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Abstract 

The effects of saw dust admixture on the physic-mechanical properties of sintered clay 

bonded carbonized palm kernel shell ceramic was investigated. Composite mixtures of 

powdered carbonized palm kernel shell and clay from Ifon deposit were produced using 

equal amount of clay and carbonized palm kernel shell. These were then mixed with 

varied amount of saw dust (0%, 5% and 10%) in a ball mill for 6 hours. From this 

standard sample specimens were produced using uniaxial compression after mixing 

each mixture with 10% moisture of clay contents. The compressed samples were 

sintered at 9500C and soaked for one hour. The sintered samples were characterized for 

various physic-mechanical properties using state of the art equipment’s. The fired 

samples were also characterized using ultra-high-resolution field emission scanning 

electron microscope (UHR-FEGSEM) equipped with energy dispersive spectroscopy 

(EDX). It was observed that the apparent porosity and water absorption of the clay 

bonded carbonized palm kernel shell ceramic increased with increased amount of saw 

dust admixture, cold crushing strength, Young’ modulus of elasticity and absorbed 

energy of the sample reduced with increased amount of saw dust admixture. It was 

concluded that the sample with 0% saw dust admixture is judged to possess optimum 

physic-mechanical properties. 
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dust admixture 

 

Introduction 

 

Porous ceramic materials with high mechanical stability have been produced via novel 

processing route, while retaining the intrinsic porosity of the porous powder from which they 

are manufactured [1, 2].  They have applications in various industrial areas, such as catalyst 

supports for heterogeneous chemical reactions, filters, membranes, thermal insulators, and bio 

ceramics. [3]. It has been reported that porous materials have porosity between 20% and 95% 

pore space of the total volume of the solid body [4]. Generally, pores are classified into two; 

open pores which are connected to the surface of the ceramic body, and closed pores which are 

isolated from the surface. 

The physical properties of such ceramic materials are dependent on the pore structure. 

Porosity have a great deal of influence on the chemical reactivity of solid and the physical 

interaction of solids with gases and liquids [4]. The conventional methods for producing porous 

cordierite ceramics include the solid-state sintering of individual oxides of magnesium, 

aluminium and silicon of the corresponding chemical composition of cordierite, or sintering of 

the natural raw materials such as kaolinite and talc or from fly ash, technical silica and feldspar 

with the MgO, Al2O3 and SiO2 content [5]. 

Many researchers have worked on clay bond carbon related ceramic. Oke et al., [6] 

worked on production and characterization of clay bonded carbon refractory from Ifon clay and 

spent graphite electrode. The varied the sintering temperature between 700°C and 900°C. They 

concluded that the samples sintered at 700°C possessed the optimum property. Similarly, 

Aramide and Oke [7] reported their findings on the production and characterization of clay 

bonded carbon refractory from carbonized palm kernel shell. They varied the clay contents 

between 40% and 60%, and fired their samples at 950°C. They concluded that the sample with 

60% clay content possessed the optimum property. The chemical and phase composition of the 

clay sample from Ifon deposit has been well discussed [8, 9].  

The aim of the present work is to investigate the effects of varying the pore volume of 

the ceramic sample on its physic-mechanical properties. 
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Materials and method 

 

The materials utilized in this research work are Ifon clay and Carbonized palm kernel 

shell. The Ifon clay was collected from Ifon (an area fond to be rich in fireclay), Ose Local 

Government Area of Ondo State (latitude 7O52`N and longitude 7O28`60 E). The clay lumps 

were crushed, grounded and sieved. 

 

Clay processing procedure 

 

This clay samples as obtained was soaked in water for three days to dissolve the clay 

and at the same time to form slurry. The resulting slurries were then sieved to remove dirt and 

other foreign substances using a sieve. These were then allowed to settle down for seven days 

after which the floating clear liquids were decanted. The settled fine clays is then poured into 

Plaster of Paris (P.O.P) moulds and left undisturbed for three days in other to allow the liquid 

present to drain out completely. The resulting plastic clay mass were sun dried and subsequently 

dried in a laboratory oven at 110°C for 24 hours to remove moisture content completely. The 

resulting dried clay samples were milled at 300 rev/ min for 4 hour to an average particle size 

of about 300μm. The carbonized palm kernel shell was produced as described by Ekpete and 

Horsfall [10], with the exception that the carbonization took place at 700°C. A mixture of clay, 

saw dust and carbonized palm kernel shell was made using ball-mill for six hours using the 

ratio shown in Table 1.  

The crucibles containing the samples were placed in a muffle furnace and then fired 

(sintered) at 950°C, held at the temperature for 1hr. The percentage weights ratio of the mix is 

presented in Table 1: 

Table 1. Percentage mass of representative samples 

Samples Carbonized palm kernel shell (%) Ifon clay (%) Saw dust 

A 50 50 0 

D 47.5 47.5 5 

E 45 45 10 

 

 Figure 1 shows the flow sheet for the methods. 
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Figure 1. Flow sheet of the method 

 

Each mixture was made thoroughly with a little addition of water to induce some 

plasticity. The samples were then compressed uniaxial inside a standard stainless steel die. The 

compressed samples were placed in a ceramic crucible, properly sealed to limit the amount of 

air that will be in contact with the samples during firing.  

 

Apparent porosity 

 

Produced clay bonded carbon refractory samples were dried for 12 hours at 110°C. The 

weight of the dried samples were taken and recorded as D. The samples were immersed in water 

for 6 hours to soak and weighed while been suspended in air. The weight was recorded as W. 

Finally, the specimen was weighed when immerse in water. This was recorded as S.  
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The apparent porosity will then be calculated from Eq. (1):  

𝑝 =
(W−D)

(W−S)
 x 100%        (1) 

Where: p – apparent porosity; W - represents weight of the suspended sample; D - represents 

weight of dried sample; S - represents weight of soaked sample. 

 

Cold compression strength (CCS) 

 

Cold compression strength test was used to determine the compression strength to 

failure of each sample, an indication of its probable performance under load. The standard 

samples were dried in an oven at a temperature of 110°C, and then allowed to cool. The cold 

compression strength test was performed on INSTRON 1195 at a fixed crosshead speed of 

10mm min-1.  

Samples were prepared according to ASTM D412 (ASTM D412 1983) and tensile 

strength of standard and conditioned samples can be calculated from the Eq. (2): 

𝐶𝐶𝑆 =
Load to Fracture

Surface Area of Sample
       (2) 

Where: CCS - represents cold compression strength of the sample; Load to Fracture - represent 

load or force that fractured the sample. 

 

Water absorption Test 

 

Water absorption tests were carried out following standard procedures. Samples of each 

composite grade were oven dried before weighing and the weights recorded were reported as 

the initial weight of the composites. The samples were then placed in distilled water maintained 

at room temperature (25°C) and at time intervals of 24h, the samples were removed from the 

water, cleaned using a dry cloth and weighed. The weight measurements were taken 

periodically at time intervals of 24h. The amount of water absorbed by the composites (in 

percentage) was calculated using the Eq. (3): 

% 𝑊𝑎𝑡𝑒𝑟 𝐴𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 =
Soaked wt – Dried wt 

Dried wt
    (3) 

Where: Soaked wt - represents weight of soaked sample; Dried wt - represents weight of dried 

sample. 
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Bulk density 

 

The test specimens were dried at 110°C for 12 hours to ensure total water loss. Their 

dry weights were measured and recorded. They were allowed to cool and then immersed in a 

beaker of water. Bubbles were observed as the pores in the specimens were filled with water. 

Their soaked weights were measured and recorded. They were then suspended in a beaker one 

after the other using a sling and their respective suspended weights were measured and 

recorded. Bulk densities of the samples were calculated using the formula below, Eq. (4):  

𝑏𝑢𝑙𝑘 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 =
D

(W−S)
       (4) 

Where: D - weight of dried specimen; S - weight of dried specimen suspended in water; W - 

weight of soaked specimen suspended in air. 

 

Qualitative and Quantitative XRD 

 

The samples were prepared for XRD analysis using a back loading preparation method 

[11]. They were analysed using a PANalytical X’Pert Pro powder diffractometer with 

X’Celerator detector and variable divergence- and receiving slits with Fe filtered Co-Kα 

radiation. The phases were identified using X’Pert Highscore plus software.  

The receiving slit was placed at 0.0400. The counting area was from 50 to 700 on a 2θ 

scale. The count time was 1.5 s. The temperature-scanned XRD data were obtained using an 

Anton Paar HTK 16 heating chamber with Pt heating strip. Graphical representations of the 

qualitative result follow below. 

The relative phase amounts (weight %) were estimated using the Rietveld method 

(Autoquan Program) as reported by Young et al [12]. Amorphous phases, if present were not 

taken into consideration in the quantification.  

 

Results and discussion 

 

Figures 1, 2, 3, 4, 6 and 7 show the effects of saw dust admixture on the various physic-

mechanical properties of the samples while Table 2 shows the physic-mechanical properties of 

the various samples as affected by the amount of saw dust admixture.  
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Table 2. Physic-mechanical property of the samples 

Percentage 

Saw dust 

(%)  

Apparent 

Porosity 

(%) 

Bulk 

Density 

(g/mm3) 

Water 

Absorption 

(%) 

Absorbed 

Energy  

(J) 

Cold Crushing 

Strength  

(MPa ) 

Young’s 

Modulus 

(MPa ) 

0 5.15 2.27 3.04 3.7720 226.100 19103.0 

5 21.80 2.01 13.31 1.7220 76.700 6394.0 

10 22.00 1.79 13.54 1.4593 24.9 3400.8 

 

Figure 2 and Table 2 show the effect of percentage saw dust admixture on the apparent 

porosity of the ceramic samples. From the Figure 2, it is clearly seen that the apparent porosity 

of the sample increases with increased saw dust admixture. The apparent porosity of the sample 

 

 
Figure 2. Effect of percentage saw dust content on the apparent porosity of the samples 

 

was 5.15% when the was no saw dust in the it (at 0% saw dust), it then increased rapidly to 

21.80% and 5% saw dust admixture was added to the sample, further increase in the saw dust 

admixture to 10% only resulted into the apparent porosity slightly increase to 22%. This is 

because when the ceramic samples were subjected to sintering, the saw dust particles in the 

samples would burn off, leaving pores within the ceramic body as postulated by Aramide, 2012 

[2]. The more the saw dust admixture the more pore spaces would be left behind after sintering 

of the ceramic samples [13, 14].  

Figure 3 and Table 2 show the effect of percentage saw dust on the bulk density of the 

ceramic samples. 
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Figure 3. Effect of percentage saw dust on the bulk density of the samples 

 

From the Figure 3, it is observed that the bulk density of the samples decreased with 

increased amount of saw dust admixture. The bulk density of the was 2.27 g/cm3 when the saw 

dust admixture was 0%, it reduced to 2.01 g/cm3 as the saw dust admixture was increased to 

5%. Further increase in the saw dust admixture resulted into further reduction in the bulk density 

of the sample to 1.79 g/cm3. As earlier discussed, the saw dust got burnt off when the samples 

were subjected to firing, this leave pores within the ceramic body. The more the pore (porosity) 

the less matter is contained in the sample; hence the reduction in the bulk density as the saw 

dust admixture is increased [2]. 

Figure 4 and Table 2 depict the effect of percentage saw dust on the water absorption of 

the samples. 

 
Figure 4. Effect of percentage saw dust on the water absorption of the samples 

 

From the Figure 4, it is observed that the relationship between water absorption of the 

samples and saw dust admixture follows the same trend with of the apparent porosity and the 
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saw dust admixture. The water absorption of the samples increased with increased saw dust 

admixture in the samples. Water absorption of the sample was 3.04% when the saw dust 

admixture was 0%. It increased sharply to 13.31% when the saw dust admixture was increased 

to 5%. Further increase in the saw dust admixture to 10% leads to a slight increase in the water 

absorption of the sample.  This is because the amount of saw dust admixture is directly related 

to the amount of pores spaces left after sintering the samples. It is a general knowledge that 

pores are classified into two; open and closed pores. There are also pores that are open to the 

surface on one end only but closed on the other end. The water absorption of the samples are 

directly dependent on the open pores but not on the closed pores. 

Figure 5 and Table 2 show clearly the effect of percentage saw dust on the cold crushing 

strength of the samples. 

 
Figure 5. Effect of percentage saw dust on the cold crushing strength of the samples 

 

From the figure 5 it can be seen that the cold crushing strength of the samples reduced 

with increased amount of saw dust admixture. It is observed that the cold crushing strength of 

the sample was 226.1 MPa when the amount of saw dust admixture was 0% it reduced to 76.7 

MPa when the saw dust admixture was increased to 5%. Further increase in the amount of saw 

dust admixture leads to further reduction in the cold crushing strength of the samples. This is 

because with increase in the amount of saw dust admixture, the porosity of the sample increased 

[15] as discussed earlier.  

Figure 6 shows the effect of apparent porosity on the cold crushing strength of the 

samples. 
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Figure 6. Effect of apparent porosity on the cold crushing strength of the samples 

 

It is also clearly depicted in Figure 6 which shows the corresponding influence of the 

apparent porosity (consequence to increased saw dust admixture) on the cold crushing strength 

of the sample. From the figure 6, it is observed that the cold crushing strength of the samples 

reduced with increased apparent porosity. Increase in apparent porosity of the samples means 

there are less matter available in the sample to bear the load applied in determining cold 

crushing strength, hence it will bear less load [2, 16]. 

Figure 7 shows the effect of percentage saw dust on the Young’s Modulus of elasticity 

of the ceramic samples. 

 
Figure 7. Effect of percentage saw dust on Young's Modulus of elasticity of the samples 

 

From the figure 7, it can be observed that the Young’s modulus of the samples decreased 

with the increase in the amount of saw dust admixture. The Young’s modulus of the sample 

was 19103 MPa when the saw dust admixture was 0%, it reduced to 6394 MPa as the amount 
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of saw dust admixture was increased to5%. Further increase in the saw dust admixture to 10% 

lead to the Young’s modulus being further reduce to 3400.8 MPa. This means that increase in 

the amount of saw dust admixture (and consequently increase in the apparent porosity) leads to 

reduction in the stiffness of the samples [17, 18, 19]. 

Figure 8 depicts the effect of percentage saw dust admixture on the absorbed energy of 

the sample. 

 
Figure 8. Effect of percentage saw dust on the absorbed energy of the samples 

 

From the Figure 8, it is seen that the absorbed energy of the samples followed the same 

trend followed by the cold crushing strength and Young’s Modulus of the sample with the 

increase in the amount of saw dust admixture. It can be observed that the absorbed energy of 

the samples reduced with increased amounts of saw dust admixture. The absorbed energy of 

the sample was 3.772 J when the saw dust admixture was 0%, it was reduced to 1.722 J when 

the saw dust admixture was increased to 10%. Further increase in the saw dust admixture 

resulted in the absorbed energy being reduced to 1.4593 J. 

Figures 9, 10 and 11 show the scanning electron microscope (SEM) images and the 

electron dispersive spectroscopy (EDS) of the samples with 0%, 5% and 10% saw dust 

respectively. From these figures the pores volumes in each could be compared.  

1,4

2

2,6

3,2

3,8

0 2 4 6 8 10 12

A
b

so
rb

e
d

 E
n

e
rg

y 
(J

)

Percentage Saw dust (%)



Effects of varied porosity on the physic-mechanical properties of sintered ceramic from Ifon clay 

Fatai Olufemi ARAMIDE and Patricia Abimbola POPOOLA  
 

156 

  
 

 

Element Weight (%) Atomic (%) 

C 13.80 20.69 

O 53.76 60.49 

Na 0.40 0.31 

Mg 0.87 0.64 

Al 8.60 5.74 

Si 14.20 9.10 

P 0.24 0.14 

K 1.42 0.65 

Ca 0.64 0.29 

Ti 0.33 0.12 

Fe 4.95 1.60 

Cu 0.78 0.22 

Totals 100.00  
 

Figure 9. SEM/EDS images and data of clay bonded carbonized palm kernel ceramic samples 

with 0% saw dust admixture 

 

It could be observed that pores could hardly be seen in the sample with 0% saw dust 

admixture (Figure 9). 
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Element Weight (%) Atomic (%) 

C 41.19 53.11 

O 38.73 37.50 

Mg 0.47 0.30 

Al 3.50 2.01 

Si 8.08 4.46 

P 0.42 0.21 

K 0.94 0.37 

Ca 1.82 0.70 

Fe 4.85 1.34 

Totals 100.00  

Figure 10. SEM/EDS images and data of clay bonded carbonized palm kernel ceramic 

samples with 5% saw dust admixture 

 
 

 

 

Element Weight (%) Atomic (%) 

C 53.29 63.89 

O 33.62 30.25 

Mg 0.71 0.42 

Al 2.53 1.35 

Si 4.86 2.49 

P 0.33 0.15 

K 0.15 0.05 

Ca 2.16 0.78 

Ti 0.19 0.06 

Fe 2.18 0.56 

Totals 100.00  

Figure 11. SEM/EDS images and data of clay bonded carbonized palm kernel ceramic 

samples with 10% saw dust admixture 

 

Moreover, it could be observed from the EDS data that the carbon contents in the 

samples also increased with percentage saw dust admixture. This could be attributed to the 
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carbonization of the sawdust admixture after sintering/firing leaving behind within the ceramic 

matrix carbon residue of the sawdust. 

 

Conclusions 

 

From the data discussed, it could be concluded that: apparent porosity and water 

absorption of the clay bonded carbonized palm kernel shell ceramic increased with increased 

amount of saw dust admixture. Cold crushing strength, Young’ modulus of elasticity and 

absorbed energy of the sample reduced with increased amount of saw dust admixture. The 

sample with 0% saw dust admixture is judged to possess optimum physic-mechanical 

properties.  
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