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Abstract: The properties of ceramic materials determine the
characteristics of the end products. This research presents the
physio-mechanical properties of ceramic whiteware produced
from Ehime Mbano kaolinite clay mixed with waste glass, silica
and feldspar. All samples were collected from their various sources
into different bag with labels (Ehime Mbano Kaolin - EMK, waste
glass- SLWG, silica-1JS and AFJ-feldspar). The samples were
carefully prepared separately by breaking, crushing and milling
into fine powder of about 62um. Six batch formulations (Fvl —
Fv6) were blended with the process materials with varying
addition of feldspar to waste glass ratio. The samples were
uniaxially pressed followed by sintering in a Kiln to a temperature
0f 1000°C for 2 hours. The samples were allowed to cool inside the
kiln before offloading. Test such as shrinkage, porosity, water
absorption, density, impact and compressive strength were
examined to assess the physio-mechanical properties of the
produced whiteware. The results showed that sample FvS
exhibited better performance with the least water absorption
(11.07%) while samples Fv3 and Fv5 has considerable density of
1.76 and 1.7 g/cm® respectively. Sample Fv5 showed better
compressive strength (4.86 Ma) while samples Fv3 displayed
superior impact strength (79 J/m?). These results indicate the
suitability of these materials in developing a ceramic whitewares.
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1. Introduction

Whiteware as the name suggests in ceramics implies a clay
body composition that comes with white colour. It is any
ceramic product composed with white or off-white body, which
may become glassy when treated under the temperature of
about 1200°C and above depending on the composition of the
body and area of application. Whiteware is a fired ware
consisting of a glazed or unglazed ceramic body that is
commonly white and of fine texture, designating such product
classifications as Chinaware, porcelain, semi-vitreous ware and
earthenware [1]. The appearance of whitewares depend greatly
on the raw material composition. The presence of impurities
such as red iron oxide (in the local raw materials), impacts a
great limitation on the final appearance of the product.
Whiteware is associated with some technical properties
supplied from the material used in making them and these
properties make them applicable in almost all fields of life.
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These admirable properties are usually a function of the
kaolin in the composition which varies respectively with their
geological deposits and furthermore affects the mechanical and
physical property of a product [2]. These materials include
silica, clay, and feldspar [3], [4]. The plasticity and workability
of clay varies widely so that clay which serve well for the
production of other wares may not be suitable in the production
of white earthenware [5]. This therefore brought the idea of
material selection and combination in the production of white
earthenwares for compatibility and high performance of
product type since one material cannot yield optimum result in
ceramic products. The objective is to take advantage of the
superior properties of the materials without compromising on
the weakness of the other material [6]. From study, kaolin is
widely acclaimed industrial clays based on its particle size,
whiteness and can also easily disperse in water due to its coarse
nature [7], [8]. Kaolin from Ehime Mbano (EMK) which is pink
in color served as valuable components when mixed with silica
(1JS), waste glass (SLWG) and feldspar (AJF) in developing a
white earthenware body. Cullet is commonly used as an
additive in glass reforming due to its low softening temperature
[9]. Silica is required to supply the strength. Some studies have
revealed that in the manufacturing process involving high
temperatures, ceramic-based products are considered suitable
for the incorporation of glass cullet (GC) as a substitute of
natural resources [10], [11].

Therefore, this research aimed to develop a whiteware body
made from Ehime Mbano kaolin, Igbokoda silica while
substituting Ajaokuta feldspar for waste glass using 40x40mm
iron mould to cast the samples. The physio-mechanical
properties of the developed samples are then evaluated.

2. Materials and Method

A. Preparation of Materials

The materials that were utilized for this research are window
waste glass, kaolin from Ehime Mbano in Imo State, silica from
Igbokoda, in Ondo State, and feldspar from Kogi State all in
Nigeria. The waste glasses were washed in water, cleaned,
dried, packed into a sack and crushed into smaller pieces using
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wooden pestle before reducing to fine powder with a pulverizer.
The same procedure was repeated for other materials (kaolin,
silica and feldspar). The chemical composition of the materials
was examined by the X-Ray fluorescence spectroscope (XRF)
techniques while their mineralogical constituents (phase
analysis) was examined by X-ray diffractometry (XRD)
technique. Figure 1 shows the pictorial representation of each
processed materials used.

'AFJ

Fig. 1. Representative diagram of the processed materials used

EMK

B. Sample Preparation

Table 1
Material composition (wt. %)
Materials Fvi Fv: Fvi Fva Fvs Fvs
EMK-Kaolin (%) 50 50 50 50 50 50
1JS-Silica (%) 25 25 25 25 25 25

AFJ-Feldspar (%) 25 20 15 10 5 0
SLWG- Glass (%) 0 5 10 15 20 25

The batch formulation was done in six batches as shown in
Table 1. The powder materials were weighed, mixed with
200ml of water and pressed in a 40 x 40mm iron mould. Three
(3) samples were made from each batch (A- F) making a total
of 18 samples. The cast forms were allowed to dry at room
temperature for two weeks after which the forms were subjected
to heat treatment at 1000°C after soaking for 2 hours. The
samples were removed from the kiln after cooling to a room
temperature and  physio-mechanical properties  were
investigated. Tests such bulk density, apparent porosity, water
absorption, and shrinkage were conducted to assess the physical
properties of the samples while compressive strength, impact
strength and strength index were used to analyze their
mechanical properties. These tests were carried out following
standard procedures. The phase analysis of the samples was
analyzed X-ray diffractometry (XRD).
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3. Results and Discussion

A. Shrinkage

Figure 2 shows the shrinkage values of six samples labeled
as Fvl to Fv6. Fvl has a shrinkage value of 5.60%, a low level
of dimensional change after processing. Fv2 has a slightly
higher shrinkage value of 5.70% compared to Fv1, indicating
slightly more dimensional change. Fv3 a shrinkage value of
6.30%, which is higher than Fv1 and Fv2, indicating a moderate
level of dimensional change. Fv4 has a shrinkage value of
5.88%, falling between the values of Fv2 and Fv3. Fv5 has a
shrinkage value of 6.39%, indicating a moderate level of
dimensional change, higher than Fv3 and Fv4. Fv6 has the
highest shrinkage value of 7.01%, indicating the highest level
of dimensional change among the samples. Based on the data,
sample Fv1 (soda-lime glass 0%, Feldspar 25%) has the lowest
shrinkage, while Fv6 (soda-lime glass 25%, Feldspar 0%) has
the highest. In this batch, it can be inferred that Feldspar has the
lowest shrinkage compare to soda-lime glass.

Shrinkage (%)

Fw1 Fv2 Fva Fvd

Samples

FWs Fve

Fig. 2. Percentage shrinkage

B. Water Absorption
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Fig. 3. Percentage water absorption
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Figure 3 depicts the result of the water absorption of the
sintered whiteware samples. Sample Fvl has an absorption
value of 15.80%, Fv2 has a slightly higher absorption value of
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16.25% compared to Fv3, Sample Fv3 has a lower absorption
value of 14.36% compared to Fvl and Fv2 Sample Fv4
(13.65%) has an absorption value close to Fv3, indicating
moderate water absorption. Sample Fv4 has the lowest water
absorption (11.07%), indicating the least amount of water
absorption. Sample Fv6 has 13.03% as an absorption value
between Fv3 and Fv4. Based on the data, Sample Fv5 (soda-
lime glass 20%, Feldspar 5%) has the lowest water absorption,
while Fv2 (soda-lime glass 5%, Feldspar 20%) has the highest.
In this batch, it can be inferred that soda-lime glass has the
lowest water absorption compare feldspar. The effect of water
absorption on clay ceramics is essential to validate their
durability [12].

C. Apparent Porosity (%)
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Fig. 4. Percentage apparent porosity

Figure 4 displays the porosity values of the developed
whiteware samples. Sample Fvl has porosity of 26.11%
indicating a moderate percentage of void spaces. Sample Fv2
has 26.92% indicating a slightly higher percentage of void
spaces. Sample Fv3 25.51% porosity similar to FV1, indicating
a similar percentage of void spaces. Sample Fv4 has 23.31%, a
lower porosity compared to Fvl, Fv2, and Fv3, indicating a
lower percentage of void spaces. Sample Fv5 has 18.91%
among the samples, indicating the lowest percentage of void
spaces and sample Fv6 has 22.43% higher than Fv4, indicating
a higher percentage of void. Based on the data, sample Fv5
(Soda-lime glass 20%, Feldspar 5%) has the lowest porosity,
while Fv2 (Soda-lime glass 5%, Feldspar 20%) has the highest
Porosity value. In this batch, it can be inferred that soda-lime
glass has the lowest apparent porosity compare to feldspar.

D. Bulk Density

Figure 5 shows the result of the percent apparent porosity of
the developed whiteware samples. Sample Fv1 has a density of
1.61 g/cm?, indicating a moderate density level. Sample Fv2 has
1.65 g/em?®, a slightly higher density compared to Fvl,
indicating a slightly higher mass per unit volume. Sample Fv3
has the highest density of 1.76 g/cm® among the samples,
indicating the highest mass per unit volume. Sample Fv4 (1.67
g/cm®), has a density between Fvl and Fv2, indicating a
moderate mass per unit volume. Sample Fv5 has a density of
1.70 g/cm?) which is higher than Fv4, indicating a higher mass
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per unit volume. Fv6 (1.67 g/cm?), has a density similar to Fv4,
indicating a similar mass per unit volume. Based on the data,
sample Fv3 (Soda-lime glass 10%, Feldspar 15%) has the
highest density, while Fv1 (Soda-lime glass 0%, Feldspar 25%)
has the lowest density. it can be inferred that Soda-lime glass
has the highest density compare to feldspar.
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Fig. 5. Bulk density

E. Compressive Strength
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Fig. 6. Compressive strength

Figure 6 displays the compression strength (com/s) values of
the six samples labeled Fv1 to Fv6. Sample Fv1 has a com/s of
3.92, indicating a moderate ability to withstand compressive
forces, sample Fv2 has com/s of 4.08 similar to Fv1, indicating
a similar ability to withstand compressive forces. Sample Fv3
has com/s of 14.46 a significantly higher compared to Fvl and
Fv2, indicating a much higher ability to withstand compressive
forces, sample Fv4 has com/s of 13.36, compression strength
similar to Fv3, indicating a similar ability to withstand
compressive forces. Sample Fv5 has com/s of 14.13, similar to
Fv3 and Fv4, indicating a similar ability to withstand
compressive forces and sample Fv6 (22.86) indicates the
highest ability to withstand compressive forces. Based on the
data, sample Fv6 (Soda-lime glass 25%, Feldspar 0%) has the
highest compression strength, while Fvl (Soda-lime glass 0%,
Feldspar 25%) and Fv2 (soda-lime glass 5%, Feldspar 20%)
have the lowest com/s. In this batch, it can be inferred that soda-
lime glass has the lowest compressive strength.
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F. Impact Strength
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Fig. 7. Impact strength

Figure 7 illustrates the impact strength values of the
developed whiteware samples. The impact strength values
ranging from 73.8 (Fv6) to 79.0 (Fv3) indicate a relatively
narrow variation in the impact resistance of the samples, with
Fv3 having the highest impact resistance with a value of 79.0
and Fv6 having the lowest impact resistance with a value of
73.8. Most of the samples have impact resistance values close
to the average (around 76.83), except for Fv6, which is slightly
lower. The values for Fvl, Fv2, Fv3, Fv4, and Fv5 are quite
consistent, all falling within a narrow range (75.0 to 79.0). Fv3
standing out as the sample with the highest impact resistance,
indicates slightly better material quality or more favorable
processing conditions for this particular sample. Fv6's slightly
lower impact resistance suggests minor defects, variations in
material composition, or differences in the manufacturing
process. The overall consistency among the other samples (Fv1,
Fv2, Fv3, Fv4, and Fv5) suggests that the material and
processing techniques are generally reliable, with Fv6 being the
lowest.

G. Strength Index
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Fig. 8. Strength index

The strength index values of the developed samples are
depicted in Figure 8. Sample Fv4 (3.850) is significantly higher
than the other values, indicating a substantial difference in the
strength of the white earthenware sample in this index. This
could be due to a variation in the sample composition,
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manufacturing process, or testing conditions. Sample Fvl
(1.910) indicates the weakest sample or conditions that resulted
in lower strength measurements. The difference between the
highest and lowest values Fv4 (3.850) — Fv1 (1.910) =1.940.
Fv4 (3.850)—Fv1 (1.910) = 1.940. The strength test indices Fv1
to Fv6, with their respective values, indicate a set of
measurements related to the strength properties of a material.

4. Conclusion

This work has successfully revealed the type of raw materials
used, preparation, characterization and physio-mechanical
properties of earthen whiteware body fired at low temperature.
The results showed that the pink colour of Ehime Mbano kaolin
in raw state, which turned white at the temperature of about
1000°C is actually the result of impurities embedded in the raw
kaolin. The overall white appearance of the samples produced
showed that white earthenware can be produced from the raw
materials composition. The lowest shrinkage value of the
samples produced is revealed in sample Fvl as 6.08% while
sample Fv6 has the highest value of 7.58%. Sample Fv5 has the
lowest porosity value of 18.91% and sample Fv2 has the highest
value of 26.92%. Sample Fv1 has the lowest bulk density of
1.61g/cm® and Fv3 has 1.76 g/cm®. The lowest impact value of
the samples is sample Fv5 with 55.9j/m? while sample Fv1 and
Fv3 has the highest impact values of 64.3 j/m? each.
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