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Abstract

The overall goal of this study is to characterize and to evaluate the potential
uses of clay mined in the Nzaou locality. The Mou sample is argillaceous tex-
ture and medium plasticity (Ip = 28.9). Kaolinite is dominant clay species
(44.41%). It is associated with illite (9%). Quartz and rutile are the main non
clay minerals. The CEC is 8.66 cmol+/kg. Organic matter is low (0.839%).
Total shrinkage obtained by dilatometry at 1200°C is 9.26%. The chemical and
mineralogical compositions have allowed using the ternary diagrams of Fabbri
and Fiori that the MOU clay is favorable for glazed white stoneware (GWYS)
and for the production of clinker (KLK). Dondi typologies of ceramic tiles
according to body color (mostly depending on the iron oxide content) and
compactness (expressed by water absorption) have confirmed the use for the
manufacture of the GWS and clinker. Classification always according to Don-
di taking into account the rate of kaolinite, the fine fraction (<2 um) and plas-
ticity index gives MOU clay to be considered as medium ball clays (BC1). The
absorption rate indicates that the body fired at 1200°C will be vitrified. Flex-
ural strength at 1200°C (16 MPa) does not correspond to the requirements of
GWS or a clinker.

Keywords
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1. Introduction

Clays are used as raw materials in many industrial fields (ceramic, paper, paint,

oil industry, clarification of various effluents, catalysis.) [1]. Their applications
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are closely dependent on their structure, composition and physical characteris-
tics [2]. The knowledge of these characteristics can help for best exploitation and
eventually may open up new areas of application [3]. The clay of Loutete is used
by craftsmen in the manufacture of fired bricks. Mineralogical, physical, and
chemical characterization as well as technological testing revealed that this clay
can be used to more interesting purposes such as the production of ceramic tiles
[4]. Knowledge of these properties is important for understanding the technolo-
gy of production of ceramic and firing cycles optimization [5]. The assessment
of the possible applications of the Triassic in ceramic earthenware clays were
based on the chemical, mineralogical and technological results [3]. As a basis for
the development of ceramics, the selection of the raw materials plays a funda-
mental role in the design of the final product. For an effective selection of mate-
rials, the knowledge on all the properties of the raw materials must be obtained.
Plasticity is one of the most important properties for molding of products in clay
[6]. Dondi et al have studied the chemical, mineralogical composition and
technological behavior that allow the evaluation of the applicability of the clays
in ceramic [7]. A relative important deposit of clay in the Department of
Bouenza (Congo Brazzaville), specifically in the locality of Nzaou, is exploited
for the manufacture of clay products consumed by geophagy. Although in the
surrounding regions (Loutete, Madingou), clay served in ceramic productions
(pottery, fired bricks), no attempt has been reported on the Nzaou deposit clay.
A detailed characterization of this clay is necessary to justify the absence of use
in ceramics or identify possible areas of application.

The objective of this study is to carry out mineralogical, physical and chemical
characterization and determine the technological properties of the Nzaou clay
(MOU).

So, we will try to define the possibilities of use of Nzaou clay (MOU).

2. Materials and Experimental Methods

2.1. Material and Geological Settings

The sampling site is located in the Department of Bouenza (Republic of Congo),
in the district of Mouyondzi precisely to the Nkengue village about 10 km from
Mouyondzi locality (Figure 1) [8].

The valley of Niari in which the department of Bouenza is situated, presents
soils, the mother rock of which consists in schisto-limestones represented by
pink and grey dolomites, clayey limestones, built limestones and crystalline li-
mestones, stony sands, sandy and siliceous limestones and finally by grey dolo-
mites on oolitic levels [9]. The Mouyondzi district falls around latitude 3°30" and
4" of the equator and longitude 13°30'E and 14°E of Greenwich meridian.
Mouyondzi district is located on clay soils highly truncated by erosion, strongly
leached, restructured and yellow clayey silt soils moderately leached coming
from schisto-limestones [10]. Nzaou deposit clay is widely consumed by preg-

nant women and used by traditional therapists for the treatment of various dis-
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Figure 1. Localization of sampling site.

eases (gastric problems, wounds). About 1 meter deep holes were dug to collect
clay. It is at this depth that the samples have been collected and air-dried in the

laboratory.

2.2. Experimental Methods

2.2.1. Geotechnical Characterization

The plasticity was measured by the Atterberg indices: Liquid Limit (LL), Plastic
Limit (PL) and Plastic Index (PI) according to the norm NF P 94-051 [11]. Particle-
size analysis was performed at the laboratory of soils (LAS) according to the NF
X 31-107 [12].

2.2.2. Mineralogical Characterization

The XRD of sample powder was performed using a Philips model diffractometer
operating by reflection under the Cu-Ka radiation for 26 angle ranging from 5°
to 60°.

Diffuse Reflectance Infra-red Fourier Transform Spectroscopy (DRIFTS) was
performed over a wave number domain between 600 and 4000 per cm using a
Bruker IFS 55 spectrometer equipped with a broad band detector of the type
MCT (Mercury and Cadmium Tellurium) cooled with 77 K and with an acces-
sory of diffuse reflection (Harrick Corporation). The powdered sample was di-
luted in KBr (50 mg of sample in 350 mg of KBr). The spectra were recorded by
accumulating 200 scans at 2.0 per cm resolution.
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The Differential Thermal Analysis (DTA) and Thermo Gravimetry (TGA)
were carried out with a device coupled with a thermobalance and a mass spec-
trometer THERMOSTAR. The speed of heating was 10°C/mn. The dilatometric
analysis was performed using a NETZSCH 402 ED horizontal differential dila-
tometer-internal Code: DI 1 with, for reference, a bar in dense alumina (purity
99.5%). The unit is equipped with the PROTEUS analysis and treatment soft-
ware. The test specimen was obtained by application an vertical axial pressure of
20 kN into a 5 x 5 x 50 mm stainless mould on a manual hydraulic press (P, =
230 kN). Then pressed piece is cut for a vial of test size: (section 5 x 5 mm,
length: 5 mm measured with caliper with 0.01 mm accuracy) the thermal cycle

is: 5°C/min up to 1200°C, level of 2 hours and cool down lies at 5°C/min

2.2.3. Chemical Characterization

The chemical analysis of the major elements was carried out in the Center of Pe-
trographic and Geological Research (CRPG) Nancy according to Carignan et al.
[13].

Organic matter: the total organic carbon and total nitrogen have been deter-
mined by method described by the norms NF ISO 10694 and 13878 [14] in soil
analysis laboratory (LAS) of INRA (Arras).

Cationic exchange capacity is measured by Metson method NF X 31-130 [15].

2.2.4. Technological Properties

1) Preparation and firing of the test samples: 10 g and 45 g of clay powder
were mixed respectively with 10 and 5 mL of distilled water in a porcelain mor-
tar and then put respectively in cylindrical and parallelepiped steel mould. An
axial vertical pressure of 342 MPa was applied to obtain two types of test speci-
mens:

e Discs of 4 mm diameter and 6 mm in thickness in order to measure the
physical properties (open porosity, gross density and water absorption)

e Parallelepiped test specimens for the determination of linear firing shrinkage
and flexural strength

The test specimens obtained were first dried at 110°C for 24 h and then fired
at 1000°C, 1050°C, 1100°C and 1150°C, 1200°C and 1250°C in a NABERTHERM
model kiln with a heating rate of 5°C/mn and a 2 h evaluation time.

2) Determinations of technological properties: The linear shrinkage, open
porosity, bulk density and water absorption were measured according to the
protocol P18-554 of the French norms [16]. The flexural strength was deter-
mined by the three points method [17] [18] with an electrohydraulic press
(M&O, type 11.50 N°21).

3. Results and Discussion
3.1. Geotechnical Properties

Table 1 gives us the grain size distribution and Atterberg limits of Mou sam-

ple.
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The use of USDA texture triangle [19] (Figure 2) has allowed assigning a
clayey texture to the MOU sample.

The positioning of the MOU clay in the Winkler triangle [20] is given by Fig-
ure 3.

The grain-size distribution of MOU is not favorable for the manufacture of
structural ceramics (tiles, bricks, hollow with thin walls, bricks with vertical per-
foration and full bricks).

The Atterberg limits values of MOU lead us to set MOU sample at the limit
between the medium plastic inorganic clay and the high plastic inorganic clay in
the Casgrande abacus [21] (Figure 4).

Located between the areas of montmorillonite and illite in the diagram of
Holtz and Kovacs [22] (Figure 5), we think that MOU would be a mixture of

clays species (illites and kaolinite and montmorillonite).

Table 1. Geotechnical properties of MOU sample.

Argiles Limons fins Limons grossiers Sables fins Sables grossiers
Granulométrie <2um  (2/20pm) (20/50pum) (50/200pm) (200/2000um)
65% 20.9% 8.1% 3.6% 2.4%
Limite de Liquidité Limite de Plasticité Indice de plasticité
Limites d’Atterberg
51.2 22.3 28.9

CLAY

SILT
loatny sand

Figure 2. Positioning of MOU sample in USDA texture triangle.

<2um

2-20 ym >20pum

Figure 3. Positioning of MOU sample in Winkler diagram.

DOI: 10.4236/jmmce.2018.61010

123 J. Minerals and Materials Characterization and Engineering


https://doi.org/10.4236/jmmce.2018.61010

J. M. Moutou et al.

70

60

_inorganic clays of

50

40

30 inorganic silt off high

20

plasticity index

10

inorganic silts of liquid limit
low compressibility

Figure 4. Positioning of MOU sample in Casagrande chart.
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Figure 5. Positioning of MOU sample in Holtz and Kovacs chart.
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Figure 6. Positioning of MOU sample in workability chart.

MOU clay would present optimal properties of moulding and a relatively
weak shrinkage in considering its positioning in the workability chart of Bain
and Highly [23] (Figure 6).

3.2. Mineralogical Characterizations

3.2.1. X-Ray Diffraction
X-ray diffraction pattern of MOU is shown in the Figure 7.
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Figure 7. X-ray diffraction pattern of MOU sample.
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Figure 8. XRD pattern of MOU clay heated to 500°C.

The analysis of this XRD pattern enabled to detect the presence of the follow-
ing key minerals: illite, kaolinite and quartz [24]. We had recorded the spectrum
X of MOU clay heated to 500°C. It is represented in the Figure 8.

We see the disappearance of the peaks of kaolinite and the persistence of the
peaks at 10.03 A, 5.01 A and 4.47 A characteristics of the illite.

The relatively high intensity of quartz indicates a significant presence of free
silica even if the particle size analysis indicates only 6% of sand. This suggests
that the sand is very fine and maybe a part is found in the silt fraction.

The reflection at 3.51 A indicates the presence of anatase. The peak at 3.24 A
can be associated to rutile.

In the XRD pattern of an ordered kaolinite, the interval ranging from 19° to
23° presents usually three distinct peaks while the increase in disorder makes
that the sequence of 02l, 111 reflections in the range 20° - 33" becomes increa-

singly blurred until with halloysite only a smooth diffraction band with the su-
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perimposed 002 basal reflection is obtained [24]. As we observe one peak in this
interval, we can think that the kaolinite is disordered.

Considering the heights of characteristic peaks of kaolinite and the muscovite,
kaolinite is the most abundant clay mineral.

2-2 Infra-red spectroscopy

The IR of MOU spectrum is represented on Figure 9.

The crystalline structure of kaolinite is constituted of two sheets tetrahedral
and octahedral forming a layer [25]. Each octahedron presents four hydroxyl
groups and two oxygens in these corners. The four hydroxyl groups consist of
two parts: outer hydroxyl groups (03) and inner hydroxyl group [26].

The range of frequencies from 3700 cm™ to 3100 cm™ corresponds to stret-
ching modes of OH groups [26]. The DRIFTS spectrum of MOU sample shows
peaks at 3696, 3653, 3621 cm™' which are assigned to OH stretching vibration
modes [26] [27] [28]. Normally it should be observed four bands related to four
hydroxyl groups when kaolinite is well crystallized. In kaolinite poorly crystal-
line these bands reduce to three [27]. When the disorder of kaolinite increases,
there is the gradual disappearance of the band of valence vibration to 3672 cm™.
An inversion of the intensities of the bands at 3655 and 3672 cm™ occurs before
the disappearance of the band at 3672 cm™ [29] [30] [31]. The non observation
of the 3672 cm™ band in MOU spectrum suggests that we have a disordered
kaolinite.

So, kaolinite in MOU sample is considered as poorly crystalline. This observa-
tion corroborates the XRD pattern of MOU. The range from 1200 cm™ to 600
cm™' contains frequencies related to modes of deformation of groups OH [32]
[26]. Frost has examined hydroxyl deformations in kaolins. He has observed two
bands at 935 and 915 cm™ in kaolinite IR spectrum [33]. The MOU spectrum
shows a band at 915 cm™' with shoulder at 935 cm™ which are so attributed at
OH deformation modes. Si-O stretching vibrations occur in the region going
from 1150 - 960 cm™ [27]. Farmer has noted that in the spectra of the dickite,

nacrite and kaolinite of which the crystals have larger dimension (>2pm) this

1.50
3653

3696,
3620

-

1.00 1.25

Absorbance units
0.75

0.25 0.50

00

4000 3750 3500 3250 3000 2750 2500 2250 2000 1750 1500 1250 1000 750
Figure 9. DRITF spectrum of MOU sample.
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mode appears as a shoulder near 1080 cm™ [27]. This band intensifies and shifts
at higher frequencies in spectra of smaller crystals until in very finely ground
material the band is close to that found for clay kaolinite (1109 cm™) [27]. The
observation of a band at 1113 cm™ attributable to Si-O stretching vibration
mode is in agreement with the grain-size distribution of MOU sample. The
bands at 1159 cm™ and 1113 cm™' correspond to Si-O symmetrical and asym-
metrical mode. The mode of elongation of the Si-O bond in kaolinite gives a
band at 1021 cm™.

The intense bands at 3420 and 1631 cm™ are due to the molecular water mo-
lecules [34] [35]. In TFTIS spectrum at 80°C the intensities of these bands highly
decrease [4] [36]. The presence of organic matter is supported by the slightly in-
tense bands at 2931 and 2820 cm™ [28].

The presence of quartz in the sample is manifested by bands at 798 cm™ (Si-
O stretching mode) and 696 cm™ (deformation mode Si - O) [37]. The 2228cm ™"
band could be attributed to combinations of frequencies (stretching and defor-
mation) of the hydroxyl groups OH in 2:1 dioctahedral minerals [28] in relation

to the presence of illite.

3.2.2. Thermal Differential and Gravimetric Analysis
Thermo-gravimetric and thermal differential analysis curves are given in Figure
10.
The following observations are made on the thermo-gravimetric and differen-
tial thermal analysis curve data:
e An endothermic peak between 100°C and 200°C, with maximum at approx-
imately 125°C, corresponding to a loss of mass from 1.257%.

¢ An endothermic peak important 547°C, accompanied by a mass loss of

8.18%.
TG % . ¥ i ' i peak torp 967.6°C Hgat Fl‘(;\ﬂ—l mV]
LO L
-1
0.01)
L -2
L -3
-0.0g
- -4
- -5
6 dm: -8.16% -0.08
-7
-8 -0.01
9 peak top 547.4°C
0 200 400 600 800 1000 Temp.erature °C

Figure 10. ATD/ATG curves of MOU sample.
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e An exothermic peak around 967°C.

The peak around 125°C corresponds to the departure of water physically ad-
sorbed to the surface of the particles [38]. The allure of the thermogram from
227°C up to about 500°C presents some irregularity. This suggests an overlap of
two phenomena. Between 200°C and 400°C, it is likely that we are witnessing the
departure of CO, due to the combustion of organic matter. In a previous study
on the clay taken from Loutete, analysis of the emitted gases indicates the de-
parture of CO, between these temperatures [4]. The rate of organic materials
(0.367%) in the sample taken from Loutete is lower than that of the sample Mou
(0.839%) (Table 2). In this same interval, many works indicates the dehydrox-
ylation of goethite [39] [40] [41]. This is less likely because no peak of the goe-
thite were observed on the MOU diffraction pattern. The effect of departure of
the CO, would be upon the origin of the irregularity on the ATD/ATG curves.

The second endothermic peak observed around 547°C corresponds to the de-
hydroxylation of kaolinite where structure water was eliminated following a
broadcast mechanism resulting in the formation of amorphous material (meta-
kaolin) [38] [42]. The mass loss associated with this second phenomenon is im-
portant (8.18%). This high loss would imply an abundance of kaolinite.

The exothermic peak at 967°C corresponds to the structural reorganization of
the metakaolin that turns into mullite. And this temperature is very close to that
indicated in cases of presence of iron (980°C) [42].

During cooling, the ATD curve shows an exothermic lump of low amplitude
at 567.2°C corresponding to the reversible quartz f-quartz a transition and con-
firms the presence of quartz. This transition was not observed during heating.

This could be explained by an high abundance of kaolinite.

3.3. Chemical Properties

3.3.1. Chemical Analysis
The results of the chemical analysis are reported in Table 2.

The SiO,/Al, O, ratio is equal to 2.93. This ratio much higher than in kaolinite
indicates a relatively abundant presence of quartz in the clay soil. The Fe,O,
content is relatively low.

The Fe content having reacted with the Mehra-Jackson reagent (free iron)
corresponds to 0.098%. Therefore Fe,O, represents 0.14%. Then about 1.36% of

Table 2. Chemical properties of MOU sample.

Si0, ALO, Fe,0, MnO MgO CaO NaO KO TiO, P,0, PF.

61.45 20.96 1.5 0 0.59 0.31 0.05 1.15 2.36 <L.D. 10.5
Matiére Carbone organique Azote total Matiere organique
organique 0.485% 0.047% 0.839%
CEC 8.66 cmol+/kg
Fe Tamm Al Tamm Fe Mehra-Jackson Al Mehra-Jackson
0.05% 0.059% 0.098% 0.085%
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Fe,0, comes from structural iron. Soro indicates that the iron not reacting to
corresponds to structural iron [43].

Indeed many works indicated the substitution of the AI** by Fe** in kaolinite
[42] [44]. In the illites, silica is substituted by Mg**, Fe’* or Fe** [2] [25].

The structural Fe is considered as proof of the disorder. The presence of
structural iron in MOU would be so related to low crystallinity of kaolinite.

The coloring oxides (Fe and Ti) rate (3.86%) suggests a colored fired body.
The percentage of potassium (1.15%) could come from the presence of the illite.
The alkaline earth metal with the total content of 0.9% may match these carbo-

nates.

3.3.2. Mineralogical Composition
The mineralogical composition deduced from chemical analysis and XRD by
using the follow formula [30] [45].

Ty =2 MiR () 1

with:

« _»

T(a) = mass percent of the element oxyde “a” in the sample.

s

M, = mass percent of the mineral “i” in the studied material.

P(a) =massic amount of the oxyde of the “a” element in the mineral “i”.

€«

deduced from the ideal formula of the minéral “i”.

Considering the results of Mehra-Jackson Fe, we have neglected the oxides of
iron.

The first estimation of mineralogical composition based on the results of the
chemical analysis leads 6.21% of indeterminate (Table 3).

The weight loss associated with the dehydroxylation of kaolinite is 8.16%.
Therefore from ATG, the rate of kaolinite is estimated at 52.62%. By integrating
the kaolinite rate deducted from the ATG, we greatly reduce the rate of the in-
determinate (1.15%) (Table 3).

Figure 11 gives us the positioning of MOU in ternary diagrams used by
Fabbri and Fiori [46] taking into account the chemical composition of the
clayey materials used in the production of ceramic tiles. Figure 12 corresponds
to the ternary diagram on the mineralogical composition [46]. From these di-
agrams, MOU clay could be used as white stoneware and in the manufacture
of klinker.

3.4. Dilatometry

The dilatometric curve of MOU sample is given in the Figure 13.

Table 3. Estimation of mineralogical composition (%).

Echant kaolinite illite  talc quartz anatase Hématite Xm indéter
Mou 44.41 9.58 36.26 2.36 92.61 6.21
Mou 52.62 9.58 33.21 2.36 97.77 1.15
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Figure 11. Positioning of MOU sample in the ternary diagram (chemical composition)
after Fioi et al. (1989).
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Figure 12. Positioning of MOU sample in the ternary diagram (mineralogical composi-
tion) after Fiori et al. (1989).
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Figure 13. Dilatometric curve of MOU.

The analysis of this curve reveals:
e A light (low) dilatation until 570°C.
¢ A shrinkage between 550°C and 600°C.

DOI: 10.4236/jmmce.2018.61010 130 J. Minerals and Materials Characterization and Engineering



https://doi.org/10.4236/jmmce.2018.61010

J. M. Moutou et al.

e An increasing shrinkage from 600°C to near 900°C.

¢ A shrinkage between 900°C and 1000°C linked at an exothermic phenome-
non.

¢ An intense shrinkage from 1000°C until 1200°C.

e On the cooling curve, a peak at 575°C associated at the reversible transfor-
mation of quartz.

The shrinkage between 550°C and 600°C corresponds to the dehydroxylation
of kaolinite for giving metakaolin. The diffusion of hydroxyl groups trends to
bring together the plaques. That leads to an overall shrinkage.

The dilatometric curve from ambient temperature to 700°C is given on the
Figure 14.

There is a low shrinkage to almost 100°C which was attributed to the depar-
ture of hygroscopic water. We observe a dilatation from 150°C to 487°C and
from 490°C to 564°C shrinkage occurs. This last shrinkage is associated in the
ATD curve at the dehydroxylation of kaolinite. Light withdrawal is induced by
the dehydroxylation of the clay minerals mostly kaolinite. The dilation from or-
dinary temperature until near 600°C, disturbed by some shrinkage, corresponds
to the transformation quartz a-quartzf. Quartz can reach an expansion of more
than 1.7% at 580°C [47]. In MOU sample, we have that a dilatation of 0.2% only.
This is justified by the abundance of kaolinite. Between 564°C and 587°C there is
a dilation that indicates the quartzp, atransformation of quartza. From 600°C to
around 900°C, a progressive withdrawal is observed. The structural reorganiza-
tion of the metakaolinite occurred between 900°C and 1000°C by a significant
withdrawal. From approximately 1080°C at 1174°C the largest shrinkage is
achieved. Fast sintering observed for the MOU material above 1050°C suggests
the formation of a significant amount of viscous. The illite having some melting
power might produce a liquid flow (stream) [48]. Comparing the dilatometric
curve of MOUY with those carried out by Nana Koumtondji Lecomte [48] for

different kaolinite-muscovite compositions, we can deduce that the dilatometric
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Figure 14. 0°C - 700°C range of dilatometry curve of MOU sample.
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Figure 15. Comparison of dilatometric curves of MOU and LOU samples.

behavior is dominated by kaolinite. Indeed it was not observed dilatation of the
network of the muscovite at temperatures below 1000°C. This suggests that the
illite has a composition that is less than 10%, confirming the results of the mine-
ralogical balance.

The comparison of the dilatometric curve of MOU with LOU’s which has
lower quartz content is given in Figure 15.

Relatively low shrinkage in MOU compared that of LOU resulted in the high-
est rate of quartz in MOU. The abundant presence of quartz (33%), which, as
long as it is not dissolved in the stream, form a rigid percolating skeleton that

opposes the densification, thus justifying a weak shrinkage [41].

3.5. Technological Properties

Figure 16(a) and Figure 16(b) give us the evolution of technological properties:
e water absorption and the apparent density
e open porosity, flexural strength and linear shrinkage

The rate of absorption and the open porosity curves have the same trends.
They decrease quickly from 1000°C to 1200°C when they reach a minimum. The
minimum absorption rate is 2.5% then the minimum value of the open porosity
is 6.02%. These values are comparable with LOU. Despite the rate of quartz in
MOUY, the gresification favored by the presence of fusible material allows sig-
nificantly reduce the open porosity and rate of water absorption. The apparent
density increases to a maximum at 1200°C and decreases beyond this tempera-
ture. The linear shrinkage moves up a level from 1200°C. the maximum is 5.5%.
The flexural strength increases up to 1150°C (15 MPa), with a slight drop at
1200°C and dates back to 1250°C (16 MPa)

Gresification parameters (water absorption, open porosity, linear shrinkage
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Figure 16. Evolution of technological properties with temperature.

and apparent density) indicate maximum densification around 1200°C. The field

of optimum sintering is reached when the open porosity reaches the minimum

while the shrinkage its maximum. Beyond 1200°C the sintered material knows

expansion characterized by the decrease in density. Two causes for this pheno-

menon are proposed:

e The presence of the cristobalite that appears at these temperatures [4] would
cause a dilatation of the material [4] [49].

¢ This expansion can be explained also by the pressure of the gas in closed
pores, which tends to expand the pores [48] [50].

Sintering is defined as the consolidation under the action of heat from one
medium dispersed without total melting of the material. This consolidation is
often accompanied by an increase of the density which translates by shrinkage
[41]. We can observe an increase of the linear shrinkage in the temperature in-
terval explored. Optimal and progressive particle rearrangement results in a
withdrawal growing (1.20% - 5.60%). Taking into account enough strong slope
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of the curve of withdrawal depending on the firing temperature, we can consider
a fast growth of the withdrawal reflecting an intense densification. The appear-
ance of open porosity in the fired material could be promoted by different caus-
es, such as the air trapped in the ceramic mud; formation of empty spaces in the
different stages of drying; gases released during the thermal decomposition of
carbonates or by the release of gases dissolved in quartz particles. At lower tem-
peratures, only the open porosity predominates [50]. When the firing tempera-
ture increases, the capillary pressure due to the surface tension of the liquid
phase tends to approach the particles, which in turn transforms the porosity of
porous open to closed porosity, which is formed of spherical and isolated pores
large. When the densification is reached, the porosity reaches its minimum value
[50].

However, the water absorption is an indicator of classification of clayey mate-
rials: it allows defining the areas of use of materials. According to the Brazilian
and Indian norms [51]:

o if water absorption > 25% Clay is suitable for the manufacture of refractories

e if 25% > water absorption > 20%, the clay is indicated for the production of
baked bricks

o if water absorption < 20%, the clay is suitable for the manufacture of the tiles

MOU clay would be suitable for the manufacture of the tiles.

Dondi et al. established the typology of ceramic tiles based on the water ab-
sorption and rate of iron oxides [7]. Taking into account the water absorption
(~2%) and the Fe,O, content (1.63%), MOU is ranked in the common area be-
tween GWS (glazed white stoneware) and KLK (klinker) type. MOU complies
with manufacturing both of a glazed white stoneware (GWS) and a klinker
(KLK). The requirement of the rupture module 23 MPa for the klinker and 30
MPa for the GWS [7] could not be reached. Indeed, the flexural strength of
MOU to 1150°C (15 MPa) is below these requirements. The gap between the re-
sulting flexural strength and the requirements of the GWS or KLK while other
parameters are consistent is certainly due to structural or columnar defects. The
figure gives us the classification of light-firing clays according to their amounts
of minerals of the kaolinite group and the clayey fraction as well of their plastic-
ity index.

Considering the kaolinite estimated content (44.41%) and with a clayey frac-
tion of 65%, MOU would be classified as Ball Clays. Plasticity index (28.9) indi-
cates that MOU is medium ball clays (BC1). The content of kaolinite obtained
from the loss of weight corresponding to kaolinite dehydroxylation would be
higher than 50%. In this case MOU lies in the common area between BC and LK.
(Low-grade Kaolins).

4. Conclusions

The objective of this work was to characterize clay extracted in Bouenza De-

partment specifically in the locality of Nzaou in order to estimate in a first time
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its possibilities of use in the ceramic.

The illite and kaolinite were able to be highlighted as clay species. Quartz,
anatase and rutile are the main impurities in the clay. The MOU clay is of me-
dium plasticity and has a clay texture. The optimum temperature of sintering
has been determined (1150°C). The apparent density (2.6), the linear withdrawal
to cooking (5.7), open porosity (6%), the rate of water absorption (2.6%) and
the resistance to bending (16 MPa) have been achieved at the temperature of
1200°C.

Clay proved to be used as glazed white stoneware (GWS) therefore for manu-
facturing the floor tiles and in the manufacture of clinkers. From the point of
view of its plasticity, it can serve in the composition of ceramic pasta like me-
dium ball clays.

We plan to improve the mechanical resistance. Indeed, as the flow obtained
from illite which can play the role of flux is not enough for favor the densifica-
tion, the influence of the addition of feldspar on the mechanical resistance and
porosity open as well as the absorption rate will be studied for determining the
conditions of improvement the densification therefore the mechanical resistance

and studying the possibility to reduce the porosity at a value inferior to 1%.
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