Journal of Applied Sciences and Nanotechnology, Vol. 3, No. 1 (2023)

Journal of Applied Sciences and Nanotechnology

Journal homepage: jasn.uotechnology.edu.iq

Preparing and Investigating the Structural Properties of Porous Ceramic
Nano-Ferrite Composites

'Huda Jabbar*, 'Enas Muhi, 2Tahseen Hussien
1Department of Applied Sciences, University of Technology — Iraq

2Department of Physics, University of Diyala — Iraq

ARTICLE INFO ABSTRACT
Avrticle history: Highly porous kaolin ceramics composites were produced by adding
Received: March, 12, 2022 space-holder materials during dry pressing. To increase the strength of
Accepted: August, 25, 2022 . . . . . . .
Available Online: March, 10, 2023 porous kaolin ceramic composites different ratios of cobalt-nickel ferrite
nanoparticles (5, 10, 15, and 20%) were added. The sol-gel auto-
Keywords: combustion method prepared the nano cobalt-nickel ferrite particles
Nano ferrite, (CNF). Space-holder materials were removed by preheating, and solid
Porous Ceramic, specimens were produced by sintering. X-ray diffraction (X-RD) and
Porosity, Fourier transform infrared spectroscopy (FT-IR) was used to examine

Diametrical Strength

the structural characteristics. Up to 47.05% porosity was achieved when

*Corresponding Author- 20% CNF was added to the porous kaolin ceramics composites. The

Huda Jabbar results indicated that the higher percentages of nano CNF 20% decreased
Huda.J.abdulhussein@uotechonolgy.edu linear shrinkage and the loss of ignition by 4.4% and 30.4%,
-iq respectively. While increased apparent density and diametrical strength

of 1.42 g/cm® and 9.03MPa respectively. Diametrical strength
nanoparticles increased the strength attributed to the formation of a
secondary phase in the porous ceramics, improving the crack bridging
mechanism.

https://doi.org/10.53293/jasn.2022.4804.1150, Department of Applied Sciences, University of Technology - Iraq.
© 2024 The Author(s). This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

Porous ceramics have received a lot of attention, and are commonly used in a variety of fields, including hot
corrosive gas filtration, water filtration, molten metal filtration catalyst carriers, solid oxide fuel cells, and thermal
insulators [1-7]. During the manufacturing of materials, porous materials can be created inadvertently or
deliberately [8]. The characteristics of porous ceramic materials, such as lightweight, low density, thermal stability,
and high resistance to chemical attack have applications in a variety of fields [9]. For porous ceramics to perform
the desired role in a specific application environment, the distribution of void space sizes, shapes, and volumes
should be controlled [10, 11]. Recent technical advancements, as well as the need for new functions, have created
a large market for novel materials. Compared to their pure equivalents, mixtures between materials may have
better properties [12]. For example, spintronic materials exhibit both magnetic and semiconducting properties. The
incorporation of a basic structural material into a second substance may produce these mixtures or hybrid
structures. Porous materials seem to be appropriate candidates for this application [13, 14]. Ferrites are well-known
ferrimagnetic materials, which possess unique electromagnetic properties, high electrical resistivity, controllable
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saturation magnetization, moderate thermal expansion coefficients, and energy-transfer efficiency [15-18]. There
is a variety of physical or chemical methods employed to prepare the spinel-type ferrite such as the sol-gel auto-
combustion method [19], chemical precipitation [20], or mechanical mixing procedure [21]. In this paper, porous
dispersion ceramic composites were synthesized from kaolin, palm fronds as pore-forming agents, and cobalt-
nickel ferrite nanoparticles. The focal objective of this work is to study the effect of Nano CNF addition on the
physical and mechanical properties of porous kaolin ceramic composite.

2. Experimental Procedure

2.1. Materials

The raw materials (kaolin) for this research were obtained from the western desert (Dwekhla) in Irag. Table 1
listed the chemical analysis of kaolin. Using a ball mill, the kaolin was ground and sieved to a particle diameter of
75um. The palm fronds powder (with particle size 0.3um) was used as space-holder materials. Cobalt-nickel ferrite
nanoparticles (with an average particle size of 53-46 nm) were used as nanoadditives.

Table 1: Chemical analysis of kaolin.

Oxide SiO2 Al2Os Fe203 CaO TiO2 K20 Na20 Mgo L.O.1

kaolin wt.% 49.38 32.72 2.07 1.19 1.08 0.44 0.22 0.18 12.42

2.2. Fabrication of Magnetic Dispersion Porous Ceramic

The preparation of dispersion porous ceramic composite involves several steps. The first involves selecting the
optimum value of palm fronds added to kaolin. Then the optimum value of CNF selects. The third step includes
the addition of CNF with different weights (0, 5, 10, 15, 20) wt.% to the mixture (kaolin-palm fronds), and the
mixtures were also dry pressed into disk shapes (20mm diameter and 2mm thickness) shown in Fig. 1. Following
that, a programmable furnace "Nabertherm-p310-Germany" is used to sinter the material at (1100 °C) for two
hours. Table 2 shows the weight ratios of prepared specimens.

Figure 1: Photograph of prepared specimens after sintering

Table 2: Weight ratios of prepared magnetic dispersion porous ceramic specimens

Code of specimen Kaolin +P.F content wt% CNF content wt%
Fi 100 0
F2 95 5
F3 90 10
F4 85 15
F5 80 20

X-ray Diffraction analysis was used to determine the phases present in the specimens. FTIR spectroscopy in the
range of 400 to 4000 cm™ was measured at room temperature. ASTM (C1407, 326) uses to calculate the loss of
ignition and linear shrinkage, respectively. The loss of ignition and linear shrinkage is calculated by the following
Egs. (1) and (2), respectively [21].
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Mo—-M
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Where, Mo is the initial mass of the specimen before firing (g), and M is the final mass of the specimen after firing

(9) [22].

(L.sh%) =2t x 100% @)

lo

lo is specimen length before firing, | is specimen length when fired. ASTM(C373) uses the Archimedes drainage
method to calculate (A.P.) apparent porosity, (W.A.) water absorption, and (A.D) apparent density. The apparent
porosity and apparent density are estimated using Egs. (3), and (4), respectively [23].

Ws-wd

(A.P)% = —— x 100% (3)
wd
(A.D %) = o—r 4

W; is the soaked specimen (g), Wi is the suspended specimen (g), and Wy is the dry specimen (g). b is the
diametrical strength (cD) of all specimens was determined using the Brazilian disk testing. (ASTM-C773) was
used to calculate diametrical strength by the following Eq. (5) [22].

2F

op=—- )
F is load(N), d is the length of specimens(mm), and D is the diameter of specimens (mm)

3. Results and Discussion

3.1.XRD pattern of dispersion porous ceramic composite

Fig. 2 displays the X-Ray diffraction of the synthesized specimens. The major phase of the specimen (F1) is
mullite, and the cristobalite phase is the second phase since it contains a lot of kaolin, which means it has a lot of
mullite. XRD of magnetic porous ceramic with CNF ratios of (5, 10, 15, and 20) wt.% showed a cubic spinel
structure of CNF with seven peaks (311), (222), (400), (422), (511), (440) and (622) that do not reveal the presence
of any other phase in the specimens, located at 20 = 35.64°, 37.28°, 43.3° 39.72° 57.23° 62.91°, and 74.56°,
respectively. It can be seen that the most intense peak is (311) in all specimens. The intensity of the peak, especially
the preferred plane, increased with increasing the CNF content, and the intensity of the mullite phase decreased
with increasing the CNF, which resulted in decreasing the raw kaolin. The addition of CNF may lead to the atrophy
of some phases in porous ceramics.

3.2. FTIR of Dispersion Porous Ceramic Composite

Fig. 3 represents the FT-IR spectrum of a dispersion porous ceramic composite. The magnetic properties of CNF
powder prepared at pH = 9 and sintering temperature of 1100° Care optimal. The peaks observed in the range
486.0616-493.7768cm, are related to octahedral complexes, while the peaks observed in the range 561.2854—
569.0007cm?, are related to tetrahedral complexes that showed the spinal structure of CNF in the porous ceramic.
The bands that have been found within the range 798.25-909.87cm™ are related to AL-O stretching and the peak
at 1070.53cm™ is anti-symmetric stretching vibrations of the Si—-O-Si in amorphous silica and Si—-O—Al networks.
C-O stretching is responsible for the bands found at 1095.53cm™ as a specimen, 1128.39cm* for 5% CNF, 10%
CNF, 1130.32cm™ for 15% CNF, and 1126.47cm™ for 20% CNF. The CO, absorption is observed at around
1519.59-1557.27cm™. The band about 3664.75cm™ as the specimen where the peak is located at a range 3748.28
-3754.45cm is attributed to Si-O—H vibration. The band observed at 2360.23-2365.65cm™ is related to the
aliphatic and aromatic C—H stretching bonds. Other peaks found in the range 2852.23-2945.06cm™* are attributed
to C-H stretching bands. The weak peaks observed in the range 3444.98-3680.41cm™ are related to the hydroxyl
group's stretching vibration. Table 3 displays the FTIR spectrum for the magnetic porous ceramic specimens with
different weight ratios of CNF.
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Figure 2: The XRD pattern of the prepared specimens.
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Figure 3: FTIR of the prepared specimens.
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Table 3: FT-IR spectral bands of prepared specimens.

Sample Weight ratio FTIR frequency bands (cm™)
vl v2
F1 0 e
F2 5 561.2854 486.0616
F3 10 565.1430 487.9904
F4 15 567.0719 491.84808
F5 20 569.0007 493.7768

3.3. Physical Properties
3.3.1. Loss of Ignition

The influence of nano additions on the porosity and mass loss of a dispersion porous ceramic composite at a
constant amount of palm fronds is plotted in Fig.4, which demonstrates the apparent porosity and loss of ignition
against the weight fraction of CNF nanoparticles. The apparent porosity is 58.34%, 46.78%, and 47.05%,
respectively, and the loss of ignition is 40.03%, 32.5%, and 30.4%, respectively. Reducing the kaolin content
caused a reduction in loss of ignition, which is caused by burning loss of lattice water and impurities, so decreasing
the kaolin ratio causes a decrease in loss of ignition and porosity, and these behaviours degree [22]. On the other
hand, adding nanoparticles to porous ceramic reduces porosity and the loss of ignition [24].
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Figure 4: Effect of (CNF) ratios on the porosity and loss of ignition for specimens.

3.3.2. Linear Shrinkage and Apparent Density

Fig. 5 depicts the linear shrinkage and apparent density of nano CNF specimens after sintering at 1100 °C. From
Fig. 5, it's obvious that adding CNF nanoparticles increases density, which is measured to be about 0.99, 1.35, and
1.42 g/cm?® respectively. The increase in apparent density could be a result of CNF agglomeration and closed pores
[25]. During drying, linear shrinkage happens after water is evaporated from the surface and voids inside
specimens. When the water is replaced by air, the particulates touch each other. Linear shrinkage depends on the
mineralogical composition, shaping, and drying process [20]. In our case, results showed that the minimum and
maximum linear shrinkages were 4.4 and 6.04% respectively. Reduction in kaolin is an agent that reduces linear
shrinkage by reducing the amount of liquid phase that causes shrinkage of this degree [24,26].
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Figure 5: Effects of CNF ratios on the Linear Shrinkage and apparent density of specimens.

3.4. Mechanical Properties

3.4.1. Diametrical Strength

Fig. 6 displays the effect of added nano CNF on the porosity and diametrical strength of the dispersion porous
ceramic composite. It was noticed that diametrical strength increased from 2.33MPa to 9.03MPa as the wt.% by
addition of 20 wt.% of CNF nanoparticles. This behaviour is affected by the presence of CNF in the kaolin matrix,
which prevents dislocation motion and grain boundary migration, resulting in reduced grain growth [27]. The
value of porosity decreased from 58.34% to 47.04% because the pores were filled by CNF. The formation of more
bonds in the initial green compact due to the greater content of CNF particles and the production of ceramic phases
including CNF-AL,03.2Si0,, improves the crack bridging mechanism [28]. Table 4 displays a comparison

between the current study and previous studies.
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Figure 6: Effect of (CNF) ratios on the Porosity and diametrical Strength of specimens.
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Table 4: Comparison between the current study and previous studies.

Researchers Raw materials Porosity Mechanical strength Cost
Porous alumina-zirconia and Increased with increasin .
Al-Attar et al. [24] us alumina-zireont 42-30% with Increasing high
nano-additives nanoadditives
. | ithi i .
Sabah et al. [21] Alumina and nano-copper 30.7-24.54% nereased with increasing high
nano-copper
. | ithi i
current study porous kaolin and CNF 58.34-47.05% nereased with increasing low

CNF

4. Conclusions

The porous kaolin ceramic composites dispersed with CNF were successfully manufactured. The effect of the
nano-additive of CNF on the porosity, loss of ignition, density, and diametrical strength was examined. XRD
analysis revealed variations in the phase of precursor materials. The porosity and linear shrinkage decrease with
the increase in the ratios of CNF from 58.34-47.05% to 6.04-4.4%, respectively. While apparent density and
diametrical strength are increasing. The results back up the idea that CNF is used as a secondary phase in porous
ceramics to improve mechanical properties and control the porosity at the nanoscale. The porous ceramic nano
ferrite composites synthesized in this study is compared with that of other materials in Table 4. The results showed
excellent mechanical properties and high porosity. This study identifies a cost-effective approach to porous
ceramic nano ferrite composites from kaolin with palm frond as pore former.
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