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Abstract

Two samples clayed materials, LO and NG from central region in Cameroon
were characterized for their valorization in the manufacture of refractory
bricks and ceramics. In order to assess the technological properties of these
clays, cooking tests were carried out on the test specimens at different tem-
peratures. From particle size analysis, clayed materials studied have a spread-
ing particle size and their plasticity index is between 18 and 47. The minera-
logical study reveals the presence of Quartz, illite, kaolin, hematite and
feldspars. High level of silica content explains the sandy nature of these clays.
Linear shrinkage and density increase with temperature while compressive
strength decreases with temperature. Analyses performed on the ceramic spe-
cimens after firing show that clay materials studied are suitable for the man-
ufacture of refractory bricks.
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1. Introduction

Clays have been used by man since the beginning of time. The characteristics
and chemical composition of clay deposit usually determine its industrial appli-
cation [1] [2] [3]. The natural abundance and immediate availability of clays
explain their great uses over time. The particularity of this material is its capacity
to have a plastic state with appropriate levels of water [4]. This material also has
the power to be shaped, to shrink, to harden after drying and to consolidate after

firing, which allows the formation of a vitreous phase [5]. The last discovery
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(consolidation by fire) was in the same way as agriculture at the base of the first
human civilization. Today, they are used as a minor constituent (paints, plastics,
cosmetics, pharmaceuticals, etc.), and as a majority raw material (production of
widely used ceramic materials such as building materials and decorative objects).
While the consumption of these products tends to become widespread, their
production remains very unsustainable in some developing countries [6]. In
Cameroon, for example, most industrial clay ceramics are imported. This situa-
tion can be explained by the virtual absence of a real industrial fabric and a poor
estimate of the potential of local resources. In addition to this, the low level of
popularization of quality ceramic products in our context may also stem from
the poor mastery of production technologies that must first be based on the mi-
neralogical and physicochemical characterization of the natural material. The
clay materials used for the production of ceramics are often complex natural
mixtures of minerals whose granulometry and physicochemical properties are
highly variable [4]. The user choice criteria are less related to the overall chemi-
cal and mineralogical composition of clay materials than to their behavior dur-
ing the different stages of ceramic product manufacturing. This is extremely
important because, due to lack of knowledge, it is often dried and cooked, giving
poor quality ceramic products and generating many wastes observed at the exit
of the oven [7]. Whatever the type of ceramic to be obtained, the mineralogical
composition of the clay material is important because it is dependent on the spe-
cific properties of the final product. It is therefore important to master these in-
trinsic parameters of the natural material before adopting the best techniques of
elaboration. The mastery of the intrinsic parameters of the crystalline material
passes through essential analyzes among which are X-ray diffraction analysis,
which makes it possible to identify the crystalline phases that follow the evolu-
tion of the process in order to detect different physico-chemical phenomena
which are occurring. Some works have already been carried out on the Came-
roonian clay materials based on kaolinite, illite, smectite or talc [8]. This focused
on the study of the physico-chemical characteristics, the catalytic properties and
the thermal behavior of some sources of clay matter. The results of this work are
intended to feed a sufficiently reliable database to support the start-up of indus-
trial projects for Cameroon local clay materials. The present work focuses on the
mineralogical and physical characterization of the clay material from Lobo and
Ngoya in Cameroon central region.

The main objective of this work is to study the technological ability of this
material for the manufacture of ceramic products for wide dissemination and
sustainable local development. This study is a scientific contribution in the
knowledge and characterization of industrial minerals which contributes to the

promotion of local materials in Cameroon.

2. Materials and Methods
2.1. Materials

Clay samples were collected from a well located at latitude 9.285126° North and
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longitude 13.455767° East. Sample from Lobo was denoted LO and sample from
Ngoya was denoted NG. About 2.0 kg of each sample was collected and placed in
small polyethylene bags. 1.0 kg of each sample was dried, pulverized and sieved
before analysis. Documentary studies [9] suggested the clay nature of the grayish

material.

2.2. Methods

Sieve series, a densimeter, a pycnometer, X-ray diffraction and infrared spec-
trometry were used to study the particle size as well as the physical and chemical

properties of the material.

3. Results and Discussion
3.1. Particle Size Analysis

Table 1 summarizes the particle size distribution of different materials studied.

Sample clay material LO consists of 1.5% gravel, 55.92% sand, 6.08% silt and
36.49% clay while sample clay material NG consists of 0.6% gravel, 57.63% sand,
17.56% silt and 24.14% clay. The high percentage of sand in these samples allows
us to deduce that it is clayey sand having homogeneous and spread particle size.
[10].

3.2. Physical Properties

The results of the ATTERBERG limit test are shown in Table 2.

These clay materials have a plasticity index in the range of 18 to 47. The sam-
ple LO has a plasticity index of 26.22% while the NG sample has a plasticity in-
dex of 17.52%. These values from Table 2, make it possible to conclude that
sample clay materials LO is plastic (Ip = 26.22%) while sample NG is not (Ip =
17.52%). The low plasticity of the NG sample is explained by the high propor-
tion of sand (57.63%) [11].

3.3. Mineralogical Analyses

Figure 1 and Figure 2 show the diffractograms of the clay materials. LO clay

Table 1. Particle size distribution.

Samples Gravel (%) Sand (%) Silt (%) Clay (%)
LO 15 55.92 6.08 36.49
NG 0.6 57.63 17.56 24.14

Gravel: (¢> 2 mm), Sand: (0.02 mm < ¢> 2 mm), Silt: (0.002 mm < ¢ > 0.02 mm) Clay: (¢ < 0.002 mm)

Table 2. Results of ATTERBERG limits for LO and NG clay materials.

Samples Limit of liquidity Limit of plasticity Plasticity index
LO 44.87 18.65 26.22
NG 44.87 27.35 17.52
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Figure 1. Diffractogram of LO clay sample.
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Figure 2. Diffractogram of the NG clay sample.

material consists of quartz (in the form of sand) associated with clay minerals
(illite, kaolinite) while in NG clay material, in addition to quartz (in the form of
sand) and kaolinite, other minerals such as k-feldspars and hematite are also

present [12].

3.4. Infrared Spectrometry

Figure 3 and Figure 4 show the complete infrared spectra of the clay materials
LO and NG respectively.

These spectra reveal two zones of absorbance; the first zone is between 4000
and 3500 cm ™' and the second zone of absorbance is between 2000 and 500 cm™'.
These bands are characteristic of the elongation vibrations of the external hy-
droxyl (OH) bonds of kaolinite network (Al-OH-Al) [13]. The band at 3620
cm™! could also reflect the presence of illite [14]. The second absorbance zone is
between 2000 and 500 cm™', with absorption bands at 1030, 1000, 912, 795, 748,
685 and 533 cm™" for LO clay sample and at 1630, 1020, 1000, 912, 791, 745, 675
and 535 cm™ for NG clay sample. The band at 1630 cm™ observed on NG spec-
trum represents the vibration of the hydroxyl (OH) groups of the water molecules
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Figure 3. Full infrared spectrum of LO clay sample.
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Figure 4. Full infrared spectrum of NG clay sample.

[13] and the bands at 1030 and 533 cm™ for LO are characteristic of the Si-O bond
vibrations. The bands between 795 and 675 cm™ represent the bands relating to
the quartz doublet. The 912 cm™ bands for each sample are characteristic of
Al-O bond vibration.

3.5. Thermogravimetric Analysis

The results of the thermogravimetric analysis are shown in Figure 5 and Figure
6.

These thermograms show five zones of anomalies: The first zone is between
100°C and 150°C and has endothermic peaks centered at 97°C for LO and at
98°C for NG. These peaks correspond to the mass loss of water contained in the
studied materials; the second anomaly zone is between 150°C and 450°C with
endothermic peaks centered at 199°C and 290°C for LO clay material, then at
220°C and 360°C for NG clay material; these peaks correspond to the dehydrox-
ylation of phyllosilicates; the third anomaly zone is between 450°C and 600°C
with endothermic peaks centered at 540°C for LO clay and at 520°C for NG clay
material. These peaks are due to the dehydroxylation of kaolinite; the fourth
anomaly zone is between 650°C and 800°C with endothermic peaks centered at
790°C for LO clay and 760°C for NG clay; these peaks come from the dehydrox-

ylation of 2/1 clay minerals such as illite. Losses of mass below 180°C are related
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Figure 6. Differential thermogravimetric analysis of NG Clay sample.

to the disappearance of adsorbed or capillary water. Between 150°C and 450°C,
losses of mass are due to dehydroxylation of phyllosilicates. Mass losses observed
between 450°C and 650°C are due to dehydroxylation of kaolinite to give
metakaolinite which has a very poorly organized structure [14]. Mass losses rec-
orded between 650°C and 800°C could result from the dehydroxylation of type

2/1 minerals such as illite.

3.6. Chemical Composition

Organic matter content of LO clay material is 6.03% with a pH of 7.73 while NG
sample has an organic matter content of 2.40% with a pH of 5.56. The chemical
composition of the clay materials studied is summarized in Table 3.

It can be seen from Table 3 that LO clay consists mainly of silica (64.09%),
followed by aluminum oxide (20.24%) and titanium oxide (1.87%). iron oxide

(1.82%), potassium oxide (1.19%). Other oxides are present in trace such as
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Table 3. Chemical composition of clay materials.

Samples  SiO, ALO; Fe,O; K,O MgO TiO, P,0; CaO MnO Na,0 L.O.I

LO 64.09  20.24 1.82 1.19 028 1.87 0.09 0.06 0.02 0 9.39

NG 59.12  22.06 2.34 1.07 019 181 0.17 0.11 0.03 0 12.02

magnesium oxide (0.28%), manganese oxide (0.02%), calcium oxide (0.06%),
phosphorus oxide (0.09%). NG clay is also mainly composed of silica (59.12%),
aluminum oxide (22.06%), iron oxide (2.34%), titanium oxide (1.81%), potas-
sium oxide (1.19%). Other oxides are also present in trace such as magnesium
oxide (0.19%), potassium oxide (0.17%), manganese oxide (0.03%), calcium
oxide (0.11%). The SiO,:AlL, O, ratio is greater than 2%; 3.16% for LO clay and
2.67% for NG clay, reflecting the abundance of sand in the studied clay materials
[15] [16].

3.7. Quality Control Test

The quality control tests carried out are designed to evaluate certain ceramic
properties such as linear shrinkage during cooking, bulk density, compressive
strength, and water absorption rate. Figure 7 shows the variation in linear
shrinkage of clay materials as a function of temperature.

Linear shrinkage is a parameter that reflects the reactivity of material during
firing [17]. From Figure 7, it follows that the linear shrinkage increases with
temperature. The shrinkage values for our materials are relatively low, therefore
favorable for the manufacture of refractory bricks of good quality.

The resulting curves of apparent density are shown in Figure 8.

Figure 8 shows that apparent density increases with temperature. For LO clay,
density varies very little from 2.13 g/cm’ at 1000°C to 2.23 g/cm’ at 1100°C, then
from 2.27 g/cm’ to 1200°C. For NG clay, the bulk density varies from 1.97 g/cm’
at 1000°C to 2.09 g/cm’ at 1100°C and at 1200°C the apparent density is 2.36
g/cm’. Sintering clay materials leads to the reorganization of the matrix of the
material during the appearance of the glassy phases at increasing kinetics with
temperature [18]. The clay materials studied can then be favorable for the man-
ufacture of ceramic products.

From Figure 9, it is noted that the values of compressive strengths decrease as
the temperature increases. This implies that these materials melt at low temper-
atures and recrystallization occurs at temperatures above 1000°C [19].

Water absorption rates are shown in Figure 10.

Generally, the water absorption of ceramic products should decrease with the
increase in firing temperature caused by the gradual disappearance of porosity
during sintering [20]. The water absorption is closely related to the densification
of the clay matrix, and gives an idea of the sintering rate. It can be seen that the
rate of water absorption decreases as a function of temperature. For LO clay, for
example, the absorption rate range from 16.35% at 1000°C to 14.26% at 1100°C
and drops to 12% at 1200°C. On the other hand, for NG clay, the water absorption

DOI: 10.4236/0jic.2019.93003

29 Open Journal of Inorganic Chemistry


https://doi.org/10.4236/ojic.2019.93003

N. Mominou et al.

Linear shrinkage

0 T

1000 1050 1100 1150 1200 1250
Temperature (°C)

—#— L0 Sample  —@— NG Sample

Figure 7. Variation of linear shrinkage as a function of temperature.

2.40
2.354
2.30+
2.25+
2.20

Voluminous mass (g/cmq)

1000 1050 1100 1150 1200 1250

Temperature (°C)
—f— LO Sample —{@— NG Sample

Figure 8. Variation of apparent density as a function of temperature.

o =~ N W A OO N ©

1000 1050 1100 1150 1200 1250
Temperature (°C)
—&— LO Sample —@— NG Sample

Figure 9. Resistance to compression as a function of temperature.
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Figure 10. Change in water absorption rate as a function of temperature.

rate is 12.5% at 1000°C, 11.33% at 1100°C and 11.17% at 1200°C. The NG sam-
ple absorbs less water than the LO sample.

4. Conclusion

LO and NG clay materials samples were subjected to various analyzes; particle
size analysis reveals a continuous and spread granulometry. Atterberg limits of
these clay materials reveal the low plasticity due to the high percentage of sand.
Chemical analysis shows Si0,:Al,0, ratio greater than 2 and other minerals such
as quartz, illite, kaolinite, hematite and feldspars are also present. The thermal
analysis shows characteristic mass losses of adsorbed water and kaolinite dehy-
droxylation to yield peak metakaolinite at 450°C - 650°C. The pH of these clay
materials is weakly basic for LO sample while it is weakly acidic for NG sample.
These clay materials have a low linear shrinkage due to their sandy nature, de-
creasing with temperature. The density and compressive strength increase with
temperature while the rate of water absorption is low. These clay materials can
then be used in the field of ceramic and the manufacture of bricks at a higher
temperature (1200°C).
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