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INTRODUCTION

Ceramics are widely used and various fields due to their stability and
good mechanical properties and resistance to high temperatures (Zhang et al.,
2022). Recently, ceramics have attracted much attention due to their
characteristics of light weight, specific surface area, good mechanical properties,
and good bearing capacity (Wei et al., 2022). At present, ceramics have been
widely used in various engineering fields, such as anti-impact structures,
shielding, heat retention, catalyst carriers, and medical bone implants (Papetti
et al., 2018).

Porous ceramics are a type of ceramic material that has small cavities on
its surface and inside that can cause fluid to flow through the material.
Ceramics can be used in various applications such as filter membranes,
electronic device insulators, and others. Ceramics have corrosion-resistant
properties, low thermal conductivity and good heat capacity, but have
weaknesses in mechanical strength due to ionic bonds in the constituent
particles (Nasution et al., 2024; Rahma et al., 2023; Retno et al., 2023).

As a product of industrial production, ceramics are much sought after
and are growing rapidly in modern times. The rapid development of
technology and science has brought many influences and changes to all aspects
of human life. With the existence of technology and knowledge about ceramics,
it can be understood the structure and quality of the chemical composition and
mixture of other materials that show the properties of ceramics to be more
perfect. The technology that has developed allows the production of ceramic
products that meet the various needs of the mechanical, electronic and filter
industries (Sitohang, 2014).

AlI203 structural ceramics are known as high-performance ceramic
materials in the mechanical industry due to their high strength, high hardness,
and excellent thermal resistance (Shi et al., 2020). The microstructure, or grain
size of ceramic particles has a great influence on their mechanical and electrical
properties. In terms of mechanical properties, microstructure refinement is
crucial to optimize its mechanical capabilities (Feng et al.,, 2008). Porous
ceramics are commonly used for filters because they have small pores that are
easily passed through by liquids.

Porous ceramics have better resistance to corrosion, high temperature
changes, and contamination with other materials, so they can be used as media
filters, including wastewater, exhaust gas, disposal of liquid metals (e.g. tin)
and others.The addition of additional materials can affect its ability to absorb
(Ayu Dwi Retno et al., 2023). Clays are also known as ceramics, made from a
mixture of materials from various phases used to make inorganic solid
materials. Clays have several advantages over metals, including a smaller
density than most metals.Due to clay's content of hydrated aluminum silica
(Al20Os, SiO2, H20), which is used to catalyze the ceramic forming process and
has malleable plasticity, ceramics are preferred over metals (Siagian &
Hutabalian, 2012).
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LITERATURE REVIEW

Temperatures in Indonesia are quite high due to the fact that Indonesia is
one of the countries located on the equator. Hot temperatures can be higher due
to the increasing level of building and construction in Indonesia and the lack of
land to plant trees. The use of materials in buildings is something that needs to
be considered to make the room temperature cool, one of which is the use of
materials such as absorbent walls. Construction materials that can be used as
absorbent walls are ceramics (Anisah, 2019).

The term ceramics comes from the Greek keramos which means a form
of clay that has undergone a combustion process. Dictionaries and
encyclopedias in the 1950s defined ceramics as a result of art and technology to
produce goods from burnt clay, such as pottery, tile, porcelain and so on. But
nowadays ceramics are not only derived from clay. Generally, ceramic
materials are widely available in the earth's crust, for example SiO2, AlI203,
CaO, MgO, Na20, and many others. Ceramics have good properties such as
strong, hard, stable at high temperatures, and non-corrosive so they are suitable
for use as building construction materials. Today, along with the development
of ceramic technology, ceramics can not only be made traditionally using clay
but can be made and shaped in various ways tailored to their use. Various types
of ceramics including cement, building bricks, firebricks and glass have been
used for a long time as building construction materials (Astuti, 1997).

The properties of these ceramic materials are highly dependent on their
chemical bonds. Covalent bonds give properties can lead to the strength of the
crystal and its structure is more complicated than metal or ionic bonds.
Covalent bonds are so strong that the crystals are strong and have a high
boiling point and good insulating properties. The strength and bonding of
ceramics lead to the high melting point, brittleness, corrosion resistance, low
thermal conductivity, and high compressive strength of the material. Ceramics
can generally be represented by the chemical formula of the compound: Ma Xc,
Ma Nb Xc where M and N can represent metallic elements and X represents
non-metallic elements that can form stable compounds with metals. The X is
usually represented by O (oxygen), but may also be Cl, C, N, and S. The most
common ceramics include SiO», Al2O3, CaO, NazO, TiC, UO,, PbS, and Mg SiOs
(Siagian & Hutabalian, 2012)..

Clay contains hydrated aluminum silica (Al2Os, SiO2,H20) used to
facilitate the creation of shapes in ceramics, has plasticity that can be formed
easily, has the ability to bind non-plastic raw materials, can also be mixed with
other materials such as quartz (part of silica) in order to reduce cracking during
drying, reduce shrinkage during firing and improve quality, and is a skeleton
during firing (Siagian & Hutabalian, 2012).

Corn leaves include agricultural waste which has the potential to be used
in other uses because this waste has not been widely utilized and is often
wasted. Corn leaves can be used as an additional material for making ceramics
because they contain carbon compounds, namely silica, lignin and cellulose
(Fagbemigun, 2014). Corn leaves serve as a partial substitute for cement using
the utilization of corn leaf properties (physical and chemical) which have a
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relatively large silica composition and have good smoothness properties Corn
leaves are organic leaves that are easily found in Indonesia, because corn is a
food crop product produced by the Indonesian agricultural industry. Corn
production continues to increase every year. The Ministry of Agriculture of the
Republic of Indonesia provides a report on national corn production which
increased by 3.91% in 2018 to 30 million tons compared to 28.9 million tons in
2017 (Pinem, 2020).

Tobing's research, (2009) on the effect of rice husk ash additives and
sintering temperature on the characteristics of porous ceramics with natural
zeolite base material Pahae using sintering techniques on combustion starting
from 900 °C to 1100 °C with the addition of 30% additives obtained the highest
porosity of 34.58% for sintering temperature 900 °C, 22.22% for sintering
temperature 1000 °C and 12.33% for sintering temperature 1100 °C. The results
of this study indicate that the higher the sintering temperature, the smaller the
porosity. While for the same sintering temperature, the more the addition of
rice husk ash composition, the greater the porosity value .

Sihite (2008) found that with the addition of additives the volume
shrinkage, density, hardness and compressive strength tend to decrease while
the mass and porosity tend to increase. Furthermore, in Sembiring's research
(1995) rice husk is unique in terms of combustion with sintering techniques at
temperatures of 7500C to 10500C. This occurs in the nature of density, porosity,
hardness. At a temperature of 9500C, there is an increase in density and
hardness while the porosity decreases.

The addition of corn leaf ash additives from combustion can increase the
pore area of ceramics (Ayu Amalia rahma et al., 2023). In this study, porous
ceramics have been made from clay mixed with corn leaf additives to improve
their mechanical properties. The problem of developing porous ceramics that
have large pores but are not brittle is the main objective of this research.

METHODOLOGY

The method used in the manufacture of porous ceramics using 99%
alumina (Al1203) powder material with the addition of corn leaf additives is the
dry pressing technique.Corn leaf ash additives are heated at 600 OC then the ash
is sieved using a 100 mesh sieve.A total of 30 grams of alumina with a size of
100 mesh was mixed with corn leaf additives with variations of 100%: 0%, 90% :
10%, 80% : 20% and 70%: 30%. then heated at 900 OC then held for 2 hours. The
alumina powder and additive mixture was compressed with a pressure of 4
tons for 10 minutes in a 3 x 3 cm mold. The molded ceramics were dried for 3
days in the sun and then fired at 900 0C A (100%: 0%), B (90% : 10%), C (80% :
20%) and D (70%: 30%) for 24 hours.The porous ceramic samples were
characterized for their morpholgy and mechanical properties.

RESEARCH RESULT

Ceramic is a corrosion-resistant, hard and relatively strong material that
has a low density with a high melting point. Ceramics have the disadvantage of
brittleness and tend to break suddenly with relatively small plastic deformation
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values. The brittleness factor is caused by the rapid formation and spread of
cracks.

Amorphous materials do not have the usual grain size and plane in
crystals, this makes ceramics susceptible to surface cracks. Compressive
strength has an important role in the manufacture of ceramics in structures such
as buildings. The compressive strength of ceramics is generally relatively
greater than their tensile strength. To improve the quality of this property,
ceramics are only used under pressure.

Thermal properties in ceramics are thermal conductivity, coefficient of
thermal expansion, and heat capacity. Heat capacity is the ability of a material
to absorb heat in the environment. The heat that has been absorbed is stored in
solids stored in the form of vibrations of constituent ions in solids. In general,
ceramics have strong bonds and lightness of atoms. Thus, vibrations in large-
frequency atoms and not too disturb the crystal lattice.

Ceramics have a high melting point in some forms, which makes
ceramics able to withstand deformation at high temperatures ceramics and can
withstand high pressure. However, sudden and high temperature changes can
make ceramics weak. Shrinkage and expansion due to temperature differences
can damage ceramics.

This research produces clay-based porous ceramics with corn leaf
additives by varying the composition of clay and corn leaf ash (100%: 0%), B
(90% :10%), C (80% : 20%) and D (70%: 30%). The mixture of clay and corn leaf
ash is made into block-shaped porous ceramics using dry pressing technique
with a sintering temperature of 900 °C for 2 hours. The characterizations carried
out on the samples include density, porosity, and SEM (Scanning Electron
Microscope).

a. Density

Density testing is done to determine the density of the material in
determining the quality of porous ceramics by calculating from the equation
2.1.:

Description :
p : Density (Kg/mb?)
m,  :Mass (Kg)
Vi : Volume sample (m3)
Table 1. Density Measurement Results
Density Average Density
Sample (3/cm) (g/cm)
1,81
A 1,78 1,79
1,77
1,59
B 1,53 1,54
1,48
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1,22
C 1,28
1,32

1,27

1,19
D 1,21
1,20

1,20

b. Prosity

The purpose of porosity testing in order to determine the percentage of
pore volume in porous ceramics to the volume of porous ceramics by

calculating using the equation 2.2. :

% Porosity = (pmb;mk) x100%

Description :

m, : Wet mass of sample (Kg)
my  : Dry mass of sample (Kg)
p,. :Density of water (Kg/m?)
Vi : Total volume of sample (m?3)

Tabel 2. Porosity Measurement Results

Sample Porosity
(%)

Average
Porosity (%)

30,57
A 29,12
29,57

29,75

38,95
B 38,79
38,19

38,64

47,11
C 50,53
51,04

49,56

60,35
D 63,37
59,38

61,03

c. SEM

2.2.

Morphological characteristics on the surface of porous ceramics using
block-shaped samples in accordance with the sample mold used. The samples
were characterized with magnification according to the required magnification.
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Figure 1. SEM Testing Results
DISCUSSION

Ceramics are compounds of carbon, oxygen, nitrogen and light metallic
and semi-metallic materials. Because of this, ceramics are less dense. Some
lightweight ceramics can be as hard as heavy metals. The strongest compounds
are diamond and boron nitride.

Ceramics have a distinctive property, namely their chemical stability. The
chemical properties that ceramics contain on the surface are positively utilized.
Silica gel, activated carbon, zeolite and others that have such a large surface area
and are used as adsorbent materials.

Ceramics have several advantages over metals. These are stiffness,
hardness, corrosion resistance and wear resistance. Ceramics have a smaller
density than most metals. This makes ceramics preferable as a substitute for
metals if their use considers their weight. Ceramics are also good electrical
insulators at normal temperatures and can survive well at high temperatures.

The weaknesses that ceramics also have are brittleness and relatively small
tensile strength (easy to break). Ceramics have low thermal conductivity, but
tend to have high thermal expansion. As a result, ceramics often experience
thermal shock, which is a sudden change in local temperature that causes cracking.
If metal or plastic is stressed it will bend or deform, but ceramics cannot absorb
stress by bending or deforming but ceramics will become broken (Oxtoby, 2003).

From Table 3.1, the density values in the printed samples, namely samples
A, B, C and D are 1.79 g/cm3, 1.54 g/cm3, 1.27 g/cm? and 1.20 g/cm3. The
decrease in density value for each composition variation of clay-based porous
ceramics with corn leaf ash additives, and this decrease in density value begins
with the 10% corn leaf ash mixing variation with a value of 1.54 g/cm3, 20% with
a value of 1.27 g/cm3 and 30% with a value of 1.20 g/cm3. The decrease in
density value shows that the more the composition of corn leaf ash, the smaller
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the density value and inversely proportional to the volume value of porous
ceramics (Ridayanti & Asifa Asri., 2017).

The maximum value of density obtained is 1.79 g/cm3 in samples with
100% clay composition and 0% corn leaf ash and the smallest value obtained is
1.20 g/cm?3 in samples with 70% clay composition and 30% corn leaf ash. In
Anisah's research (2019) where the effect of adding ash as muchas0g,10g, 20 g,
30 g, 40 g and 50 g the density value produced decreased, namely 1.68 g/cm?3;
144 g/cm3;1.39 g/cm?; 1.33 g/cm?; 0.99 g/cm3 and 0.95 g/cm?.

Table 3.2 shows the porosity values in samples A, B, C and D are 29.75%,
38.64%, 49.56% and 61.03%. The increase in each composition variation for the
porosity value of clay-based porous ceramics with corn leaf additives explains
that the more the composition of corn leaf ash, the more pore marks are
produced on the ceramic. Many pore marks are produced as a result of corn leaf
ash which has silica content melting in the process of firing porous ceramics
using a sintering temperature of 900 °C in a holding time of 2 hours.

The maximum porosity value is 61.03% in samples with 70% clay
composition and 30% corn leaf ash and the minimum porosity value is 29.75% in
samples with 100% clay composition and 0% corn leaf ash. In research proven by
Anisah et al., (2019) where the effect of adding ash as muchas0g,10g,20g,30 g,
40 g and 50 g will increase the porosity value produced, which is 28.89%; 29.72%;
35.63%; 44.20%; 61.36% and 66.20% (Nisa Gulo et al., 2020).

Figures 3.1 show the results of SEM observation at 3000 times
magnification so that it can be seen between samples with their respective
composition variations. Starting from the sample with 10% corn leaf ash
composition variation, it shows the formation of pores on the sample. This
proves that the number of pores is proportional to the porosity test which shows
that the porosity value of the sample with 0% corn leaf ash composition variation
is smaller than the porosity value with 10%, 20% and 30% corn leaf ash
composition variations. There is an increase in pore area characterized by the
stretching of the distance between the sample particles which can be seen in the
SEM test results.

CONCLUSIONS AND RECOMMENDATIONS

The characteristics of clay-based porous ceramics with corn leaf additives
were obtained and showed that density had values of 1.79 g/cm3, 1.54 g/cm3,
1.27 g/cm3 and 1.20 g/cm3 (decreased), porosity had values of 29.75%, 38.64%,
49.56% and 61.03% (increased), SEM characterization has shown the pore
diameter size and has values of 10.516 um, 15.665 pm, 21.678 um and 23.137 pm
(increased). The addition of corn leaf ash additives can improve the quality of
porous ceramics, especially in the field of porosity.

ADVANCED RESEARCH

This study has limitations in heating temperatures that cannot be higher.
suggestions for future researchers, using tools that can heat samples above 1000
OC. Further research can do different additives so as to produce porous ceramics
that have higher compressive strength.
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