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(57) Abstract: The present invention relates to a method of manufacturing a mat containing aerogel and to a mat manufactured us-
ing this method. A method of manufacturing a mat containing silica aerogel according to an aspect of the invention includes: (S1)
producing a wet gel by mixing water glass and alcohol in a reactor; (S2) modifying a surface of the wet gel by adding an organic
silane compound and an organic solvent to the reactor and mixing; (S3) separating a upper liquid from a solution in the reactor
and impregnating a fibrous matrix with the upper liquid; and (S4) drying the fibrous matrix impregnated with the upper liquid.
According to an aspect of the invention, a mat containing silica aerogel can be manufactured using only water glass as raw materi-
al, even when applying the drying process in an ambient environment, without using expensive materials or supercritical appara-
tus.
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Description

Title of Invention: AEROGEL MAT AND MANUFACTURING

METHOD THEREOF
Technical Field

The present invention relates to a method of manufacturing a mat containing aerogel
and to a mat manufactured using this method. More particularly, the invention relates
to a method of manufacturing a mat containing aerogel using water glass under

ambient drying conditions.

Background Art

An aerogel is a porous material having one of the highest levels of porosity, of up to
99%, of any known solid. The silica aerogel, which is a common type of inorganic
aerogel, may be obtained by forming a gel, by subjecting a silica precursor solution to
a sol-gel condensation reaction, and then drying the gel under supercritical conditions
or ambient-pressure conditions, to yield an aerogel having a porous structure full of air.
Due to its highly porous structure, as noted above, an aerogel is prone to shattering,
and thus in practical applications, the aerogel may be placed in a particular container
(e.g. a skylight panel) or combined with a fabric matrix into a composite body (e.g. a
mat), to be used in a commercially available product having a physically stable
structure.

With the conventional technology for manufacturing a mat containing silica aerogel,
the mat may easily undergo an increase in density when it is manufactured under
ambient drying conditions. This is because, as the ambient drying method may involve
replacing the pore water with a volatile organic solvent and removing the solvent at or
above the vaporizing temperature, there may be drying shrinkage caused by solid/
liquid interfacial forces from the water or organic solvent remaining within the silica
network. Since the attactive characteristics of the aerogel, such as super insulation,
light weight, soundproofing, and low permittivity, are manifested by its unique porous
structure of having 90-99% of the internal space empty, the shrinkage described above
can make it more difficult for the aerogel to provide these characteristics. The counter-
measures against this shrinkage problem according to the related art are to perform the
drying under supercritical conditions, under which there is no solid/liquid interfacial
forces, or to strengthen the silica network and improve the adhesion with fiberweb by
adding an expensive alkoxide and aging in the alkoxide during an intermediate
process.

Also, if inexpensive water glass is used in place of the expensive alkoxide material in

an effort to reduce manufacturing costs, the process may become more complicated
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and additional costs may be incurred, because of the additional sol-preparation process
through ion exchange columns and the numerous rounds of wet-gel cleansing in order

to remove impurities present in water glass.
Also, since an unmodified, hydrophilic gel is impregnated into fibers and subjected

to a hydrophobic modification reaction, the fibers can be damaged, and the adhesion
between the fibers and the aerogel may be weakened, resulting in the aerogel flaking
off as powder from the composite body after drying.

Korean Registered Patent No. 10-0385829, which relates to manufacturing a
composite body using silica aerogel, teaches a method that uses water glass or an
alkoxide as raw material and applies hydrolysis to produce a sol. First, when using an
alkoxide as the raw material, a fiber web is immersed in a sol, and the consecutive
processes of aging, replacing pore water, and surface-modification are applied,
followed by ambient pressure drying. When water glass is used as a starting material,
the manufacture does not include drying under normal pressure and instead uses a su-
percritical apparatus for the drying. Consequently, the costs of the raw materials were
reduced, but an expensive supercritical apparatus has to be used, and it is impossible to
perform the manufacture continuously.

Also, in the disclosure of Korean Registered Patent No. 10-0710887, the materials of
water glass and an alkoxide are mixed together in a certain ratio, a fiber web is
immersed in the mixed solution, and the processes of aging, replacing pore water, and
surface-modification are applied, after which drying is performed under normal
pressure. Here, while increasing the relative percentage of the alkoxide led to lower
density (0.11-0.14 g/mL) and greater pore volume (2-4 g/cc) and pore size (14-26 nm),
the properties of the fiber composite manufactured using only water glass showed a
high density (0.2 g/mL), small pore volume (1.5 g/cc) and small pore size (10 nm).

As set forth above, using a conventional manufacturing method may be the com-
plicated, discontinuous, and expensive process for obtaining the silica aerogel fiber
composite that provides the mechanical strength. As such, there is active research to
produce a silica aerogel composite in an ambient environment in pursuit of a simple

and lowcost manufacturing process.
Disclosure of Invention

Technical Problem

To resolve the problems described above, an aspect of the invention aims to provide
a method of manufacturing a mat containing silica aecrogel by using only water glass as
raw material and drying in an ambient environment, without using expensive materials

or using supercritical apparatus.

Solution to Problem
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To achieve the above objectives, an aspect of the invention provides a method of
manufacturing a mat containing silica aerogel that includes: (S1) producing a wet gel
by mixing water glass and alcohol in a reactor; (S2) modifying a surface of the wet gel
by adding an organic silane compound and an organic solvent to the reactor and
mixing; (S3) separating a upper liquid from a solution in the reactor and impregnating
a fibrous matrix with the upper liquid; and (S4) drying the fibrous matrix impregnated
with the upper liquid.

The alcohol may preferably be one or more selected from a group consisting of
ethanol, isopropyl alcohol, and methanol.

More preferably, the preparation of the wet gel may include adding an acidic solution
to facilitate the reaction between the water glass and the alcohol. The acidic solution
may preferably include one or more acid selected from a group consisting of chloric
acid, sulfuric acid, nitric acid, and acetic acid.

The alcohol may preferably be mixed in 0.33 to 1 parts by volume per 1 part by
volume of water glass.

The organic solvent may preferably be one or more selected from a group consisting
of isopropyl alcohol, hexane, heptane, xylene, and cyclohexane.

The organic silane compound may preferably be one or more selected from a group
consisting of trimethylchlorosilane, hexamethyldisilazane, methyltrimethoxysilane,
trimethylethoxysilane, ethyltriethoxysilane, and phenyltriethoxysilane.

In step (S2), the organic solvent may preferably be mixed in 1 to 10 parts by volume
per 1 part by volume of the wet gel, and the organic silane compound is mixed in 0.1 to
4 parts by volume per 1 part by volume of the wet gel.

In step (S3), combining the upper liquid with the fiber matrix can be by pouring the
separated upper liquid as is or wetting the fibrous matrix with the upper liquid, and
preferably, the fiberweb can be pressed to increase speed and to adjust thickness of the
resultant mat.

Step (S4) may preferably include a first drying step, of drying the upper liquid in a
natural state in an ambient environment at a temperature at or below the boiling point
of the organic solvent, and a second drying step, of applying heat treatment at a tem-
perature between the boiling point of the organic solvent and 300 °C.

An aspect of the invention also provides a mat that is manufactured by a method of
manufacturing a mat according to an aspect of the invention as described above.

Another aspect of the invention provides a device for manufacturing a mat that
includes: a reactor in which to form a wet gel by mixing water glass, an acidic solution,
and alcohol therein, and in which to apply surface-modification to the wet gel by
mixing with an organic silane compound and an organic solvent; a fibrous matrix

supply unit which supplies a fibrous matrix; a upper liquid discharge unit which
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discharges a upper liquid from a solution inside the reactor and combines the upper
liquid with the fibrous matrix supplied from the fibrous matrix supply unit; and a drier

which dries the fibrous matrix combined with the upper liquid.
The drier may preferably include a first drying unit, for drying the upper liquid in a

natural state in an ambient environment at a temperature at or below the boiling point
of the organic solvent, and a second drying unit, for drying the upper liquid at a tem-
perature between the boiling point of the organic solvent and 300 °C.

The second drying unit may preferably utilize a heater that utilizes electrical heating
element or a hot air blower that injects hot air inside.

The manufacturing device may preferably further include a pressing roller that
presses on the fibrous matrix impregnated with the upper liquid to compress the

fibrous matrix to a uniform thickness.

Advantageous Effects of Invention

According to an aspect of the invention, as set forth above, a mat containing silica
aerogel can be manufactured using only water glass as raw material, even when
applying the drying process in an ambient environment, without using expensive
materials or supercritical apparatus.

By combining a modified wet gel solution with a fiber matrix, the coupling to the
fibers can be enhanced, and damage to the fibers can be avoided beforehand, while the
porous structure of the aerogel can be stabilized, and the properties and content ratio of
the aerogel can be improved.

Furthermore, the conventional methods of manufacturing aerogel composites that are
performed discontinuously can be improved upon. That is, aerogel mats can be manu-
factured in a continuous manner, by manufacturing the silica aerogel within a single
reactor and combining the aerogel with fiberweb that are supplied from a roll. This can
reduce production and equipment costs and enables the continuous mass production of
silica aerogel mats.

Brief Description of Drawings
Figure 1 schematically illustrates a mat manufacturing device according to an em-

bodiment of the invention.

Mode for the Invention

Certain embodiments of the invention will be described below in more detail.

First, a description will be provided on a method of manufacturing a mat according
to an embodiment of the invention.

A method of manufacturing a mat according to an embodiment of the invention may
include the following steps.

First, water glass and alcohol may be mixed in a reactor to prepare a wet gel. During
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the preparation of the wet gel, an acidic solution can be added, to facilitate the reaction
between the water glass and the alcohol. In cases where an acidic solution is added
during the preparation of the wet gel, it is possible to add the water glass, acidic
solution, and alcohol simultaneously to form the wet gel, and it is also possible to mix
the water glass with the acidic solution to synthesize a silica sol and then add the
alcohol to prepare the wet gel. The surface of the wet gel thus prepared may be of a
silanol group, in a hydrophilic gel state.

Ethanol, isopropyl alcohol, methanol, etc., can be used for the alcohol, while an acid
such as chloric acid, sulfuric acid, nitric acid, acetic acid, etc., can be used for the
acidic solution.

A conventional method may require adding organic materials such as an emulsifier, a
dispersant, etc., to a silica sol to control the size and dispersion of the particles, as well
as adding an acidic or basic catalyst for facilitating gelation in performing hydrolysis
and condensation. According to an embodiment of the invention, however, a gel can be
obtained by adding alcohol to a silica sol without having to perform the above
processes.

The alcohol may preferably be mixed in 0.33 parts by volume per 1 part of water
glass, as a volume of alcohol beyond this range may not trigger gelation at all or may
result in an excessively slow gelation rate.

Next, the wet gel obtained in step 1 may be modified with an organic solvent and an
organic silane compound and subjected to solvent exchange. An organic solvent such
as isopropyl alcohol, hexane, heptane, xylene, cyclohexane, etc., can be used for the
solvent, while trimethylchlorosilane, hexamethyldisilazane, methyltrimethoxysilane,
trimethylethoxysilane, ethyltriethoxysilane, phenyltriethoxysilane, etc. can be used for
the organic silane compound.

The mixing composition in may preferably be 1 to 10 parts by volume of the solvent
per 1 part by volume of the wet gel, and 0.1 to 4 parts by volume of the organic silane
compound per 1 part by volume of the wet gel. A volume of the solvent exceeding 10
parts and a volume of the organic silane compound less than 0.1 parts may result in an
excessively long reaction time, whereas a volume of the solvent less than 1 part and a
volume of the organic silane compound exceeding 4 parts may cause the pore structure
of the wet gel to contract, due to a rapid reaction, leading to an increase in density and
may cause cracks due to drying shrinkage.

According to an embodiment of the invention, the organic solvent and the organic
silane compound can be, in step 2, added directly to the reactor in which the wet gel is
obtained in step 1. Thus, since the processing can in a continuous manner from step 1,
the process can be simplified, and costs can be reduced.

Next, the upper liquid of the reactor may be separated, and the separated upper liquid
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may be combined with a fibrous matrix.

As the hydrophilic gel is modified by a surface-modification reaction to obtain hy-
drophobicity, the reaction products within the reactor may include two solutions
separated in different layers. In the solution of the upper layer may be the hydrophobic
gel, which has become lighter as the pore water has been replaced by the organic
solvent, and the organic solvent, which does not mix with water. In the solution of the
lower layer may be mainly water, extracted from inside the gel, as well as alcohol and
the reaction's byproducts, which do mix with water. The upper liquid can be separated
at a particular height of the reactor, and the separated upper solution may be combined
with fibers that are supplied unwound from a roll. Since the upper solution is low in
viscosity and has a good flow, the gel can be made to infiltrate the fibers by pouring
the upper solution as is or wetting the fibers with the upper solution. For better
combining with the fibers, the fibers can be lightly pressed, so that the gel solution
may infiltrate the fibers more quickly. In this way, the fibrous matrix can be combined
with the silica gel. Then, the fiber matrix combined with gel can be made to pass
through two rollers, which may remove excess organic solution while pressing to a
certain thickness, so that the drying time can be reduced and the thickness of the
resultant aerogel mat can be adjusted.

Next, the fiber matrix combined with the gel may be dried. While the drying process
can be performed at a constant temperature, it may be preferable to use a multi-step
process, applying first drying in a natural state in an ambient environment at a tem-
perature at or below the boiling point of the organic solvent and applying second
drying at a temperature between the boiling point of the organic solvent and 300 °C.
Thus, the rate of shrinkage caused by the drying of the gel can be regulated by the
existence of the fibers, and the coupling forces with respect to the fibers can be
improved. This is because the matrix may restrain the shrinkage of the silica network,
and thus using the multi-step drying procedure described above can prevent this
shrinkage. In cases where hexane is used for the organic solvent, it may be preferable
to apply first drying at normal temperature and second drying at 69 to 300 °C.

A description will now be provided on a mat manufacturing device according to an
embodiment of the invention. Figure 1 schematically illustrates a mat manufacturing
device according to an embodiment of the invention.

The mat manufacturing device according to an embodiment of the invention is a
device for manufacturing a mat by applying a method described above of manu-
facturing a mat according to an embodiment of the invention, and may include a
reactor 110, a fibrous matrix supply unit 170, an upper liquid discharge unit 181, and a
drier 130, 150.

In the reactor 110, the water glass and alcohol may be mixed to form the wet gel, and
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the wet gel may be mixed with the organic silane compound and the organic solvent to
undergo a surface-modification. The reactor 110 may be equipped with a water glass
inlet 111, an acidic solution inlet 112, an alcohol inlet 113, and a solvent inlet 114. The
organic solvent and the organic silane compound can be injected together through the
solvent inlet 114. The reactor 110 can also be equipped with a stirrer for mixing the
materials above.

The upper liquid discharge unit 181 is the part that discharges the upper liquid, from
among the solutions of the reactor divided into two portions: the upper solution (A)
and the lower solution (B), and transfers the upper liquid to the fibrous matrix 101
supplied from the fibrous matrix supply unit 170. The upper solution (A) discharged
through the upper liquid discharge unit 181 may contain the hydrophobicized silica
gel, which may be combined with the fibrous matrix.

The fibrous matrix supply unit 170 is the part that continually supplies the fibrous
matrix, where the fibrous matrix 101 supplied by the fibrous matrix supply unit 170
may be conveyed by a conveying means such as a conveyor belt 191 to undergo
processes such as combining with the upper liquid, drying, etc.

The drier 130, 150 is the part that dries the fibrous composite, which is combined
with the upper liquid supplied from the upper liquid discharge unit. In order to prevent
cracks or fractures, which may occur during the drying of the hydrophobicized gel, the
drier 130, 150 may preferably include a first drying unit 130 and a second drying unit
150. Here, the first drying unit may dry the fiber composite at a temperature between
normal temperature and a point at or below the boiling point of the organic solvent,
and the second drying unit may dry the fiber composite at a temperature between the
boiling point of the organic solvent and 300 °C. The second drying unit 150 can
include a heater that utilizes electrical heating element or a hot air blower that injects
hot air inside.

The mat manufacturing device can further include a pressing roller 140, which may
press the fibrous matrix 101 impregnated with the upper liquid and compress it to a
uniform thickness.

Certain examples will now be presented for easier understanding of the invention.
However, the examples below are intended merely to illustrate the example and do not
limit the invention. It is apparent to the skilled person that various changes and al-
terations can be made to the following examples without departing from the scope and
spirit of the invention, and it is to be appreciated that such changes and alterations are
encompassed by the scope of the appended claims.

Example 1

A water glass solution having silica as a main component was placed in a reactor. A

speed-controllable stirrer for mixing the materials was installed in the reactor. 1M of
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chloric acid was added in a volume fraction of 1/3 of the water glass, and the mixture
was stirred at a low speed for 2 minutes. To the sol thus produced, ethanol was added
and stirred in a volume ratio of 1:1, to synthesize a wet gel. The silica surface of the
wet gel was of a silanol group, in a hydrophilic-surfaced gel. Next, a modification
reaction was performed to obtain a hydrophobic surface, the reaction taking place after
sequentially adding isopropyl alcohol, hexane, and trimethylchlorosilane. As the hy-
drophilic gel was modified to have hydrophobicity, two solutions were separated in
different layers. The upper solution was poured onto a fiber matrix having a size of 15
15 1.25 cm? and a density of 0.1 g/mL. The fibers combined with gel were dried at a
first temperature of normal temperature and at a second temperature selected within a
range between the boiling point of the organic solvent and 300 °C. The final syn-
thesized aerogel composite was retrieved and analyzed. The volume density of the
final synthesized sheet and the volume percentage of the aerogel with respect to the
fibers inside the aerogel mat are represented in Table 1.

Example 2

By substantially the same method as that in Example 1, the fibers stacked with hy-
drophobic gel were obtained. A certain amount of pressure was applied to the fibers to
compress the fibers to a thickness of 1.25 cm. The compressed fiber sheet was dried in
substantially the same way as in Example 1. For the analysis of the aerogel composite,
the volume density of the final synthesized sheet and the volume percentage of the

aerogel with respect to the fibers inside the aerogel mat are represented in Table 1.

Example 3
By substantially the same method as that in Example 1, a hydrophobic gel was

obtained. The upper solution was vaporized until the remaining volume was 1/2. As
the hexane-based upper solution is vaporized, the mass ratio of the hydrophobic gel to
the upper solution is increased. The processes of combining with the fibers and drying
were performed in substantially the same way as in Example 1. The volume density of
the final synthesized mat and the volume percentage of the aerogel with respect to the

fibers inside the aerogel mat are represented in Table 1.

[Table 1]
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Mart Density « Aerogel Volume Percentage.
Examples [g/mL]e [%]e
Example 1¢ 0.102¢ 5.3»
Example 2¢ 0.102» 10.8¢
Exampie 3¢ 0.100¢ 13.3¢
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Claims

A method of manufacturing a mat containing silica aerogel, the method
comprising:

(S1) producing a wet gel by mixing water glass and alcohol in a
reactor;

(S2) modifying a surface of the wet gel by adding an organic silane
compound and an organic solvent to the reactor and mixing;

(S3) separating a upper liquid from a solution in the reactor and im-
pregnating a fibrous matrix with the upper liquid; and

(S4) drying the fibrous matrix impregnated with the upper liquid.

The method of claim 1, wherein said step (S1) comprises producing a
wet gel by mixing water glass, an acidic solution, and alcohol in a
reactor.

The method of claim 1, wherein the alcohol is one or more selected
from a group consisting of ethanol, isopropyl alcohol, and methanol.
The method of claim 2, wherein the acidic solution comprises one or
more acid selected from a group consisting of chloric acid, sulfuric
acid, nitric acid, and acetic acid.

The method of claim 1, wherein the alcohol is mixed in 0.33 to 1 parts
by volume per 1 part by volume of water glass.

The method of claim 1, wherein the organic solvent is one or more
selected from a group consisting of isopropyl alcohol, hexane, heptane,
xylene, and cyclohexane.

The method of claim 1, wherein the organic silane compound is one or
more selected from a group consisting of trimethylchlorosilane, hexam-
ethyldisilazane, methyltrimethoxysilane, trimethylethoxysilane, ethyl-
triethoxysilane, and phenyltriethoxysilane.

The method of claim 1, wherein in said step (S2), the organic solvent is
mixed in 1 to 10 parts by volume per 1 part by volume of the wet gel,
and the organic silane compound is mixed in 0.1 to 4 parts by volume
per 1 part by volume of the wet gel.

The method of claim 1, wherein said step (S4) comprises a first drying
step, of drying the upper liquid at a temperature between normal tem-
perature and a point at or below a boiling point of the organic solvent,
and a second drying step, of drying the upper liquid at a temperature
between a boiling point of the organic solvent and 300 °C.

A mat containing silica aerogel manufactured by a method according to
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any one of claim 1 to claim 9.

A device for manufacturing a mat, the device comprising:

a reactor configured to form a wet gel by mixing water glass, an acidic
solution, and alcohol therein, and to apply surface-modification to the
wet gel by mixing with an organic silane compound and an organic
solvent;

a fibrous matrix supply unit configured to supply a fibrous matrix;

a upper liquid discharge unit configured to discharge and impregnate a
upper liquid from a solution inside the reactor into the fibrous matrix
supplied from the fibrous matrix supply unit; and

a drier configured to dry the fibrous matrix impregnated with the upper
liquid.

The device of claim 11, wherein the drier comprises a first drying unit
configured to dry the upper liquid at a temperature between normal
temperature and a point at or below a boiling point of the organic
solvent, and a second drying unit configured to dry the upper liquid at a
temperature between a boiling point of the organic solvent and 300 °C.
The device of claim 11, wherein the second drying unit comprises a
heater that utilizes electrical heating element or a hot air blower
configured to inject hot air inside.

The device of claim 11, further comprising a pressing roller configured
to compress the fibrous matrix impregnated with the upper liquid to a

uniform thickness by pressing on the fibrous matrix.
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