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ABSTRACT
Concrete is one of the indispensable building materials in the construction sector. Being
economical, fire-resistant and easy to shape make it attractive. Concrete is classified according
to its usage purposes. In this classification, one of the concrete types defined as special concrete
is lightweight concrete. Lightweight concrete is a type of concrete that is frequently preferred
among special concrete types. It is a very good alternative especially for those who want to use
concrete with low unit weight and superior thermal properties. With the developing technology,
lightweight concrete properties have begun to be improved. This improvement is sometimes
done with waste materials and sometimes with nanotechnological materials. In addition, the use
of natural lightweight aggregates in lightweight concrete production is an important step for
improvement. This study aims to examine academic studies on the use of perlite and aerogel in
lightweight concrete production. For this purpose, numerous national and international
academic studies published have been examined. These studies examined are presented in
summary form. As a result of the study, it was determined that the compressive strength and
unit weights of lightweight concretes produced with perlite and aerogel decreased. It was
observed that the porosity rates of the lightweight concrete samples with additives increased.
In parallel, it was determined that the water absorption rate increased. In addition, it was
understood that the thermal properties were improved and it exhibited better behavior under

seismic loads.
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HAFIF BETONDA HAM PERLIT VE AEROJEL KULLANIMINA AKADEMIK
BAKIS

OZET

Beton, ingaat sektoriinlin vazgecilmez yap1 malzemelerinden biridir. Ekonomik olmasi, yangina
kars1 direngli olmasi1 ve kolay sekil verilebilmesi onu cazip hale getirmektedir. Beton kullanim
amaglarina gore siiflandirilmaktadir. Bu siiflandirmada 6zel beton olarak tanimlanan beton
cesitlerinden biri de hafif betondur. Hafif beton, 6zel beton ¢esitleri arasinda siklikla tercih
edilen bir beton ¢esididir. Ozellikle birim agirh@: diisiik termal 6zelligi {istiin beton kullanmak
isteyenler i¢in ¢ok iyi bir alternatiftir. Gelisen teknoloji ile birlikte hafif beton 6zellikleri
gelistirilmeye baslanmistir. Bu iyilestirme bazen atik malzemelerle bazen de nanoteknolojik
malzemelerle yapilmaktadir. Bunun yani sira, hafif beton iiretiminde dogal hafif agrega
kullanimi iyilestirmenin 6nemli bir adim1 olmaktadir. Bu ¢aligmada, hafif beton tiretiminde
perlit ve aerojel kullanimi iizerine yapilan akademik c¢aligmalarin irdelenmesi amaglanmistir.
Bu ama¢ dogrultusunda yayimlanmis olan ¢ok sayida ulusal ve uluslararasi akademik ¢alisma
incelenmistir. Incelenen bu galismalar 6zet seklinde sunulmustur. Calisma sonucunda, perlit ve
aerojel ile iiretilmis hafif betonlarin basing dayanimi ve birim agirliklarinin azaldigi tespit
edilmistir. Katkili hafif beton numunelerinin porozite oranlarinin arttigi goériilmiistiir. Buna
paralel olarak su emme oranin da arttig1 tespit edilmistir. Bunun yani sira termal 6zelliklerin

tyilestigi ve sismik yiikler altinda daha 1yi davranislar sergiledigi anlagilmistir.

Anahtar Kelimeler: Perlit, aerojel, beton, hafif beton

1.INTRODUCTION

The continuous development of the construction industry forces concrete to change (Jiang et
al., 2022). With the help of developing technology, the production of special concretes has
accelerated in order to meet the needs and expectations in the construction sector (Yazicioglu
and Bozkurt, 2006). Lightweight and high-strength concrete is becoming increasingly
important (Jiang et al., 2022). It is possible to give these properties to concrete by adding
different building materials to the mixture, other than the traditional components of concrete
(Gokge et al., 2010). Lightweight concretes are classified according to their usage areas and
properties (Topgu et al., 2023). While concretes with very low unit weight are called insulating
concretes, concretes with a unit weight approaching 2000 kg/m? are called carrier lightweight
concretes (Topgu and Uygunoglu, 2021).

Lightweight concretes are produced using different lightweight aggregates. Sifan et al., (2021)

reported in their study that natural and artificial aggregates were mostly preferred (Figure 1).
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In addition, they stated that palm oil clinker and slag are also used as aggregate in the production

S0
Lap et

of lightweight concrete.

Natural lightweight

aggregate
37%
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Clay schist
8%

Sintered fly ash Artificial lightweight
13% aggregate
13%

Figure 1. Aggregate ratios used in lightweight concrete production

One of the natural aggregates used in lightweight concrete production is perlite. Perlite is a
naturally occurring silica-based volcanic rock. Raw perlite aggregate is obtained by breaking
these rocks at certain intervals (Ulusu, 2007). It is thought that the effective use of perlite as
concrete aggregate in the construction industry will contribute positively to the country's
economy and global warming due to its thermal insulation properties and lightness. Thanks to
the properties of perlite, in terms of thermal properties, the produced concretes provide better
performance than normal concretes and provide energy efficiency (Gokge et al., 2010). Perlite
is frequently used in the production of lightweight concrete (Jedidi et al., 2015; Sriwattanapong
et al., 2013; Benjeddou et al., 2023; Bakhshi et al., 2023; Sai et al., 2025).

Another material used in the production of lightweight concrete in the studies examined within
the scope of the study is aerogel. Aerogels are solid materials in which the liquid in the pores
has been replaced with air. Aerogel, which is quite light, has a porous structure and contains air
instead of liquid in its pores (Bheekhun et al., 2013). When their surfaces are physically
examined, it is seen that they consist of many small holes and resemble a sponge. Aerogels are
a synthetic porous material with very low density and extremely low thermal conductivity as

well as high specific surface area (Dogdu, 2022).
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This study aims to examine academic studies on the use of perlite and aerogel in lightweight

concrete production. For this purpose, many published academic studies were examined and
presented in summary form.

2. RAW PERLITE AND AEROGEL

2.1. Raw Perlite

Approximately 74% of the world's perlite reserves are located in Turkey (Azizi, 2007). It is
estimated that the world perlite reserves are approximately 6.6 billion tons, and the amount in
Turkey is around 4.5 billion tons (DPT, 2001). Other countries with significant reserves are
Greece, the USA, Japan, the Philippines, Russia, Hungary, Mexico and Italy (Celik et al. 2014).
The most common use of perlite is the construction sector, both in the world and in our country.
Therefore, adverse situations in the construction sector significantly affect perlite consumption
(Kaya, 2019). Significant advantages of perlite, such as its good insulation properties and its
use in special-purpose concretes, will provide positive economic contributions to the
construction sector (Ciminli, 2025).

The state of perlite in rock form after breaking and sizing is called raw perlite. The color of raw
perlite can vary from transparent-light gray to shiny black. One of the most important properties
of perlite is that it contains approximately 2.5% water (Baradan et al., 2022; General Directorate
of Mineral Research and Exploration, 2022). The worldwide production of raw perlite, whose
physical and chemical properties are given in Table 1, has increased steadily over the last

decade (Olteanu et al., 2024). Raw perlite in gray tones is seen in Figure 2.

Figure 2. Raw perlite (Bergama Perlite, 2025)
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Table 1. Physical and chemical properties of raw perlite (Kaya, 2019; Oriig, 2022)

Physical Feature
Color Black, grey and shades of grey
Softening Point 800 — 1100 °C
Melting Point 1325-1390 °C
PH 6,6-8,0
Hardness -
Specific Heat 0,2 kcal/ kg°C
Specific Gravity 2200 — 2400 kg/m3
Thermal Conductivity -

Dissolution in Acid They dissolve slightly in hot concentrated alkalis and
mineral concentrated acids, but very little in dilute
minerals or concentrated weak acids.

Chemical Properties
Si0, 73,8
ALOs 13,9
FezO3 0,9
Ca 0,9
MgO 0,3
Na,O 4,7
K>,O 4,3
H,O <1,0
As <0,001
Ba <0,1
B <0,01
Cl <0,0005
Cr <0,007
Cu <0,0015
Ga <0,05
Pb <0,001

2.2. Aerogel

Aerogel was first discovered by Kistler in the 1930s. In the following years, the Teichner group
increased the production and popularity of aerogel using the sol-gel method. Its extraordinary
properties and wide range of applications make aerogel stand out (Yi1lmaz, 2013). Aerogels are
generally produced by the sol-gel method. The aerogels given in Figure 3 have different
mechanical and physical properties depending on the production parameters (aging, initiators,
drying, etc.) (Dogdu, 2022). Aerogels are divided into three categories: inorganic (metal and
metal oxides), organic (synthetic polymers and biopolymers) and hybrid (organic—inorganic)

materials (Meti et al., 2023).
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Figure 3. Aecrogel (Web Post, 2025)

The aerogels whose properties are given in Table 2 have poor mechanical properties. This
makes the aerogel samples brittle, soft and fragile. These shortcomings limit the development
and application areas of aerogels. Nowadays, some fibers and hard materials are added to

aerogels to improve their mechanical properties (Huang et al., 2012).

Table 2. Properties of silica aerogels (Dogdu, 2022)

Feature Value
Intensity 0.003 g/cm®
Surface Area 500-1000 m?/g
Porosity %80-99.8
Pore Diameter 20-150 mm
Particle Diameter 2-5 nm
Thermal Conductivity 0.017-0.021 W/mK
Coefficient of Thermal Expansion 2.0-4.0%10-6
Speed of Sound 100 m/s
Dielectric Constant 1.1
Refractive Index 1-1.05

3. EVALUATION OF THE USE OF PERLITE AND AEROGEL IN LIGHTWEIGHT
CONCRETE

In their work, Adhikary et al., (2021) investigated the effect of carbon nanotubes on the
properties of lightweight aggregate concrete containing expanded glass and silica aerogel.
Combinations of expanded glass (55%) and hydrophobic silica aerogel particles (45%) were

used as lightweight aggregates. In the study, carbon nanotubes were sonicated in water
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containing polycarboxylate superplasticizer with ultrasonication energy for 3 minutes. As a
result of the study, they reported that the incorporation of multi-walled carbon nanotubes
significantly affected the compressive strength and microstructural performance of aerogel-
based lightweight concrete. They detected that the addition of carbon nanotubes provided
approximately 41% improvement in compressive strength. They reported that in the SEM
image of lightweight concrete, carbon nanotubes were distributed homogeneously within the
concrete structure. They also observed the agglomeration of carbon nanotubes and the presence

of ettringites in the transition zone between the silica aerogel and cementitious materials.

In their study, Wang et al., (2018) produced concrete by replacing conventional aggregate with
expanded perlite filled with Silica Aerogel granules in different proportions. They investigated
the strength and thermal properties of the produced concrete. As a result of their studies, they
reported that both the mechanical strength and thermal conductivity of the produced concrete
were inversely proportional to the amount of expanded perlite filled with aerogel in the mixture.
They also detected that the mechanical strength and thermal conductivity of produced concrete

with ungraded aggregate were higher than that of concrete produced with graded aggregate.

In their study, Adhikary et al., (2020) prepared four different series of concrete samples using
expanded glass aggregates, fly ash, prefabricated plastic bubbles and aerogel to investigate the
mechanical properties of lightweight/ultra-lightweight concrete. To analyze the effect of
aerogel particles on the hydration process of lightweight/ultra-lightweight concrete, scanning
microscopy, thermography, semi-adiabatic calorimetry tests and XRD analysis of concrete
samples were performed. As a result, they stated that up to 15% of the cement aerogel particles
caused a decrease of more than 42% in the compressive strength of the concrete. They reported
that when used with expanded glass aggregate with higher aerogel particle content, concrete
density lower than 800 kg/m3 could be achieved. They noticed that there were separation gaps
between the aerogel and the surrounding cementitious materials. They stated that this was an
indication that the aerogel particles had lower bonding. They concluded that fly ash and precast
plastic bubbles are quite useful in the production of fluid lightweight/ultra lightweight concrete.

In his thesis, Cimen (2023) synthesized silica aerogel (SA) with Bayburt Stone (BT) waste. It
has investigated the effects of substituting SA in lightweight concrete at certain rates on
properties such as heat and sound insulation, strength and porosity. Physical (unit weight,
porosity, water absorption, thermal conductivity and ultrasound transmission speed) and
mechanical (compressive strength) tests were applied to the samples. As a result of the study,

it was determined that thermal insulation would be optimum with (3%, 350% and 0.40%) levels.
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It was reported that (3%) SA replacement improved (46%) thermal conductivity value,

increased porosity (31.48%) and caused a decrease in compressive strength (9.72 MPa). He
found that SA is hydrophobic and has good adsorption properties and that a porous structure is
formed around SA in concrete. He reported that the polycrystalline structure in concrete
increases with the increase in SA concentration. He detected that this increase causes a decrease

in the mechanical strength of the material.

In their study, Jiang et al., (2022) obtained Aerogel reinforced Epoxy Macrospheres (AR-
EMS) using the ball rolling method. They prepared lightweight concrete by mixing AR-EMS,
cement and hollow glass beads in the mold. In the experiment, they investigated the factors
such as stacking volume ratio, inner diameter, wall thickness, different glass fiber (GF) content
and length in the matrix of AR-EMS and different types of hollow glass microspheres (HGMS).
As aresult of the study, they detected that AR-EMS bonded well to the concrete matrix and the
addition of long fibers improved the compressive strength of lightweight concrete. When
lightweight concrete was prepared with 12 mm GF and 9-10 mm-2 layer-90% AR-EMS at 2%
weight ratio, they achieved both high strength (11.46 MPa) and low density (0.897 g/cm3).

In addition, when comparing concrete without GF and concrete with EPS filler, they detected

that the compressive strengths increased by 69% and 398%, respectively.

Shohan et al., (2024) developed ultra-high performance lightweight concrete by combining
various levels (5-25%) of dehydrated cement powder (DCP) and aerogel (AG) with double
hooked end steel fibers (DHE-SFs). In the study, they aimed to increase strength, durability,
density and thermal/acoustic properties. As a result of the study, they found that fluidity
decreased with higher DCP and AG content. 5%, 10% and 15% DCP and AG reported
improved compressive strength (17.3%) through better packing and bond formation. They
reported that modified mixtures resisted sulfate attack and increased compressive strength.

They found that sound absorption and pore volume increased in modified mixtures.

In their study, Chen and Yu (2024) investigated the surface modification method of a bio-fiber
(miscanthus) using hydrophobic silica aerogel. They evaluated the mechanical and insulation
performance in lightweight concrete. As a result of the study, it was found that the silica aerogel
modified miscanthus fiber increased both compressive and flexural strength. They also reported

that it significantly improved the insulation performance of concrete.

In their study, Manc1 and Sarnsik (2019) examined the effect of tincal waste in mixtures

prepared with different amounts of cement. They produced samples with different cement
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dosages using pumice aggregate and ground tincal waste additives. They used 0-4 mm Nevsehir
region acidic pumice aggregate and 1% tincal waste in the production of lightweight concrete
mortars. They determined the 7 and 14-day compressive strength and post-freeze-thaw

compressive strength values of concrete samples. As a result of the study;

v' 7-day compressive strength value in the control sample with 176 kg/m? dosage is 1.60
MPa,

v The compressive strength value of the sample with 1% tincal waste added is 1.77 MPa,

v In the control sample with the same cement dosage, the 14-day compressive strength
value is 2.00 MPa,

v The compressive strength value of the sample with 1% tincal waste additive is 2.03
MPa,

v' They found that 1% tincal waste addition in samples with a dosage of 176 kg/m? slightly

increased the compressive strength value at both ages.

In their study, Sengiil et al., (2011) investigated the effects of expanded perlite on the
mechanical properties and thermal conductivity of lightweight concrete. In the study, they used
partially expanded perlite instead of natural aggregate. They determined the compressive
strength, elasticity modulus, water absorption, thermal conductivity and capillarity coefficient
of the mixtures. As a result of the experiments, they found that the compressive strength and
elasticity modulus decreased with increasing perlite content. They reported that with the
increase in perlite content, water absorption and sorptivity coefficient increased. They also
stated that thermal conductivity was significantly improved with the use of perlite and that there

was a strong relationship between thermal conductivity and unit weight.

In their study, Topcu and Isikdag (2011) investigated the properties of concrete containing
expanded perlite aggregate (EPA) by considering cement types (CEM II 32.5R and CEM I
42.5R), dosages (300, 350 and 400) and substitution rates (0, 15, 30, 45 and 60). As a result of
the study, they reported that expanded perlite aggregate concrete can be used as lightweight

concrete at sufficient replacement rates despite some losses in mechanical properties.

In their study, Ibrahim et al. (2020) produced durable structural lightweight concrete (LWC)
by adding expanded perlite aggregate (EPA) in the range of 0% to 20% by weight. They
produced the concrete with low water-cement ratio to ensure its durability when exposed to
chloride environment. They replaced ordinary Portland cement (OPC) with 50% and 7% ground
granulated blast furnace slag (GGBFS) and silica fume (SF), respectively. They evaluated the
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mechanical properties and durability of concrete, unit weight, compressive strength, flexural

strength, drying shrinkage, and chloride permeability. The study results;

v The unit weight of concrete is reduced by 20% to 30% compared to normal weight
concrete (NWC),

v The compressive strength of the developed LWC is sufficient to be used as structural
concrete, especially in mixtures containing 10% and 15% perlite aggregate,

v" LWC has superior thermal insulation properties compared to NWC,

v' Increased incorporation of EPA into concrete has shown better behavior under seismic

loading.

4. CONCLUSION AND RECOMMENDATIONS
In this study, the use of perlite and aerogel in widely used lightweight concrete was examined
from an academic perspective. The results obtained are listed below.
v" The use of perlite and aerogel reduces the compressive strength of lightweight concrete,
v" There is a decrease in unit volume weight value by substituting perlite and aerogel into
lightweight concrete,
v' By substituting perlite and aerogel into lightweight concrete, porosity and water
absorption values increase,
v By substituting perlite into lightweight concrete, it exhibits better behavior under
seismic loading,
v" Thermal properties of lightweight concrete samples with additives were improved,
v As the amount of aerogel in lightweight concrete increases, the compressive strength
increases,
v" The use of perlite in lightweight concrete production is an important step in terms of the
use of our natural raw materials,
v' It was concluded that perlite and aerogel can be used in the production of lightweight
concrete.
v" The use of perlite and aerogel not only in the production of lightweight concrete but
also in the production of other building materials,
v’ It is recommended that these productions be supported by both universities and public

institutions and organizations.
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