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Abstract— Aerogel is a porous, synthetic, and featherweight
material that is derived from a gel whose liquid constituent is
removed and replaced by a gas constituent without substantial
destruction of the gel framework. These dry solids have very
subsided density, extraordinary flexibility, incredible low
density, extremely low thermal conductivity, and have large
surface areas. Most of the aerogels show amorphous
structures that can be examined by X-ray diffraction methods.
Aerogels form a new solids class exhibiting revolutionary
capabilities. Many drying techniques such as supercritical,
freeze-drying, vacuum, ambient pressure, and microwave are
considered as the fundamental part of their preparation which
already has been used for drying the wet-gel. The three
common lighter solid materials are aerogel, cryogel, and
xerogel which could be synthesized depending on the applied
drying technique. A wide range of peculiar properties are
possessed by aerogels; hence various applications have
developed from them. Catalysts, thermal insulators, and
particle spotters are examples of commercial aerogels that are
underdeveloped. As the scientific and engineering
community are now more familiar with the strange and
unique physical properties of aerogels, more applications are
being developed. In this context, we would discuss about
various techniques used for synthesizing aerogels and
highlight the application of the aerogels.
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I. INTRODUCTION

Aerogels were 1% discovered in the year 1931, which
developed for several years. Silica aerogels are materials with
unique properties such as low density (~0.003g/cm 3), low
dielectric constant, low index of refraction, and high specific
surface area. Aerogels constitute 99.8% of air. However,
significant attention especially from the past 2 decades, is on
the synthesis of Silica Aerogels. Monolitheal silica aerogel
has extensively been used in high energy physics in
Cherenkov radiation detectors. Unquestionably, aerogels
gained and continue to grow, especially cause the materials
are sued in space applications, which attracts the public.
Aerogels are synthesized from molecular pioneers by sol-gel
processing. Due to their high porous density and large
surface area, aerogels can also be utilized as sensors. Shock
wave studies at high pressures is another example of
applications of aerogels. Aerogels can be used in the
preparation of firefighter’s suit, wet suits, rockets, etc,. To
trap the dust in space, NASA also used this technology.
Moreover, NASA also utilized this technology for thermal
insulation of mars rovers. Taking care of all the properties of
aerogels, this current review explains the synthesis of silica
aerogels by the process called sol-gel, as well as drying
techniques and their applications in present scientific research
and industrial development. Aerogels are presently produced
by the supercritical drying process. The originality of the
aerogel is from the technique that expels the liquid when
compared to traditional xerogels. Freeze-drying is the most

recent technique of material drying which initially produces
cryogel, now termed aerogels. Supercritical methods can be
used to dry the material that can be synthesized by the sol-gel
process as wet-gel to obtain aerogels. Indeed the aerogels can
contribute to the high-value technical solutions of the
domestic usage, as well as super thermal insulators which for
applications demanding higher technology in space
exploration and electronics. Mechanical resistance
sufficiency and monolithecity for easy handling of other
oxide have presently not been achieved. Undoubtedly the
usage of these aerogels in the future would be essential due
to their unique properties and may lead to a new revolution
both on Earth and also in space exploration. Many research
works need to be denoted to diffusive pressure drying so that
the production can be made industrial and commercial.
Aerogel synthesis, as well as their applications, importantly
as supercapacitor electrodes, are discussed in this context.

Il. SYNTHESIS OF AEROGELS
Steps for aerogel synthesis are as follows:

A. Gel preparations

Sol-gel process is used to obtain silica gel. Silica source is
utilized for the preparation of the sol, and by addition of the
respective catalyst, gelation takes place. Usually, according
to the dispersion medium (eg: hydrogel or aqua gel, alcogel,
etc,.), gels are classified. [1]

1) Starting material

Potassium silicates are very hard and challenging to purify,
whereas silicon alkoxides which are one of the main sol-gel
precursors can be obtained in a high degree of purity.
tetramethoxysilane (TMOS) undergoes more rapid and active
hydrolysis than Tetraethoxysaline (TEOS) and was widely
used to prepare monolithic silica aerogels by a Japanese team.
On addition of methyltrimethoxysilane to TOMS or dimethyl
diethoxy silane to TEOS increases the aerogel’s
hydrophobicity and shifts the distribution of pore size to
larger pore radii. Organic liquids and oils are absorbed by the
aerogels by nearly 15 times their mass. [2]

Alkosides prohibit commercialization and also are
very expensive and hazardous materials. These materials are
not only hazardous but also can cause blindness when
combined with TOMS. To avoid the expenses for the raw
material, water glass or sodium silicate was used by
Schwertfeger et al (1998) as a cheaper source of silica.
Enarsrud and coworkers (2001) investigated and reported the
properties of synthesizing od aerogels by various precursors
and concluded that aerogels produced by water glass have the
highest degree of monolithic as these gels have the largest
pore size and highest stiffness. [4]

2) Solution preparations and gelatations:

Additional solvents are required to homogenize the mixture
as alkoxysilanes such as TMOS and TEOS and water are
partially immiscible. Examples of additional solvents are
alcohols, acetones, dioxane, tetrahydrofuran. In the case of
alcohols, although they are utilized as a solvent, it should be
noted that they also participate in esterification reactions
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leading to reduced hydrolysis rate. Hydrolysis of silicon
alkoxides is a technique utilized to produce different
materials depending upon the acid or base catalyst reactions
used in different parameters. [1][6]

3) Additives

Based upon the addition of polyethylene glycol (PEG) can
vary the pore size and mechanical properties of the respective
gel. By adding glycerol which acts as a drying additive allows
us to observe the narrow and more uniform distribution of
pore size as it prevents any further reactions of water. By
incorporating MTES as a synthetic component, the
hydrophobic properties of TMOS based aerogels are
increased. Alie et al considered incorporating other silanes to
be equivalent to the incorporation of additives. [4][6]

B. Aging of the Gel

this step allows the gel which is prepared in the 1% step to be
in the mother solution and let it get aged. This process of
aging strengthens the gel so that during the drying process,
the shrinkage of the gel is kept to the slightest. [2]

C. Drying of the Gel

Drying of the gel is a condemnatory step. Capillary pressure
governs the drying process. In this step, the liquid content
present in the pores of gel is vaporized. This process is done
under special conditions to avoid any kind of disturbance that
would collapse the framework of the gel. Most methods of
aerogel production involved these three basic steps.
Additional processes also can be included according to get
the desired end product structure. [2]

In the year 1931, when 1% aerosol was discovered,
the supercritical drying process which prevents the direct
phase change was used by Kistler. He initially increased the
temperature and pressure and forced the liquid into a
supercritical fluid state and then he dropped the pressure
where he could gasify instantly the liquid and thereby
removing all the liquid content from the gel, without any
damage to the sensitive network of the gel. This also can be
achieved by using ethanol, high temperatures, and pressure
but it is indeed very hazardous processing conditions. [2][5]

Prioritizing the safety, processes with low
temperatures and pressures are to be used which involves the
solvent exchange. This is achieved by exchanging the initial
aqueous pore liquid by a carbon dioxide miscible such as
ethanol and acetone then onto the liquid carbon dioxide above
its critical point. The result of this process exchanges the
initial liquid from the gel with carbon dioxide without
disturbing the structure of the gel. [5]

I1l. SUPERCRITICAL DRYING
There are 2 different methods of supercritical drying

A. High-temperature supercritical drying (HTSCD) — this is
the 1% method of supercritical drying, in 1931, Kistler used
the HTSCD method and it is still widely applied now.
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Graph 1: Graph showing points in supercritical drying.

The experimental procedure is as follows:

1) A sufficient amount of solvent (eg: methanol) together
with wet gel is kept in an autoclave and then the
temperature is raised slowly. Due to this, the pressure is
increased. Now both the temperature and pressure are
adjusted to reach values and once it reaches the values it
is kept constant.

2) The fluid then is slowly discharged out keeping the
temperature constant. This results in a fluid drop.

3) The container is cooled down to room temperature once
the pressure has reached the approximate point.
Therefore, the limitation of the phase between gas and
liquid doesn’t pass through each other during the process.
[11[5]

B. Low-Temperature Supercritical Drying (LTSCD)

It is an alternative process for the drying of the aerogel by
Tewari et al in the year 1985. In this process, the liquid
content in the gel is removed and replaced by another liquid
component which has a critical point near to the accurate
temperature. It was found that liquid carbon dioxide is the
only particle chosen cause of its close critical point. LTSCD
is advantageous when compared to the HTSCD cause it can
be implemented at a very low temperature (< 40-degree
Celcius) and moderate pressure (<80 bars). [1]

IV. AEROGEL PROPERTIES AND FEATURES

Only with few exceptions, the properties of aerogel materials
result from the same properties. Hence, it is hard to
differentiate between technical applications and commercial
applications. [3]

PROPERTY FEATURES APPLICATION
-lightest -catalysts -
synthetic solid ion exchange

_Density and -high specific -sorbers -

porosity surface area X-ray lasers
-homogenous -Sensors -
-multiple targets for ICF
compositions -fuel storage
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-architectural and

-best insulating gpplllaqce bl
solid msuI ations, portable
-Thermal -lightweight ?0? irss crvodenic
conductivity | -high PIPES, Cryogenic,
and skylights
temperature -
- space vehicles and
-transparent

probes

- casting molds
-lightweight optics
-special effect

-low refractive

index solid optics
-Optical -transparent —Cherenkov
-multiple
compositions detectors
P -lightguides
“lowest -dielectrics for ICs
dielectric -vacuum displa
constant Spacers play
-Electrical -high surface pacers
area -capacnofrs
“hight dielectric | -SPacers for vacuum
strength
. -lowest sound -speakers
-Acoustic -
speed -range finders
it -energy absorbers
-Mechanical light-weighted -hypervelocity

-elastic

particle trap
Table 1: Properties, features, and applications of aerogels.

V. AEROGEL APPLICATIONS

Doubtlessly aerogels could be considered as one of the most
versatile materials which can be used for technical
applications.  Catalyst, sensors, capacitors, speakers,
Cherenkov detectors, X-ray lasers, ginger tubes, etc,. are a
few examples of aerogel applications. [3]

A. Cherenkov Detectors (Particle Detecting and Counters)

Earliest registered use of aerogels. These are used for
detection using the Cherenkov effect in the early 1980s.
Aerogels having a specific refractive index for threshold
frequency has been relied upon by high energy physics
studied. Instead of applying high-pressure gas alternatives,
solid though fragile were much easier and safer. Aerogel is
also used to detect particles in space as space exploration has
become an interesting subject. [3][4]

B. Ginger Tubes

It is a low-density silica aerogel that was used in radiation
detection vacuum tubes to mount the wire with high voltage
with the cathode sheath in the mid-1980s. In order to frame
the low density, monolithic aerogel directly within the tube
which is surrounded by the wire, this method was developed.
(3]

C. Aerocapacitors

These are carbon aerogels and are electrically conductive,
having a large surface area. They are almost ideal materials
for capacitors. They have high power density, high energy
density, electrochemical double-layered capacitors that use
carbon aerogels as electrodes.[4][6]

VI. AEROGELS AS SENSORS

Aerogels have unique properties, which allows them to
participate in many fields including surgeries. Some of the
fields which include aerogels are- [2][6]

FIELD OF STUDY APPLICATIONS

-cardiovascular implantable
-Biomedicine devices

-stunts

-catalysts
_Chemistry -absorbents

-nano vessels

-extracting agents
-Agriculture -Carrie materials

. -Sensors

-Electronics :

-insulators
Fillers -paints

-vanishers
-Kinetic energy -shock absorbant
absorbers -tank baffle

Table 2: Field of study and applications.

A. Aerogels as Catalysts-

As aerogels have substantial surface area per unit mass, due
to this it can act as a catalyst. When the reactants are neither
in the gas phase nor in a liquid phase, aerogel avails in
heterogeneous catalysts. Aerogel has high porosity allowing
them to be a good catalyst. Examples of reactions catalyzed
by aerogels are:

1) Nitrate synthesis from hydrocarbons using nitric oxide
(NO) - Isobutene can be converted into meth
acrylonitrile by reacting it with NO on zinc oxide
(catalyst).

2) 2. Methanol synthesis from carbon monoxide (CO)using
copper zirconia aerogel as a catalyst. [2]

B. Aerogels as Thermal Insulators

Aerogel has a low thermal conductivity which is one of the
most interesting properties to take a look at. Aerogels possess
~1-10% thermal conductivity that of solids. They consist of
very minute solid particles framed in 3-dimensional networks
leaving many dead ends. Transport thought the solid path of
the aerogel is very devious. The space left which is not
occupied by any solid particles is filled wit are unless the
aerogel is placed in a vacuum. These open-air pores allow the
transport of gas without any adversity through the
material.[2][4]

VII. CONCLUSION:

In this analysis, a summary of aerogel properties uses and
applications are compactly validated. This context doesn't
explain all the applications, as it is arduous to gather the
information. However, this review shows that there might not
be any resemblant competitor for aerogel in recent years. We
observed the different production techniques and various
applications in this review. It can be thought that the research
on the maximum efficiency of the aerogel or public usage is
yet to come. Common usage availability of aerogels is
ineludible. Due to their low-density property, aerogels can be
considered as one of a revolutionary step for the future. Even
while space colonization, one of the most useful materials
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may be Aerogels. We need more detailed research on this
topic as aerogels can be used widely in the future.
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