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Abstract. Silica aerogels are unique highly porous materials with exceptionally
low thermal conductivity, which opens up broad possibilities for their application in
the field of thermal insulation. This article examines the main thermal insulation
properties of silica aerogels, emphasizing their ability to effectively reduce heat
transfer through conduction, convection, and radiation mechanisms. The
physicochemical characteristics of aerogels are discussed, including porosity, density,
pore size, and their influence on thermal conductivity. Special attention is given to the
nanoscale structure of aerogels, which ensures their high efficiency in insulation. The
study presents data on how changes in these parameters can lead to improved thermal
insulation properties. The article also analyzes the prospects for using silica aerogels
in construction, energy-saving technologies, and other industries where high thermal
insulation efficiency is required. Potential areas of application are considered,
including building insulation, the creation of energy-efficient systems, and use in
specialized industrial conditions. The work discusses key factors affecting the thermal
conductivity of aerogels, as well as current research and developments aimed at
optimizing their properties for mass application. The conclusion emphasizes the
importance of silica aerogels as materials of the future, contributing to the reduction
of energy consumption and increasing the sustainability of structures.
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Annatna. Kpemnezemoi aspocenvoep ome mMoOMeH JHCbLLy emKizeiwmici oap
Oipezeii dcozapvl Keyekmi mamepuanoap 001vin maodwvliadvl, OY1 01apObl HCHLLY
OKWLAYAY CanacblHOa KOJNOaHyea Key MyMKinoikmep awaovl. byn makanada kpemnuti
adpocenbOepiniy He2i32l JHCblIY OKWAy1ay Kacuemmepi Kapacmulpslidobl, 01apOblH
JHCHLTY OMKIZ2IUMIK, KOHBEKYUSL HCIHE CIYIENIeH) MeXAHUIMOEPT APKbLIbL HCbLILY Oepyoi
muimoi memenoemy Kabinemine HAsap ayoapvliaodvl. Adzpocenvoepoiy Keyekminici,
MbI2bI30bIZLL, MepPi MeCICIHIY MOepl HCIHe ONapObly JHCbLLY OMKI32IUMIKKe acepi
CUAKMbl  PUSUKATBIK-XUMUSLILIK, CURAMMAMAAPbl MAIKbLIAHA0bL. Adpocenboepoin
HAHOOIWEMOI KYPLUIBIMbIHA epeKuie Hazap ayoapulialvl, OYi O0JapObly HCHLLY
OKWAYNAYbIHOA  JiCOo2apbl  MUIMOLNICIH — Kammamacwel3 emeodi. 3epmmey  0Cbl
napamempnepoiy 632epyi JHCblly OKWAYIay KACUeMmMepIHiy HcaKcapyblHa Kanat
aKenemini mypanel Oepekmepoi ycvinaovl. CoHnOali-ax, Mmakanaoa KpemHe3emoi
aspoeenvoepoi KYpoliblCma, dHepUsHbl YHeMOeUMin MEeXHON0SUSANAPOA HCIHE HCOLILY
oKwaynayovly — xcoxapvl  muimoiniei  Kadcem — 6acka  cananapoa - Koaioawy
nepcnekmusanapvl  manoanaovl.  Fumapammapovl  OKwayiayosl,  IHEpIUSHbL
yHemOeumin oicyiienepoi  KYypyovl JHcoHe MAMAHOAHOBIPLLIZAH —UHOYCMPUSLIbIK
Jrcagoauiapoa  naudananyosl Koca — aneamoa, aneyemmi  KOAOAHy — Caianapvl
Kapacmulpviiaovl. Kymvicma aspozenvb0epliy dHColiy emkizeiumicine acep ememin
Heei32i (hakmopaap mankbliaHaobl, COHbIMEH KAmap oaapobly Kacuemmepin #annai
KOJNOAGHY YWIiH OHMAUIAHObIPY2a OAIMMANRAH —ARbIMOARbL  3epmmeynep MeH
azipnemenep Kapacmuipuliaovl. Kopeimuinovl kpemnesemoi aspozenvboepiiy snepeus
WBIRBIHBIH A3AUMYEA HCIHE KYPbLIbIMOAPObIY MYPAKMbLIbIRbIH APMMbIPY2A bIKNAJ
ememin 601aWAK Mamepuanloap peminoei Maybl30bLIbIZbIH KOPCEemeOi.

Tyiiin ce3nep: Kpemrnesemoi aspoeenvoep, Hcoliy OKUAYIAY, HCblLy bepy, dHepaus
muimoiniei, Kyn-eeiv npoyeci.
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AnHoTauusi.  Kpemuezemmvie  aspocenu — AGIAOMCA  YHUKATbHLIMU
8bICOKONOPUCMIMU MAMEPUATIAMU C UCKTIOYUMENbHO HUZKOU MENI0NPO80OHOCbIO,
Ymo OmKpviBaem WUPOKUE BO3MONCHOCMU 0N UX NPUMEHeHUs 6 obracmu
meniouzonsyuu. B oamnou  cmamee  paccmampuearomcs — OCHOBHble
MeNIoU30NAYUOHHBLE CBOLUICTNBA KPEMHE3EeMHBIX aspozeiell, aKyeHmupys GHUMAHUe
Ha ux CnocooHocmu 3QexmusHo CcHudICamv menionepeoady uepe3 MexaHusmbl
MenIonposoOHOCmU, KOHgeKyuu U usnyuenusn. Qocysrcoaromes GuauKo-xumuieckue
Xapakmepucmuxu aspozenetl, maxkue Kak nopucmocms, LIOMHOCHb, pasmep nop u ux
GIUAHUE HA MenionposooHocms. Ocoboe eHUMaHUe YOensemcs HAHOPA3ZMEPHOU
cmpykmype aspoeeieil, Komopas obecneuusaem ux GulCOKYI 3¢hghexmusHocms 6
menaouzonayuu. B uccnedosanuu npeocmagnenvi OaHHble 0 MOM, KAK U3MEHEeHUe
IMUX NAPAMEMPOE MONHCEM NPUBECIU K VIIVHULEHUIO MENIOUZ0IAYUOHHBIX CEOUCMS.
Cmamvsa makdce auanusupyem nepcneKkmugbl UCHONb30BAHUS KPEMHE3EMHbIX
aspoeenell 6 CMpoumenbcmee, IHePeocOHepecarux MexHOI02UAX U  Opyeux
ompacnax, 20e mpebyemcs — 8biCOKAs  ApphekmusHocmsb — Meniou30IAYUU.
Paccmampusaromesi nomenyuanvhvie obnacmu npumMeHeHus, 6KIUAst ymenieHue
30aHull,  co30aHue  IHepP2oIPPEeKMuUBHbIX  cucmem U UCHONb306AHUE 8
CReYUAIU3UPOBAHHLIX UHOYCMPUATbHBIX  ycaosusx. B pabome obcyscoaromes
KItouegble hakmopul, GuuAOWUe HA MENIONPOBOOHOCMb al3pocenell, d Makxxice
paccmampusaomes mexkywue Uccied08anus U paspabomiu, HAnpagieHHvle Ha
ONMUMU3AYUIO UX CBOUCME 01 MACCOB020 NPUMEHEHUS. 3aKoyeHue noouepKueaem
BAICHOCMb KDEMHE3EMHbIX adpo2eiiell KaK Mamepuanos 0yoyuje2o, CHOCOOCMEYIUUX
CHUDICEHUIO DHEP203ampPam U NOBbIUEHUIO YCIMOUYUBOCINU CIMPOEHULL.

Kawuebie cJIoBa:. Kpemnesemnvie aspoeenu, MeNnIoU30NAYUS,
menionepeoayd, 3Hep2o3¢phekmusHocmyp, 301b-2elb NPoyecc.
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1 INTRODUCTION

In the context of modern challenges related to climate change and the need to improve energy
efficiency, there is an increasing demand for innovative materials that can minimize heat loss. Silica
aerogels are materials with unique properties that allow for effective thermal insulation due to their
nanoscale porous structure. Their ability to reduce heat transfer makes them one of the most promising
materials for use in construction, industry, and energy.

However, despite their outstanding thermal insulation characteristics, there are still unresolved
issues regarding the improvement of the mechanical strength and stability of aerogels under extreme
operating conditions. Their high porosity, on one hand, ensures minimal thermal conductivity, but on
the other hand, it reduces their structural strength, which limits their areas of application.

This article provides an overview of contemporary research aimed at enhancing the strength of
silica aerogels without compromising their unique insulating properties. It also discusses the
prospects of their use across a wide range of fields, from construction and building materials
production to aerospace technologies, where their application could significantly reduce energy costs
and improve the overall efficiency of thermal insulation systems.

Thus, the research aims to address existing gaps in the understanding of silica aerogels'
properties and to develop methods for their optimization to expand practical applications in line with
modern technological requirements.

2 LITERATURE REVIEW

Aerogels are solid materials with low density, predominantly mesoporous, possessing unique
characteristics such as low density, high specific surface area, low dielectric constant, and extremely
low thermal conductivity. Silica aerogels are distinguished by special properties, including a high
specific surface area (500—1200 m?/g), significant porosity (80-99.8%), low density (approximately
0.003 g/cm?), high thermal insulation characteristics (0.005 W/m-K), as well as extremely low
dielectric permeability (k = 1.0-2.0) and refractive index (~1.05). The structure of silica aerogel,
obtained through SEM and TEM, is presented in Figure 1 (Huang et al., 2019; F. Lou et al., 2023;
Moner-Girona et al., 2003).
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Figure 1 - Silica Aerogel: a) Structure, b) SEM Image, ¢) TEM Image
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Table 1

Relevant Properties of Silica Aerogels (Huang et al., 2017)
Color Translucent
Density (g cm ) 0.16 x 1073
Thermal conductivity (W m™"-K) 0.022 18

Silica aerogel Pore diameter (nm) 21.85

BET (m?>g™) 715.57
Pore volume (cm® g™!) 3.82

Initial Melting point (°C) —

Silica aerogels are primarily synthesized using the chemical sol-gel process. This method
consists of two key stages: 1) gel formation under high humidity conditions and 2) drying of the
resulting gel with an intermediate aging stage. In the first stage, the hydrolysis of silicon alkoxides
occurs with the addition of appropriate solvents, catalysts, and water, resulting in a homogeneous
solution. As a result, a colloidal dispersion of particles forms, which over time organizes into a three-
dimensional network structure composed of solid and liquid phases. This process is called gelation,
which is part of the sol-gel method, as shown in Figure 2 (Gesser & Goswami, 1989).
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Figure 2 - Sol-Gel Process (Gesser & Goswami, 1989).

The forming gel can take the shape of a polymer chain or colloidal gel, depending on the pH
value of the medium used during synthesis. The solvent is then distilled, leaving a viscous liquid that
is re-dissolved in an alcohol-containing liquid, such as ethanol. To completely remove the residual
solvent and water, the re-dissolution process in alcohol is carried out in several cycles. The second
stage involves drying, which is a key moment in the production of aerogel, as previously noted,
pressure and temperature significantly influence the properties of the material. During this stage, the
remaining liquid is removed from the pores while preventing the destruction of the gel structure.
Figure 3 presents the main stages of aerogel production. The aging process can be considered an
intermediate stage between gelation and drying (Lee et al., 1995).
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Figure 4 - Schematic Representation of a Typical Sol-Gel Synthesis Procedure
for Obtaining Aerogels (Maleki et al., 2014).

3 MATERIALS AND METHODS
3.1 Heat Transfer Analysis through the Material

The industrial success of silica aerogels is primarily attributed to their use as highly effective
thermal insulation materials. The thermal conductivity of silica-based aerogels can reach a minimum
value of 0.012 W/(m-K), which is explained by their high porosity and complex particle network
structure that limits the thermal conductivity of the solid phase. Additionally, the small pore sizes,
smaller than the mean free path of gas molecules, reduce the thermal conductivity of the gas phase
due to the Knudsen effect. This ultra-low thermal conductivity, which is twice lower than that of
conventional air and traditional insulation materials, has led to the creation of a rapidly growing
market estimated to be worth hundreds of millions of dollars. The overall thermal conductivity of the
material significantly correlates with its density, as illustrated in Figure 5.

For standard insulation materials, an important factor is heat transfer due to radiation, and as
pore sizes increase, air convection also becomes significant. As the density of materials increases, the
thermal conductivity due to radiation decreases, while the thermal conductivity of the solid phase
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increases. These opposing effects create a U-shaped relationship between thermal conductivity and
density. For aerogels, these effects also play a significant role, but there is an additional notable
reduction in the thermal conductivity of the gas phase. This is because the pore sizes in aerogels are
smaller than the mean free path of air molecules, which reduces the frequency of their collisions and
decreases the heat transfer of the gas. As a result, the minimum overall thermal conductivity shifts to
higher densities, achieving significant reductions in thermal conductivity values.
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Figure 5 - A) Thermal Conductivity of Conventional Insulation (Simmler et al., 2005), and
B) Aerogel Materials (Hiising & Schubert, 1998).

Aerogels demonstrate outstanding thermal insulation characteristics, making them one of the
most effective insulating materials known today. Their exceptional ability to prevent heat transfer is
due to their nanoscale porous structure, which significantly reduces heat transfer through conduction,
convection, and radiation. In particular, silica-based aerogels are characterized by extremely low
thermal conductivity, even at high temperatures, with values around 0.012—0.015 W/(m-K) (Koebel
et al., 2012).

3.2 Analysis of Standards for Determining the Thermal Properties of Materials and
Practical Laboratory Measurements

The optical characteristics of the glazing sample in the wavelength range of 300-2500 nm were
evaluated using an infrared spectrophotometer operating in the ultraviolet range. The tests were
conducted in accordance with the international standard ISO 9050:2003 "Glass in Building -
Determination of Light Transmission, Solar Heat Gain Coefficient, Total Solar Energy Transmittance,
Ultraviolet Transmission, and Related Parameters of Glazing." Thermal conductivity was measured
using a flat thermal conductivity meter according to the standard GB/T10294-2008 "Thermal
Insulation - Determination of Steady-State Thermal Resistance and Related Properties - Method for
Protected Heating Device."

The measured thermal conductivity of the sample with silica aerogel was approximately 0.13
W/(m?-K). The calculated U-value for this sample was about 2.8 W/(m?-K). For the reference glazing
sample, the thermal conductivity was measured as 0.15 W/(m?-K), and the U-value, according to
calculations, was about 3.2 W/(m?-K). Thus, the thermal insulation properties of the glazing sample
with silica aerogel significantly exceed the characteristics of a conventional double-glazing system
(Huang et al., 2015).

For the thermal conductivity determination of aerogel samples, the most widely applied
methods are the Guarded Hot Plate (GHP), in the steady-state case, and the Transient Plane Source
(TPS) method, for the transient methodologies. The apparatus and testing procedure for the GHP
method are described in different standards, ASTM C177, European Standard EN 12667 and
International Standard ISO 8302. Even though this method has been extensively used, the technique
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presents some drawbacks, such as the necessity of relatively large testing samples and usually long
waiting time. The TPS method, especially the “Hot Disk ®” variants, has been adopted for fast
characterization of thermal properties. The ASTM D7984 and the ISO 22007-2 define the devices
and procedures for this methodology. The TPS method is reportedly capable of measuring thermal
conductivities from 0.005 to 500 mW-m—1-K—1, in a large temperature range (cryogenic
temperatures to 500 K). However, the two sample pieces needed must be similar and feature one
entirely planar side, which can be sometimes challenging for acrogel samples (Lamy-Mendes et al.,
2021).

For acoustic measurements of sound absorption coefficients, two methods are most commonly
used: the impedance tube method and reverberation chamber methods. The impedance tube,
described in the standards ISO 10534-1 and ISO 10534-2, is used to assess sound absorption on small
samples. In turn, reverberation chamber methods, as specified in standard ISO 354, are applied for
measuring acoustic characteristics in larger samples. To evaluate sound insulation or sound
transmission loss through air systems made from various materials, different approaches are
employed depending on the sample size. The impedance tube is used for small samples, while
methods outlined in the ISO 10140 series (Parts 1-5) are applied for larger samples, such as building
materials or their cladding (Mazrouei-Sebdani et al., 2021).

3.3 Analysis of Material Use in Building Projects.

Key Properties of Silica Aerogel for Application in Buildings (Lamy-Mendes et al., 2021):

1. Pore structure and density - Silica aerogels are materials composed by ultrafine particles,
linked in a pearl necklace 3D arrangement, and air-filled pores that usually contribute to 85-99.8%
of the total aerogel volume. Therefore, when incorporated in composites, they lead to a reduction of
their overall density and, thus, the weight of the building envelope, as well as an increase in the
thermal resistance due to their low thermal conductivity.

2. Thermal conductivity - The thermal energy is transferred through silica aerogels by three
mechanisms: solid conduction (As), gaseous conduction (Ag), and radiative (infrared) transmission
(Ar).

3. Optical properties - Silica aerogels show optical properties between transparent and
translucent, depending on their internal structure.

4. Acoustic properties - Besides thermal insulation performance and the light transmission
properties, the acoustic insulation in building envelope materials is very important, regarding both
noise insulation and sound absorption. Among the unique properties of aerogels, their high porosity
leads to low sound velocity, allowing them to be also applied as noise insulators and sound absorbing
materials.

5. Other properties - Silica aerogels also show other advantageous properties, as non-
flammability, non-toxicity and easy disposal when compared with other insulation products in the
market. The commercial products containing silica aerogels are also considered as having the same
properties.

Silica aerogels are the most common and widely studied type of aerogels. They are typically
derived from silicon alkoxide precursors such as TMOS or TEOS using the sol-gel process. Silica
aerogels are known for their excellent thermal insulation properties, low density, and high porosity.
They can also transmit light with minimal scattering or absorption, making them transparent to visible
light. These attributes make silica aerogels suitable for a variety of construction applications,
including thermal insulation, energy-efficient glazing, and solar thermal collectors. They
demonstrated that materials infused with aerogels are increasingly being designed and assessed for
construction purposes, including applications like panels, blankets, cement, mortars, plasters, renders,
concrete, glazing systems, and solar collector covers Figure 6 (Gu & Ling, 2024).
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Figure 6 - Materials Containing Silica Aerogel for Use in Construction (Gu & Ling, 2024)

Window made of silica aerogel, characterized by high optical transparency and a refractive
index of =1.52 (Wang & Petit, 2020).

4 RESULTS AND DISCUSSION

Aerogels can be used in energy-efficient window constructions due to their unique properties.
Transparent silica aerogels, which possess high thermal insulation and light transmittance, represent
a promising solution for window glazing, providing significant energy savings. Silica-based aerogels,
thanks to their transparency and exceptionally low thermal conductivity, can reduce energy losses for
heating and cooling residential buildings by 25% due to decreased heat transfer through windows.
The widespread use of monolithic silica aerogels in window systems can substantially lower energy
costs. However, despite these advantages, aerogels exhibit insufficient optical transparency compared
to ordinary glass due to light scattering and often have surface defects, which limits their appeal for
window constructions.

To address these issues, several approaches have been proposed Figure 7. These include
improvements in the technological process to enhance visible light transmittance, innovative mold
designs to produce homogeneous aerogels, the use of thinner monoliths in window systems, and the
application of artistic effects such as paints and laser engraving. The latter allows for the
transformation of visible surface defects into elements of aesthetic design, similar to mosaics or
stained glass (Carroll et al., 2022).

Figure 7 - Images of Monoliths Made of Silica Aerogel Measuring 13 % 12.5 X 0.5 cm,
Manufactured Using Various Recipes (Carroll et al., 2022).
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Figure 8 - Results of Optical Characteristics Testing. A. Control Window Sample; B. Silica Aerogel Window Glass
Sample (Huang & Niu, 2015).

To evaluate the optical characteristics, it is necessary to measure three key parameters:
transmittance, front reflectance, and back reflectance. For these measurements, a reference glazing
sample was prepared, which allowed for a clear assessment of the impact of the silica aerogel filler
on the optical properties of glass constructions. The control glazing sample was identical to the
sample containing silica aerogel, except that there was no aerogel filler between the two layers of
glass in the control sample.

Figure 8 shows the optical characteristics of both samples. The results indicate that the
addition of silica aerogel filler significantly reduces the light transmittance across the wavelength
range. Before filling the sample with silica aerogel, the glass transmittance was approximately 0.8,
whereas after introducing the silica aerogel, this value decreased to about 0.45. A slight increase in
reflectance was also observed (Huang & Niu, 2015).

In the context of the pressing issues of climate change and the necessity for energy
conservation, the role of building insulation becomes particularly important. Aerogels, especially
silica aerogels, represent one of the most effective materials for insulation due to their outstanding
thermal insulation properties. These materials possess exceptionally low thermal conductivity even
at high temperatures, attributed to their high porosity and nanostructured network, which hinders heat
transfer through convection, conduction, and radiation.

Aerogel insulation materials can be used for finishing walls, roofs, and floors, significantly
reducing heat transfer and enhancing the energy efficiency of buildings. The market offers aerogel
coatings, panels, and slabs that simplify the installation process. Furthermore, due to their lightweight
nature, aerogels contribute to reducing the overall weight of structures, which is an important aspect
in construction (Gu & Ling, 2024).

The exceptional thermal insulation properties of aerogels make them key components for
enhancing energy efficiency in the construction sector. Modern buildings consume more than one-
third of the world's energy resources, with a significant portion of this energy lost due to heat transfer
through walls, windows, ceilings, and other enclosing structures (Lamy-Mendes et al., 2021; Dou
et al., 2023; Han et al., 2023).
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The use of aerogel coatings, panels, or granulated aerogels in the enclosing structures of
buildings significantly reduces thermal flow, leading to a decrease in energy demand for heating and
cooling. Currently, commercial products such as Spaceloft aerogel insulation are available, which
have an outstanding thermal conductivity of 15 mW/m-K and are designed for finishing walls, attics,
and window inserts. Experimental data show that replacing traditional insulation materials with
aerogels can reduce the thermal transmittance coefficient (U-value) by more than 50%. These
exceptional performance characteristics, combined with the material's thinness and lightness, make
aerogels particularly promising for the creation of zero-energy buildings (Gu & Ling, 2024).

The acoustic properties of a building significantly affect the comfort and functionality of the
interior space. Aerogels, due to their high porosity and complex internal structure, can effectively
absorb sound waves, making them excellent sound insulators. These sound-absorbing properties are
beneficial for various construction applications, from residential buildings requiring improved sound
insulation to specialized spaces like recording studios and concert halls, where acoustic control is
critically important. Silica aerogels exhibit unique acoustic properties, including particularly low
sound speeds in the range of 100 to 300 m/s at densities from 0.07 to 0.3 g/m*. These values are
significantly lower than sound speeds in air (343 m/s) and in quartz glass (=5000 m/s) (Gronauer et
al., 1986).

A coating based on insulating materials, such as silica aerogels, has been developed Figure 9
(Achard et al., 2011). This lightweight building mortar is designed for application on the external
surfaces of buildings to create an effective thermal insulation coating. The composition of the mortar
includes mineral and/or organic hydraulic binders, an insulating filler containing hydrophobic silica
aerogel granules (or powder from this material), as well as a structuring filler and optional additives.

The building mortar is made using aerogel grains, which replace the sand typically used in
traditional building mortars. It is produced industrially in the form of a dry mixture, consisting of
carefully blended components. This mixture is packaged in bags and delivered to the construction
site. On-site, the dry mixture is combined with water to form a paste with the necessary viscosity for
application, for example, by spraying on the external surfaces of the building. The thickness of the
coating is determined by the ease of its application, thanks to specially developed technologies.

Siliea aerogel granules Projection on the facade final coating

Figure 9 - Coating based on silica aerogel (Ibrahim et al., 2014).

5 CONCLUSIONS

Silica aerogel is characterized by a wide range of properties, which expands its wide range of
applications. One of the main properties that silica aerogel is valued for is its pore structure and
density, silica aerogels are composed of ultra-fine particles connected by 3D pearl necklaces and air-
filled pores that typically make up 85-99.8% of the total aerogel volume. Therefore, when
incorporated into composites, their overall density is reduced, and thus the weight of building
envelopes, as well as thermal resistance is increased due to low thermal conductivity, which greatly
expands the use of silica aerogel in various composites to support the properties of these composites.
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Climate change and energy conservation are major issues in the modern world, so the role of
building insulation has never been more important. The thermal conductivity of silica aerogels is
extremely low, even at high temperatures, which is related to the high porosity and nanostructured
network that inhibits heat transfer by conduction, convection, or radiation. Therefore, insulating
materials based on silica aerogels can be used very widely, starting with roof insulation, wall
insulation, and ending with floor insulation. This significantly reduces heat transfer, increases the
energy efficiency of the building. In addition, the lightweight nature of silica aerogels reduces the
overall weight of the structure, which is a critical consideration in construction.

In addition to the unique properties of aerogels, their high porosity leads to low sound speeds,
which allows them to be used as noise insulators and sound absorbing materials, which further
expands the application possibilities of these materials. Silica acrogels are also characterized by non-
flammability, non-toxicity and easy removal compared to other insulating products on the market.
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