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Abstract: Natural clay SIT locally used in many traditiona@ramic processes for materials manufacturing likekb

as building materials and pottery is the raw matef this study. The materials were prepared ameed at different
temperatures. Then the mechanical and microstaigiioperties were studied. From this survey it esrout that with
a temperature programming of 1150°C for 1 h, natetay SIT exhibits a good mechanical strength wéth

improvement of flexion in three points and incren@ntemperature associated with decrease in pgrasiook at the
microstructure showed a composite microparticleeniat dispersed in a glassy matrix. Analysis of ploeosity at the
fracture surfaces was also carried out showinggpthrat are dimension and size varied.

Keywords: natural clay, terracotta, mechanical strength, asicucture, porosity.

Microstructure et propriétés mécaniques de céramiges d’argile
montmorillonitique

Résumé: L'argile naturelle SIT, localement utilisée dans mEmbreux procédés céramiques traditionnelles four
fabrication de matériaux tels que les briques damkmaine du batiment et la poterie est la mati¢eeniére de cette
étude. Les matériaux ont été élaborés et frittédifiérentes températures. Les propriétés mécanicgtes
microstructurales ont été étudiées. Les matéridakoéés et frittés a 1150 °C avec un palier finalnd heure,
présentent une meilleure tenue mécanidilebservation de la microstructure montre qu’eltd eomposite a I'échelle
du micron montrant une phase granulaire dissénilaés une matrice vitreuse. Une analyse de la fgérasiniveau
des surfaces de rupture révéle la présence des geraille et de formes variées.

Mots clés :argile naturelle ; terres cuites ; tenue mécanjquierostructure ; porosité.
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1. Introduction The raw material used in this work and named
The most important parameters which allow thewas deposited in Sitiéna locality (10.36 ° Nortld an
use of tiles on construction sites are the flexiord.48° West, Burkina Faso).
strength and the porosity. Both latter depending omhe chemical composition show the predominance
the raw clay material is the mineralogical of SIO, (56.51 wt%) and AlD5(23.24 wt%) and
composition and the process of productsindicates then the alumino-silicate nature of SiT.
elaboration. Generally both parameters are ircontains a relatively important content of alkali
relation. The flexion strength increases withoxides (4.85 wt%) that are attributed to feldspars
decreasing porosity of the material. Studies haveomponent in SIT. The high content of,Bg (6.82
been carried out to explain the evolution of pdsosi wt%) suggests the existence of structural iron in
and mechanical behavior during the heating Step clay minerals and the presence of iron hydroxides a
2 The mechanical strength is also affected by tha@ssociated with minerals as shown Karfa aritf'al
microstructure of the clay during the heating The major identified phases in SIT are
process. During this step, the porosity decreasesontmorillonite, quartz and albité3. To these
giving out a formation of a liquid phasd. We  important phases are added in small quantitigs,illi
worked on material that has a microstructure madéaolinite and orthose. lllite and smectites promote
up of individual particle then with consolidatedeon the material (bricks, tiles and pottery) sinteriaty
(49 " Despite the diversity and complexity of theserelatively low temperature. During the material
raw materials, we recorded a few publications & th elaboration process, smectites increase the ptgstic
literature ® - 3. Actually, much work is gradually of paste and improve the mechanical strength of
being done as at now. The latest studies? are  dried and heated products. Feldspar component
related to the chemical and mineralogical(albite, orthose) has fluxing properties and in
characteristics of some clays of Burkina Faso and¢onnection with the quartz and other minerals at
their possible applications. The use of clay fortemperatures around 1050°C increase the formation
pottery and building is performed bytraditional of liquid phases. Kaolinite is more refractory and
techniques,where materials used are mostly sinterdinits the spread creep at elevated temperatures.
at relatively low temperatures. At these
temperatures the clay materials are quite porou.2. Experimental methods
For example, potters and low scale manufacturers SIT was grounded until a particle size less than
use local clays with poor physical properties. 100um. Plates (12 x 5 x 1énobtained by uniaxial
Studies earliel? about characterization of the clay compacted with powder at a pressure of 15MPa,
that undergoes our investigation, showed awere dried for 24 hours at 40°C and heated during 1
modifying parameter of the residual quartz. hour in ambiant air at different temperatures (1000
Other studies didn’'t show the relation between1100 and 1150 ° C) with 2.5 °C/min as the heating
the mechanical strength and the mullite content. Weate.
conclude that the mechanical behavior depends on Rectangular specimens (length L = 47mm,
porosity which depends in turn on the width B = 8mm and thickness W = 6 mm) were cut
microstructure and this last depends also tanto plates for mechanical tests using three-point
mineralogical composition of basic raw material. bending. The testing apparatus is Instron type
The complexity and diversity of mineralogical equipped with a load cell of 10 kN and is piloted
composition of raw clay materials did not perm# th with Bluehill 2 software. The cross head speed was
compilation of results from one material to another3 mm / min. The flexural strength was evaluated by

one. the equation £4.
The aim of this work is to study the evolution of _ 3 LF,
the microstructure and mechanical strength of 9r = 2 BW2 @)

montmorillonite, a raw clay material from Burkina
Faso. The mechanical results have been correlat
with the microstructure of heated tiles. The method
of image analysis were carried out to quantify theWith
microstructural changes and the level of porosity. The t

é/(yith Fr the applied force at rupture.

For tenacity measurement, specimens provided
a notch were tested by three-point bending.
enacity i, was calculated from the maximum
flexural strength bendingr in the configuration
L/W> 4, with a length of the notch equal to a/W =
0.35 and using the equation 2. The factor Y depends

2. Raw materials and experimental methods
2.1. Raw materials
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on the test configuration and the specimen geometr§100 °C. The mechanical strength is enhanced by

as shown in equation 3. the formation of liquid phase provided by flux
a component. The liquid phase flow between the
K =0RrY W \/5 2 grains and reduce the porosity. This phenomenon

increases with increasing firing temperature.

For tenacity measurements, the relative depth
the notch is a/W = 1/3. The measurements were not
done on specimen sintered at 1000°C due to their
relatively low flexural strength. Tenacity increase
) with temperature increasing and corroborates the
lgg_a[l_a}l:z;]_g,_ 3032 + 2,7(‘5‘}] flexural strength. This improvement reflects the

WL W w w 3 structural changes induced by the increased energy

a al¥? in the material during sintering. The observatién o
[1+2W}{ _W} the fracture surfaces by SEM will help us to
consolidate our results over mechanical strength.

Y is a geometric coefficient in three-point bending _
(19 3.2. Microstructure

For microstructural analysis, the polished and SEM images of the polished and unpolished
unpolished fractured surfaces of the specimens aftdracture Slirfaces are presented-igures 1, 2 and
three-point bending tests are examined with P At. 1QOO C, the image shows a less dense materlal
scanning electron microscope (SEM). Carbon@S indicated by the_ strength results. At this
graphite was vaporized under vacuum on materigiémperature the material seems to be composed by
surfaces before recording SEM images. For opticaisclated particles (clay phase and quartz) without
microscope observation the samples were coateffiuid phase. At 1100°C, the SEM image shows the
with epoxy resin in vacuum under a fume hood.formation of important quantity of liquid phase
After polymerization, the samples were demouldedhowing the starting point of consolidation of
and then polished with SiC paper and with diamondsPecimen. The liquid phase formation, due to the
paper at different grades. After rinsing and drying action of heating temperature ar_1d flux components
the samples were directly used for observatiorP" the quartz, reduces the porosity. However,iat th

a
With «a» the length of the notch a\iév—vjthe

factor used to put the crack in an infinite medium.

under an optical microscope. temperature the pores are in important quantity,

The porosity study was performed on the optical@rge and connected. With the increase of firing

microscope binary image of fractured surface. ~ {emperature (1150°C), all the particle are embedded
in the liquid phase and gives a better consolidated

3. Results specimen with feeble quantity of unconnected
pores.

3.1. Mechanical strength SEM-EDAX analyses are givenhkigure 4 and

The average values of flexural strength and® and the deducted chemical compositions are
tenacity for specimens heated at differentSummarized infable 2 The chemical composition

temperatures are summarizediable 1 shows the predominance of Al and Si in the two
The mechanical strength improved with theindexed zone. The Si percentage decreases with
increase of the firing temperature. At 1000°C, thelémperature increasing and shows the quartz
specimen’s breaking occurs at low strength (5.65 issolution to form mullite. The mullite formatios
0.19 MPa). This fragility is related to the low corroborated by the increase of Al percentage with
sintering temperature which does not promote thdh€ increase of temperature.
cohesiveness between grains and the silico-
aluminous matrix. During the sintering until a
certain temperature (around 1000°C), the
decomposition and dehydroxylation of clay phases
lead to the formation of gas, which during its

Table 1: Flexural strength and tenacity of specimens

discharge causes the formation of pdfesAbove Tem?%;" ture F:ﬁxﬁl;?és(}\;le;ag)th (I\;Egaﬁ:.%/z)
the critical temperature of gas formation, the P '
porosity of the material decreases by the 1000 5.65+0.19 -
consolidation of specimen. At 1100 °C, the flexural 1100 168+14 0.45 + 0.05
strength is three fold the obtained values at 1000 1150 21.18+1.54 0.79 + 0.08

°C. The obtained value at 1150 °C is higher than
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Figurel: irogra the fracture surface of SrL000 °C:
(A) polished surface observed by optical microscape (B) surface directly observed by SEM.

Sigral A = InLens
Aperture Size = 30.00 pm

Figure 2: mlcrograph of the fracture surface of SIT at 1100 °
(A) polished surface observed by optical microscape (B) surface directly observed by SEM.

" Signal A = SEZ
Apetture Sizs = 30.00 m

Flgure 3: mlcrograph of the fracture surface of Sir1150 °C
(A) polished surface observed by optical microscape (B) surface directly observed by SEM
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Figure 4 : EDAX analysis of a sample area of the clay SITesied at 1100 °C.
(A) SEM picture and (B) EDAX diagram.
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Figure 5 : EDAX analysis of a sample area of the clay SITesed at 1150 °C.
(A) SEM picture and (B) EDAX diagram.

Table2 : chemistry EDAX analysis zone specimen sinteredl@01°C and 1150 °C.

Elements | Si | Al | O | Fe] Na | K | Mg| cCa]| Total
1100°C
% Wit 29.26 13.58 48.32 3.16 2.77 2.16 0.75 1 100
% Atomic 21.58 10.42 62.55 1.17 2.50 1.14 0.64 1 100
1150°C
% Wit 26.94 19.05 42.79 4.97 2.29 2.02 1.46 0.49 100
% Atomic 20.62 15.17 57.49 1.91 2.14 1.11 1.29 0.p6 100
3.3. Porosity by image analysis influence more the mechanical characteristics than

Dekayir and Maataodt? have identified three the mineralogical composition evolution due to
types of pores according to the shape parameter Jthase transformatlorﬁjél
defined by equation 4. ZS

= P(X)2 4) 0 i=1
47801 PO= g e P R
Where P = perimeter S = surface x = pore S = pore area (i) : Swe= image surface
or mineral "I

The different pore forms according to SF value ar

prese_nte_d orﬁgure_ 6. The pe_rcentage_of material X-ray diffraction pattern of sintered speeims
porosity is dgfcermlned a_ccordmg to 'the|r gray leve are shown in Figure 8. For the three sintering
and is quantified according to equation 5. emperature, the materials consist of quartz, teylli
Binarized images of polished fracture surfaces o agnesium silicate and aluminium. At 1100 °C and
iggg”l‘g” ﬂre presented igures d7§and7b With b 1150 °C, the amount of quartz, magnesium silicate
the image is composed by a great num ®nd aluminium decreased, while the mullite

gfﬁlarge ?ray c?rrespondlng to thebportre]s The threg antity increases. Mullite seems to be abundant on
ifferent form of pore are present, but the maigesit specimen sintered at 1150°C than on any other. The

are intermediate pore indicating that the sinterlnqﬂu”Ite formation is responsible for mechanical
process at this temperature is not complete. Wit rbropertles improvement  with  temperature
increasing of sintering temperature, at 1150 °€, thlncreasmg

gray number and it sizes considerably reduce. The
sintering of specimen at this temperature is more
advanced than the previous temperature.
Vitrification is one of the sintering mechanismpse

of ceramic clay. During the sintering, glassy phase .

&.4. Mineralogical analysis by XRD

is created as a result of complex reactions. The

glassy phase volume, chemical composition anc

viscosity change with temperature. The flow Of this Reunded pore Medium pore Recumdent pore
phase in the specimen pores, increase the materic = e e
shrinkage at the macroscopic level. The evolution o

pore volume, bulk density and pore size distributio Figure 6 : Basic forms used for the classification of p8fés
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Figure 7 a Image analysis of an area of a test pieceFigure 7 b: Image analysis of an area of a test piece

of clay SIT sintered at 1100 °C. Porositier 45% of clay SIT sintered at 1150P@rosity rate: 32%
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Figure 8: X-ray diffraction pattern of raw clay SIT (a) ankhyg SIT sintered at 1000 °C (b) 1100 °C (c) and 1¥5@d).
M = mullite (Fe Al o5Sip 70489 S = magnesium silicate and aluminium @AG,SisO.g), Q = quartz (Sig)

4. Discussion are well consolidated due to the formation of the

The complexity of the microstructure of ceitam liquid phase during sintering and cooling steps.
clay requires the use of multi-technical approach t A good starting point for the multi-scale structofe
identify the link between the chemical compositionsthe materials is the glass phase matrix, which ccu
and mineralogy on the one hand, and bothat micrometric scales by neo-mullite crystals form
microstructure, mechanical properties on the otheand other mineral accessories phases. SEM- EDAX
hand™?. microscopy analysis of fractured surfa&ég(res 4

The study shows the significant increasing ofand 5 revealed the presence of Si and Al as the
mechanical properties with sintering temperatureessential components. The crystals were hosted by
The bending strength is correlated with tenacityan amorphous alumino-silicate phase with addition
values. of alkali oxides Table 2).

The SEM image of fracture surface of materialConcerning the image analysis, we found that all
sintered at 1000°C F{gure 1) reveals a the forms of pore described Figure 6 are even
heterogeneous structure with pores showing sizenore complex at multidimensional scale. The
from 2 to 3 microns. There are also amorphousnatrix and the porosity form a porous structure
phase and individual particles probably whose behavior under strength stress increases the
corresponding to quartz. The other materialsmicrocracks at the macroscale and reduces the
sintered at 1100 °C and 1150 “Edures 2 and 3  performance of fired specimen. This is most felt in
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sintered materials at 1000 °C as compared to othet allows us to continue the work by associatiraycl
temperatures. This mechanism explains well theSIT to other natural mineral raw materials.

results of three-point bending tests and tenacity.
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