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Abstract : The paper deal with the densification behaviouclimotte grog made with raw clay material at
high temperature. The sintering conditions as teatpee (1100, 1200, 1300 and 1400°C) temperatare (D.5;

1 and 2hours) have been varied to check the optonadition to produce grog with better charactarsstThe
relationship between the mineralogy, microstrucfrgrog with its densification parameters haverbstidied
using X-ray diffraction and scanning electron msmopy. From 1300°C with 1hour as temperature thaidéd
grogs are characterized by dense microstructure some isolated pores. The mineralogy of these ¢gog
composed essentially bymullite, cristobalite argichgal quartz.

Keywords:Raw clay, Chamotte grog, densification|lite,) cristobalite, Refractory brick

Densification d’'une chamotte pour I'élaboration desoriques réfractaires :
minéralogie et microstructure

Résumé :I'article est consacré a I'étude de la densifmati’'une chamotte produite a partir d’argile natara

température élevée. Cette argile a été extrudée fpitiée a différentes températures (1100, 12@M0let
1400°C) avec des paliers variés (0,5 heure, 1 hair@ heures) dans le but de déterminer les dondit
optimales de production d'une chamotte de qualité.rapport entre la minéralogie, la microstructdee la

chamotte avec ses paramétres de densificationtérdtédiés en utilisant la de diffraction des raydhet la
microscopie électronique a balayage. A partir d@01@ et de palier 1 heure on obtient de la chandstese
avec des pores isolés. La minéralogie de ces clesnedt composée essentiellement de la mullitzjdtbalite
et du quartz résiduel.

Mots clés : argile, chamotte, densification, mellitristobalite, brique réfractaire
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1. Introduction The raw clay site is located essentially in eastiamk
of volcano-sedimentary hills. The alteration pmfit

Refractory materials are extensively used infairly important in respect of the presence of tuar
most of production and treatment processeyeins, and probably results from an hydrothermal
involving high temperature$™. The refractory activity on one hand. As the explanation is frore th
materials are used as crucibles by mining andocation of the site in the side of Lake Bam, that
metallurgists for metal casting and as filter forinduces a dense east draining system. These pescess
liquid at high temperaturés®. In this important are probably favored by hydrothermal alteration but
type of materials are used since they presendlso from a contribution of a meteoric chemical
specific thermal, chemical and physical stability. alteration. The area of the clay site is around0880
These exceptional properties are closely relatedn’.
to the specific elaboration processes (pressure,
flow, temperature,) and to the type of used raw
materials (clay, silica, alumina, carbon,
magnesia).

Alumina silicate refractories are greatly used
in the fields mentioned abov&. They are
generally produced with kaolin-quartz mixtures
material using typical clay - chamotte process.
The final product properties are depending to the |
densification performance such as density,
porosity and water absorption of the gfgThe
production of best refractory material using the
grog needs the optimization of grog
characteristics. The densification is governed by
the mineralogy and microstructure change
during the sintering process.

In this context, this work is devoted to the
optimization of grog obtained with a raw clay b
material from Burkina Faso. The first part
describes the chemical, geotechnical and
mineralogical characterization of the raw clay
material. The second part is focused on the study
of densification properties of chamotte according
to mineralogy and microstructure evolution.
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2. Materials and methods

2.1. Geological context of the raw material site

The raw material used in this work, Figure 1: a-Localization of Sabcé snd_a— Geological map
of the argillaceous site

referenced SAB, is from a deposit in Sabce 1- Basalt, 2- Schists volcano-sedimentary, 3- Gdarde,

village, in the North Central (region) of Burkina 4- Rivers, 5- argillaceous Site, 6- quartz Seam
Faso. The location of SAB on the map of

Burkina Faso corresponds to 13.23 ° North and

1.54 ° WestKigure 1-a). _ 2.2. Characterization of raw material
The geological environmerfigure 1-b) of

the site consists mainly of granodiorite, basalt  The chemical composition of the raw materiasw

and volcano-sedimentary schidt According to determined using ICP-AES technique.

[Oe]Iative ch.ronologies based' on pre\{ious Wark The mineralogical composition of SAB was
and airborne observation of images, theperformed using X-ray diffractometer (Bruker D5000)

granodiorites are intrusive in volcano-sedlmentsoperming at 40kV and 40mA and using Cur K

The ground observations, especially at sitegiation.

levels, show a relatively abundant vein of quantz  tne thermal analyses of SAB have been recorded
with a NE-SW average orientation.

M. Sawadogo et al 2
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with DTA / TG equipment SETARAM Setsys X-ray diffraction with a Bruker D5000 operating at
24 with 10°C/min as heating rate. 40kV — 40mA and using a graphite monochromatic Cu
The sintering behaviour of SAB is observedKo radiation. Each piece of grog has been finely
using a dilatometer MISURA 3.32 with 5°C/min grounded, finer than 80pum, before the test.
as heating rate. Microstructural evolution has been observed by
Atterberg limits (liquid limit, plastic limiand  scanning electron microscopy. For each piece of,gro
plastic index) have been determined according t@xperimented temperatures and temperature stages
NF P 94-051 standaft. The density and BET were examined by SEM.
surface of raw particle are respectively
determined with helium pycnometer and BET 3. Results and discussion
methods.
3.1. Characterization of the raw material
2.3. Formulation and characterization of
chamotte grog The chemical composition of the raw matersl i
shown inTable I. Alumina and silica are the major
The chamotte grog formulation starts with thechemical components. The global chemical
grounding of SAB. The material has been finelycomposition of clay — based refractory contains 28
grounded into particle sizes finer than 280. wt.% AlL,Os, 1 - 4 wt.% TIiQ, < 2.5 wt.% FeO; and<
The obtained powder has been moistened up td wt.% for the sum N&® + K,O + CaO + MgO™ %3,
31 wt. % and mixed during 30minutes. The The chemical composition of SAB agreed well with th
resulting paste has been extruded using amequired values for raw clay used in refractory
extruder (SHIMPO NVA-04S) and cut in the elaboration.
form of cylinders. After drying at 110°C for 24 The mineralogical composition of SAB shown by
hours, the pellets have been sintered at differerthe figure 2 indicated that quartz (SED kaolinite
temperatures: 1100, 1200, 1300 and 1400°GAI,Si,Os(OH),) and illite ((K, HO)
using a Nabertherm furnace with 5°C/min asAl,SizAIO;o(OH),) are the main mineral phases. As the
heating rate. For each sintering temperaturechemical composition, the mineralogical composition
three temperature stages were used: 0.5; 1 andallows SAB to be used in refractory elaboration.
hours. After sintering, the different chamotte Kaolinite and quartz are commonly used to produce
have been characterized to determine their bullsilica — alumina refractory composed essentially by
density (BD), open porosity (OP) and water mullite and silica in amorphous orcrystalline (daar
absorption (WA), according to the 1ISO 10545-3 cristobalite) form¥. Kaolinite is the source of mullite

standard*?. formation and the quartz the source of crystallime
The bulk density BD (g/cih is obtained amorphous quartz.
using the equation (1): The DTA /TG of SAB figure 3) shows two main
BD(g/cn?) = R, 1) peaks and one shoulder. The two peaks at 535°C and

P,-P, 1000°C correspond to the successive transformations

The open porosity OP(%) is the relatio'nggl kaTor:initehaC(I:é)rdingg tg7g1°%typrical retart]ctionsrida .
between the volume of open pores to the exterior - 'N€ Shoulder a shows the presence o

volume of the specimen. Its value is determinedduartz and is related its allotropic transformatiom
with the equation (2). quartza to quartz.

P-P
OP(%vol) = =—2x100  (2) Si,05Al,(OH), (kaolinite) — 2Si0-Al,0, (metakaolin)
8 4 + 2H,0 Reaction J)

The water absorption is the relation of the
mass of water absorbed to the mass of the fired 2 [2Si0-Al,05] — SikAlLOy, (mullite) +

specimen. It is calculated with the equation (3). Sio,(amorphous) Reaction 2
waw)=""Px100  (3)
R, By coupling the mineralogical and chemical Hssu

In the last three different equations, P;and R a semi-quantitative estimation can be dofable I

are respectively the mass of fired chamottepresents this semi-quantification with 45 wt.% duar

satured mass in water of fired chamotte and40 wt.% kaolinite, and 13 wt.% of illite.

hydrostatic mass of fired chamotte. Geotechnical results of SAB are summarized able
The evolution of mineralogical composition |Il . The different results corroborate those of

of the fired chamotte has been determined usingnineralogy. The feeble value of specific surface is

M. Sawadogo et al 3
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related to the important amount of quartz.figure 4. We note a shrinkage characteristic of
Atterberg limits indicate feeble plastic clay kaolinite at 538°C and at 573°C for the quattz*”
which was also predictable from the The material densification begins at 960°C and ap t
mineralogical composition in which quartz 1115°C. The total shrinkage during the sintering is
predominates. very limited that is an interesting property of the
The dilatometric curve of SAB is presented inrefractory used.

Table | : Chemical composition of SAB

Oxydes SiQ AlL,O; Fe0s; MnO MgO CaO Na,O K,O TiO, P,Os PF Total
% 69.09 20.55 0.85 0.00 0.12 = LD 0.49 1.45 095 =<=LD 6.10 99.60
LD = Limit of Detection
Q

2000 A
<
=]
> 1500 -
[)]
5
€ 1000 1 K
500 -
0
5 10 15 20 25 30 35 40 45 50 55 60
Angle (20)
Figure 2: X-ray Diffraction of SAB; K = kaolinite, Q = quartz = illite.
Table II: Mineralogical composition of SAB
Phases Kaolinite Quartz lllite Total Balance
% 40 45 13 98 2
Table Ill: Some geotechnical properties of SAB
Properties SAB
Density (g/cm) 2.66
BET Surface (rfig) 3.16
Water content (%) 0.29
Loss on ignition (at 1000 °C) (%) 6.43
dsc(pm) 6.32
doc(pm) 21.67
Liquid limit, W_ (%) 32
Plastic limit, W (%) 16
Plasticity indexd (%) 16
M. Sawadogo et al 4
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Figure 4: Dilatometric analysis of SAB
L the porosity is more pronounced above the
gl.%.gDenaﬂcatlon parameters of the chamotte temperature of 1200°C. In this temperature ares, th

temperature stage also contributes to porosity

The bulk density of chamotte according toreduction. However, the effect of temperature stage
sintering temperature and bearing is shown byin the open porosity variation is less importararth
figure 5. The bulk density increases with that of density. Only at temperature of 1300°C, a
temperature. In general, long temperature stagslight difference is observed for 2 hours tempeeatu
improves the density of chamotte. Betweenstage.
thetemperature stage of 0.5 and 1 hour, the densityhe water absorption according to sintering
is significantly increased. With the feeble temperature and temperature stage is shown in
temperature stage, the temperature effect is morigure 7. The evolution of water absorption is
pronounced. Beyond temperature stage of 1 housimilar to that of open porosity. We note a greater
the change in density is very small. decrease of the water absorption above 1200°C. The
Figure 6 presents the evolution of open porosity effect of temperature stage on the water absorption

following the sintering temperature and itsis slightly more pronounced than that of open
temperature stage. The porosity decreases witporosity.
increasing the firing temperature. This decrease of

M. Sawadogo et al 5
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Figure 5: Evolution of the bulk density according to the parature and the temperature stage
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Figure 6: Evolution of the open porosity according to the penature and the temperature stage
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Figure 7: Evolution of the water absorption according to tévmperature and the temperature stage

3.3. Mineralogy of chamotte grog and illite completely disappeared leaving only the
peaks of quartz. New phases were formed namely
The evolution of the mineralogical compositio cristobalite and mullite. Whatever the used sintgri
of chamotte grog depending to sinteringtemperature stage, the mullite formation starts at
temperature and temperature stage is observed 100°C. Its quantity increases with temperature and
the diffraction patterns digures 8, 9and10. For  temperature stage. The amount of quartz decreases
all the diffraction patterns, the peaks of kaoénit with temperature and is more pronounced above

M. Sawadogo et al 6
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1300°C. At 1400°C, the peak of quartz is greatlymeans that long time temperature stage favors the
reduced into a small peak. Contrary to quartz, thelisappearance of quartz to form cristobalite. The
peak of cristobalite appears above 1300°C andjuantity of mullite seems to not be affected by the
becomes important at 1400°C. Here, the effect otemperature stage but mostly by temperature.
sintering temperature stage is clearly shown. It

8000 A ‘Q Chamotte grog, 30 mn
6000
©
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24000
2 ]

MMO MM C Q

g c Q Q 1400°C
£ 1300°C

2000 j
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Figure 8: diffractograms of chamotte grog at various tempeest and temperature stage of 30 min
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Figure 9: diffractograms of chamotte grog at various tempees and temperature stage of 1 hour
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Figure 10: diffractograms of chamotte grog at various tempeest and temperature stage of2 hours

M. Sawadogo et al 7



J. Soc. Ouest-Afr. Chim. (2016) 041 ; 1- 10

3.4. Microstructure of chamotte grog chamotte starts. At 1300°C, the densification

increases with the formation of a liquid phase and
The SEM images of chamotte at different of mullite. At this temperature, the porosity rengi
temperatures with different temperature stages armterconnected. The amount of liquid phase and
given infigures 11and12. At 1100°C, images are mullite increases at 1400°C and interconnected
characterized by large numbers of sheet plateletqores disappear to form a few isolated pores. The
The edges of most of sheets are broken. At 1200°Qquantity of liquid phase is more important with
platelets disappear and the densification of the temperature stage of 2 hours.

Figure 11: SEM images of chamotte grog at various temperatamdsemperature stage of
1 hour: a = 1100°C. b = 1200°C. ¢ = 1300°C. d =0P@0

Figure 12 SEM images of chamotte grog at various tempegatand temperature stage of 2 hours:a = 1100°C. b =
1200°C. ¢ = 1300°C. d = 1400°C

M. Sawadogo et al 8
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3.5. Discussion obtained chamotte is mainly composed of mullite
and cristobalite with small proportions of quartz.
Kaolinite and quartz are the main phases in the&intering temperature time influence the amount of
initial material mixture. During the sintering, the formed mullite and liquid phase and this is more
kaolinite is transformed successively andpronounced at elevated temperatures of 1300 and
progressively into metakaolinite and mullite. The 1400°C. With long temperature stages, the amount
quartz participates in the formation of a liquichph  of liquid phase and cristobalite quantity is higher
in the presence of alumina and alkali. Free silicaand thus contributes to improve physical properties
obtained from the mullite formation and the The bulk density and open porosity of chamottes are
remaining quartz after dissolution givesa liquid very interesting compared to the literature data on
phase. It participates together with temperature imefractory bricks. Indeed, the obtained values
the formation of cristobalit®. density and porosity of the chamotte are betten tha
Indeed, at 1100°C, the mullite recrystallizationthose found by Seynou and &f' during the
begins from only metakaolinite transformation. Itsrefractory brick elaboration. At 1400°C and for a 2
initial quantity is very low at this temperature hours bearing time, Seynou and al have obtained
according to the important presence of brokenvalues of 1.87 g/cfras bulk density and 23.92% as
platelets of metakaolinite (figure 11, 12). The open porosity. With a firing temperature of 1300°C
densification of chamotte is therefore not possibleand for a 2hours as temperature stage, our grog
since the significant presence of metakaolinchamotte density attains 2,1gftrand its open
platelets. This behaviour corroborates the resflts porosity is 25%.
density, porosity and water absorption (figure 5, 6 The results of the technological properties of
7). With increasing temperature, the amount ofchamotte are better above 1300°C and for a 1 hour
formed mullite increases when temperature attainfemperature stage. Mineralogy and microstructure
1200°C, but an important quantity of quartz isalso show the presence of recrystallized phases in
remaining in chamotte (figure 8, 9, 10). The large quantities.
remaining presence of quartz indicates that its
dissolution has not started and that its presesice i
responsible in the lack of a significant improvemen
of properties despite the increase in the amount of. Conclusion
mullite. Quartz dissolution becomes effective above
1300°C by the combinated action of alkaline oxides Chamotte grog obtained with Sabcé raw clay
K,O and temperature. The dissolution of quartz ipresents physico-chemical, mineralogical and
responsible in the formation of a silicate liquid microstructural properties related to processing
phase, which induces the decreases of open porosigpnditions such as temperature and temperature
and water absorption. At 1400°C, the quantity ofstage. The densification parameters namely density,
glassy phase is very important and improves greatlporosity and water absorption change positively
the properties by reducing the open porosity of thewith the temperature and the temperature stage.
chamotte. The amount of mullite is also improvedThis result is closely related to the mineralogical
significantly in the temperature range of 1300 -evolution of grog. With the increase of the firing
1400°C inducing the dissolution of alumina, to givetemperature, kaolinite and illite disappear and
a secondary mullite phase. The combined action ofavour the reduction of mullite and quartz to form
the secondary mullite and the liquid phasecristobalite. Both a temperature increasing and the
consolidates the chamotte properties. Thus, with thfluxing action of alkaline caused the dissolutidn o
temperature we have the densification of thequartz into a glass phase. The new formed phases
chamotte by agglomeration or by reaction betweerand the liquid phase transform the microstructdre o
the particles of the raw material. These reactaoes the chamotte, inducing a consolidation and the
fusion-reaction of particles from the formationaf disappearance of connected open pores. These
liquid phase. This densification corroborates thetransformations are more significant from 1300°C
values of bulk density and open porosity of thewith 1hour temperature stage. From this
chamotte. An increase of temperature increasetemperature and temperature stage until 1400°C, the
densification by reducing the pores volume; whichevolution of different properties is low. Thus, for
reduces the water absorption. During sinteringenergy issues, we believe that the temperature of
cristobalite is formed from 1300°C. It results from 1300°C and temperature stage of 1 hour must be
the conversion of free silica that has not partitsgd  used to obtain a dense grog for the development of
in the formation of the liquid phase. At 1400°Ce th refractory bricks.

M. Sawadogo et al 9
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