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ABSTRACT 
 

This study is designed to investigate the suitability of selected Nigeria clay deposit for Clay based 
ceramic water filters (CWFs). Clay samples were collected from five randomly selected locations 
within Nigeria Namely: Ibafo in Lagos state, Ondo in Ondo state, Ilesha in Osun state, Ajebo in 
Ogun state and Kumbuso in Kano state to determine their suitability for Clay based ceramic water 
filters (CWFs). Experimental analysis for Liner shrinkage, water absorption, bulk density, 
compressive strength X-ray diffraction (XRD) and X-ray Fluorescence (EDXRF) were carried out on 
each of the clay samples. Test results reveals that all the clays were kaolinite in nature, containing 
high contents of alumina (Al2O3) and silica (SiO2) with minor contents of P2O5, Fe2O3, MgO, K2O, 
MnO and TiO2. The average crystal sizes of the clay were between 8.96 nm and 19.68 nm, lattice 
structure indicates that the sample were Monoclinic, Anorthic and Hexagonal. Ceramic water filters 
(CWFs) were made from a mixture of the various clay samples and sawdust at different volume 
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ratios, and processed into test samples. Water absorption, linear shrinkage, flow rate and 
compressive strength of the clay based ceramic filters (CWFs) reveals that as the volume ratio of 
sawdust increases these properties decreases. The research indicated that Lagos clay has highest 
strength and flow rate and thus lagos and Ogun clay can be recommended for use in Clay based 
ceramic water filters production. 
 

 
Keywords: Clay; ceramic water filters (CWFs); X-ray diffraction; X-ray fluorescence. 
 
1. INTRODUCTION  
 
Clays (and clay minerals) are products of in situ 
alteration or alternatively deposited as sediment 
during erosional cycle or developed in situ as 
antigenic clay deposit [1]. The uses of clay are 
ubiquitous and diverse. On a global scale, clays 
are of major economic significance. They are 
applied in virtually every aspect of our daily lives. 
The applications range from medicines to 
cosmetics, from drilling fluids to paint, and from 
paper to cups and saucers. It is very difficult to 
over-estimate their use and importance [1,2]. 
 
The complex nature of clay makes its study and 
findings an ever fresh area of interest especially 
to the world of science. Clay bodies are widely 
distributed on the Precambrian basement 
complex of Nigeria [3,4]. Clays occur in deposits 
of greatly varying nature. No two deposits have 
exactly the same clay and frequently different 
samples of clay from the same deposit differ [5]. 
 
Clay based ceramic water filters (CWFs) are 
usually produced by mixing of clay, sawdust 
(woodchips) and water [6]. Although porous 
CWFs have been used successfully in the field 
[7-10] for over a decade, the suitability and 
utilization of the vest Nigeria clay deposit cannot 
be over emphasized. Thus, the present study is 
designed to investigate the suitability of selected 
Nigeria clay deposit for Clay based ceramic 
water filters (CWFs) 
 
2. MATERIALS AND METHODS 
 
2.1 Sample Preparation 
 
Samples were collected from five randomly 
selected locations within Nigeria Namely: Ibafo in 
Lagos state, Ondo in Ondo state, Ilesha in Osun 
state, Ajebo in Ogun state and Kumbuso in Kano 
state.  
 
The collected samples were dried in open air, 
after which, the samples were manually crushed 
into thin particles using a mortar and pestle, and 
then levitated using the water extraction method. 

The clay samples were mixed with distilled water 
and thoroughly stirred and allowed to hydrate for 
several hours and latter decanted this process is 
repeated until purer clay is obtained. The 
samples were sun dried and subsequently dried 
in a laboratory oven at 110°C for 24 hours. The 
resulting dried clay samples were pulverised and 
sieve with a digital octagon sieve shaker BS/ISO 
3310 to an average particle size of 150 µm, and 
label as processed clay (PC), and sent for 
analysis. 
 

2.2 Clay Based Ceramic Filters Formation 
 
Each of the clay samples were mixed with 
sawdust in five (5) different ratios into 
homogenous paste using an electronic mill, with 
water as the binding agent. The resulting mixture 
(clay, sawdust and water) was form into 
cylindrical, flat and cubes slabs; it was there after 
dried in laboratory air (temperature of 105°C, 
humidity of 40%) for 24 hours. After drying, the 
samples were sintered in a muffle furnace. The 
firing involved pre-heating of the sample to 450-
500°C (to burn off the sawdust), followed by 
heating to the sintering temperature of 850°C for 
six hours in the same muffle furnace. 
 
2.3 Materials Characterization 
 
2.3.1 Determination of linear shrinkage 
 
The Clay samples were made into flat bars of                
12 cm x 3 cm x 1 cm was dried at room 
temperature for 14 days, after which the final 
length was measured. Total percentage 
shrinkage was determined using the formula;  
 

% linear shrinkage = 
  

initial length – final length x 100% 
 Initial length                                         (1) 

 
2.3.2 Water absorption 
 
Flat bar of clay samples were first weighed using 
an electronic weighing balance, soaked in a bowl 
of water for 24 hours. Each was then removed 
from water, allowed to drip and the remaining 
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was gently wiped to ensure that no water was 
attached to the surface and was re-weighed 
again. The difference in weight was then used in 
computing the percentage water absorption 
applying the formula below: 
 

% Water Absorption =  
  
soaked weigth – dry weigth  x 100%  
 Dry weigth                                            (2) 

     
2.3.3 Compressive strength 
 
The compressive strength was determined using 
the Instron Universal Tester Model No: 3069, 
with a compressive load rate of 70 N/min. 
 
2.3.4 X-ray diffraction analysis 
 
The X-ray diffraction (XRD) was monitored using 
X-ray diffractometer GBC EMMA, CuKα radiation 
using an acceleration voltage of 25 kV and 
current of 400 µA. The diffraction angle was 
scanned from 10° to 65° 2 θ, at a rate of 
4.00°/min. 
 
2.3.5 Elemental characterization 
 
The quantitative analysis of chemical 
components of both processed and unprocessed 

clay was done using EDX 3600B Energy 
Dispersive X-ray Fluorescence (EDXRF) 
spectrometer.  
 
2.3.6 Flow rate analysis 
 
Prior to the water flow experiments, the CWFs 
were saturated by complete submersion in a vat 
containing distilled water. The ceramic pot was 
first placed into a plastic receptacle that was 
fitted with a large plastic funnel. The filter and 
receptacle-funnel were suspended above an 
empty collection bucket. A known volume of 
distilled water was poured into the CWF, and the 
volume of the water that flowed into the collection 
bucket was measured. The flow rates were 
obtained by measuring the volume of water 
discharged from the CWFs as a function of time. 
 
3. RESULTS AND DISCUSSION 
 
3.1 X-Ray Diffraction Analysis 
 
X-Ray Diffraction Analysis, showing the average 
crystal size and lattice structure parameter of the 
clay samples are shown in Table 1, while the X-
raw diffraction spectral are shown in Fig. 1 
below. 

 

 
 

Fig. 1. X-Ray diffraction of selected clays 
 

Table 1. Average crystal size and lattice structure parameter of clay XRD 
 
Property Lagos Ondo Osun Ogun Kano 
Average crystal size (nm) 19.68 14.88 8.96 19.65 19.03 
Lattice structure Monoclinc Monoclinic Anorthic Anorthic Hexagonal 
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3.2 Elemental Analysis 
 
From Table 3, the observed large amount of 
silica, alumina and iron contents suggests that 
the clays could be used for a variety of purposes. 
The results as showed in Table 3 indicated that 
the presence of Aluminum oxide of the order of 
between 40-45% makes them to fall under the 
class of Alumino-Silicate refractories (Hassan et 
al. 1993). These values are comparable to                  
those obtained for residual and secondary clays 
from other parts of Nigeria, on the other                      
hand CaO concentrations were less than 0.4%, 
and are lower than those of other Nigerian Clay 
[11]. The high Potassium oxide shows that                
there is high Mica content and this is good for 
casting. 
 
3.3 Physical Parameters of Raw and 

Blended Clay 
 
The ratio of clay-sawdust are shown in Table 3 
below, while Table 4 shows test result of Bulk 
density, linear shrinkage, water absorption and 
compressive strength of both raw and blended 
clay are shown in Table 3. 

Water absorption shown in Fig. 2, indicate that 
as the volume ratio of sawdust increases the 
water absorption of blended clay increases, this 
might be due to the hydophillic nature of 
sawdust. However, Kano clay has the highest 
water absorption at 60% sawdust content, 
followed by Ogun, while Lagos clay has the 
lowest water absorption rate. 
 
Liner shrinkage results shown in Fig. 3, indicate 
that Clay from osun has the highest percentage 
shrinkage value, followed by clay from ondo, 
while Lagos clay shows a relative low Liner 
shrinkage rate as sawdust volume fraction 
increases. 
 
Compressive strengths are generally attributed to 
stress concentration phenomena [12,13]. As 
shown in Fig. 4, compressive strength was 
observed to decrease linearly (R2 = 0.8803) with 
increasing porosity caused by the addition of 
different volume ratio of sawdust, Similar trends 
have been observed by other researchers [14-
16]. Clay samples from lagos shows superior 
strength compare to other clay sample used for 
this research. 

 
Table 2. Elemental characteristics of clay sample 

 
Element Lagos Ondo Osun Ogun Kano 
Al2O3 51.468 40.637 45.596 47.424 36.070 
SiO2 30.663 45.637 39.911 39.954 49.117 
P2O5 0.162 0.117 0.175 0.128 0.183 
SO3 0.573 0.432 0.705 0.508 0.374 
K2O 1.118 0.406 1.098 1.299 1.770 
CaO 0.051 0.060 0.056 0.084 0.166 
TiO2 0.948 0.859 1.057 0.141 1.458 
MnO 0.003 0.128 0.032 0.183 0.023 
FeO 0.850 5.956 3.594 0.866 4.631 
Ni2O 0.080 0.054 0.046 0.066 0.061 
CuO 0.063 0.035 0.056 0.061 0.034 
ZnO 0.121 0.063 0.087 0.069 0.089 
Mo 0.150 0.149 0.187 0.231 0.195 
*LOI 13.75 5.467 7.400 8.986 5.829 

*LOI: Loss on Ignation 
 

Table 3. Ratio of clay-sawdust from different location 
 

Locations Clay: Sawdust 
Lagos Ondo Osun Ogun Kano 100:0 
La(a) Od(a) IL(a) Aj(a) Kn(a) 70:30 
La(b) Od (b) IL (b) Aj (b) Kn(b) 65:35 
La(c) Od (c) IL (c) Aj (c) Kn(c) 55:45 
La(d) Od (d) IL (d) Aj (d) Kn(d) 50:50 
La(e) Od (e) IL (e) Aj (e) Kn(e) 40:60 
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Table 4. Physical parameters of blended clay 
 

Locations Lagos La(a) La(b) La(c) La(d) La(e) 
Water absorption (%) 25.22 28.51 31.2 36.86 45.10 48.15 
Liner shrinkage (%) 7.31 7.26 7.17 7.03 6.970 6.11 
Flow rate (L/hr) 0.00 0.047 0.054 0.072 0.098 0.131 
Compressive strength (Mpa) 14.66 12.58 10.56 7.58 5.49 3.99 
Locations Osun IL(a) IL(b) IL(c) IL(d) IL(e) 
Water absorption (%) 22.77 40.92 45.47 48.3 49.66 60.36 
Liner shrinkage (%) 12.50 10.97 10.06 9.95 8.88 8.72 
Flow rate (L/hr) 0.00 0.017 0.037 0.064 0.078 0.09 
Compressive strength (Mpa) 13.74 11.71 9.37 6.84 4.78 2.09 
Locations Kano Kn(a) Kn(b) Kn(c) Kn(d) Kn(e) 
Water absorption (%) 15.77 38.9 40.35 42.57 52.09 76.52 
Liner shrinkage (%) 0.00 0.048 0.052 0.066 0.087 0.091 
Flow rate (L/hr) 0.017 0.037 0.064 0.078 0.090 0.017 
Compressive strength (Mpa) 13.65 11.51 9.89 6.69 4.73 3.09 
Locations Ondo Od(a) Od(b) Od(c) Od(d) Od(e) 
Water absorption (%) 27.41 41.38 44.19 56.12 60.83 61.6 
Liner shrinkage (%) 13.70 10.07 10.02 9.18 8.77 7.77 
Flow rate (L/hr) 0.00 0.025 0.034 0.065 0.085 0.091 
Compressive strength (Mpa) 12.26 11.16 9.90 6.53 4.85 2.19 
Locations Ogun Aj(a) Aj(b) Aj(c) Aj(d) Aj(e) 
Water absorption (%) 31.22 44.37 48.41 49.86 55.59 71.84 
Liner shrinkage (%) 9.47 9.21 8.90 8.72 8.60 8.40 
Flow rate (L/hr) 0.00 0.016 0.043 0.052 0.062 0.087 
Compressive strength (Mpa) 12.21 11.07 9.02 6.14 4.44 3.26 

 

 
 

Fig. 2. Variation of water absorption with sawdust volume ratio 
 
From Fig. 5, it was observed that, the flow rate      
of the clays samples increase as sawdust 
volume fraction increase, with clay from lagos 

having the highest flow rate. However clay from 
ogun has the lowest flow rate of 0.087 liters per 
hour. 
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Fig. 3. Variation of Liner shrinkage with sawdust volume ratio 
 

 
 

Fig. 4. Variation of Compressive strength with sawdust volume ratio 
 

 
 

Fig. 5. Variation of flow rate with sawdust volume ratio 
 
4. CONCLUSION  
 
Clays from Ibafo in lagos State, Ondo in Ondo 
State, Ilesha in Osun state, Ajebo in Ogun State 
and Kumbuso in Kano State all from Nigeria has 
been characterized in view of its physical and 
chemical properties. The clay samples were 
blended with sawdust Results obtain suggest 

that the sample contain high contents of alumina 
(Al2O3) and silica (SiO2) with minor contents of 
P2O5, Fe2O3, MgO, K2O,MnO and TiO2. The 
average crystal sizes of the clay were between 
8.96 nm and 19.68 nm. Compressive strength 
varies from 12.21 Mpa to 14.66 Mpa. flow rate for 
bledded clays sugest that the flow rate increases 
as the volume ratio of sawdust increases. 
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A comparison of all clays used in the research 
indicated that clay from lagos with specification 
of some industrial clays can be recommended for 
use in ceramic filter production.  
 

ACKNOWLEDGEMENTS 
 
The contributions and assistance of the 
Managing Director EMDI, Engr (Dr.) Olusunle, 
and staff of EMDI especially, Mr Monday Eshiett, 
Mr Femi Osho and Mr Patrick Ehi Imoisili are 
greatly appreciated. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Reeves GM, Sims I, Cripps JC, (Eds.). 

Clay materials used in construction (Vol. 
21). London: The Geological Society; 
2006. 

2. Benna M, Kbir-Ariguib N, Magnin A, 
Bergaya F. Effect of pH on rheological 
properties of purified sodium bentonite 
suspensions. Journal of Colloid and 
Interface Science. 1999;218(2):442-455. 

3. Ajayi JO, Agagu OK. Mineralogy of 
primary clay deposits in the basement 
complex areas of Nigeria. J. Min. Geol. 
1981;18(1):27-30. 

4. Emofurieta WO, Salami AO. A 
comparative study of two Kaolin deposits 
in Southwestern Nigeria. J. Min. Geol. 
1988;24(1&2):15-20. 

5. Fakolujo OS, Olokode OS, Aiyedun PO. 
Oyeleke YT, Anyanwu BU, Lee WE. 
Studies of five (5) selected clays in 
Abeokuta, Nigeria. Pacific Journal of 
Science & Technology. 2012;13(1):83-90. 

6. Oyanedel-Craver VA, Smith JA. 
Sustainable colloidal-silver-impregnated 
ceramic filter for point-of-use water 
treatment. Environmental Science & 
Technology. 2008;42(3):927-933. 

7. Albert J, Luoto J, Levine D. End-User 
preferences for and performance of 

competing POU water treatment 
technologies among the rural poor of 
Kenya. Environmental Science & 
Technology. 2010;44(12):4426-4432. 

8. Brown J, Proum S, Sobsey MD. Sustained 
use of a household-scale water filtration 
device in rural Cambodia. Journal of Water 
and Health. 2009;7(3):404-412. 

9. Dies RW. Development of a ceramic water 
filter for Nepal. M Eng, Massachusetts 
Institute of Technology.  
Available:http://dspace.mit.edu/handle/172
1.1/29553 

10. Hwang REY. Six-month field monitoring of 
point-of-use ceramic water filter by using 
H\2082S paper strip most probable 
number method in San Francisco Libre, 
Nicaragua. M Eng, Massachusetts Institute 
of Technology; 2003.  
Available:http://dspace.mit.edu/handle/172
1.1/29556 

11. kunlola OA, Owoyemi KA. Compositional 
characteristics of geophagic clays in parts 
of southern Nigeria. Earth Science 
Research. 2015;4(2):1-15. 

12. Boccaccini AR. Influence of stress 
concentrations on the mechanical 
property-porosity correlation in porous 
materials. Journal of Materials Science 
Letters. 1998;17(15):1273-1275. 

13. Rice RW. Comparison of stress 
concentration versus minimum solid area 
based mechanical property-porosity 
relations. Journal of Materials Science. 
1993;28(8):2187-2190. 

14. Knudsen FP. Dependence of mechanical 
strength of brittle polycrystalline 
specimens on porosity and grain size. 
Journal of the American Ceramic Society. 
1959;42(8):376-387. 

15. Liu DM. Influence of porosity and pore size 
on the compressive strength of porous 
hydroxyapatite ceramic. Ceramics 
International. 1997;23(2):135-139. 

16. Wagh AS, Poeppel RB, Singh JP. Open 
pore description of mechanical-properties 
of ceramics. Journal of Materials Science. 
1991;26(14):3862-3868. 

_________________________________________________________________________________ 
© 2016 Olubayode et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited. 
 
 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://sciencedomain.org/review-history/12950 


