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CROSS REFERENCE TO RELATED APPLICATIONS:
[0001]  The present invention claims the benefit of priority of US Application No.

62,340,630 filed on May 24, 2016, which is incorporated herein as if set forth in its entirety.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT:

[0002] This invention was made with government support under Contract No. DE-
ACO5-000R22725 awarded by the U.S. Department of Energy. The government has certain rights

in the invention.

THE NAMES OF PARTIES TO A JOINT RESEARCH AGREEMENT.

[0063]  The invention was made under CRADA Agreement number NFE-14-05402

between UT-Battelle, LLC and Velox Design and Development Company USA, Tuc.

BACKGROUND OF THE INVENTION:

[00064]  The present invention relates generally to methods, compositions of matter, and
articles of manufacture relating to silica gel. More particularly, the invention relates to a hybrid

siica gel composition made with porous silica particles.

[0005]  Fenestration systems play important roles in the energy utilization 1n buildings
in that they allow sunlight to enter, retain thermal heat energy, and provide a basrier to wind and
rain. They also serve to aesthetically enhance the appearance of both the interior and exterior of
buildings. However, most existing fenestration systems are normally the least thermally insulating

component, and thus the main source of heat loss/gain from the building envelope. Ideally, a
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window or skylight allows clear viewing, s capable of transmitting sunlight, and poses a thermal

resistance per area that is comparable to surrounding building walls.

[00066]  Various technologies have been used to increase the insulation performance of
these systems. For example, utilizing double pane or double fenestration glazing, including having
a vacuum or filling with inert gas between the glass panes or use of triple or quadruple panes has
been tried. However, each of these solutions has its own disadvantages—for example, leakage,
thermal stress, and high cost for vacuum between panes, and leakage and higher convection for

gas between panes.

=

10087}  Plastic or glass capillaries or honeycomb structures have also been employed
for enhanced transparency and thermal insulation. These alternatives also have disadvantages.
Plastic becomes unstable at higher temperatures, and glass increases the glazing unit weight.
Moreover, these structures need wide (5 cm) interspace, which requires special sealing and

spacers.

[0068]  Another technology is the use of aerogel as a transparent insulating material.
Aerogels are a class of solid materials that certain physical properties, such as high porosity, large
surface area, low density, and low heat conductivity. Despite certain advantages, when aerogel 15
used in fenestration systems, such as aerogel filled window panes, the system tends to be hazy or
less than completely transparent due to the light scattering that occurs with this material.
Furthermore, an aerogel must be fabricated in such a way to improve strength. Aerogels are
prepared using sol-gel processing techniques followed by a supercritical drying step in which the
solvent used 1n the process is extracted to leave an open pore structure. However, supercritical

aerogel processing is energy intensive and conventional aerogels still lack durability.
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[06069]  Accordingly, there is a need for a more transparent, durable matenial that

provides effective insulation, and that can be processed effectively at competitive costs.

SUMMARY OF THE INVENTION:

10010}  The following presents a simplified summary of the nvention in order to
provide a basic understanding of some aspects of the invention. This sumimary is not an extensive
overview of the invention. It is not intended to identity key or critical elements of the invention or
to delineate the scope of the invention; its sole purpose is to present concepts of the invention ina

sumplified form as a prelude to the more detailed description that is subsequently presented.

10011}  The present invention includes a travsparent/transtucent insulation material. In
one embodiment, the tnsulation material includes a hybrid stlica gel composition made of porous
sifica particles joined by silane crosslinking with each other through a three dimensional silica
network. Asused herein, “transparent/translucent” will refer to a material that is either transparent

or translucent.

0012} The present invention further includes a method for making a
transparent/translucent insulating material. In one embodiment, the method may include the steps
of’ providing porous silica particles; preparing a solvent solution containing porous silica particles;
providing a hydrolyzed solution containing an alkoxide of silicon; introducing the solvent solution
to the hydrolyzed solution to form a hybrid silica gel; and drying the hybrid silica gel to form a
transparent/transincent insulation gel. In another embodiment, the hydrolvzed solution may be

prepared by hydrolyzing a silicon alkoxide with an acid or base.

[0013]  In another embodiment, the method for making a transparent/translucent



WO 2017/222733 PCT/US2017/034221

insulating material may include the steps of: providing porous silica particles; providing an
alkoxide of silicon; hydrolyzing the alkoxide with an acid or base; adding the porous silica particles
10 g solvent to the hydrolyzing solution to form a hybrid gel; and dryving the hybrid gel to form the

transparent/transhucent insulating material.

[0014]  In another embodiment, the method for making a transparent/translucent
insulating material may include the steps of: providing porous silica particles made by one of three
methods described above; preparing a solvent solution containing the porous silica particles;
sonicating the solvent solution; centrifuging the sonicated solution to remove any aggregated
particles from the solvent solution; providing an alkoxide of silicon; hydrolyzing the alkoxide with
an acid or base; adding the porous silica particles in a solvent solution to the hydrolyzing solution
to form a hybrid gel; and drying the hybrid gel to form the transparent/iranslucent insulating

material,

[0015]  The present invention further includes articles of manufacture incorporating the
transparent/transtucent insulating material. In one embodiment, the article of manufacture of the
present invention includes a fenestration system incorporating a hybrid silica gel composition. In
one embodiment, the fenestration system includes a first planar pane of glass and a second planar
plate of glass that defines an enclosed chamber. Within the chamber, a volume of a composition

of the hybrid silica gel 1s provided. Preferably, the chamber is sealed with a suitable gasket.

[0016]  Further features of the present invention will be apparent from the description
that follows and the appended drawings, and in part will be obvious from the description, or may

be learmed by practice of the invention. It is to be understood that both the foregoing general
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description and the following detailed description are exemplary and explanatory only and are not

restrictive of the invention, as claimed.

16617}  The accompanying drawings, which are incorporated in and constitute a part of
this specification, illustrate embodiments of the invention and together with the description, serve

to explain the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS:

10018]  FIG. 1 schematically illustrates a hybrid silica gel formed by porous silica

particles and silica precursors according to an embodiment of the present invention;

06619}  FIG. 2 1s a photograph iHlustrating a hybrid silica gel formed by porous silica

particles and silica precursors according to an embodiment of the present invention;

106626]  FI1G. 3A 1s a photograph showing porous silica particles of a certain grain size

according to an embodiment of the present invention;

06021}  FIG. 3B is a photograph showing porous silica particles of a certain grain size

according to an embodiment of the present invention;

10622]  FI1G. 3C 1s a photograph showing porous silica particles of a certain grain size

according to an embodiment of the present invention;

160237  FIG. 4 shows a method for preparing a hybrid silica gel according to an

embodiment of the present invention;

106624}  FIG. 5 is a photograph showing porous silica particles according to an

embodiment of the present invention;
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16025}  FIG. 6 1s a photograph showing porous an open drying chamber containing a

collapsed hybrid silica gel according to an embodiment of the present invention;

16026}  FIG. 7 is a photograph showing a closed drying chamber containing a hybrid

silica gel according to an embodiment of the present invention;

16627}  FIG. 8 1s a photograph showing a dried hybrid silica gel according to an

embodiment of the present invention;

16028]  FIG. 915 a graph showing the light transmission of a hybrid silica gel according

to an embodiment of the present invention; and

16029}  FIG. 1015 a partial sectional view of an article of manufacture incorporating a

hybrid silica gel according to an embodiment of the present invention.

DETAILED DESCRIPTION OF REPRESENTATIVE EMBODIMENTS:

10030]  The present invention relates to a transparent/transtucent tnsulation material, a
method for making the same, and an article of manufacture that incorporates the same. The
transparent/translucent insulation material of the present invention may be made with better energy
saving techmques. Additionally, the present invention preferably provides a material with reduced
thermal conductivity and visibility properties to achieve a transparent/transiucent insulation

material for effective use in fenestration systems.

16631}  Reference now will be made in detail to the presest embodiments, examples of
which are illustrated in the accompanying drawings. Wherever possible, the same reference

numbers will be used throughout the drawings to refer to the same or like parts.
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[6632]  Notwithstanding that the numerical ranges and parameters setting forth the
broad scope of the invention are approximations, the numerical values set forth in the specific
examples are reported as precisely as possible. Any numerical value, however, inherently contains
certain errors necessarily resulting from the standard deviation found in their respective testing
measurements. Moreover, all ranges disclosed herein are to be understood to encompass any and

all sub-ranges subsumed therein.

0033} In accordance with the various embodiments of the present invention, FIG. 1
schematically shows an exemplary transparent insulation material and its components. In this
embodiment, the transparent/translucent insulation material may include & hybrid silica gel 10 of
porous silica particles 20 dispersed within a three dimensional silica network formed using with

sifica ¢crosslinking agents 30

10034] A feature of the present invention includes a composition that is lightweight,
mechanically durable, and highly thermally insulating. Preferably, the thermal insulating material
of the present invention provides sufficient thermal insulation for effective use in fenestration
systems. Io one embodiment, the transparent/translucent material may include a hybnd silica gel
that may have a thermal resistance, as measured by R-value, of about > § hrft*°F/Btu. In another
embodiment, the transparent/translucent material may include a hybrid silica gel that may have a

~.

thermal resistance of about » 6 hrft*F/Bm. In stll another embodiment, the

\

transparent/translucent material may include a hybrid silica gel that mway have a thermal
conductivity, as measured by k-value, between about 0.03293 W/m K or less. In still another
embodiment, the transparent/transiucent material may include a hybrid silica gel that may have a
thermal conductivity of about 0032 W/mK or less. In yet another embodiment, the

transparent/translucent material may nclude a hybrid silica gel having a thermal conductivity that
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is about 0.15 WmK to about 0032 W/mX. In yet another embodiment, the
transparent/translucent material may include a hybrid silica gel that may have a thermal

conductivity of about 0.15 W/m X to about 0.022 Wm K.

[0035]  Anocther feature of the present invention includes a composition that is
sufficiently transparent/translucent, as well as highly thermally insulating. A photograph taken
from an example of an embodiment of a thermal insulating material including a hybnid silica gel
10 is shown in FIG. 2. As illustrated, the material is preferably transparent/translucent and
substantially devoid of haziness. In one embodiment, the transparent/translucent material may
include a hybrid silica gel that may bave & visible transmittance of about 250%. Iun another
embodiment, the transparent/translucent matertal may include a hybrid silica gel that may have a
visible transmiitance of approximately 70%. in  vet ancther embodiment, the
transparent/translucent material may include a hybrid silica gel that may have a visible
transmittance that is approximately 80% or more.  In yet another embodiment, the
transparent/transiucent material may include a hybrid silica gel that may have visible transmittance

that 1s about 100% and light scattering that is about < 0.5%.

[0036]  The thermal conductivity and light transmittance features of the present
invention may be impacted by certain properties of the porous silica particles. Accordingly, a
feature of the present invention includes the use of porous silica particies 20 that may have a certain
size, including a certain diameter and a certain pore size, that may be effective 1n nuinimizing heat
transter and visible light scattering so as to achieve an effective transparent/translucent insulating

material.

100377  In one exemplary embodiment, the diameter of the porous silica particles 20
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may be less than 100 nm and the pore size may be <20 nm. In ancther embodiment, the diameter

of the porous silica particles may be approximately 60 nm and the pore size may be <20 nm.

[0038]  In anocther exemplary embodiment, the porous silica particles 20 may have a
certain grain size, as illustrated in the exemplary photographs shown i FIGS. 3a-¢. These images,
which were taken using a scanning electron microscope (SEM), show porous silica particles with
different unit nanoparticle (grain) size. In one embodiment of the present invention, the porous
silica particles may include a small grain of about 60 nm, as opposed to a large grain of about &0

nm, or a very small grain size of about 20 nm.

10039}  In still another exemplary embodiment, the porous silica particles may include
micropores and macropores. In one embodiment, the micropores of the porous silica particles may
be between about 1 nm to about & nm, and the macropores of the porous silica particles may be
between about 50 nm to about 100 nm.  In another embodiment, the micropores of the porous
silica particles may be at least 3.5 nm. In still another embodiment, the macropores of the porous

silica particles may be no more than 100 nm.

00406  In still another exemplary embodiment, the overall pore volume of the
transparent/translucent insulation material may be about 80% or more. In yet another exemplary
embodiment, the overall pore volume of the transparent/translucent insulation material may be

about 95% to about 99%.

10041} The present invention further includes a method for making a
transparent/transiucent insulating material. In one embodiment illustrated in FIG. 4, the method
100 of the present invention may include: the step 101 of providing porous silica particles; the step

102 of preparing a solvent solution contaiming porous silica particles; the step 103 of providing a
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hydrolyzed or partially hvdrolyzed solution of a silica precursor; the step 104 of adding the solvent
solution to the hydrolyzed solution to form a hybrid gel; and the step 105 of drying the hybrid gel

to form the transparent/transiucent insulating material

[0042]  In accordance with various embodiments of the method of the present
wvention, the step 101 of providing porous silica particles may include preparing porous silica
particles that may have certain properties, such as those described herein. For example, the step
of providing porous silica particles 101 may include preparing porous silica particles that may
have a certain diameter, a certain grain size, and a certain pore size, including a certain micropore

and a macropore size.

[6043]  Inone exemplary embodiment, the step 101 of providing porous silica particles
may include a method of preparing porous silica particles having a certain pore size, In still another
exemplary embodiment, the step 101 of providing porous silica particles may include a method of

preparing porous silica particles having a certain micropore size and a certain macropore size.

10044]  In another embodiment, the step 101 of providing porous silica particles of a
certain pore size may include porous silica particles was about 60 nm, and the average micropore
size was about 3.5 nm.  As shown in FIG. 5, such porous silica particles are shown using a

transmission electron microscope image.

[0045] In accordance with various embodiments of the method of the present
invention, the step 102 of preparing a solvent solution containing porous silica particles may
include the step of providing ethyl alcohol as a solvent. In another exemplary embodiment, the
step 102 of preparing a solvent containing porous silica particles may include the step of: providing

acetomtrile as a solvent. In another exemplary embodiment, the step 102 of preparing a solvent

10
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containing porous silica particles may include the step of: providing a muxture of ethanol and
acetonitrile as a solvent. In still another exemplary embodiment, the step 102 of preparing a
solvent containing porous silica particles may be followed by the step of exchanging a first solvent
for a second solvent. In one exemplary embodiment using a solvent exchanging step, the solvent
exchanging step may include the exchange of ethanol as a first solvent with acetonitrile as a second
solvent. In one exemplary embodiment using a solvent exchanging step, the solvent exchanging

step may include the exchange of ethanol as a first solvent with hexane as a second solvent,

[0046]  In accordance with various embodiments of the present invention, the step 103
of providing a hydrolyzed or partially hydrolyvzed solution containing a silica precursor may
include: providing a stlica precursor; hvdrolyzing the silica precursor in an acid or base solution.

in one exemplary embodiment, the silica precursor may be Tetraethyl orthosilicate (TEOS).

10047} In accordance with various embodiments of the present invention, one
embodiment of step 104 of adding a solvent solution containing porous silica particles to a
hydrolyzed solution may include: adding a solvent solution containing porous silica particles to a
prehydrolyzed solution containing a silica precursor. In another embodiment, the step 104 may
include: adding a solvent solution containing porous silica particles during the hydrolyzing of a

silica precursor.

[6048] In accordance with various embodiments of the present invention, one
embodiment of step 105 of drying the hybrid silica gel may include: drying the hybrid silica gel
by controlled evaporation. In one exemplary embodiment, the step of drying the hybrid silica gel
by controlled evaporation may include: containing the hybrid silica gel, providing a barrier

between the contained hybrid stlica gel and the atmosphere sufficient to reduce the rate of release

11
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of solvent vapors from the hybrid silica gel; and providing openings in the barrier suffictent to
allow the release of solvent vapors from the hybrid silica gel over time.  In another exemplary
embodiment, the step of drying the hybrid silica gel by controlled evaporation may include;
providing a container; placing the hybrid silica gel in the container; and covering the container
with a film containing openings. One container cover that may be used 1s paratfin film. In another
exemplary embodiment, the step of drying the hybrnid silica gel by controlled evaporation may
include: providing a contaiver; placing the hybrid silica gel 1 the container; and closing the
container with a loose fitting hd. In still another exemplary embodiment, the step of drying the

hybrid silica gel by controlled evaporation may take up to one week.

10049}  In accordance with various embodiments of the present invention, one
embodiment of step 105 of drying the hybnd silica gel may include; drying the hybrid silica gel

by freeze drying, by supercritical drying, or by atmospheric evaporation techniques.

[6050]  Photographs illustrating the difference between direct evaporation and
controlled evaporation according to the exemplary embodiment are shown in FIGS. 6 and 7. As
tlustrated, controlling the rate at which solvent vapors are released from the hybrid silica gel, such
as with a film cover shown in FIG. 7, may help avoid crurabling of the gel and powder formation,

shown in FIG. 6, as well as minimize pore collapsing and gel shrinkage.

16651]  Referring back to FIG. 4 and in view of the various embodiments of steps of
the present method 100, one exemplary method may include the steps of: providing porous silica
particles; providing a hydrolyzed or partially hydrolyzed silica precursor, such as TEOS; mixing

the hydrolyzed silica precursor with an ethanol solution of the porous silica particles 1o the

12
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presence of water and NH4Oh at 50 °C to form a hybrnid silica gel; adding water; annealing the

hybrid silica gel at 50 °C; and drving the hybrid silica gel.

[0052]  Another exemplary method 100 may inchude the steps oft providing porous
silica particles; providing a hydrolyzed or partially hydrolyzed silica precursor, such as TEOS;
mixing the hydrolyzed silica precursor with an ethanol solution of the porous silica particles and
excess acetonitrile in the presence of water and NHaOh at 50 °C to form a hybrid silica gel; and
drying the hybrid silica gel. In another exemplary embodiment using acetonitrile as a solvent, the
method may further include the steps of adding water; and annealing the hybrid silica gel at a high

ternperature before the drying step.

10083}  Sull another exemplary method 100 of the present invention may include the
steps of: providing porous silica particles; providing a hydrolyzed or partially hydrolyzed silica
precursor, such as TEOS; mixing the hydrolyzed silica precursor with a 50:50 volume % of ethanol
and acetonitrile mixture in the presence of the porous silica particles, water, and NHs0Oh at 50 °C
to form a hybnd silica gel; and drving the hybrid silica gel. In another exemplary embodiment
using an ethanol and acetoniirile mixture as a solvent, the method may further include the steps of!
adding water; and annealing the hybrid stlica gel at an elevated temperature before the drying step.
A photograph of an exemplary hybrid silica gel formed by this method 1s shown in FIG. 8. The
optical transmussion measurement of this exemplary hybrid silica gel 1s shown in FIG. 9. In
particular, An HP 8452 Diode Array Spectrometer was used to measure the transmission in the
visible band,400-800 nm. The resulis are shown in FIG. 9, which include transmission spectra of
a specimen of the stlica aerogel compared to a borosilicate glass slide. The transmission of the

silica aerogel increased from about 50% at 400 nm to about 80% at 800 nm.

13
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[6054]  Yet ancther exemplary method 100 of the present invention may include the
steps of: providing porous silica particles; providing a hydrolyzed or partially hydrolyzed silica
precursor, such as TEOS, mixing the hydrolyzed silica precursor with an ethanol solution of the
porous stlica particles in the presence of water and NHaOh at 50 °C to form a hybrid silica gel;
incubating the hybrid silica gel in an excess of acetonitrile overnight at 50 °C; removing the
acetomtrile; adding free acetonitrile to the hybrid silica gel; repeating the incubating, removing

and adding steps two or three times, and drying the hybrid silica gel.

[0088]  Another exemplary method 100 of the present invention may include the steps
of: providing porous silica particles; providing a hydrolyzed or partially hydrolyzed silica
precursor, such as TEQS; mixing the hydrolyzed silica precursor with an ethanol solution of the
porous silica particles in the presence of water and NH4CGh at 50 °C to form a hybrid silica gel;
incubating the hybrid silica gel in an excess of hexane overnight at 50 °C; removing the hexane;
adding free hexane to the hybnd silica gel; repeating the incubating, removing and adding steps

two or three times; and drying the hybrid silica gel.

[0056]  In another exemplary method 100 of the present invention, the steps may
include: providing porous stlica particles; providing a hydrolyzed or partially hydrolyzed silica
precursor, such as TEOS; mixing the hydrolyzed silica precursor with an ethanol solution of the
porous silica particles, ethanol, and prehydrolyzed diethoxydimethylsilane (DEMS) in the
presence of water and NHaOh at S0 °C to form a hydrophobic hybrid silica gel; and drying the
hydrophobic hybrid silica gel. In one exemplary embodiment using this method, the TEOS

solution to DEMS solution ratic is about 3:1.

14
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16657} In stll another exemplary method 100 of the present invention, the steps may
include: providing porous silica particles; providing a hydrolyzed or partially hydrolyzed silica
precursor, such as TEOS, mixing the hydrolyzed silica precursor with an ethanol solution of the
porous silica particles, ethanol, and prehydrolyzed diethoxydimethylsilane (DEMS) in the
presence of water and NH4Oh at 50 °C to form a hydrophobic hybrid silica gel; performing solvent
exchange of ethanol with acetomitrile; and drying the hydrophobic hybrid silica gel. In one

exernplary embodiment using this method, the TEOS solution to DEMS solution ratio 1s about 3:1.

[0058]  The present invention further includes articles of manufacture incorporating the
transparent/translucent insulating material. In one embodiment, the article of manufacture of the
present invention may include a fenestration system incorporating a hybrid silica gel composition.
{n one embodiment, shown in FIG. 10 the fenestration system includes a first planar pane of glass
201 and a second planar plate of glass 202 that defines an enclosed chamber. Within the chamber,
avolume of a composition of the hybrid silica gel 10 1s provided. Preferably, the chamber 15 sealed

with a suitable gasket.

[0059]  In another exemplary embodiment of the present invention, an article of
manufacture incorporating the transparent/translucent insulating material may include a

fenestration system that includes a skylight assembly.

[0060]  In still another exemplary embodiment, the transparent/translucent insulating
material may have a gel consistency and may be poured, injected, or sprayed into a mold, a void,

a chamber, wall cavity or the like, for incorporation in a fenestration system.

[0061] While various embodiments and examples of this invention have been

described above, these descriptions are given for purposes of illustration and explanation, and not

15
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limitation. Variations, changes, modifications, and departures from the apparatuses, systems, and
methods disclosed above may be adopted without departure from the spirit and scope of this
wvention. 1o fact, after reading the above description, it will be apparent to one skilled in the
relevant art(s) how to implement the invention in alternative embodiments. Thus, the present

invention should not be imited by any of the above described exemplary embodiments.

[0062]  Further, the purpose of the Abstract is to enable the various Patent Offices and
the public generally, and especially the scientists, engineers, and practitioners in the art who are
not tamiliar with patent or legal terms or phraseology, to determine quickly from a cursory
inspection the nature and essence of the technical disclosures of the application. The Abstract is

not intended to be limiting as the scope of the mvention in any way.

16
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WHAT IS CLAIMED IS:
1. Aninsulating material, comprising:
a hybrid silica gel including a silica network of porous silica particles joined by silica cross-

linkers.

2. The material of claim 1, wherein each of said porous silica particles has a diameter that

is less than 100 nm,

3. The material of claim 2, wherein each of said porous stlica particles has a diameter that

is between about 60 nm and about 100 nm.

4. The material of claim 3, wheretn each of said porous silica particles has a diameter that

is o more than about 60 nm.

5. The material of claim 1, wherein said hybnd silica gel has a thermal conductivity of

about <0.032 W/m K.

6. The material of claim 5, wherein said hybrid silica gel has a thermal conductivity of

about 0.15 Wim K to about 0.022 Wim K.

7. The material of claim 7, wherein said hybrid silica gel has a thermal resistance of about

> 6 hr ft*°F/Bu.

17
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8. The material of claim 1, wherein said silica cross-linkers include partially hydrolyzed

TEOS.

9. The material of claim 1, wherein said hybrid silica gel has a visible transmittance of

about 50% or more.

10. The material of claim 9, wherein said hybrid silica gel has a visible transmittance of

about 99% or more.

11. The matenrial of claim 1, wherein each of said porous silica particles has a small grain

of about 60 nm.

12. The material of claim 1, wherein said porous silica particles include pores that are <

20 nm.

13. The material of claim 1, wherein said porous silica particles include micropores and

macropores, wherein said micropores are between about | nm to about & nm, and said macropores

are between about 50 nm to sbout 100 am.

i4. The material of claim 13, wherein said micropores are about 3.5 nm.

15, A method for making a transparent/translucent insulating material, comprising the

steps of’
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providing porous silica particles having a diameter, grain size, a first pore size;
providing a solvent solution containing said porous silica particles;

providing a hydrolyzed solution containing a silica precursor;

adding said solvent solution to said hydrolyzed solution to form a hybrid silica gel;

drying said hybrid silica gel.

16. The method of clanm 15, wherein said porous silica particles have a diameter of less

than about 100 nm, a grain size of about 60 nm, and a pore size that 1s < 20 nm.

17. The method of claim 15, wherein said drying step includes drying said hybrid silica

gel by controlled evaporation.

18. The method of claim 15, wherein said drying step includes drying said hybrid silica

gel by freeze drying, supercritical drying, or atmospheric evaporation.

19, The method of claim 15, wherein said solvent solution includes a 5050 volume %

mixture of ethanol and acetonitrile,

20. A fenestration system, comprising;

a first pane of glass;

a second pane of glass, said first and second panes of glass defining an enclosed chamber;

19
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a transparent msulating material contained within said enclosed chamber, satd transparent
insulating material comprising: a hybrid silica gel including a silica network of porous silica

particles joined by silica cross-linkers.
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