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Abstract 
This study investigates the potential of Giant African Land Snail (GALS) shell–clay ceramic composites as raw materials for 
high-voltage insulators. The primary aim was to evaluate the influence of firing temperature on the physical properties of these 
composites and determine their suitability for electrical applications. Crushed GALS shell particles (63 μm and 75 μm) were 
blended with clay (<120 μm) in varying ratios to produce composites designated 631090, 632080, 751090, and 752080, 
alongside a pure clay control (C100). Samples were fired at 1160°C, 1180°C, and 1200°C. Physical properties, including 
shrinkage, water absorption, porosity, and bulk density, were assessed following ASTM standards (1985a). Dry shrinkage 
remained within acceptable limits (3.6%), while fired shrinkage increased with temperature. Notably, sample 752080 exhibited 
reduced shrinkage (4.89% at 1200°C) compared to the control (5.93%), indicating that snail shell inclusions constrained 
contraction. Water absorption and porosity decreased with increasing firing temperature, while density improved, particularly in 
shell-containing composites. Above 1180°C, partial fusion and glassy phase formation enhanced densification and mechanical 
strength. Firing at 1200°C produced optimal results, yielding composites with reduced porosity, improved density, and controlled 
shrinkage. These findings demonstrate that GALS shell–clay ceramics are promising candidates for the manufacture of durable 
high-voltage insulators, effectively bridging biomimetic inspiration with industrial application. 
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1.0 Introduction 
Snails provide a unique biological record through their shells, which persist as measurable indicators of 

individual existence even after death [1]. Among them, the Giant African Land Snail (GALS) (Achatina fulica), 
belonging to the family Achatinidae within the class Gastropoda and phylum Mollusca, is distinguished by its 
considerable size, reaching up to 20 cm in length and 12 cm in diameter [2]. The calcareous composition of its 
shell has attracted scientific interest across disciplines, including biology, chemistry, engineering, and medicine [3]. 
In the context of materials science, the rapid pace of technological advancement necessitates the exploration of 
novel composites that combine properties beyond those of their individual constituents. The present study builds 
upon this imperative by investigating the potential of GALS shown in Figure 1, in combination with clay, as a 
basis for engineering materials with enhanced performance characteristics.  

 
Figure 1: Giant African Snail Shell 

 
Research on snail shells Due to their widespread availability, minimal cost, and substantial calcium carbonate 

(CaCO₃) content, snail shells present valuable prospects for incorporation into sustainable material systems. In 
light of the rising volumes of waste associated with population expansion and industrialization, the utilization of 
snail shells represents more than a disposal solution, it constitutes a strategic avenue for environmentally conscious 
construction practices. Transforming this underexploited resource can alleviate landfill pressures, conserve finite 
raw materials, and reinforce circular economy principles within the building industry. Applications of snail shell 
waste include its integration into construction composites, functioning as stabilizing agents, alkali activators, and 
partial substitutes for cementitious binders [4], [5]. A recurring theme in these investigations is the evaluation of 
clay-based ceramics under varying firing temperatures to determine their structural, mechanical, and thermal 
properties. Such studies are particularly relevant to the development of ceramic matrix composites for electrical 
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insulation, where performance depends on achieving high dielectric strength, mechanical robustness, and 
resistance to environmental degradation, including humid and corrosive conditions [6], [7] 

Ceramic insulators are essentially ceramic matrix composites, and their properties are strongly influenced by 
phase transformations during firing [8]. The addition of carbonate to iron-rich kaolinite and observed the 
formation of mullite, cristobalite, and hematite, with gehlenite and anorthite appearing above 1150°C. Between 
1150°C and 1200°C, densification increased, reducing porosity and enhancing flexural strength. However, beyond 
1200°C, excessive glassy phase formation led to fragility, reduced strength, and diminished porosity. Similarly, [9] 
analyzed the mineralogical and microstructural changes in ceramics fired between 950°C and 1350°C. Their 
findings highlighted the disappearance of γ-Al₂O₃ spinel above 1250°C, a progressive increase in cristobalite, and 
relatively stable mullite content between 1150°C and 1350°C, all of which influenced thermal conductivity and 
mechanical stability. 

[11], [12] provided further insight into calcareous clays, demonstrating that abundant carbonate content 
promotes high porosity and lowers vitrification onset to 700–800°C compared to Ca-poor clays. However, 
vitrification was limited at higher temperatures due to crystallization of Ca- and Mg-silicates following 
phyllosilicate decomposition. These findings underscore the complex interplay between mineralogy, firing 
temperature, and composite performance. 

Collectively, these studies establish a foundation for exploring alternative biomaterials such as snail shells in 
ceramic composites. Their calcareous composition and structural resilience suggest potential for enhancing 
densification, reducing porosity, and improving mechanical strength, thereby aligning with the stringent 
requirements of high-voltage ceramic insulators. 

Kaolin, a clay mineral whose principal constituent is kaolinite [Al₂Si₂O₅(OH)₄], has been extensively studied 
for its structural and microstructural transformations under thermal treatment [13] reported that firing kaolin at 
1200°C initiates cristobalite crystallization from amorphous silica, accompanied by significant mullite formation, 
a finding consistent with earlier works [14], [15]. The dissolution of Al₂O₃ into the liquid phase during firing 
further promotes mullite crystal growth, as noted by [14], [16], [17], [18]. At temperatures exceeding 1400°C, 
cristobalite vitrification represents the final transformation stage. 

[19] investigated composites of mullite and corundum prepared by reaction sintering of kaolinite (75 wt.%) 
and calcined alumina (25 wt.%). Their results demonstrated limited densification at 1400°C, with alumina 
remaining largely inert, while primary mullite evolved from kaolinite reactions. At 1600°C, however, a dense 
microstructure was achieved, yielding a flexural strength of 45 MPa compared to 15 MPa at lower temperatures. 
Mullite’s stability at high temperatures, coupled with its low thermal expansion, high melting point, and excellent 
dielectric properties, underscores its suitability for thermal and electrical insulation applications [20]. 

Complementary studies have examined quartz transformations and mullite growth in kaolin ceramics [21], 
[22], [23], [24], the studies have shown mullite formation beginning at 1050–1100°C, with needle-shaped grains 
developing at higher temperatures up to 1600°C. These transformations highlight the critical role of firing 
temperature in determining ceramic microstructure and mechanical performance. [24] Extended this research to 
practical applications by fabricating porcelain insulators from Ethiopian raw materials. Their systematic 
characterization and firing experiments (1000–1300°C) revealed correlations between firing temperature and key 
properties such as porosity, density, dielectric strength, and microstructure, reinforcing the importance of thermal 
processing in optimizing ceramics for electrical insulation. 

Firing clay-based ceramics at controlled temperatures induces phase transformations that significantly alter 
their physical, chemical, electrical, and mechanical properties. Such transformations are critical in tailoring ceramics 
for advanced engineering applications, particularly in electrical insulation systems where performance depends on 
optimized microstructural and densification behavior.  

Another study [25] presents a systematic investigation into the incorporation of Giant African Land Snail 
(GALS) shell inclusions within clay-based ceramic composites, with particular emphasis on their suitability for 
high-voltage electrical insulation. The study sought to evaluate how bio-derived CaCO₃ from snail shells influences 
the mechanical, physical, and dielectric properties of clay composites when subjected to controlled firing 
conditions, especially at 1200 °C. it contributes to the growing body of literature on bio-derived ceramic 
composites, demonstrating that 1200 °C firing is the critical threshold for achieving the balance of mechanical 
strength, dielectric reliability, and eco-sustainability. It positions GALS shell–clay composites as promising 
candidates for next-generation high-voltage insulators, while simultaneously advancing sustainable materials 
engineering. El masloumi [26] investigates the incorporation of snail shell waste into N’Fis river clay deposits as a 
sustainable pathway for fired brick production. Motivated by global clay shortages and environmental concerns, 
the research systematically evaluates composites containing varying proportions of snail shells (0–100 wt%) fired 
at 900, 1000, and 1200 °C. Comprehensive analyses including particle size distribution, carbonate content, XRF, 
XRD, SEM, FTIR, LOI, and Atterberg limits were employed to characterize the materials. Mineralogical results 
revealed that the N’Fis deposit comprises ~40% clay minerals (illite, kaolinite, chlorite, smectite), 24% quartz, 
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20% feldspar, and 15% carbonates, confirming its suitability for brick manufacture. The addition of snail shells, 
rich in CaCO₃, increased porosity and weight loss during firing, thereby reducing mechanical strength. 
Compressive strength declined from 24.6 MPa (pure deposit) to 14.5 MPa (50 wt% shells), yet remained above 
international standards (EN 772-1: 10 MPa; Moroccan norms: 4 MPa). Conversely, thermal conductivity decreased 
markedly (0.77 → 0.20 W/m·K), enhancing insulation, while bulk density reduction produced lightweight bricks. 

The findings highlight a performance trade-off: improved thermal efficiency and reduced density at the 
expense of strength, though still within acceptable limits. Overall, the combined use of river deposits and snail 
shells offers an eco-efficient, economical, and environmentally responsible solution for producing lightweight, 
insulating fired clay bricks, contributing to sustainable construction and waste valorization investigates the 
incorporation of snail shell waste into N’Fis river clay deposits as a sustainable pathway for fired brick production. 
Motivated by global clay shortages and environmental concerns, the research systematically evaluates composites 
containing varying proportions of snail shells (0–100 wt%) fired at 900, 1000, and 1200 °C. Comprehensive 
analyses—including particle size distribution, carbonate content, XRF, XRD, SEM, FTIR, LOI, and Atterberg 
limits—were employed to characterize the materials. Mineralogical results revealed that the N’Fis deposit 
comprises ~40% clay minerals (illite, kaolinite, chlorite, smectite), 24% quartz, 20% feldspar, and 15% carbonates, 
confirming its suitability for brick manufacture.  

The addition of snail shells, rich in CaCO₃, increased porosity and weight loss during firing, thereby reducing 
mechanical strength. Compressive strength declined from 24.6 MPa (pure deposit) to 14.5 MPa (50 wt% shells), 
yet remained above international standards (EN 772-1: 10 MPa; Moroccan norms: 4 MPa). Conversely, thermal 
conductivity decreased markedly (0.77 → 0.20 W/m·K), enhancing insulation, while bulk density reduction 
produced lightweight bricks. The findings highlight a performance trade-off: improved thermal efficiency and 
reduced density at the expense of strength, though still within acceptable limits. Overall, the combined use of river 
deposits and snail shells offers an eco-efficient, economical, and environmentally responsible solution for 
producing lightweight, insulating fired clay bricks, contributing to sustainable construction and waste valorization. 

The present study investigates the influence of firing temperature on the physical properties specifically 
shrinkage, water absorption, porosity, and bulk density of ceramic matrix composites derived from mixtures of 
crushed (GALS) shells and clay at varying ratios. The objective was to evaluate the suitability of these bio-derived 
composites as potential raw materials for the fabrication of high-voltage insulators. By systematically analyzing the 
thermal response of GALS–clay composites under different firing regimes, this work seeks to establish correlations 
between processing conditions and property development, thereby contributing to the broader effort of 
integrating biomimetic resources into functional ceramic technologies. 
 
2.0 Materials and Methods/Methodology 

The primary raw materials employed in this study were snail shells and clay. The snail shells were obtained 
from the GALS (Achatina fulica), a species widely distributed in Southern Nigeria. Specifically, shells were collected 
from the Kugbo Clan and Port Harcourt areas of Rivers State. The source of these shells was predominantly post-
consumer waste, gathered from refuse dumps and restaurant discards. This approach not only ensured the 
availability of sufficient quantities of shells but also aligned with sustainable practices by valorizing biological waste 
streams. The calcareous composition of the shells, rich in calcium carbonate, renders them suitable for 
incorporation into ceramic composites. The clay used in this study was locally sourced and processed to particle 
sizes below 120 μm, ensuring homogeneity in mixing and compatibility with the crushed snail shell particles. 
Together, these materials formed the basis for the experimental ceramic matrix composites investigated for 
potential application in high-voltage insulators shown in Figure 2. 

 
Figure 2: GALS dried under the sun 
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The clay used for this study was fireclay, supplied by “Goodwins”: BUILD & DIY PRODUCTS’’ in Dublin 
as DINEEN CLAY MIX. It is a combination of shale and fireclay and has the following typical analysis (Table 1) 
as supplied by BUILD & DIY PRODUCTS’ 

Table 1: The analysis of the Dublin clay as supplied by 

 
The clay employed in this work contained 12% fired grog of identical chemical composition. Fire clay, a 

refractory material composed predominantly of hydrous aluminum silicates with or without free silica, was selected 
due to its high thermal resistance. It is capable of withstanding minimum temperatures of 1515°C and exhibits 
fusion points exceeding 1600°C, making it particularly suitable for ceramic applications requiring durability under 
extreme thermal conditions. The clay was processed to particle sizes below 120 μm to ensure homogeneity in 
mixing with the snail shell powders. 

Together, these materials provided a composite system designed to exploit the calcareous nature of the snail 
shells and the refractory properties of fire clay, with the aim of producing ceramic matrix composites suitable for 
high-voltage insulator applications. 
 
2.1.1 Sample Preparation  

Rectangular test specimens were prepared using a mould of dimensions 90 mm × 14 mm × 7 mm, in 
accordance with ASTM D3039 [12] and ASTM D790-93 [27] standards. The crushed GALS shells were mixed 
with clay at varying ratios to produce ceramic matrix composites. For instance, to obtain a mixture containing 
10% GALS and 90% clay (10:90), 10 g of snail shell particles (63 μm) were combined with 90 g of clay particles 
(<120 μm). Approximately 20–25 ml of water was added to the dry mixture to achieve plasticity and ensure 
uniform dispersion of the powders. The mixture was thoroughly homogenized and subsequently packed into the 
mould by ramming. 

The moulded specimens were allowed to dry under ambient conditions for 12 hours to remove excess 
moisture and achieve sufficient green strength prior to firing. This procedure was repeated for all designated 
mixing ratios and particle sizes to produce consistent test samples for subsequent thermal treatment and property 
evaluation. 

The following samples in the Table 2 were produced and fired at 1160oC, 1180oC, and 1200oC separately after 
drying at 200oC for 2 hours. 

 
Table 2: Sample descriptions 

S/N Sample Description Temp Fired (oC) 
1 C1001160 100%wt clay 1160 
2 C1001180 100%wt clay 1180 
3 C1001200 100%wt clay 1200 
4 6310901160 (63 µm, 10%wt GALSs and 90%wt clay). 1160 
5 6310901180 (63 µm, 10%wt GALSs and 90%wt clay). 1180 
6 6310901200 (63 µm, 10%wt GALSs and 90%wt clay). 1200 
7 6320801160 (63 µm, 20%wt GALSs and80%wt clay). 1160 
8 6320801180 (63 µm, 20%wt GALSs and 80%wt clay). 1180 
9 6320801200 (63 µm, 20%wt GALSs and 80%wt clay). 1200 
10 7510901160 (75 µm, 10%wt GALSs and 90%wt clay) 1160 
11 7510901180 (75 µm, 10%wt GALSs and 90%wt clay) 1180 
12 7510901200 (75 µm, 10%wt GALSs and 90%wt clay) 1200 
13 7520801160 (75 µm, 20%wt GALSs and 80%wt clay) 1160 
14 7520801180 (75 µm, 20%wt GALSs and 80%wt clay) 1180 
15 7520801200 (75 µm, 20%wt GALSs and 80%wt clay) 1200 

 

S/N Clay mix constituents Percentage (%) 
1 Al2O3 25 
2 SiO2 63 
3 Fe2O3 7.5 
4 K20 2.5 
5 Na2O 1.4 
6 MgO 0.4 
7 CaO 0.2 

Total 100 
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2.1.2 Experimental Procedure 
The crushed GALSs and the clay were characterised to determine their compositions. These samples were 
then subjected to water absorption, shrinkage, porosity and bulk density as shown in equations 1,2, and 3. 
 

2.1.3 Linear shrinkage.  
The lengths (mm) of the different rectangular samples were measured when wet (mould dimension, 90mm x 

14mm x 7mm), dried and after firing. The dry, fired, and total shrinkages were determined as follows: 

Dry shrinkage  = 
𝐿𝐿𝑤𝑤− 𝐿𝐿𝑑𝑑
𝐿𝐿𝑑𝑑

 𝑥𝑥 100        (1) 

Fired shrinkage = 
𝐿𝐿𝑑𝑑− 𝐿𝐿𝑓𝑓

𝐿𝐿𝑑𝑑
 𝑥𝑥 100        (2) 

Total shrinkage = 
𝐿𝐿𝑤𝑤− 𝐿𝐿𝑓𝑓

𝐿𝐿𝑑𝑑
 𝑥𝑥 100        (3) 

Where: 
Ld = Dry length (oven dried at 250oC)  
Lw =  wet length (90mm in this case) 
Lf = Fired length (fired at the chosen temp oC) 
The results were then recorded in a table according to the samples used. 
 

2.1.4 Water absorption.  
Following firing, the ceramic composite specimens were subjected to water absorption testing in accordance 

with [28]. The samples were first boiled in water at 100°C for a duration of 2 hours to ensure thorough exposure 
to thermal and moisture conditions. Subsequently, they were allowed to soak in the same water for an additional 
4 hours to facilitate maximum absorption. 

The degree of water absorption was determined gravimetrically as a function of the difference in specimen 
weight before and after immersion. The calculation was performed using the standard equation in (4): 

Water absorption =  𝑤𝑤𝑠𝑠− 𝑤𝑤𝑑𝑑
𝑤𝑤𝑑𝑑

 𝑥𝑥 100                           (4) 
Where:  
ws = weight of soaked sample after boiling (soaked weight, gm) 
wd = weight of dried sample (dry weight, gm) 
This procedure ensured that the samples absorbed adequate water, thereby allowing accurate evaluation of 

porosity and densification behavior as influenced by firing temperature and composite composition. 
 

2.1.5 Porosity 
The boiled and soaked samples were also used for the porosity tests. The samples were suspended from the 

beam of a balance on a vessel of water, completely submerged or immersed in the water, and the weight (gm) was 
measured as suspended weight (wsp). The porosity was then calculated as follows in equation 5: 

Porosity (P) = 𝑤𝑤𝑠𝑠− 𝑤𝑤𝑑𝑑
𝑤𝑤𝑠𝑠− 𝑤𝑤𝑠𝑠𝑠𝑠

 𝑥𝑥 100         (5) 

Where:  
ws  = soaked weight (gm) 
wd = dry weight (gm) 
wsp = suspended immersed weight (gm) 
 
The porosities of the different samples were recorded according to the firing temperatures. 
 
 

2.1.6 Bulk density 
The dry, soaked and suspended immersed weights of the samples (wd, ws and wsp , respectively) were used to 

determine the bulk densities of the samples according to the direct volume measurements method (the Bulk 
Density of a brick by water displacement method, the bulk density was calculated as [29] shown in Equation 6: 

 
Bulk Density (ρ) = 𝑤𝑤𝑑𝑑

𝑤𝑤𝑠𝑠− 𝑤𝑤𝑠𝑠𝑠𝑠
 𝑥𝑥 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑜𝑜𝑜𝑜 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤(Kg/m3)             (6) 

Where:  
ws  = soaked weight (gm) 
wd = dry weight (gm) 
wsp = suspended immersed weight (gm) 
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The calculated bulk densities of the different samples were then tabulated as a function of their firing 
temperatures. 
 
3.0 Results and Discussion 

Table 3 presents the elemental composition of the crushed GALS shells. The analysis revealed carbon, oxygen, 
and calcium as the predominant constituents, confirming that the shells are primarily composed of calcium 
carbonate (CaCO₃).  

Figure 5 illustrates the Scanning Electron Microscopy (SEM) spectrum of the crushed GALS particles, further 
validating the presence of these elements. The SEM analysis provided microstructural evidence of the distribution 
of calcium carbonate phases, which are critical in influencing densification, shrinkage, and porosity during firing. 
The confirmation of CaCO₃ as the dominant phase aligns with previous studies on biomineralized shells and 
supports the hypothesis that the incorporation of GALS shells into clay matrices can enhance ceramic properties 
through controlled phase transformations at elevated temperatures [30]. 

 
Figure 5: The SEM spectra of the crushed GALS 

 
Table 3: The composition of the crushed GALS 

 
 
 
 
  
 
 
 
 

 
The composition of the clay used is shown in Table 4 indicating oxygen and silica as the main elements. The 

spectrum from Scanning Electron Microscope (SEM), is shown in Figure 6. 
 

Table 4: The composition of the clay sample 
Spectrum In 

stats. 
C O Na Mg Al Si K Ca Ti Fe Total 

Spectrum 1 Yes 15.29 52.73 0.22 1.22 9.23 16.37 1.42 0.40 0.43 2.69 100.00 
Spectrum 2 Yes 16.39 52.12 0.42 1.05 8.40 16.30 1.31 0.59 0.61 2.80 100.00 
Spectrum 3 Yes 11.67 55.65 0.14 1.43 9.53 16.72 1.48 0.18 0.49 2.70 100.00 
Mean  14.45 53.50 0.26 1.23 9.06 16.47 1.41 0.39 0.51 2.73 100.00 
Std. 
deviation 

 2.47 1.88 0.14 0.19 0.58 0.22 0.09 0.20 0.09 0.06  

Max.  16.39 55.65 0.42 1.43 9.53 16.72 1.48 0.59 0.61 2.80  
Min.  11.67 52.12 0.14 1.05 8.40 16.30 1.31 0.18 0.43 2.69  

 

Spectrum In stats. C O Ca Total 
Spectrum 1 Yes 14.26 52.07 33.66 100.00 
Spectrum 2 Yes 14.61 52.91 32.48 100.00 
Spectrum 3 Yes 14.00 52.12 33.87 100.00 

Mean  14.29 52.37 33.34 100.00 
Std. deviation  0.30 0.47 0.75  

Max.  14.61 52.91 33.87  
Min.  14.00 52.07 32.48  
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Figure 6: The SEM spectra of the clay sample 

 
Table 6, on the other hand, shows the linear shrinkages only with respect to samples at the specified 

conditions, that is, the ceramic matrix composite ratios (the particle size of the GALS/clay ratios). Table 5 shows 
results obtained after the samples were fired and subjected to shrinkage, water absorption, porosity and bulk 
density tests. 

Table 5: The physical properties of the samples 
S/N Sample  Dry 

Shrinkage, 
% 

Fired 
Shrinkage, 
% 

Total 
Shrinkage, 
% 

Water 
Absorptio
n, % 

Porosity, 
% 

Bulk 
Density, 
Kg/m3  

1 C1001160 4.16 6.20 9.89 6.16 10.14 1640 
2 C1001180  5.80 9.50 6.29 6.9 1643 
3 C1001200  5.93 9.63 3.65 6.2 1671 
4 6310901160 3.87 2.12 5.78 14.55 23.42 1610 
5 6310901180  2.00 5.67 15.10 24.38 1614 
6 6310901200  1.63 5.30 9.93 17.07 1720 
7 6320801160 3.19 0.29 3.47 20.59 33.00 1619 
8 6320801180  0.71 3.44 22.22 36.00 1655 
9 6320801200  3.85 6.78 4.71 8.16 1735 
10 7510901160 3.48 2.10 5.50 15.62 21.30 1567 
11 7510901180  2.18 5.58 14.09 24.4 1733 
12 7510901200  2.96 6.33 10.60 6.41 1692 
13 7520801160 3.28 1.81 4.93 24.90 39.16 1611 
14 7520801180  3.40 6.48 25.8 44.1 1752 
15 7520801200  4.89 7.91 6.25 8.75 1684 
 

Table 6. The linear shrinkage of the samples 
S/N Sample Dry Shrinkage 

% 
Fired Shrinkage % Total Shrinkage % 

1 C1001160 4.16 6.20 9.89 
2 C1001180  5.80 9.50 
3 C1001200  5.93 9.63 
4 6310901160 3.87 2.12 5.78 
5 6310901180  2.00 5.67 
6 6310901200  1.63 5.30 
7 6320801160 3.19 0.29 3.47 
8 6320801180  0.71 3.44 
9 6320801200  3.85 6.78 
10 7510901160 3.48 2.10 5.50 
11 7510901180  2.18 5.58 
12 7510901200  2.96 6.33 
13 7520801160 3.28 1.81 4.93 
14 7520801180  3.40 6.48 
15 7520801200  4.89 7.91 
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Figure 7: The graph of the percentage shrinkage versus the samples used 

 
Figure 7 above shows the graph of dry shrinkage, fired shrinkage and total shrinkage percentages, from the 

graph, it could be observed that the reference sample, designated C100, consistently exhibited an excessive 
shrinkage of approximately >8.0%, which indicates cracking, distortion and dimensional inaccuracy [31]. 
However, subsequent samples indicate shrinkage values lower than 8% which are within the acceptable limits for 
ceramic composites [32]. Upon incorporation of  (GALS) shell particles into the clay matrix, shrinkage values 
generally decreased. This reduction can be attributed to the thermal decomposition of calcium carbonate (CaCO₃) 
into calcium oxide (CaO), which modifies the densification pathway of the composite and mitigates excessive 
contraction. 

Overall, shrinkage tended to decrease with increasing firing temperature, reflecting enhanced densification 
and improved microstructural consolidation at elevated thermal regimes. However, this trend was not uniform 
across all compositions and was influenced by both the weight percentage and particle size of the GALS inclusions. 
At 1200°C, samples 6320801200 and 7520801200 demonstrated relatively higher shrinkage values compared to 
other composites. The elevated shrinkage observed at this temperature is indicative of intensified densification, 
resulting in stronger interparticle bonding and improved structural integrity of the ceramic matrix [33]. 

  These findings highlight the potential dual role of GALS shell particles: while their decomposition 
contributes to shrinkage control at moderate firing temperatures, their interaction with the clay matrix at higher 
temperatures promotes densification, thereby enhancing mechanical stability and suitability for high-voltage 
insulator applications [34]. 

Table 7 presents the influence of firing temperature on the water absorption, porosity, and bulk density of the 
prepared ceramic composites. The data reveal a clear correlation between increasing firing temperature and 
improved densification behavior. Specifically, water absorption and porosity values decreased progressively with 
higher firing temperatures, reflecting the reduction of open pores and enhanced consolidation of the matrix. 
Conversely, bulk density increased with firing temperature, indicating the formation of a more compact 
microstructure. 

 
Table 7: The effect of firing temperatures on water absorption, porosity, and bulk density of the samples. 

S/N Sample Water Absorption (%) Porosity (%) Bulk Density 
(kg/m3) 

1 C1001160 6.16 10.14 1640 
2 C1001180 6.29 6.9 1643 
3 C1001200 3.65 6.2 1671 
4 6310901160 14.55 23.42 1610 
5 6310901180 15.10 24.38 1614 
6 6310901200 9.93 17.07 1720 
7 6320801160 20.59 33.00 1619 
8 6320801180 22.22 36.00 1655 
9 6320801200 4.71 8.16 1735 
10 7510901160 15.62 21.30 1567 
11 7510901180 14.09 24.4 1733 
12 7510901200 10.60 6.41 1692 
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S/N Sample Water Absorption (%) Porosity (%) Bulk Density 
(kg/m3) 

13 7520801160 24.90 39.16 1611 
14 7520801180 25.8 44.1 1752 
15 7520801200 6.25 8.75 1684 

 
Figure 8 illustrates the relationship between water absorption and porosity across the different sample 

compositions. The graphical trend confirms that both properties diminish as firing temperature rises, consistent 
with the onset of vitrification and glassy phase formation at elevated temperatures. Figure 9 further demonstrates 
the corresponding increase in bulk density, highlighting the role of GALS shell inclusions in promoting 
densification relative to the control sample (C100). 

This study showcases the effectiveness of incorporating GALS particles into clay matrices, as the composites 
exhibited superior densification and reduced porosity compared to pure clay. The results suggest that firing at 
1200°C yields optimal physical properties, positioning the GALS clay composites as promising candidates for 
high-voltage insulator applications. 

 

 
Figure 8: The graph of water absorption and porosity against the samples used 

 

 
Figure 9: The graph of Bulk density against the samples used 

 
As illustrated in Figure 8, the water absorption and porosity of the ceramic composites initially increased with 

firing temperature but exhibited a pronounced decline at 1200 °C. This behaviour reflects the onset of significant 
densification, whereby the microstructure becomes more compact and interconnected pores are effectively 
eliminated. The reduction in water absorption at this stage is particularly advantageous for electrical applications, 
as it enhances electrical resistance and ensures reliable insulation performance. Similarly, the decrease in porosity 
implies improved fracture resistance, supporting the maintenance of dielectric strength and stable insulation 
properties under service conditions. 
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Figure 9 presents the variation of bulk density with firing temperature. Bulk density, which serves as an 
indicator of compaction and mechanical integrity, is inversely related to porosity and water absorption. The 
observed increase in bulk density across all sample sets with rising firing temperature signifies stronger interparticle 
bonding and reduced void content, thereby imparting greater toughness and impact resistance. Notably, samples 
6310901200 and 6320801200 attained the highest bulk density values at 1200 °C, corroborating the densification 
trend observed in Figure 8.  

The results clearly illustrate the enhanced mechanical performance achieved under this firing condition, 
emphasizing the pivotal influence of GALS shell inclusions in strengthening both the structural integrity and 
functional characteristics of the composites. 

Taken together, the findings confirm that sintering at 1200 °C produces optimal physical properties namely, 
low water absorption, reduced porosity, and elevated bulk density, thereby establishing GALS clay composites as 
strong contenders for application in high-voltage electrical insulators. 
 
4.0 Conclusion 

This study examined the influence of firing temperature on the physical properties of ceramic matrix 
composites produced from mixtures of crushed GALS shells and clay. The composites were prepared at varying 
ratios and particle sizes, then fired at 1160 °C, 1180 °C, and 1200 °C. The specimens were characterized in terms 
of shrinkage, water absorption, porosity, and bulk density. 

The results demonstrated that firing temperature plays a decisive role in determining composite performance. 
At 1200 °C, all samples exhibited markedly reduced water absorption and porosity, accompanied by increased bulk 
density, reflecting significant densification and improved microstructural integrity. These changes are particularly 
advantageous for electrical applications, as low water absorption enhances electrical resistance, while reduced 
porosity supports fracture resistance and dielectric stability. The increase in bulk density further indicates stronger 
interparticle bonding and improved mechanical toughness. 

Overall, the findings confirm that GALS–clay composites fired at 1200 °C possess the requisite physical 
properties for high-voltage ceramic insulators. Beyond their functional suitability, the use of GALS shells offers 
an environmentally beneficial pathway by valorising biological waste and mitigating ecological challenges. This 
work therefore contributes to both sustainable materials development and the advancement of ceramic 
technologies for electrical insulation. 
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