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Abstract: An overview of the research on using clay with fly ash addition for enhanced electromagnetic (EM) properties in the frequency range up to 10 GHz with application 
in civil engineering materials was studied. In recent years, due to the development of technology, the use of devices that emit electromagnetic radiation, such as cell phone 
networks (3G, 4G, 5G), microwave ovens, global positional systems (GPS), radars, etc. has increased. Consequently, there is a growing concern about the harmful effects 
of EM radiation on human health. Fly ash has proven to have the potential for shielding against electromagnetic radiation in cementitious materials. This paper investigates 
the potential of fly ash in clay bricks to increase resistance to the penetration of electromagnetic waves, as well as the impact on its physical and mechanical properties. 
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1 INTRODUCTION 

In recent years, due to the rapid development of 
technology, human exposure to electromagnetic radiation 
has increased [1]. This is the reason why researchers have 
begun to address the issue of the harmful effects on public 
health [2-6]. The harmful effects of long-term exposure to 
electromagnetic radiation on human health are still 
questioned. Several studies have reported potential 
carcinogenicity [3, 5], whereas others have found no 
evidence of the harmfulness of electromagnetic radiation 
[2, 6]. As the harmfulness of exposure to electromagnetic 
radiation has not yet been fully clarified and defined, the 
International Commission on Non-Ionizing Radiation 
Protection has issued recommendations for 
electromagnetic radiation reference levels, which have 
become the basis for drafting national regulations in many 
countries [7]. Some countries in their regulations define a 
special control of electromagnetic radiation to areas 
housing vulnerable groups, such as schools, maternity 
hospitals, kindergartens, nursing homes etc., where the 
radiation must be at a very limited level. To meet 
prescribed conditions and also to reduce human exposure 
to potentially harmful electromagnetic radiation, an effort 
has been made to find different ways to reduce exposure. 
One of the ways to improve electromagnetic shielding is 
by coating [8, 9] or using composite materials with the 
ability of high protection against electromagnetic radiation. 
Composite materials used in protection against 
electromagnetic radiation can be used in both load-bearing 
and non-load-bearing materials. Non-load-bearing 
materials intended for protection against electromagnetic 
radiation are mostly fabrics or some other type of lining 
[10-13], whereas for load-bearing elements, cement-based 
materials are the most often investigated [14-17]. Fly ash 
has been proven to have the potential to shield against 
electromagnetic radiation in cementitious materials  
[14, 18, 19]. This literature review shows the extent of 
research on the application of these materials in fired clay 
bricks. In this review article, the mechanical properties and 
shielding effectiveness of clay with fly ash addition are 
analyzed. 

2 BASIC PRINCIPLES OF ELECTROMAGNETIC 
SHIELDING 

The purpose of electromagnetic shielding is to prevent 
the penetration of electromagnetic radiation through a 
shield or barrier. This process can sometimes be 
demanding because the reduction of electromagnetic field 
levels depends mostly on the source characteristics, shield 
topology, and materials. In electromagnetics, the shielding 
effectiveness (SE) is a concise parameter that is generally 
used to quantify the shield performance [20]. The total SE 
consists of the sum of 3 different mechanisms of shielding: 
protection through reflection (SER), protection through 
absorption (SEA), and protection through multiple 
reflections (SEM). When an electromagnetic wave comes to 
the surface of the shielding material, it splits into two 
waves. One wave reflects from the surface and returns to 
the environment, while other waves penetrate throughout 
the material where they start to absorb (Fig. 1). Upon 
absorption, heat is generated due to the conversion of 
electromagnetic energy to thermal energy. The amount of 
EM radiation absorption is highly dependent on the 
material thickness. When the penetrated wave comes to the 
other surface of the shielding material, it again splits into 
two different waves, one being a transmitted wave and the 
other being reflected. These repeatable reflections are 
called multiple reflections. Multiple reflections have the 
smallest impact on EM radiation shielding. Reflectivity 
can sometimes be undesirable from a safety perspective for 
people and the environment. After contact with the surface 
of the medium, a reflection of the incident wave occurs 
because of a significant difference in the impedance 
between the protection material and the incident wave [18]. 
Losses due to reflection, absorption, and multiple 
reflections can be expressed as follows: 
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where: 

δ - skin depth ( 1 f ), 

σ - electrical conductivity / S/m, 
f – frequency, 
t - barrier thickness. 

When the absorption exceeds 10 dB, the loss due to 
multiple reflections can be neglected [21]. From the 
equations above. It is clear that the shielding efficiency of 
a clay-based material is highly related to the composite's 
electric conductivity and electromagnetic properties [22]. 
This is the reason why a material's high conductivity is 
generally considered to be one of the most important 
factors for successful EM radiation shielding. Shielding 
through reflection is controlled by permeability and 
conductivity, whereas shielding through absorption is 
controlled by thickness, permeability, and conductivity 
[23]. The magnetic characteristics of materials contribute 
to their absorption owing to the interaction between 
magnetic fields and magnetic dipoles in materials [24]. 
High-specific surface materials increase the volume of 
parts that interact with radiation, a phenomenon known as 
the skin effect. Using small grain fillers also increased the 
specific surface area of the material, enhancing the EM 
shielding. This is why nanosized materials are mostly used 
as admixtures for effective EM shielding [25-27]. There 
are several methods for determining the shielding 
parameters, such as open-field, shielded box, transmission 
line, and shielded room methods [28]. Fly ash has been 
proven to have EM shielding potential when used in 
concrete as an admixture [29]. Fly ash as an admixture can 
slightly increase the conductivity of materials because of 
the hematite present in fly ash (up to 10%), which 
consequently increases the protection against EM radiation 
[30]. The greatest advantage of fly ash is its low cost. 
Features that determine how a material reacts to electric 
and magnetic fields are the electromagnetic properties of 
materials. Some important electromagnetic properties that 
ensure effective electromagnetic protection include: 
- dielectric permittivity 
- magnetic permeability 
- tangent loss 
- electrical conductivity 
 

 
Figure 1 The electromagnetic shielding principle 

The dielectric permittivity evaluates how well a 
material can store electrical energy in an electrical field. 
This property indicates the extent to which the material is 
polarized under an electric field. The larger the dielectric 
constant, the material better stores electrical energy. 
Magnetic permeability indicates how easily magnetic 
fields travel through substances. Materials with high 
permeability allow magnetic fields to pass through easily. 
The loss tangent is the amount of energy a substance loses 
when subjected to an electric field. If the loss tangent is 
high, more heat energy is lost during this process. 
Electrical conductivity is a widely used term that reflects 
how well materials transmit electricity. High conductivity 
enables the current to flow easily through the medium, thus 
improving the electromagnetic protection ability. The 
geometric-structural properties of a material refer to the 
physical properties and shape of the material that influence 
its behavior in the presence of electromagnetic radiation. 
The most important geometrical structural properties are: 
- material thickness; 
- porosity; 
- density; 
- specific material surface area. 

In general, thicker materials provide better 
electromagnetic shielding. The thicker the material, the 
more efficiently it absorbs and reflects the electromagnetic 
waves. However, EM protection can be compromised in 
materials that are excessively porous. Therefore, material 
density is crucial for EM protection. Thus, denser materials 
are expected to contain more atoms per unit volume, 
leading to an increase in the absorption and reflection 
probabilities of electromagnetic waves. The specific 
surface area determines the extent to which a material point 
can "fight" electromagnetic radiation. Materials with a 
large specific surface area can absorb electromagnetic 
waves very well, precisely because a larger surface area 
enables stronger interaction with radiation. 
 
3 FLY ASH 
 

Incineration is an effective way to dispose of solid 
waste. This waste disposal method significantly reduces 
waste volume but results in two byproducts: bottom ash 
and ash collected from gases (fly ash). Fly ash is more 
harmful to the environment than lower ash. It contains 
heavy metals and is characterized as a toxic waste. Due to 
the increasing population over time [31], the problem of 
waste disposal has become critical. One way to partially 
reduce fly ash accumulation is to incorporate it into 
building materials [31-33]. The use of fly ash in clay 
materials is negligible compared to that in cementitious 
materials. The reason for this is that the addition of fly ash 
to concrete also improves other mechanical properties due 
to the pozzolanic activity associated with the high 
concentration of SiO2 and Al2O3 [34]. A study by Yao et 
al. [35] investigated how fly ash can be reused and in what 
quantity. The authors report that the use of fly ash in bricks 
and ceramic materials in Europe is only 0.26 %, while for 
India and China much higher percentages are reported 
(6.86 % and 26.0 %). Fly ash was introduced as an 
admixture to some building materials in the 1940s [36, 37]. 
European standard EN 197-1:2011 divides fly ash, based 
on its chemical composition, into two types: siliceous and 
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calcareous. The mass fraction of reactive calcium oxide 
(CaO) in silicon fly ash must be less than 10,0%. 
Additionally, the free calcium oxide content must not 
exceed 1.0% by weight. The mass fraction of free calcium 
oxide between 1.0% and 2.5% is still acceptable if the 
volume stability determined according to the European 
standard EN 196-3 is met. Reactive silicon dioxide must 
not exceed 25% by weight. Calcium fly ash is a fine 
powder that also has pozzolanic and/or hydraulic 
properties. It consists of reactive calcium oxide (CaO), 
reactive silicon dioxide (SiO2), aluminum oxide (Al2O3), 
iron oxide (Fe2O3), and other compounds. The mass 
fraction of the reactive calcium oxide (CaO) must not be 
less than 10.0%. Calcium fly ash containing by weight 10% 
and 15.0% reactive calcium oxide (CaO) must not contain 
less than 25.0% silicon dioxide (SiO2). According to the 
American standard ASTM C618-19, fly ash is divided into 
two classes, class F and class C. Class F fly ash is produced 
by burning younger lignite or sub-bituminous coal. It 
contains more than 20% CaO, and alkali and sulfate (SO4) 
contents are generally lower, whereas class C fly ash is 
typically produced by burning older and harder anthracite 
and bituminous coal and contains less than 10% CaO. Fly 
ash particles usually vary between 0.5 µm and 150 µm, and 
sizes up to 50 µm are the most common [38]. According to 
Dondi et al. [38], to obtain better results, it is recommended 
that approximately equal grain sizes of fly ash and clay be 
used because larger differences in grain size could result in 
reduced homogeneity. Most studies have used equal 
particle sizes, except in the study by Leiva et al. [39], in 
which the mean grain size of fly ash was noticeably smaller 
than the mean clay grain size (20 µm compared to 86 µm). 
The authors also point out that the difference in grain size 
resulted in reduced homogeneity. 
 
3.1 Density 
 

European standard EN 771-1: 2011 divides bricks into 
high- and low-density bricks. Low-density bricks have a 
maximum density of 1.0 g/cm3, whereas bricks with 
densities greater than 1.0 g/cm3 are considered high-
density bricks. Tab. 1 lists the densities of the clay bricks 
with the addition of fly ash in the analyzed studies, where 
none of the analyzed brick samples were low-density 
bricks. From the available results, it is noticeable that the 
density of the composite bricks varied with the addition of 
fly ash. In all the studies (Tab. 1), except for Lin et al. [40], 
the addition of fly ash to clay samples fired at lower 
temperatures (< 900 °C) resulted in a decrease in density 
compared with the reference sample. For example, in a 
study by Abbas et al. [41], firing the samples at 800 °C with 
the addition of 25% fly ash resulted in a density decrease 
to 1.20 g/cm3, whereas the reference sample had a density 
of 1.35 g/cm3. This decrease in density is logical because 
fly ash has a lower specific density than clay [39]. The 
differences in the results in some cases can be explained by 
the higher temperatures during the firing of the samples 
(Leiva et al. [39], Lin et al. [40], and Sultana et al. [42]. 
Due to an increase in fly ash content, the density increases. 
Such an increase did not occur in all studies. Lingling et al. 
[43], Türkel and Aksin [45], and Quesada et al. [44] 
reported no increase in density despite high firing 
temperatures. Leiva et al. [39] in their study explained the 

increase in density at higher temperatures due to the 
addition of fly ash, assuming that at higher temperatures, 
in addition to clay vitrification (creation of glass structure), 
vitrification of fly ash also begins to occur, resulting in 
denser and more compact material. No explanation has 
been found in the available literature as to why in some 
studies there was no density increase due to the addition of 
fly ash when samples were exposed at higher temperatures. 
One of the assumptions is that due to the different chemical 
compositions of fly ash, vitrification of fly ash does not 
occur simultaneously but potentially occurs at even higher 
temperatures. It should also be noted that in all the studies, 
due to the increase in firing temperature with the same 
amount of fly ash, the density of the samples increased. 
Leiva et al. [39] cited several reasons for this increase: a 
higher degree of brick sintering (a process in which fine-
grained materials melt into solid material at high 
temperatures, Fig. 2), higher vitrification rates, and the 
formation of a viscous amorphous phase. 
 

 
Figure 2 Mass compaction (sintering) [45] 

 
Table 1 The density of composite clay bricks with different proportions of fly ash 

Study FA addition 
 / % 

Firing 
temperature 

 / °C 

Density 
 / g/cm3 

Leiva et al. [39] 0 - 80 800 1.70 - 1.52 
900 1.72 - 1.68 
1000 1.78 - 2.10 

Lin [40] 0 - 40 800 1.68 - 1.78 
900 1.80 - 1.84 
1000 1.86 - 1.94 

Sultana et al. [42] 0 - 15 1050 1.70 - 1.74  
Lingling et al. [43] 50 - 80 1000 1.61 - 1.35 

1050 1.72 - 1.43 
Türkel and Aksin[46] 0 - 30 1000 1.65 - 1.25 

Quesada et al. [44] 0 - 50 1000 1.84 - 1.79 
Abbas et al. [41] 0 - 25 800 1.35 - 1.20 
Queralt et al. [47] 40 900 2.0 

1000 2.30 
1100 2.40 

Pereira et al. [48] 15 1050 1.34 
1075 1.37 

20 1050 1.28 
1075 1.29 

Kayali[49] 100 1000 1.45 
Singh et al. [59] 10 - 50 - 1.73 - 1.54 

 
3.2 Compressive Strength 
 

The change in compressive strength due to the addition 
of fly ash depends on several factors: firing temperature, 
type of fly ash, type of clay, etc. The compressive strength 
of a composite clay is closely related to its porosity and 
density. By analyzing Tab. 1 and Tab. 2, where the 
properties of density and compressive strength due to the 
addition of fly ash are analyzed, it can be concluded that as 
the density of the sample increases, so does its compressive 
strength. When the addition of fly ash to the clay decreases 
its density, it also results in a decrease in compressive 
strength. Similar to density, in some studies, at higher 
firing temperatures, an increase in compressive strength 
was observed as the fly ash percentage. In a study by Leiva 
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et al. [39], the authors concluded that the increased 
compressive strength of samples fired at higher 
temperatures was due to a greater degree of sintering than 
that of samples fired at lower temperatures. Vitrification 
also significantly affects the development of compressive 
strength. Karaman et al. [50] analyzed the compressive 
strength variation of clay bricks exposed to various firing 
temperatures. As expected, the compressive strength 
increased with an increase in firing temperature. At lower 
temperatures, the increase in compressive strength was 
relatively low. Above 950 °C, a significantly higher 
increase occurs than at lower temperatures. For example, 
at temperatures of 725 °C, 750 °C, and 775 °C, the 
compressive strengths were 10.01 MPa, 10.30 MPa and 
10.69 MPa, respectively, while at temperatures of 925 °C, 
950 °C and 975 °C were 17.06 MPa, 20.01 MPa and 25.99 
MPa. The authors attribute this increase to vitrification 
[50]. However, as with the above-mentioned density, in 
some studies [43, 44, 46], despite high firing temperatures, 
there was no increase in compressive strength. No 
explanations related to this phenomenon were found in the 
available literature. Standard EN 771-2: 2011 specifies a 
minimum brick strength of 5 MPa. An analysis of Tab. 2 
shows that all the observed samples met the minimum 
compressive strength except for those reported by Leiva et 
al. [39] and Pawar and Gerud [51]. In a study by Leiva et 
al. [39], samples that did not meet the minimum 
compressive strength had an extremely high percentage of 
fly ash (80%) and the firing temperature was relatively low 
(800 °C), whereas in the Pawar and Gerud[51] study, 
bricks were used with initially low strength. The reference 
sample has a compressive strength of 4.35 MPa. The 
influence of fly ash particle size on compressive strength 
was investigated by Lingling et al. [43]. For the mixture of 
fly ash and clay at a ratio of 60:40, a compressive strength 
of 39.6 MPa was reported, while for the same ratio but 
using crushed fly ash, a compressive strength of 85.9 MPa 
was reported, more than double. For fly ash to clay ratios 
of 80:20, a smaller increment was reported, but an increase 
in compressive strength due to the crushing of fly ash 
particles was still observed. From the above research, it can 
be concluded that the process of sintering and vitrification 
is an important factor in developing the compressive 
strength of bricks. Increasing the firing temperature results 
in an increase in compressive strength, which can be 
attributed to a higher sintering degree, i.e., a higher degree 
of melting of small particles into a solid material. This 
phenomenon was observed in all the research results, 
where the compressive strength increased as the firing 
temperature increased for the same amount of fly ash. In 
certain studies, at higher firing temperatures, the 
compressive strength was increased by the addition of fly 
ash. From the above research, it can be assumed that the 
increase in compressive strength resulting from the 
addition of fly ash is due to a higher degree of vitrification 
of the fly ash. Due to the different chemical compositions 
of fly ash, vitrification does not always occur at the same 
temperatures, i.e. it occurs somewhere at higher or lower 
temperatures. In this way, it could be explained why in 
some studies, this increase did not occur, and in others, it 
has already occurred at 800 °C [52]. 
 

Table 2 Compressive strength of composite clay bricks with different proportions 
of fly ash 

Study FA addition 
 / % 

Firing 
temperature 

 / °C 

Compressive 
strength 
 / MPa 

Leiva et al. [39] 0 - 80 800 9.0 - 1.0 
900 13.0 - 7.0 
1000 14.0 - 46.0 

Lin [40] 0 - 40 800 10.0 - 23.0 
900 22.0 - 31.0 
1000 62.0 - 63.0 

Lingling et al. [43] 50 - 80 1000 50.0 - 14.7 
1050 98.5 - 25.4 

Türkel and 
Aksin[46] 

0 - 30 1000 35.9 - 7.0  

Quesada et al. [44] 0 - 50 1000 60.0 - 29.0 
Abbas et al. [41] 0 - 25 800 23.0 - 7.0 

Kayali[49] 100 1000 43.0 
Pawar, Garud. 

[51] 
5 - 50 1000 4.4 - 0.8 

Kumar et al. [53] 100 - 12.59 

 
3.3. Flexural Strength 
 

As expected, the flexural strength was less well 
investigated in relation to the compressive strength. Three 
studies have investigated this property: Abbas et al. [42], 
Türkel and Aksin [46], and Kayali [49]. In these studies, 
variations in compressive strength and density coincided 
with variations in flexural strength. Abbas et al. [41] 
reported an approximately linear decrease in the flexural 
strength due to the addition of fly ash at a firing 
temperature of 800 °C. Compared with the reference 
sample having a flexural strength of 6.1 MPa, the addition 
of fly ash of 5%, 15%, 25% reduced the flexural strength 
to 5.8 MPa, 4.2 MPa and 3.0 MPa, respectively. The 
addition of 25% fly ash by weight of clay reduced the 
flexural strength by approximately 50%. The constant drop 
by the addition of fly ash was attributed to the low firing 
temperature (800 °C). Türkel and Aksin [46], who added 
fly ash to clay in amounts up to 30%, also reported a 
constant decrease in the flexural strength. The authors used 
a firing temperature higher than that used by Abbas et al. 
[41] (800 °C) which was 1000 °C. The bending strength of 
the control sample without fly ash was 4.4 MPa, and with 
the addition of fly ash in the amounts of 10%, 20%, and 
30%, it was reduced to 1.83 MPa, 1.12 MPa and 0.4 MPa, 
respectively. The Kayali study [49] compared bricks made 
of 100% fly ash with standard clay bricks. The results 
showed a three times higher bending strength of bricks 
made of 100% fly ash compared to ordinary clay bricks. 
The fly ash brick had a bending strength of 10.3 MPa, 
while the clay brick had a bending strength of 3.6 MPa. 
 
3.4. Water Absorption 
 

Water absorption is closely related to the strength and 
density of the material. The decrease in water absorption 
was due to the increase in material density while reducing 
the number of pores in the material. The sintering process 
significantly contributes to the reduction of pores. During 
sintering, the crystalline phase melts and flows by which 
internal pores are filled due to surface tension forces [39]. 
Fig. 3 shows the grain growth during the sintering process 
[45]. Sintering usually occurs at high temperatures from 
430 °C to 850 °C [54]. Lin et al. [40] reported that water 
absorption was 20.0% in samples without fly ash added and 
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fired at 800 °C. When the temperature was increased to 900 
°C, the water absorption was 19.0%. As shown in Tab. 3, 
it can be observed that at lower firing temperatures and due 
to an increase in fly ash content, water absorption 
increases. In Abbas et al. study [41], the increase in water 
absorption is attributed to the high fly ash absorption 
ability. When samples were exposed to 800 °C, Leiva et al. 
[39] reported that in samples without fly ash, the absorption 
was 10.50%, whereas with the addition of fly ash of 80%, 
the absorption increased to 18.40%. However, firing at 
high temperatures melts silicate materials, causing a 
certain degree of vitrification in the samples and, together 
with the sintering process, reducing their porosity. Leiva et 
al. [39] reported that adding fly ash at higher temperatures 
(1000 °C) reduced water absorption. The absorption of the 
control sample was 8.80%, and after adding fly ash, the 
absorption continued to decrease. By adding 80.0% fly ash 
relative to the clay mass, the absorption was 6.0%. Several 
analyzed studies did not show a decrease in absorption at 
higher temperatures [43, 46]. No explanation for this 
behavior of the material was found in the available 
literature. The assumption is that the different behaviors 
and vitrification temperatures at which the drop in 
absorption occurs are hidden by the different chemical 
composition of the fly ash. To fully clarify this 
phenomenon, more detailed research is required. 
 
Table 3 Water absorption of composite clay bricks with different amounts of fly 

ash additive 
Study FA 

addition 
 / % 

Firing 
temperature 

 / °C 

Water absorption 
 / % 

Leiva et al. [39] 0 - 80 800 10.50 - 1840 
900 10.00 - 16.90 
1000 8.80 - 6.00 

Lin [40] 0 - 40 800 20.0 - 17.0 
900 19.0 - 18.0 
1000 14.0 - 16.5 

Sultana et al. [42] 0 - 15 1050 7.60 - 10.28 
Türkel and 
Aksin[46] 

0 - 30 1000 21.0 - 38.0 

Abbas et al. [41] 0 - 25 800 11.0 - 24.0 
Queralt et al. [47] 40 900 9.0 

1000 3.20 
1100 1.50 

Pereira et al. [48] 15 1050 32.1 
1075 29.8 

20 1050 37.1 
1075 35.6 

Kayali[49] 100 1000 10 
Pawar and Garud. 

[51] 
5 - 50 1000 21.67 - 26.51 

Kumar and Hooda 
[53] 

100 1000 9.77 

 

 
Figure 3 Grain growth during sintering process [45] 

 

3.5. Mass Loss 
 

Fly ash and clay lose part of their mass as a result of 
firing at high temperatures. There are several reasons: 
during firing process, at 100 °C, water evaporates from 
brick, organic matter of plant origin burns at temperatures 
of 200 °C [54], loss of CO2 from carbonates occurs at 
temperatures up to 500 °C [55], and combustion of all 
carbons except graphite occurs up to 900°C. Tab. 4 shows 
the weight loss during firing. From the table, it can be 
inferred that clay loses more mass than fly ash. These 
results are expected because clay contains a higher amount 
of organic matter. In addition, fly ash samples were 
previously exposed to high temperatures, and reheating did 
not lead to mass changes. 
 

Table 4 Mass loss 
Study Clay / % Fly ash / % 

Lin [40] 6.80 0.03 
Lingling et al. [43] 5.66 2.82 

Türkel and Aksin [46] 7.84 0.91 
Quesada et al. [44] 12.51 4.74 
Queralt et al. [47] N.D.* 2.70 

*N.D. - not determined 

 
3.6 Electromagnetic Radiation Protection 
 

Protection against EM radiation using bricks with fly 
ash addition is a poorly researched area. A review of the 
available literature did not reveal any work dealing with 
shielding against EM radiation of bricks with the addition 
of fly ash at lower frequencies (up to 10 GHz). Most studies 
that have dealt with the application of fly ash in building 
materials have investigated their ability to protect at very 
high frequencies of about 1,520 Hz (Concrete [56, 57], 
Brick [58, 59], Glass [60, 61]). Shielding against EM 
radiation of fly ash bricks ([58, 59]) at high frequencies 
proved to be very effective when a proportion of fly ash up 
to 50% by weight of clay was used. Both studies concluded 
that successful shielding against gamma radiation can be 
achieved using this type of composite brick. These results 
cannot be extrapolated to lower frequencies, which are the 
focus of this review. 
 
4 CONCLUSION 
 

This review paper presents an overview of the research 
of properties of clay composite bricks with fly ash addition 
for potential EM shielding. A review of the available 
research can lead to the following conclusions: 
- Adding a certain proportion of fly ash to brick at higher 
firing temperatures can result in increased brick strength 
and reduced water absorption due to the sintering process 
and vitrification. The maximum increase in compressive 
strength reported was 30 MPa (80% of fly ash, 1000 °C 
firing temperature). However, it should be noted that in 
some studies, this increase did not occur. The maximum 
decrease in compressive strength reported was 73,1 MPa 
(80% of fly ash, 1050 °C firing temperature [43]). As no 
research has explained why fly ash addition sometimes 
resulted in strength increase and sometimes in decrease, a 
more detailed investigation of this phenomenon should be 
conducted. One of the assumptions is that fly ashes 
chemical composition is critical to the behavior of clay 
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composites. All authors who investigated the influence of 
fly ash on flexural strength reported a constant drop; 
- The thorough investigation conducted during this 
literature review identified a notable deficiency in current 
research: no studies have investigated the EM shielding 
capabilities of fly ash-enhanced clay bricks at non-ionizing 
radiation frequencies. The current literature primarily 
examines the consequences of ionizing radiation. This gap 
that has been identified suggests a potential area for future 
research, indicating the possibility for creative studies to 
investigate and create new uses of fly ash in clay 
composites. The absence of studies in this specific field 
serves as a strong foundation for additional research, which 
has the potential to greatly improve the comprehension and 
application of these materials for enhanced 
electromagnetic shielding, as well as improve their 
physical and mechanical characteristics. 
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