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Abstract: This article explores the effects of almond shell powder (ASP) as a modifier that
induces porosity in ceramic brick materials. In this study, ASP was added to a mixture of clay and
brick waste in four different ratios: 10% (N1), 15% (N2), 20% (N3), and 30% (N4). The ceramic
brick samples were fired at 850°C, 950°C, and 1050°C for 2 hours, after which their physical and
mechanical properties were analysed experimentally. The results indicated that as the ASP content
increased, porosity also increased, leading to a decrease in density values. The compressive strength
of the samples varied, with a maximum of 25 MPa and a minimum of 5.2 MPa. Additionally, the
thermal conductivity ranged from 0.46 to 0.17 W/(m-K). According to the research findings, the
samples N1 and N2, which contained 10% and 15% ASP and were fired at 850°C, met the require-

ments of relevant standards (ASTM C 62-13 (2013) and TS EN 771-1).
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Introduction:

The increasing demand for ceramic bricks is
driven by their lightweight nature and superior
thermal insulation properties compared to
porous concrete blocks. Since both a porous
structure and high mechanical strength are
required, research on the development of
innovative ceramic materials has focused on
utilizing renewable waste as a modifier. In
general, the modifiers used in the ceramic brick
industry are classified into two main groups:
powders derived from natural minerals and
powders obtained from renewable sources, such
as agricultural plant residues and industrial
waste (Georgiev, 2018; Viruthagiri, 2013)

In this study, almond shell powder was used
as a porosity-inducing modifier. As is well
known, Azerbaijan, being one of the largest
almond producers in the region, generates tons
of almond shells as waste each year through its
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almond processing factories. It should be noted
that almond shells constitute approximately 35—
75% of the almond fruit, meaning that from an
annual production of ~1.5 thousand tons of
almonds, around 0.5-1.1 thousand tons of
shells are discarded as waste.

In the brick industry, brick fragments
separated as waste are traditionally used as a
common diluent modifier (additive). In this
study, the purpose of using brick fragments was
to achieve the required mechanical strength in
the samples (Eroglu, 2017; Demir, 2003).

Therefore, one of the alternative approaches
to waste valorization is the incorporation of
renewable waste materials into the production
of construction materials.

Materials and Methods:
Samples were prepared from clay and brick
fragments, ground to a fine powder, and mixed
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with almond shell powder at ratios of 10%
(N1), 15% (N2), 20% (N3), and 30% (N4). The
mixture was blended in a planetary mill and
shaped into cylindrical moulds of 24x50 mm
size, then dried at 50°C for 48 hours and fired
at 850°C, 950°C, and 1050°C for 2 hours.

Porosity and water absorption were
determined by measuring the mass of the
samples after drying, boiling in water, and
saturating with water. Bulk density was
calculated based on these measurements.

Compressive strength was evaluated by
applying hydraulic pressure and measuring the
maximum force. Thermal conductivity was
tested using a "TA Instruments FOX 314
Thermal Conductivity Analyzer."

Optimising the impact of almond shell
powder on the properties of effective ce-
ramic materials

Results and discussions:

1. Raw Materials Used in the Research

Clay - In this study, the raw clay material
was sourced from the Bins clay deposit, located
in the territory of the settlement of the same
name. The deposit consists of Upper Pliocene-
aged clay rocks, exhibiting an open brown and
blue colouration. The clay layer, with a
thickness ranging from 19.1 to 19.7 meters, is
covered by a soil-vegetation layer of 0.1-0.6
meters. Based on its mineralogical composition,
the clay belongs to the illite group. The
chemical composition of the clay is presented
in Table 1.

Oxides $i0, ALO, Fe, 0, Ca0 MgO S0, fﬁzg
2
54.82- 13.62- 559- | 657- | 1.97- | 063
0, -
Mass, % 57.84 14.44 5.67 8.33 2.02 126 | 389512

Table 1. Chemical composition of the clay (%).

The physical properties of the clay are as
follows: water retention capacity of 18.38-
20.28%, shrinkage after drying of 6.30-7.10%,
water absorption of 15.75-17.31%, and bulk
density ranging from 1.81 to 1.87 g/cm3. The
compressive strength of the samples derived
from the clay is 27.7-35.5 MPa, while the
flexural strength is 14.3-18 MPa. The presence
of CaO in the raw clay material plays a crucial
role in enhancing the mechanical strength of the
material (Fataliyev, 2000; Martirena, 2006).

Brick Fragments - Brick fragments were
used as a modifying agent to reduce the
plasticity and shrinkage that may occur in
ceramic materials (Eroglu, 2017).

Almond Shell Powder (ASP) - Observations
using an electron microscope have shown that
almond shells contain large pores with
diameters of 300-500 um and small pores with
diameters of 40-60 um. The elemental
composition of almond shells consists of C
(72.27%), O (22.88%), N (3.87%), and Si
(0.87%). Their chemical components include
cellulose (38.48%), hemicellulose (28.82%),
lignin (29.54%), alkali extract (14.03%), and
benzyl alcohol extract (8.00%). The benzyl
alcohol extracts from almond shells contain 17
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types of organic compounds. Thermal stability
analysis indicates that almond shells primarily
reduce their volume at 260°C and 335°C. These
characteristics suggest that almond shells are
suitable for use in composite and porous
materials (Li, 2018).

2. Experimental Section

2.1. Preparation of Samples

For the preparation of the ceramic mass, clay
fragments and brick particles were first ground
to a powder with a particle size of up to 1 mm.
Almond shells were cleaned and dried at 50°C.
The dried shells were then pulverized in an
electric mill to a particle size of 400 pm.
Almond shell powder was added to the mixture
in proportions of 10% (N1), 15% (N2), 20%
(N3), and 30% (N4). The mixture was
subsequently homogenized in a ball mill under
controlled moisture conditions.

Cylindrical samples with dimensions of 24 x
50 mm were prepared using moulds from the
ceramic mass and dried at 50°C for 48 hours.
The dried samples were then subjected to firing
at three different temperatures (850°C, 950°C,
and 1050°C) for 2 hours (Figure 1).
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Fig. 1. Stages of sample preparation.

2.2. Conducted Tests

For each composition, two different samples
were prepared, and the properties of the sam-
ples were studied using various testing meth-
ods. Determination of Porosity and Water Ab-
sorption - The mass of the samples dried at
105°C for 12 hours (W:), the mass in water af-
ter boiling for 5 hours using the Archimedes
method (W:), and the mass of the water-
saturated samples in the air (Ws) were deter-
mined. Porosity is calculated using the follow-
ing formula:

. W3 —-W:
Porosity (%) = m 100 @))
Water Absorption (%) = %-100 (2)
1
Determination of Bulk Density - The bulk

density is determined using the results from the
porosity test:

1%

—, 3)

W3—=W,

Bulk Density =

Determination of Compressive Strength -
After the samples were dried, they were sub-
jected to compression under the load of a hy-
draulic press. The compressive strength is de-
termined by the ratio of the maximum destruc-

tive load to the surface area of the sample:
Fgq
c = 3 (4)
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Determination of Thermal Conductivity -
This test was conducted using the "TA Instru-
ments FOX 314 Thermal Conductivity Analyz-
er (TCA)." The surface of the material is
brought into contact with the sensor of the de-
vice, and the heat transfer from the material's
surface to the interior is used to determine
thermal conductivity.

3. Results of the Tests

The results of the tests conducted on the
samples were compared with the standards set
by ASTM C 62-13(2013) and TS-EN 771-1
[11] [22]. Significant results were obtained for
the physical-mechanical properties depending
on the mineralogical composition of the clay
raw material, the amount of almond shell pow-
der (ASP), and the firing temperature. No fine
or large cracks were observed in the samples
fired at 850°C, 950°C, and 1050°C. Normally,
the shrinkage for fired clay bricks is considered
to be 8%, while the results obtained in this
study varied between 4% and 12%.

The density of the samples is influenced by
several factors, particularly porosity and firing
temperature. As shown in Figure 2, the density
changes inversely with porosity. When the po-
rosity was 20%, the density was 1.32 g/cms3,
and when the porosity was 54%, the density
decreased to 0.92 g/cm3. The highest porosity
(54%) was observed in the samples fired at
1050°C with 30% ASP.
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Fig. 2. Graph of the relationship between density and porosity.

One of the key factors determining the
durability of clay bricks is water absorption.
The water absorption values for almond shell
powder (ASP) at 10%, 15%, 20%, and 30%
content varied between 15.60% and 52.80%
(Figure 3.). According to ASTM C62-13 (2013)
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Water Absorption , %

0.00%
10%

15%

standard, the water absorption should be 20.0%.
Among the results obtained, only the N1
sample met the standard's requirement. As the
amount of ASP increased, porosity also
increased, leading to higher water absorption
values.

20% 30%

The amount of almond husk in %

1050°C

950°C

Linear (850°C)

Fig. 3. Variation in water absorption of the samples depending on the firing temperature and the
amount of almond shell powder (ASP), in percentage.

Another property that determines the quality
of the material is the determination of the com-
pressive strength limit (CSL) of the samples.
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Fig. 4. Graph of the dependence of the compressive strength limits (CSL) of N1-N2-N3-N4 samples
on the amount of almond shell powder (ASP).

As the amount of almond shell powder
(ASP) increases, the porosity of the samples
also increases, resulting in a decrease in the
compressive strength limit. According to the
TS-EN 771-1 standard, the compressive
strength limit should be >7 MPa. The CSL
values obtained from the N1 and N2 samples
(25 MPa+12 MPa; 20.5 MPa+11.8 MPa) after
firing at three different temperatures show high
results, thus meeting the requirements of the
standard.

Thermal conductivity is one of the most
important criteria required for porous materials.
According to the standard, the thermal
conductivity of ceramic bricks should be below
0.60 W/(m-K). The thermal conductivity values
obtained in the study ranged from 0.46 to 0.17
W/(m-K).

Conclusion:

This research aimed to investigate the opti-
mizing effect of almond shells, a renewable
waste material, as a modifier on the properties
of fired clay bricks. The behaviour of samples
to physical and mechanical influences at vary-
ing raw material compositions was determined
through experimental results, compared with
international standards, and the results were
found to be acceptable. Depending on the
amount of almond shell powder (ASP), firing
temperature, and porosity, the density of the
samples ranged from 0.92 to 1.32 g/cm3. As
porosity increased, the water absorption values
also increased correspondingly. The compres-
sive strength and thermal conductivity values
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for all samples were within acceptable limits.
Based on the results, the physical and mechani-
cal properties of the N1 and N2 samples met
the requirements for porous ceramic materials.
Therefore, almond shells can be considered a
beneficial modifier both economically and
practically.
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