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Abstract: Clay materials have been used for centuries by local populations in ceramic pottery. This research aimed to 
examine natural clay as raw material for the manufacturing of ceramic pot filters. Thus, three clay samples were collected from 
a quarry in “Sè”, located in the southwestern part of the Benin Republic. All the samples were characterized using 
granulometric analysis, X-ray Powder Diffraction (XRD), loss on ignition (LOI), cation exchange capacity (CEC), and 
measurement of Atterberg’s limits. N2 adsorption technique were used to define specific surface areas and the major elements 
composing the clays were determined. The chemical and mineralogical analysis indicates that all of the samples contain 
various amounts of quartz and kaolinite, followed by muscovite and vermiculite. They also indicate that the clay materials are 
silico-aluminous clays. CEC and N2 adsorption showed as expected a low CEC and specific surface because of the presence of 
quartz and kaolinite quartz. The analyzed samples reveal that clays are very plastic, with an organic matter content ranging 
from 7.8% to 9.8% (loss on ignition). TGA analysis showed that the suitable sintering temperatures is from 700°C and above. 
Based on their mineral composition and physical properties, the clays are suitable as raw material for ceramic industry, 
especially for ceramic water filters. 
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1. Introduction 

Today, clay minerals have a wide application due to their 
specific physic-chemical properties, such as their surface 
areas, ion exchange capacities and cation adsorption 
properties [1, 2, 3, 4, 5].  

Kaolinitic clays are significant industrial raw materials 
used in various manufacturing applications, especially in 
ceramics processing [6]. Because of its dehydroxylated form 
(metakaolin), which is very reactive [7], a strong interest in 
kaolin has recently been developed in traditional ceramics.  

Clay minerals are generally used in a large number of 
applications, such as ceramics, rubber and porcelain 

manufacturing, chemical, paper adsorbents etc.). Among 
them, clay-based ceramic water filters (CWFs) are one of the 
more promising technologies for household water treatment. 
Ceramic water filters are used as a low-cost method to 
improve drinking water quality at the point of use, in order to 
produce safe drinking water [8, 9, 10, 11]. They are produced 
mixing of clay with burn-out material (sawdust, rice husk….) 
and water. To make ceramic filters it is essential to find an 
appropriate clay deposit.  

In Benin Republic, few studies have been carried out on 
the use of clay as raw material for traditional ceramic 
manufacturing. In Sè, a village located in the department of 
Mono, in the southwestern part of the country (Figure 1), 
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clay materials are exploited by the local populations to make 
traditional ceramic. This activity is mainly carried out by 
women who have a secular experience in the field. In Sè as in 
many other regions in the country clay materials are also 
applied in construction (bricks, roofing or walls). 

The present study was carried out in order to characterize 
samples collected from a natural clay deposit from Sè. The 
clay samples were characterized after sampling to determine 
their quality for use as a low-cost material. Although the use 
of raw clay for traditional ceramic making has a long history 
in the community, its use for further potential industrial 
ceramic applications requires a better knowledge of the raw 
material. 

2. Materials and Methods 

2.1. Sample Preparation 

The geology of Sè (Figure 1) consists in a coastal 
sedimentary basin which is formed by Cretaceous-Tertiary 
series made up of clays, sand, gravel, ferruginous sandstone 

overlain by clayey sands and fluviatile deposits [12]. The 
study focused on the characterization of three samples named 
A1, A2 and A3 (Figure 2). These clay samples are those used 
by the local population for ceramics. The precise location of 
the site (N06°29’35.64’’ and E01°47’37.38’’) was 
determined in the field using a hand-held GPS device 
(Garmin 60). The samples were taken at three different 
depths corresponding to three horizons: horizon 1 (A1): 
having an average thickness of 105 cm recognizable by its 
blackish color and situated after a layer of vegetable soil (50 
cm thickness);  

horizon 2 (A2): having an average thickness of 45 cm, 
recognizable by its reddish color;  

horizon 3 (A3): located on the bottom of A2. 
In order to ensure a representative sample obtained by 

quartering, no < 50 kg of clays were collected. After 
extraction, they were dried at 105°C until constant weight 
was obtained, and then crushed and sieved to obtain the 
desired fraction (<100 µm).  

 

Figure 1. The geographic location of the studied sector. 

 

Figure 2. Study site profile. 

2.2. Methods 

The samples were subjected to granulometric analysis, X-
ray powder diffraction (XRD), determination of the 
composition of major elements, loss on ignition (LOI), cation 
exchange capacity (CEC), N2 adsorption technique to define 
specific surface area, measurement of Atterberg’s limits. 

Granulometric analysis was determined by 
sedimentometry according to the French standard NF 94-093.  

XRD was conducted on the samples using a Rigaku-
Miniflex II (Japan) with CuKα radiation (1,5405Å). The 
accelerating voltage and filament current were maintained at 
30 kV and 15 mA, respectively. Samples were analyzed at 
0.02° step with a counting time of 2s/step from 5° to 70° 2θ. 
All the diffractograms obtained were semi-quantitatively 
evaluated (relative abundances expressed in%) employing the 
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intensity ratio method. The major element compositions 
(SiO2, Al2O3, Fe2O3, K2O, MgO) were deduced by 
calculation from the proportion of each major oxide. 

LOI was measured from the total weight after ignition at 
550°C for 2h. It was performed using a Keramikos oven.  

The cation exchange capacity was measured with the 
standard methylene blue index procedure [13].  

The gas adsorption technique defines specific surface area, 
size and distribution of solid material pores. The amount of 
gas needed to form a monolayer on a solid surface can be 
determined from the measurement of the volume of gas 
absorbed when pressure is increased in small doses at a 
constant temperature [14]. These analyses were performed 
using a BET Micromeritics ASAP 2020 V3.00 E equipment. 

The plasticity parameters (liquid limit (LL), plastic limit 
(PL) and plastic index (PI) were determined by the Casagrande 
method in accordance with the French Standard NF P 94-051. 

The thermal gravimetric analyses (TGA) were obtained 
with a SETARAM type 124. 

3. Results and Discussion 

3.1. Particles Size Distribution 

The particle size distributions (PSDs) of the raw clays A1, 
A2 and A3 are shown in table 1. The PSDs indicate the 
presence of three main fractions: (1) clay fraction (< 2 µm), 
(2) silt fraction, known for its particle size ranging between 2 
and 50 µm, and (3) the remaining fraction coarser than 50 
µm. The clay fraction represented 28%, 55% and 28% of the 
A1, A2 and A3 clays respectively. The silt fraction 
represented 18%, 7% and 9% of the A1, A2 and A3 clays 
respectively. The coarse portion represented 54%, 38% and 
63% of the A1, A2 and A3 clays, respectively.  

Table 1. Particles size distribution of the samples. 

Samples  A1 A2 A3 

Analyses     

Granulometry (%) 
Fraction <2µm (%) 28 55 28 
Limons (2-50µm) 18 7 9 
Sable (˃50µm) 54 38 63 

3.2. Mineralogy 

The mineralogy of the samples was investigated using 
powder X-ray diffraction (Figure 3). For all of the natural 
clay samples, XRD revealed the presence of quartz (53.8%, 
54.9%, and 50.4% of A1, A2 and A3 clays respectively) and 
kaolinite (31.0%, 20.6% and 34.9% of A1, A2 and A3 
respectively) in various amounts. Moreover, muscovite 
represents about 14.2%, 23.8% and 14.0% of A1, A2 and A3 
respectively while vermiculite was present in traces (Table 
2). The proportion of high kaolinite in comparison with the 
other elements present is of great interest, because among the 
minerals of clay raw materials, kaolinite remains one of the 
most frequently used and desired for the manufacture of 
ceramics. Quartz is always associated with kaolinite. And the 
high proportion of quartz is explained by the fact that the 

analyses were carried out on the clay material sieved at 100 
µm and not on the "clay" fraction (< 2µm). 

Table 2. Mineralogy of the samples. 

Samples  A1 A2 A3 

Mineralogy (%) 

Quartz 53.8 54.9 50.4 
Kaolinite 31.0 20.6 34.9 
Muscovite 14.2 23.8 14.0 
Vermiculite 1.1 0.7 0.7 

3.3. Chemical Composition 

The chemical composition of the clays investigated is 
presented in Table 3. The main oxides were as expected SiO2 

(74.58%, 75.98% and 73.49% for A1, A2 and A3, 
respectively) and Al2O3 (15.25%, 13.00% and 16.66% for 
A1, A2 and A3 respectively), whereas Fe2O3, K2O and MgO 
were present only in small amounts. All the samples contain 
more than 50% of SiO2 and have Al2O3 contents between 
13% and 16.66%. Based on mineral contents, the 
investigated clay samples can be classified into the group of 
silico-aluminous clays with a predominance of SiO2.  

For all samples, the loss on ignition was between 7.8% and 
9.9%. These high loss-to-fire values can be explained by the 
fact that samples contain a significant proportion of kaolinite 
(the kaolinite loss on fire is 14%). The same applies to the 
high content of Al2O3 (40% for kaolinite). 

Table 3. Chemical composition of the samples. 

Samples  A1 A2 A3 

Chemical 
composition (%) 

SiO2 74.58 75.98 73.49 
Al2O3 15.25 13.00 16.66 
Fe2O3 0.09 0.04 0.04 
K2O 1.31 0.06 0.06 
MgO 0.23 0.15 0.14 
LOI 8.3 7.8 9.9 

 

(A1) 

 

(A2) 
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(A3) 

Figure 3. XRD spectrum of clay samples. 

3.4. Thermogravimetry Analysis 

The thermogravimetric results are reported in Figure 4. 
Three weight loss areas were observed for the raw materials. 
The first weight loss was due essentially to the evaporation of 
the physisorbed water. The second started at about 400°C and 
ended at about 600°C. It corresponds to the phenomenon of 
dehydroxylation which marks the transformation of the 
kaolin into metakaolin according to the equation [15]:  

OHSiOOAlOHOSiAl
C

2232
550

4522 22)( ++ → °
      (1) 

It should also be noted that at about 350°C the combustion 
of the organic matter present in the clay materials began. 
After 600°C, there is a slight loss of mass up to 700°C, then a 
stabilization of the graph. It was concluded that sintering 
temperature greater than 700°C is suitable for ceramic 
application because of the formation of metakaolin [7].  

 

Figure 4. Thermograms curves (TGA) of raw clays (A1, A2 and A3). 

3.5. N2 Adsorption and Cation Exchange Capacity 

Nitrogen adsorption-desorption isotherms recorded on the 
clay materials A1, A2 and A3 are presented in Figure 5. For 
the three clay materials, isotherms were of type IV, with an 
H4 type hysteresis loop in accordance with the International 
Union of Pure and Applied Chemistry (IUPAC) classification 
[14]. Type IV isotherm is characteristic of porous adsorbents 
having pore sizes in the range of 15-100 Å [14]. In addition, 
the H4 type hysteresis loop is encountered for solids having 

narrow pore size distributions. The specific surface area (S0), 
the surface area of the micropores (Smic) and the external 
surface area (Sext) were determined from these isotherms by 
applying the BET equation at P/P0 = 0.20. Similarly, the total 
pore volume (Vp), the volume of the micropores (Vmic) and 
the pore size (D) from the adsorption-desorption isotherms of 
N2 were determined according to the BJH methods. These 
different results are presented in Table 4. Overall, the specific 
surface area and CEC vary between 69.64 – 86.60 m2/g and 
22.94 – 25.89 meq/100g of air-dried clay, respectively. These 
low values are explained by the presence of impurities 
(carbonates, quartz) in these clays and the abundance of 
minerals formed by kaolinite [16]. Although vermiculite is a 
clay having a large specific surface area, its quantity was 
quite small. 

 

 

 

Figure 5. Nitrogen adsorption and desorption isotherms. 
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Table 4. N2 adsorption and CEC of the samples. 

Samples  A1 A2 A3 

Cation exchange capacity (CEC) (meq/100g of air-dried clay)  25.89 22.94 25.65 

N2 adsorption - BET 

Specific surface S. S. (m2/g) 69.64 76.47 86.60 
Surface of micropores Smic (m2/g) 5.94 8.17 10.73 
External surface Sext (m2/g) 63.69 68.30 75.87 
Total pore volume Vp (cm3/g) 0.11 0.13 0.14 
Volume of micropore Vmic (cm3/g) 0.002 0.003 0.004 
Pore size D (Å) 62.63 65.93 62.49 

 

3.6. Atterberg’s Limits 

The plasticity parameters of the studied clays are 
illustrated in Table 5 and show that the liquid limit varies 
between 80.4 and 87.8%. The plastic limit oscillated between 
30.0% and 34.2%. These parameters, according to 
casagrande indicate that these clays belong to kaolinite clays 
having high plasticity [17]. According to the bibliography, 
there is not necessarily a direct link between the values 
obtained for the Atterberg’s boundaries of a clay material and 
its other characteristics [18]. The mineralogical 
characteristics of the clay materials could nevertheless 
explain the values obtained for the Atterberg’s limits. Indeed, 
depending on the charge density of the exchangeable cations 
which provide hydrophilic sites for solvent sorption [19], 
several layers of water can be incorporated between the low 
phyllosilicate sheets. Then, the amount of water that can be 
absorbed is much lower [20]. [21] observed a direct 
relationship between the Atterberg’s limits and the specific 
surface area. It should be noted that the great plasticity noted 
in the clay materials used is favorable to the extrusion and 
the use of ceramic paste. Moreover, this high plasticity is also 
favorable to shrinkage after drying and sintering. High 
shrinkage after drying and sintering are often the cause of 
cracks in the manufacture of ceramic products. Nevertheless, 
the addition of burn-out material (rice hulls and sawdust) 
during the manufacture of filters will reduce this plasticity of 
the raw material. 

Table 5. Atterberg’s limits of the samples. 

Samples  A1 A2 A3 

Plasticity (%) 
Liquidity limit (LL) 82.6 80.4 87.8 
Plasticity limit (PL) 34.2 30.0 31.6 
Plasticity index (PI) 48.4 50.4 56.2 

4. Conclusion 

The properties of clay materials depend on their chemical 
and mineralogical compositions. The characteristics of these 
materials make their use possible, helping to foresee 
important potential properties. These characterization tests 
show that these materials: 

Contain high proportions of sand, which implies a 
pretreatment in order to reduce this fraction before any 
exploitation; 

Are very plastic, that is advantageous with regard to their 
malleability, but also disadvantageous since they are 
predisposed to cracking during drying and sintering 

withdrawals. 
Contain organic matter (7.8% to 9.8% for loss on 

ignition), this organic material having to be eliminated if the 
objective during the exploitation of these materials is to 
produce industrial ceramic products or ultrafiltration 
membranes etc. 

Consist of kaolinite, muscovite and vermiculite; 

Have suitable sintering temperatures greater than 700°C; 
In view of the results of the TGA, it is appropriate during the 
heat treatment program to ensure the slow removal of the 
hygroscopic water and of the organic matter before applying 
higher heating rates, in order to avoid the cracking of the 
elaborated ceramic products. 

In view of the results obtained, it appeared that the clay 
materials taken from the Sè quarry and studied are of 
particular interest for ceramic applications. They could, 
therefore, be used as raw materials to develop ceramic filters 
and in general, ceramic materials. 
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