Journal homepage: jih.uobaghdad.edu.iq
PISSN: 1609-4042, EISSN: 2521-3407

(ﬂ";i:“-.l Ibn Al-Haitham Journal for Pure and Applied Sciences
£ i ¢
. X

THJPAS. 2024, 37(4)

Effect of Adding Al.O3 on Some Physical Properties of the Ceramic
Compound

Shatha. H. Mahdi*"®™ saad. K. A2®™ and Ulvi Kanbur’*®™
L2Department of Physics, College of Education for Pure Sciences (Ibn Al-Haitham), University of
Baghdad, Baghdad, Iraq.

*Department of Physics, Karabuk University, Karabuk, Tirkiye
*Corresponding Author

Received: 30 September 2023 Accepted: 4 December 2023 Published: 20 October 2024
doi.org/10.30536.37.4.3755

Abstract

Zerlokh bentonite is the main material for preparing ceramic specimens with Al,O3 additions. X-
ray diffraction analyses were carried out on the raw material at room temperature. The specimens of
additions that could stand up to 1250 °C are stable. That is shown by analyzing the X-ray diffraction pattern
after heat treatment of the specimens. The growth of new phases like cordierite, anorthite, and cristobalite
has the highest percentage ratio of cordierite (76.43%) and mullite (40.28%). So the presence of refractory
materials in the obtained samples strongly supports the possibility of using bentonite with additions in the
ceramics industry for high temperatures. Therefore, it gave distinct physical and thermal structural
properties to the new product. The apparent porosity (A.P.) presented decreases with increasing ratios, and
the lowest value for the ratio at 1.5% equals 1%. In studying the thermal conductivity coefficient, the
thermal conductivity coefficient increased due to a decrease in ratios. The best values for the thermal
conductivity coefficient at 1.5% were (0.045 W/m. °C).

Keywords: Zerlokh Bentonite, mineral, montmorillonite, sedimentation, octahedral shape.

1. Introduction

The clay material consists mainly of small crystallized granules belonging to a limited group
of minerals known as clay minerals, where the clay material consists of one mineral and may
contain varying amounts of non-clay minerals such as quartz or calcite. Many clay materials
include organic materials and salts that solubilize in water. In general, the different clays are
aqueous aluminum silicates that contain colloidal materials and quantities of iron and alkaline
earth elements, as indicated by chemical analyses. Clay materials are divided into three classes:
residual clays, alteration clays, and transported clays [1-5]. Montmorillonite Clay (Bentonite) The
name montmorillonite originates from the Montmorillon region in France, and it bears a striking
resemblance to mica. However, the bonds between its stratified units are weaker than those in mica
due to the entry of water and potassium, a difference in the regular arrangement of these units, and
the distribution of the plates, which endows it with a remarkable absorption characteristic [5, 2].
Mineral montmorillonite from the lamellar silicates phylum has the chemical formula [(Ca, Na)12
Mg 2 Al 10 Si24 060 (OH)].

197

—G)
© 2024 The Author(s). Published by College of Education for Pure Science (Ibn Al-Haitham),

University of Baghdad. This is an open-access article distributed under the terms of the Creative Commons
Attribution 4.0 International License



https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
mailto:ulvikanbur@karabuk.edu.tr
https://www.google.co.uk/search?sca_esv=13f846fdf978515a&q=Why+is+Turkey+now+called+T%C3%BCrkiye%3F&sa=X&ved=2ahUKEwih8KGqp_mIAxUMX_EDHXfWN6UQzmd6BQiSARAG
https://orcid.org/0000-0001-9755-5544
mailto:shatha.h@ihcoedu.uobaghdad.edu.iq
https://orcid.org/0000-0002-1648-5941
mailto:saad.k.a@ihcoedu.uobaghdad.edu.iq
https://orcid.org/0000-0002-9290-8045
mailto:ulvikanbur@karabuk.edu.tr

IHIPAS. 2024, 37 (4)

The crystalline structure of montmorillonite mineral consists of two structural units: a silica
tetrahedral sheet resulting from the contact of silicate tetrahedra with each other. Each tetrahedron
consists of a silicon atom in its center, surrounded by four oxygen atoms at equal distances, and
an alumina octahedral sheet, which consists of two layers of hydroxyl closely packed together.
Between the two sheets are aluminum atoms arranged in an octahedral shape [5]. This
montmorillonite mineral cell consists of two layers of quaternary silica, between which lies an
eight-layer layer of aluminum. The oxygen layers of the quaternary layer form very weak Vander
Waals bonds, linking the structural units together. This allows water interlayers and other ions to
enter [6-9].

The crystalline structure of bentonite is monoclinic, and its color ranges from white to olive green
(gray to greenish-gray) and can be white, yellow, violet, or brown. Its color ranges from white to
olive green (gray to greenish-gray), and its density ranges from gm/m3 (2.0-2.7), giving it an
opaque or greasy luster [5-8]. The mineral composition of bentonite, which contains a high
percentage of montmorillonite, determines its wide range of applications across various industries.
This mineral yields various derivatives with diverse chemical and physical properties, making it
suitable for many industries. The use of montmorillonite depends on its properties and the mineral
composition of Iragi bentonite. [5,9].

A water-soluble salt like NaCl alters the properties of colloidal bentonite solutions, including
viscosity, filtration, and stability. When the NaCl salt concentration is increased, the electrical
charge of the colloidal particles decreases. That is, it leads to a decrease in the value of the force
of repulsion between the bentonite particles, and thus their merging and the formation of groups
that begin with sedimentation [5 9]. The goal of the study is to heat bentonite clay in the Zerlokh
region with refractory ceramics (alumina) to a temperature higher than the melting point of regular
bentonite (1200 °C) and then look at the physical properties of the part that is made, such as its
mechanical, thermal, and electrical properties.

2. Materials and Methods
2.1. Zerlokh Bentonite.

The Zerlokh region, located in the Diyala Governorate, is known for its bentonite deposits.
It is situated 5 km south of the village of Zerlokh and 16 km northwest of the bentonite deposits
of the Zerlokh region within the northeastern part of the Hamrin Mountains. The area is dominated
by sandstones and some mud, and it is rich in calcium carbonate. Additionally, this region contains
two layers that contain montmorillonite minerals. The first layer is the lower one, and its thickness
ranges from (0.5-1) m. It is characterized by being rich in this mineral, with a ratio ranging
between 50 and 71%. Therefore, this layer is known for its swelling properties. The color of this
layer is pale pink-red when dry. The upper layer is located directly above the first layer, as its
thickness ranges between (1-4) m. This layer is distinguished by its light weight and contains a
small percentage of montmorillonite mineral ranging between 15 and 18%, as well as high
percentages of silica and other types of clay. And this layer's color tends to range from gray to
white. A thin layer of montmorillonite, ranging in thickness from 7 to 10 cm, covers this deposit,
and due to its thinness, it falls within the second layer of the deposit [10]. The Geological Survey
Company's tests record the use of bentonite in the Zerlokh region (1).
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Table 1. Chemical analysis of Zerlokh Bentonite clay.

SiO2% Fe203%  AlOs% TiO:% CaO% MgO% SO3% L.O.1% Na:0% K0 %

50.6 4.82 15.93 1.69 6.06 4.5 1.06 10. 82 1.25 0.53

2.2. Alumina (Al203)

The alpha phase alumina from the Swiss company (Fluka) was used, with a purity (98%) and
a particle size (20 pm).

2.3. The Method of Work.

The materials were mixed using the wet (thermal) mixing method; the value of pH for distilled
water was adjusted via litmus paper, where pH = 5,, and then concentrated hydrochloric acid
(HCI) was added to the mixture by 2 drops to get a solution with a pH of 2-3. After that, Al.O3
was put into ratios of x = 0-1.5% and left to mix for an hour. After that, montmorillonite clay was
added to get a dense mixture, and the mixing process continued for 3 hours. The dense mixture
was dried by using a laboratory oven at 100 °C to get rid of the watery solution, then the specimens
were formed using the semi-dry pressing method to reduce the porosity arising from the exit of
water from the ceramic body during the firing process, and the samples were pressed with a
hydraulic press type (RINLNG) of English origin, using a stainless steel mold of 15 mm diameter.
To reduce the friction between the walls of the mold and the particles of powder, the mold was
lubricated. A force of 7 tons was applied, depending on the research program, and the pressing
time was taken at 5 seconds to ensure the smoothness of the measurements. Five samples were
formed to conduct tests on them. The heat treatment of the presses was done using an electric
furnace (carbolite). The burning was done at normal atmospheric pressure, and the time rate for
the temperature rise was 5 °C/min. The required heat treatment degree is 1250 °C, and the samples
remained at these temperatures for two hours.

2.4. The Tests
2.4.1.Crystal Structure and Microscopic Test

The crystal structure was studied using the X-ray diffraction technique. To characterize the
crystal structure of samples of the ceramic material prepared from the samples, the microscopic
examination process was carried out using a light microscope of the type of Nikon Eclipse Me600
with Digital Camera DXM1200F with a magnification of 500x.

2.4.2. Apparent Porosity

The Archimedes rule was followed in calculating the apparent porosity according to
American specifications [10]. The samples were weighed after sintering while they were dry (Wd)
and immersed in water, heated to (100 °C) for half an hour, left to cool, and then removed from
the water After 24 hours, it was weighed again after wiping it with a cotton cloth (Ws). After that,
the sample was weighed while immersed in water (Wi) by a system designed for this purpose. The
sample was suspended while immersed in water using a metal wire tied at the other end to the
sensitive balance at the bottom. Then a calculation was made. apparent porosity of the
relationship[11].

We—W
AP = [rwd] x 100% (1)
Ws: The weight of the sample is wet after immersing it in water, and the open pores are filled. The
suspended water droplets on the sample's surface are removed with a clean piece of cloth after

being taken out of the water. Wq: dry weight of the sample. Wi: The weight of the model is
immersed in water.
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2.4.3. Measurement of Thermal Properties.

Measurement of thermal conductivity. To conduct the test, Lee's disc method, as illustrated
in Figure 1, was followed, where the sample is placed between two plates of lead connected (U,
M), also there is a heating coil connected to the battery terminals between the two plates (C, U),
at measuring temperatures (Tc, Tu, and Tm) and measuring the thickness of the sample that is in
the form of a disk where determent the radius of the disk using the digital micrometer, knowing
the electric current of 2.5 amps, the applied voltage of 6 V, and calculating the thermal energy Ht
passing through the heating colil, it can be calculated of the thermal conductivity by applying the
following equation where two disks were used: of brass, with a diameter of 25 mm, which is almost
the same as the diameter of the sample.[12]

K%=h[TM+§(dM+ids)TM+%dSTU] @)

H
h =
T[I‘[(TC —TM)F+2[dMTM +%ds (Tym +Tu)+duTu+dcTc]]

3)

I: current flowing (A). V: the applied voltage (volt). Tc, Tu, Tm: disk temperature (C, U, M). r :
radius of the disk (mm) . dS: sample thickness. du , dw , dc : thickness of the discs (C,U,M).

Ty f? Tc

a 7
FIT T
t t t t

Brass Disc Sample  Brass Heater Brass

Disc Disc

Figure 1. Lee's disc method

3. Results & Discussion
3.1. Structural properties

A group of mineral changes occurred in the raw materials used in ceramic fabrication as a
result of disastrous reactions, structural reactions, and the re-formation of new phases [13]. After
investigating the XRD patterns shown in Figures 2 to 5 and balancing them with (20) values for
all obtained phases with studies pointed to in (ASTM: 39-1425, 15-0776, 21-1152, 12-0301, 12-
0303, and 37-1496) cards, estimate the concentrations of those phases [14—18].
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Figure 4. X-ray diffraction patterns at Al.O3 additive x
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Figure 5. X-ray diffraction patterns at Al,O3 additive x=1.5 %

These diagrams refer to the fact that the ceramic samples fabricated from Zerlokh region bentonite,
as a base substance with the addition of alumina (Al.O3), have been subjected to some mineral
changes, the most substantial of which is the disappearance of clay minerals due to their intolerance
to high temperatures, which resulted in the fall of their crystalline structure. Also, the calcareous
materials break down after they are completely used up, creating other mineral phases. The most
important of these are anorthites, cordierite, Cristobalite, and mullite [18-26]. Table 2 displays
the ratios of the resulting new phases. By analyzing the XRD patterns of the treated samples at
1250 °C within addition ratios, where new phases (Anorthite and Cordierite) appeared in addition
to Mullite and Cristobalite, Cordierite was dominant over the rest of the phases, where it can be

used in the Electrical insulation industry.

Table 2. The ratios of the resulting new phases.

Samples The ratios of the resulting new phases%o
%
Cristobalite Mullite Corderite Anorthiete
0 59.72 40.28 - -
0.5 - 13.52 76.43 10.05
1 - 7.62 32.68 59.70
1.5 - - 23.96 76.04

3.2. Microscopic examination
Figure 6 shows microscopic images of the surface of the model under the light microscope,

and we notice the color of the samples of the material produced from the previous models after
being treated with a temperature of 1250 ° C and a ripening time of 2 hours. Because of the oxides
present in the clay, among these oxides is ferric oxide (Fe *2), which gives a red color, and ferrous
oxide (Fe *2), which gives a green or leaden color [27]. When calcium oxide interacts with iron
oxide and silica to form new mineral phases [28], it contributes to the white color of the ceramic
body and causes a deficiency in the red color caused by iron oxide in the ceramic bodies,
transforming it into a yellow color. This interaction results in a deficiency in the red color, and the
ceramic samples take on a light brown color. Ceramic samples fired at a temperature of 1250°C
exhibit very light yellow and dark yellow colors. The appearance of light brown, green, and
reddish-green colors on the ceramic samples indicates the presence of iron oxide, which is a
pigment that coats the granules or granules of iron oxide minerals.
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Figures 6. Microscopic images of the surface at x=0to 1.5

3.3. Apparent Porosity

Firing losses (L.O.l.), which result in calcium oxide and carbon dioxide and cause the
presence of gaps, channels, and connections between the gaps, affect the porosity of the produced
ceramic body. The quality of the raw materials used in the preparation of the ceramic body affects
porosity. The finer the grain size, the faster the burning process. As shown in Figure 7, the amount
of pressure used during the model pressing process also changes the porosity of the body. At a
temperature of 1250 °C, the apparent porosity value of the fired models goes down. This causes
the granules to converge with each other and block the pores, resulting in a reduction in the
apparent porosity values of the produced ceramic body [29].

60
50
40
30
20
10 —o
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A.P%

0 0.5 1 1.5
Al,O; additive%

Figures 7. Apparent porosity of samples with Al,O3 additive , x=010 1.5 %

3.4. Thermal Conductivity

Observing the results, the thermal conductivity increases, as shown in Figure 8, and this is
due to the increase in the rates of phase transitions, which are characterized by their relatively high
ability to increase the thermal conductivity (the glass phase) because of their treatment at a
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temperature of 1250 °C. This decrease in porosity led to an increase in the thermal storage capacity,
which in turn led to a decrease in the thermal insulation capacity because of the decrease in the
proportion of air entering the pores, which is characterized by low thermal conductivity [30,31].
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=N

o ©

)
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o

0.5 1 1.5
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Figures 8. thermal conductivity of samples with Al,O3 additive , x= 0to 1.5

4. Conclusion

Based on the achieved results and their discussion, which show the manufacturing conditions
and the nature of the raw materials used in the fabrication of ceramic models, the following
conclusions were reached: We were able to create a ceramic model of Zerlokh bentonite using
limited ratios of Al203, which could withstand a temperature of up to 1250°C. The addition of
Al>O3 led to the formation of two main phases that gave distinct structural and thermal insulation
properties to the new product. We noticed that the apparent porosity decreased with the increase
in the percentage of alumina addition, as it was the lowest value of porosity at 1.5%. The best
thermal conductivity is at 1.2%.
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