary pressure drying method is
preferably used as a non-supercritical drying method in terms
of mass productivity, safety and economic efficiency.

[0109] The drying temperature depends on a type of the
reactive organic functional group 104 of the silane coupling
agent 103. However, the drying temperature is preferably 80°
C. or lower.

[0110] Ifdrying is carried out at a temperature higher than
80° C., volatilization of the solvent and the ring-opening
polymerization of reactive organic functional groups 104
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simultaneously occur, and there may be a case where cross-
linking of the silica xerogel 101 and the unwoven fabric fiber
102 does not sufficiently proceed.

[0111] When the temperature is 80° C. or lower, the pres-
sure during drying is preferably equal to or lower than the
ordinary pressure in order to carry out drying in a short time.

(7) Cross-Linking Step

[0112] The cross-linking step is a step in which reactive
organic functional groups 104 of the surface-modified gel
after drying are subjected to ring-opening polymerization,
thereby forming covalent bonds between the silica xerogel
101 and the unwoven fabric fiber 102. In the cross-linking
step, the cross-linking reaction can be promoted by heating or
light irradiation. A chemical bonding state in this case is
shown in FIG. 4.

[0113] The silica xerogel 101 and the unwoven fabric fiber
102 are bonded to each other through the silane coupling
agent 103. Through the reactive organic functional group 104
of the silane coupling agent 103, the silane coupling agent
103 is linked to the unwoven fabric fiber 102. The silica
xerogel 101 is tightly attached to the unwoven fabric fiber
102, and loss of the powder from the silica xerogel 101 can be
prevented.

[0114] The heating temperature varies with the material of
the unwoven fabric fiber 102. In a case where the unwoven
fabric fiber 102 is made of inorganic fibers (glass wool, rock
wool, or the like) having high heat resistance, the heating
temperature is preferably 100° C. to 200° C.

[0115] In a case of organic fibers (polyethylene terephtha-
late (PET), polyvinyl chloride (PVC), or the like), the heating
temperature is preferably 100° C. to 150° C. in terms of the
heat resistance.

[0116] In addition, the unwoven fabric sheet may be
pressed, as needed, and then, the cross-linking reaction may
be carried out within the above-described temperature range.
In that case, the pressure range is preferably 1 to 20 MPa.
[0117] If the pressure is lower than 1 MPa, a distance
between the reactive organic functional group 104 and the
unwoven fabric fiber 102 is excessively long, and therefore,
there may be a case where the reaction does not sufficiently
proceed.

[0118] If the pressure is higher than 20 MPa, the silica
xerogel 101 may physically be destroyed. Consequently, even
when the cross-linking reaction is carried out, the silica xero-
gel 101 may be detached from or dropped out of the unwoven
fabric fiber 102.

[0119] In addition, the reactive organic functional group
104 also reacts with the silica xerogel 101 in that case. A
chemical bond in that case is shown in FIG. 5. The silica
xerogels 101 are bonded to each other through the silane
coupling agent 103. The silica xerogels 101 are also bonded to
each other, and loss of powder from the silica xerogels 101 is
prevented.

[0120] When the state of FIG. 1 is combined with the state
of FIG. 5, FIG. 6 is obtained. In FIG. 6, the silica xerogels 101
and the unwoven fabric fiber 102 are integrated with each
other, and thus, are bonded to each other.

[0121] The silicaxerogels 101 and the unwoven fabric fiber
102 are bonded to each other so as to from a mesh-like
structure, and thus, loss of powder from the silica xerogel 101
can be prevented.
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(Effects)

[0122] As described above, when the production method
different from conventional arts, in which a hydrophobization
reaction of the silica xerogel 101 is carried out by use of the
silane coupling agent 103 having the reactive organic func-
tional group 104, and then, a covalent bond is formed between
the unwoven fabric fiber 102 and the silica xerogel 101 based
on ring-opening polymerization of the reactive organic func-
tional groups 104, is used, a heat insulation sheet including, as
a substrate, the silica xerogel 101 with high mechanical
strength and low heat conductivity can be produced.

[0123] According to the heat insulation sheet, detachment
or loss of the silica xerogel 101 from the unwoven fabric fiber
102 does not occur even in long-term use. Therefore, the heat
insulation sheet can be applied to electronic devices that are
intolerant of deterioration of heat insulation performance or
incorporation of particles.

[0124] In this invention the unwoven fabric fiber 102 is
used. Butitis possible to use the woven fabric fiber instead of
the unwoven fabric fiber.

[0125] Accordingly, by chemically bonding the silica xero-
gel 101 with low heat conductivity and the unwoven fabric
102 with each other through the silane coupling agent 103
having the reactive organic functional group 104, detachment
or loss of the silica xerogel 101 is prevented, and a sheet with
high mechanical strength and with excellent heat insulation
properties is provided. The heat insulation material can favor-
ably be used for purposes such as for household electrical
appliances, automobile components, the field of buildings,
and industrial facilities.

What is claimed is:

1. A heat insulation sheet, comprising:

a silica xerogel; and

a fabric, wherein

the silica xerogel and the fabric are chemically cross-linked

to one another through a silane coupling agent having a
reactive organic functional group.

2. The heat insulation sheet according to claim 1, wherein
a plurality of silica xerogels are chemically cross-linked to
one another through the silane coupling agent.

3. The heat insulation sheet according to claim 1, wherein
the silane coupling agent is a compound represented by Y, Si
(OR)4,-

4. The heat insulation sheet according to claim 1, wherein
the silane coupling agent is any one or more of Y ,Si(OR),,,,,
R,SiO(SiR,0),SiR;, R;3SiCl, and R*, Si(OR?), .

5. The heat insulation sheet according to claim 3, wherein
Y is any one or more of a glycidoxypropyl group, a 3,4-
epoxycyclohexylethyl group, a styryl group, an acrylate
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group, a methyl methacrylate group, a vinyl group and a

derivative thereof, a thiol propyl group, and an aminopropyl
roup.

£ 6.121"he heat insulation sheet according to claim 3, wherein

R is any of a methyl group, an ethyl group and a propyl group.

7. A method of producing a heat insulation sheet, compris-
ing:

%)roviding as a material a high molar ratio silicate aqueous
solution having a particle size of 1 to 10 nm, which is a
medium size between water glass and colloidal silica,
and adding an acid to the high molar ratio silicate aque-
ous solution to prepare a sol; or

providing a water glass as a material, removing sodium
from the water glass by ion exchange, and then, adding
a base thereto to prepare a sol solution;

impregnating a fabric with the sol solution;

conducting a polymerization reaction based on dehydra-
tion condensation at 50° C. to 100° C. to obtain a hydro-
gel;

hydrophobizing a surface of the hydrogel with a silane
coupling agent having a reactive organic functional
group, the silane coupling agent represented by Y,,Si
(OR)4p:

drying the hydrophobized hydrogel; and

heating the dried hydrogel to 100° C. or higher to cause Y,
which is the reactive organic functional group, to
undergo a ring opening polymerization, thereby allow-
ing a silica xerogel and the fabric to bind to each other,
wherein,

in the silane coupling agent represented by Y, Si(OR),_,,, Y,
which corresponds to the reactive organic functional
group, is any of a glycidoxypropyl group, a 3,4-epoxy-
cyclohexylethyl group, a styryl group, an acrylate group,
amethyl methacrylate group, a vinyl group and a deriva-
tive thereof, a thiol propyl group, and an aminopropyl
group,

R is any of a methyl group, an ethyl group and a propyl
group, and

nis 1to3.

8. The method of producing a heat insulation sheet accord-
ing to claim 7, wherein Y, which corresponds to the reactive
organic functional group, is a glycidoxypropyl group.

9. The method of producing a heat insulation sheet accord-
ing to claim 7, wherein any one of 3-glycidoxypropylmeth-
yldimethoxysilane, 3-glycidoxypropylmethyltri-
methoxysilane,  3-glycidoxypropylmethyldiethoxysilane,
3-glycidoxypropylmethyltrimethoxysilane, and 2-(3,4-ep-
oxycyclohexyl)ethyltrimethoxysilane is used for Y, Si(OR)
4., In the hydrophobizing step.

#* #* #* #* #*



