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Abstract  
Clay deposit abounds in large number of spots within and around Mbayion, Gboko local Government Area. 
However this clay is rarely exploited for major uses but only for the production of locally made traditional pots 
and bricks. It is in view of this, that Mbayion clay samples were obtained for characterization for its suitability 
in the production of ceramics stoneware, burnt bricks making, floor tiles and flower pots. This would not only 
brings about investment but also contribute to the employments of our teeming youth population into various 
ceramics skills acquisition jobs. The samples were analysed for plasticity, shrinkage, loss on ignition and 
chemical composition employing standard methods. Results of analysis showed that chemical composition of 
the clay was SiO2 (68.478+ 1.464%); Al2O3 (14.947+ 0.027%); Fe2O3 (8.968+ 1.773%); K2O (2.405+ 0.020%); 
Na2O (0.034 + 0.021%); CaO (1.1615+ 0.186%);MgO (1.143+0.025%);SO3(0.021+ 0.020%) and pH(6.58 + 
0.174). Physical analysis showed a mean modulus of plasticity to be 2.54kgf/cm3,mean percentage making 
moisture (20.85%) and % total shrinkage ranged from 10.67- 12.17 over a temperature  range of 900-1100oC. 
Comparison of this result with other research indicates that Mbayion clay could be useful for manufacture of 
some ceramic industrial products like floor tiles, flower pots, stoneware and burnt bricks. 
__________________________________________________________________________________________ 
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INTRODUCTION 
Clay is an abundant fine earthly powder textured 
earth material produced from the weathering and 
disintegration of granite and feldspathic rocks which 
is plastic on wetting but becomes hard when dry 
(Idenyi et al, 2003; Amaefule, 1990). Clay has been 
reported to be abundant in soils, sedimentary rocks 
and hydrothermal deposits (Idenyi, 2003).This view 
is often misconceived with that of clay minerals 
(Lopez-Galindo et al., 2007). Clay mineral refers to a 
family (Phyllosillicates) which consists of hydrated 
Alumino-silicates having a considerable amount of 
the elements; Mg, K, Ca, Na, Fe and at times Ti, Mn 
or Li (Lopez-Galindo et al., 2007). 
 
Clay materials are basically divided into three 
groups; Those that contain mainly Kaolinites which 
are white, grayish-white or slightly colored becoming 
darker and plastic when moistened with water 
(Lopez-Galindo et al., 2007; Nwoye, 2010).The 
second group are those that contain mainly 
Montmorillonite and the third group of clays are the 
intermediate product of disintegration of mica into 
kaolin (Nwoye, 2010). Ceramic product behavior 
depends greatly on the composition, grain size, grain 
distribution, grain structure and pores (Arisa, 
1997).In addition, Nwoye (2003) has shown that 
grain size and distribution of clays tend to have effect 
on their physical properties and technological 
properties such as binding ability, shrinkage and 

plasticity. Furthermore shrinkage has been related to 
rupture in fired clay increased while there is decrease 
in porosity (Bergaya et al, 2006; Nwoye, 2008). The 
chemical constituents of clay help to ascertain their 
usage .The presence of Fe2O3, MgO, CaO, Na2O 
(mineral oxide) in clay sample determines its uses in 
bricks, floors tiles and paper making (Kefas, 2007). 
While the presence of Na2O, K2O and CaO (Alkali 
metal oxides) help to indicate refractory potential 
hence making clays suitable for ceramic products. 
Clay has also being applied in pharmacy and 
cosmetics though such clay materials have variable 
composition (Lopez-Galindo, 2007). 
 
Clay deposits have been identified in many regions in 
Nigeria though with differing properties probably 
owing to geological differences (Kefas et al., 2007). 
Furthermore several studies have been done on clay 
soils around Nigeria. They include Mayo-Belwa in 
Adamawa (Kefas et al., 2007), Kachia, Kafanchan, 
Wusasa in Kaduna (Manukaji,2013);Sheda, Abaji 
and Karimu in Abuja (Manukaji,2013); Olokoro, 
Ukpor, Otamiri and Nsu in South eastern Nigeria 
(Nwoye,2010)[3], Abakiliki in Ebonyi (Nweke et 
al.,2007),clay deposits in Ekiti, south-west Nigeria 
(Omoniyi,I.M et al.,2013) and Ugbegun clay deposit 
in Edo central Nigeria (Ogbebor et al.,2010) amongst 
others .In Benue State of Nigeria, clay deposit 
abounds in large number of spots especially  within 
and around Mbayion, Gboko local Government Area. 
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However this clay is rarely exploited for major uses 
but only for the production of locally made traditional 
pots and bricks (Kefas et al., 2007; Manukaji, 2013). 
It is in view of this, that Mbayion clay samples were 
obtained by the author for characterization for its 
industrial potentials to see its suitability in the 
production of ceramics stoneware, burnt bricks 
making, floor tiles and flower pots. This would not 
only brings about investment in the area but also 
contribute to the employments of our teeming youth 
population into various ceramics skills acquisition 
jobs. However, this research work is limited to 
investigating some physico-chemical properties of 
Mbayion clay deposits only for its industrial 
potentials. 
 
MATERIALS AND METHODS 
Sample Collection 
Clay samples were collected from three point coded 
T1, T2 and T3 within an area covering 200m2 in 
Mbayion, Gboko Local Government of Benue State, 
North Central Nigeria. The clay samples were 
obtained from the points using plastic shovel at a 
distance of 20m apart, in a triangular fashion and a 
depth of 30cm. (fig.1) 
                                         T1 
  
            
            
 
 
              T2                                                 T3                                  
Fig.1: showing sampling collections method. 
 
Sample Preparation 
About 2.5kg of the samples collected were 
aggregated and air dried for four days. The dried 
samples were then grinded manually using a mortar 
and a pestle to homogenize the particle sizes. The 
grinded clay sample was then packaged in a clean 
polythene bag ready for analysis. 
 
METHODOLOGY 
Physical Analysis of the Clay Samples 
Determination of plasticity, Shrinkage Tests, pH 
and Loss on Ignition 
Plasticity was determined by weighing 60g of the 
clay samples into a little amount of water. The 
moistened clay was then molded into a cylindrical 
shape using a cylindrical mould. The molded clay 
was then deformed by dropping a flat headed plunger 
of known weight from a fixed height. The distance 
travelled by the plunger was then read from the 
graduated scale. The modulus of plasticity was then 
obtained from the relationship. 
MOP= original height/Deformed height 
While the percentage making moisture was obtained 
from the relationship; 
% Making moisture= wet weight-Dry weight/Net 
weight X100 

Shrinkage test was carried out based on the method 
employed by Kefas et al (2007) with slight 
modifications. pH was determined by standard 
methods using a pH meter (Pye Unicam model 290). 
Loss of ignition was determined by weighing 50g of 
the pulverized sample into a clean dry platinum 
crucible using an analytical balance (model 
PM4000). The crucible containing the clay sample 
was placed in an oven at a temperature of 650oC for 4 
hours to obtain the loss on ignition. The process was 
repeated until a constant weight was attained for all 
the samples and the results recorded.  
 
Chemical Analysis of the Clay Samples 
Chemical analysis for metal oxides was carried out 
using X-Ray fluorescence spectrophotometer (XRF) 
Model 9900 Intel high power series). To a specific 
amount of each of the pulverized clay samples, a 
binder (PVC dissolved in toluene) was added 
carefully, mixed and pressed in a hydraulic chamber 
to form a pellet. The pellet was then loaded into the 
sample chamber (Analyzer) of the spectrophotometer 
and a voltage (30 KV maximum) and a current (1mA 
maximum) was applied to produce the x-rays. The 
analyzer was then calibrated using the software 
attached to it and run for about 30-60 seconds and the 
result automatically printed out. The process was 
repeated until all the samples were analyzed. 
 
RESULT AND DISCUSSION 
 Table 1 showed that the mean concentration of the 
chemical constituents in the clay samples. The results 
shows that SiO2 has the highest value 
(68.478±1.464%) followed by Al2O3 
(14.942±0.027%), Fe2O3 (8.968±1.773%) and trace 
amount of SO3, K2O, Na2O, MgO and CaO.  Silica 
may exist clay in a free form (SiO2) and as 
compounds owing to its presence in a mixture with 
other elements like Al2O3 forming Kaolinite (Al2 
(Si2O5)(OH)4) in the feldspar group (Johari et al., 
2011). The high concentration of silica (SiO2) and 
Alumina (Al2O3) in the clay sample could indicate 
that it is kaolinite clay. Furthermore, clay materials 
that have a dominance of silica and alumina are often 
used for floor tile manufacture (Nwajugu et al., 2001 
Bergaya et al, 2006 ;). In addition, high silica value 
makes such a clay material potential source for brick 
production. This agrees with the fact that the region 
from which clay materials were sourced from used 
more of burnt bricks than cement bricks (Nweke, 
2007). 
 
The red color that clay manifests after firing is based 
on the presence of Fe3+ ions (Fe2O3) in it’ s 
composition.  The quantity of Fe2O3 in the clay 
sample was found to be 8.968%. The quantity in the 
sample though small compared to silica and alumina 
shows that on firing the grey color of the clay would 
become red. This was observed on the shrinkage test 
whereby the color deepened as temperature was 
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raised from 900-1100oC and giving % total shrinkage 
of 10.67%-12.17%. 
 
The lower content of K2O (2.405 ±0.045%), Na2O 
(0.034±0.021%), MgO (1.143±0.025%) and CaO 
(1.615±0.186%) indicates that the Mbayion clay 
could be useful as refractory materials. Ibrahim and 
Biliaminu (2010) had defined refractory material as 
materials that will retain their physical and chemical 
nature when subjected to heat at high temperatures. 
They recommended fire clay, ball clay, kaolin and 
bentonites as refractory materials. The presence of 
alkali oxides have been linked to plasticity 
characteristics of the clay (Nnuka and Enejor, 2001; 
Bergaya et al, 2006). The study shows modulus of 
plasticity to be 2.54kgf/cm3 on the average. 
 
The loss on ignition for the clay materials was 
determined to be 80.3% indicating that about 19.7% 
water was left after four hours of heating. This 
implies that the pores are so closely knit within the 
clay samples that they tend to hold moisture 
molecules within the clay complex. This   value of 
19.7% water left in the sample after heating for four 
hours corroborate the values for % making moisture 
(20.85% within a difference of 1.15%). The pH was 
also found to be 6.58. Despite the presence of alkali 
metal oxides which could have shown the clay to be a 
basic material, the weakly acidic nature as shown by 
the pH value could be attributed to the presence of 
SO3(0.021%) which may have dissolved in the 
moisture to give H2SO4.(Nweke,2007). 
 
CONCLUSION 
The study has shown that the Mbayion clay sample 
has high silica and Alimina content which makes it 
kaolinite clay. Furthermore the moderately lower 
content of alkali oxides (CaO, MgO, K2O and Na2O) 
in the clay qualifies it for use as refractory materials 
Kilns lining and for the manufacture of floor tiles and 
bricks making. These potentials therefore qualify the 
exploration of this Mbayion clay deposits for 
Industrial applications by the Benue state government 
for economic development and job creation for our 
teeming graduates.  
 
Table 1: Shows percentage mean concentration of 
metal oxides in Mbayion clay sample 
 
Metal oxides 

                                   
           Mean Concentration (%) 

SO3                                                        0.021 + 0.020 
K2O                                                        2.405 + 0.045 
Na2O                                                      0.034 + 0.021 
MgO                                                       1.143 + 0.025 
Al2O3                                                     14.942 +0.027 
Fe2O3                                                      8.968 + 1.773 
CaO                                                        1.615 + 0.186 
SiO2                                                       68.478 + 1.464 
pH                                                          6.58 + 0.1740 

 
Fig.2: Bar-chart showing percentage concentration of 
metal oxides in Mbayion clay sample 
 

 
Fig.3: Shows percentage total shrinkage of clay 
sample 
 
Table 2: Shows results of percentage making 
moisture 
Sample 
point 

Wet 
weight(g) 

Dry 
weight(g) 

Net 
weight 
(g) 

%making             
Moisture 

1                         72.68                      60.21                   
60.00                    20.78 
2                         73.97                       61.22                   
60.00                    21.25 
3.                        74.54                        61.91                   
60.00                   20.53 
Average percentage making moisture =20.85% 
 
Table 3: Shows result of modulus of plasticity 
Sample 
points 

Deformation 
height(cm) 

Original 
height(cm) 

Modulus of 
plasticity 
(Kgf/cm3) 

1                      4.82                              12.27                              2.55 
2.                     4.84                              12.31                              2.54 
3                      4.86                              12.30                               2.53 
Average modulus of plasticity= 2.54kgf/cm3 
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Table 4: Shows results for Shrinkage tests  
Temp(oC) Original 

height(cm) 
Dry length (cm) Fired 

length(cm) 
%fired 
shrinkage 

% wet-dry 
shrinkage 

%total 
shrinkage 

color 

900                    6                         5.66                       5.36               5.30              5.67            10.67          L.R           
1000                  6                         5.71                       5.32               6.82              4.83            11.33         D.R 
1100                  6                         5.76                       5.27               8.51              4.00             12.17         D.R 
L.R-light red , D.R-Deep red   Dr.R-Deeper red                     Average % total shrinkage=11.79% 
 
Table 5: Shows result for loss on ignition 
                             Weight of samples (g) 
Heating 
intervals 

1 2 3     Mean 
weight (g) 

One hour            40.90       39.90        40.89            40.56 
Two hours         39.89        39.86       39.88            39.88 
Three hours       18.85        19.55       19.45             19.35 
Four hours         9.85            9.84         9.85              9.85 
% loss= 50-9.85 X 100 
                50   X     1              = 80.3% 
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