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Abstract

Currently, in a context of sustainable development, the economic and envi-
ronmental challenges incite, to valorize local materials such as clays and
agro-industrial waste. It is in this approach that a new category of compressed
earth bricks (BTC) stabilized with shea meal (TK) and cement was proposed.
The purpose of this paper is to investigate the effect of shea meal rate on the
thermal conductivity properties of cement stabilized earth bricks. A lateritic
clay (Lat) mainly composed of kaolinite (38.44%), quartz (24.94%), goethite
(12.28%), hematite (4.44%) and illite (19.9%) was used to make bricks. Dif-
ferent mix designs made up of lateritic clay and 5% cement were studied. The
shea meal is added as a partial lateritic clay replacement in different propor-
tions. The thermal conductivity was determined by hot disk method and cor-
related to both porosity and density of elaborated materials. The results ob-
tained show that the thermal conductivity and density of bricks decrease re-
spectively from 0.72 W-m ™K™' to 0.52 W-m™"-K™" and from 2.77 g-cm™’ to 2.52
g-cm. The presence of shea meal within the material generates pore forma-
tion, which may partly explain the improvement of the thermal insulation
properties. A positive correlation was noted between density and thermal
conductivity of these materials.
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Lateritic Clay, Shea Meal, Compressed Earth Brick (CEB), Thermal
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1. Introduction

All human activities (industry, transport, deforestation, agriculture, construction,
etc.) generate a high concentration of greenhouse gases in the atmosphere, lead-
ing to the global warming that the world has been facing in recent years. This
has direct consequence of the natural disasters such as drought, melting glaciers,
floods, hurricanes, etc.

The construction sector plays an important role as the construction process
requires significant energy demand and causes environmental side effects,
namely: greenhouse gas emissions, high water consumption, as well as the pro-
duction of solid and liquid wastes [1] [2] [3]. Given the current global concerns
for sustainable development resulting from environmental problems such as
climate change and resource depletion, coupled with the rapid pace of technolo-
gical advancement in the building sector, interest in alternative building mate-
rials such as earth has developed.

The earth, because of its availability and ease of implementation, is indeed an
ideal building material. Its extraction, processing, production and transport re-
quire very little energy. Moreover, the earth is 100% recyclable and provides an
interior comfort since it is a good thermal, humidity and acoustic regulator.
However, the technology of compressed earth bricks (CEB) or stabilized earth
bricks (SEB) still uses a significant amount of cement [4].

Earthen construction has been used for several thousand years in various parts
of the world [5]. But such a building suffers from certain deficiencies, such as
mechanical strength, water resistance and durability [6] [7]. To overcome these
problems, plant debris, fly ash or small amounts of cement or lime are com-
monly added [8] [9].

Furthermore, the production of shea butter generates a significant amount of
waste called shea meal. The shea (its scientific name Vitellaria paradoxa) is a tree
that grows wild in the savanna regions in the North of Céte d’Ivoire. The shea
meal which is constituted of 50% - 75% of shea butter seeds, cannot be used for
livestock feed because of its high lignite content [10] and is a source of environ-
mental pollution. As well, it has been shown that the sticky black residue, left af-
ter extraction of the shea butter, can be used to fill the cracks in the walls and as
a waterproofing material [10]. Shea meal could therefore be used in addition to
lime or cement in the production of compressed earth brick in order to improve
both the mechanical, chemical and durability properties of the bricks. In the re-
gion of Korhogo, it is very hot, the temperatures often reach 36°C. This encou-
rages researchers to propose alternative solutions based on sustainable materials
“eco-materials”, environmentally friendly and have good thermal insulation
properties.

The thermal conductivity of clay-based materials has been studied extensively,
mainly in the case of materials consolidated with thermal treatments for applica-
tions in building. The thermal conductivity depends strongly on the nature of

raw materials, temperature of thermal treatment during which transformations
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in the solid phases occur and obviously the final pore volume fraction [11] [12].
The values for clay-based material are often below 1 W-m™.K™" [13].
The purpose of this work is to study the impact of shea meal rate on the ther-

mal conductivity of cement-stabilized earth bricks.

2. Materials and Methods
2.1. Materials

Lateritic clay (Lat) used is from the Hambol region (Céte d’Ivoire), precisely in
town of Katiola. This clay is extracted from quarries located around the geo-
graphical coordinates: 08°09.030'North, 005°05.850'West and altitude 996 m ex-
tends over about 10 Km? at a depth of 1 m 50 (Figure 1).

Cement (C) called “LE CLASSIC®” was used for paste. The shea meal (TK)
collected from the preparation site of shea butter located in the city of Korhogo
(North of Cote d’Ivoire) was used as additives and/or clay replacement for the

elaboration of compressed earth bricks.

2.2. Methods

The Chemical composition of the clay used in this study was determined by
means of Inductively Coupled Plasma Atomic Emission Spectrometry (ICP-AES)
method. Prior to analysis, the clay sample dried at 110°C for 24 hours was dis-
solved using an ANTON Paar type microwave under acidic (fluorhydric and ni-
tric acids) and high pressure conditions. The dissolution was carried out in a 50
min cycle: a 10 min temperature rise followed by a 40 min step at maximum

temperature (260°C) and cooling to 35°C.
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Figure 1. Extraction site of the lateritic clay of Katiola town [14].
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The crystalline mineralogical phases were determined using a Bruker multi-
functional D8 ADVANCE model diffractometer. Measurements were conducted
on powdered samples using continuous scanning mode in 20 range of 2° - 70°
with a step size of 0.01° (20) and a counting time of 0.25 s.

The thermal behavior of the clay sample was followed using a SETSYS Evolu-
tion equipment from SETARAM for temperatures range from 30°C to 1200°C
under dried-air atmosphere with a rise rate of 5°C/min. Alumina powder, pre-
viously calcined at 1500°C for 1 hour was used as reference material. The specif-
ic area of the clay was determined by Brunauer Emmett and Teller (BET) me-
thod using Micromeritics TriStar II [15]. Measurements were performed after 16
hours degassing-step at 200°C on the crushed and sieved samples at 100 pum.

The porosity was obtained using the ratio of pore volume to the total volume
of material. The porosity rate was determined by the expression provided in Eq-

uation (1).
Porosity rate = [l—(ps/pp )J %100 (1)

where p, is the density of the material calculated using both dimensions and
mass of the material.

p,» is the density of the solid measured using the helium pycometer.

The thermal conductivity of CEB samples was determined by hot disk me-
thod. This technique gives directly access to the thermal conductivity of the ma-
terial. The basic principle of measurement consists in inserting a probe between
two cylindrical blocks of the material. The probe acts both as a source of heat
(Joule’s effect) and a sensor of the rise in temperature. The measurement con-
sists in imposing a power to the sample from an instant (# = 0) and in following
the rise of the probe temperature over time. The analysis of the increase in tem-
perature as a function of time gives access to the thermal conductivity of the

material.

2.3. Elaboration of the Compressed Earth Brick Samples (CEB)

Several samples of CEB with different compositions containing lateritic clay,
cement and shea meals were manufactured. All components were dry-blended in
a Contrelab brand kneader at a speed of 70 rpm for about 10 min. The mixture is
moistened with 20% of water and then kneaded again for 20 min. The compac-
tion was carried out using a hydraulic press under a pressure of 40 MPa. The
compositions of earth bricks obtained from the different mixtures are given as a
percentage of dry mass of each component (Table 1). All samples were

oven-dried at 40°C for 7 days prior to analyses.

3. Results and Discussion

3.1. Characterization of the Raw Lateritic Clay (Lat)

Chemical compositions as well as physical parameters of the lateritic clay (Lat)

are recorded in Table 2. Analysis of the results obtained shows that the Lat used
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Table 1. Different compressed earth brick (CEB) formulation and their porosity rate.

Samples Clay (%) Shea meal (%) Cement (%) Porosity rate (%)
Lat,q, 100 - - 353
Laty, TK,C; 93 2 5 28
Lat,, TK,Cs 91 4 5 336
Latg TK,Cs 89 6 5 33.3
Latg, TK,Cs 87 8 5 33.8
Latg TK,(Cs 85 10 5 38.4

Table 2. Chemical and mineralogical compositions and physical characteristics of raw la-
teritic clay (Lat).

Chemical §i0, ALO, Fe,0; K0 Na0 TiO, SiOy/ALO,
composition (Wt%) 5751 2312 1567 235 073 0.83 2.49
Mineralogical Kaolinite = 38.44; Illite = 19.9; Goethite = 12.28;
composition (wt%) Hematite = 4.44; Quartz = 24.94
Specific area (m*g™) 25.62
Densit
ens1_3y 58
(grem™)
Plasticity index 17
Methylene blue value
(g/100 g soil) 0.5

is mainly composed of aluminum, silicon and iron oxides. However, it also con-
tains some minor elements such as potassium, sodium and titanium oxides. The
K,O content of 2.35 wt% suggests the presence of mica. The SiO,/Al,O, weight
ratio is of 2.48 instead of 1.18 for pure kaolinite [16]. This high value suggests
the presence of free-form of silica and clays minerals type 2:1 [17]. Based on La-
croix’s classification of lateritic soils [18], the clay containing 15.67% by mass of
iron oxide used belongs to the family of lateritic clays. The specific area and den-
sity of this clay are respectively 25.62 m*g™ and 2.8 g-cm™. The density of this
clay is consistent with that generally observed in lateritic soils (2.5 to 3.7 g-cm™).
Maignian [19] who works on laterites showed that the density of the lateritic
clays increases with the iron oxide content, decreases with the alumina content
and depends on its chemical composition. The plasticity index (PI) and Methy-
lene Blue Value (MBV) are respectively 17 and 0.5. The values of plasticity index
(12 < PI < 25 and MBV <1.5) show that the clay used in our study is a sandy
loam soil and belongs to class A2 according to the Earthworks Guides classifica-
tion. Therefore, this material is suitable for use in the manufacture of com-
pressed earth brick (CEB).

Figure 2 shows X-ray diffraction of lateritic clay, it shows the presence of iron
compounds, silicate phases and clay minerals of the 2:1 phyllosilicates family. It
consists mainly of kaolinite (Si,Al,O,(OH),), quartz (SiO,), hematite (a—Fe,0;),
goethite (a—FeOOH) and illite (KAL,Si,O,,(OH),).
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Figure 2. XRD diagram of the raw lateritic clay.

The thermal analysis (DTA-TGA) results of the raw lateritic clay are pre-
sented on Figure 3. The following transformations can be observed:

v' A first mass loss (0.5%) observed between 30°C and 100°C and associated
with an endothermic peak is due to the departure of free water (physisorbed
water).

v' A second mass loss (1.25%) observed between 200°C and 350°C is the con-
sequence of the dehydroxylation of goethite into hematite [20] (Equation (1):

2FeOOH — Fe,0, + H,0 (1)

v A third mass loss (6%) is observed between 400°C and 600°C. This mass loss
could due to the superposition of two phenomena, namely dehydroxlation of
kaolinite Equation (2) and illite in lateritic clay [21]:

Si,AlLO; (OH), — Si,Al0, +2H,0 )

v At 572°C, an endothermic phenomenon which corresponds to the transition
of quartz (a=>p) is observed.

v At around 954°C, an exothermic peak was observed. It is due to the structur-
al reorganization of metakaolinite in a spinel phase [21]. The reaction is as

follows:

2[Si,AlL0, ] Si,AlO,, +SiO, (4)

Calculations based on the results of the chemical analysis, differential thermal
and thermogravimetry analysis and the ideal chemical composition of the phases
detected by X-ray diffraction, allow to obtain the mineralogical composition of
the lateritic clay (Table 2). These calculations show that kaolinite (38.44%), illite
(19.9%), quartz (24.94%) and goethite (12.28%) are the main phases of the raw
material (Lat). The hematite is present but in very low quantity. The phases re-

lating to titanium are found in trace form.
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Figure 3. Differential thermal and thermogravimetric analyses of raw lateritic clay.

3.2. Physical Properties of Compressed Earth Bricks (CEB)
Reinforced With Shea Meals with Cement

The influence of shea meal rate on both the density and the thermal conductivity
of compressed earth bricks was studied and the correlation between the two stu-
died parameters was also discussed. Figure 4 shows effects of the shea meal
content on CEB density. The results show a decrease in density from 2.77 g-cm™
to 2.52 g-cm™ (about 9% of decrease) and a slight increase in porosity in the
elaborated samples from 35% to 38% (Table 1). These observations are in ac-
cordance with results obtained by Ashour ef al. and Bachir ef al. To explain this
decrease, these authors have issued different assumptions. According to Bachir
et al, the decrease in density with increasing the amount of fiber or organic
matter would be linked to a decrease in homogeneity, an improvement in the
bonds and an increase in the porosity rate. According to Ashour et al the re-
placement of cement or gypsum (dense materials) with wheat or barley fibers
(less dense materials) results in an increase in the total volume of the mixture.
This increase in the volume of compacted mixture results in a decrease in the
weights and densities of the samples [22] [23].

Figure 5 shows the evolution of the thermal conductivity and the porosity rate
of the CEB produced as a function of the content of the shea meal. When the
shea meal content is changed from 0% to 2%, the thermal conductivity increases
from 0.72 W-m ™K™' to 0.86 W-m™"-K"". This increase is partly due to the reduc-
tion of the porous network in the material from 35% to about 28% and to the
large amount of cement-based phases (CSH, C;AH,....). This results from the
hydration of the cement, which contributes to increase the rigidity of the materi-
al structure. Therefore, heat transfer is improved in the material. When the shea
meal content is higher than that of the cement, the thermal conductivity of the

material decreases and the porosity rate increases from 28% for the material
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Figure 5. Effect of the shea meal content on the thermal conductivity of CEB stabilized

with 5% of cement.

containing 2% shea meal to about 33% for the samples containing 6% and 8%
shea meal.

However, this porosity rate remains lower than that of the material without
shea meal. The decrease of thermal conductivity value observed could be ex-
plained by the known low thermal conductivity of organic matter. On the other
hand, when the shea meal content reaches 10%, the thermal conductivity reaches
a value of 0.52 W-m "K', i.e a reduction of about 27% relative to the material
without shea meal and the porosity rate increases from 33% to 38%. According

to the literature, the increase in organic matter rate within the material results in
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a decrease of the thermal conductivity. Two main arguments were used to ex-
plain this thermal conductivity decrease. Firstly, the presence of fiber or organic
materials within the material generates the creation of pores, which consequent-
ly results in a decrease of its thermal conductivity. Secondly, the organic mate-
rials are characterized by a low thermal conductivity with respect to the argilla-
ceous matrix [24] [25]. In order to better understand the thermal behavior of
compressed earth bricks reinforced with shea meal and cement, a relation be-
tween the thermal conductivity and the density of these materials has been es-
tablished. And a positive correlation between both parameters is observed
(Figure 6). The low value of the correlation coefficient (r* = 0.619) shows a low-
er correlation between density and thermal conductivity. This is coherent be-
cause a material is less dense has more void between these particles, resulting in
a decrease in the thermal conductivity. It can be noted that for the low values
thermal conductivity correspond to the lowest of the density. Except for a shea
meal content of 0%, in this case the density is highest but the thermal conductiv-
ity is lower than that of the sample with 2% shea butter waste. This would ex-
plain the low value of the correlation coefficient (r* = 0.619) between thermal

conductivity and density.

4. Conclusions

The main objective of this work was to study the influence of shea meal on the
thermal properties of stabilized earth bricks (CEB) with cement. In order to do
so, a lateritic clay composed mainly of kaolinite, quartz, hematite, goethite and
illite, shea meals recovered from the shea butter manufacturing in the Korhogo
region and cement were used. Different formulations from lateritic clay and 5%

cement were studied. This study shows that the presence of shea meal causes the

0.9 9
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0.6 1
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Figure 6. Correlation between density and thermal conductivity of CEB stabilized with
5% of cement and shea meal (0% to 10%).
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creation of pores in the material. An increase in the amount of shea meal (0% to
10%) results in a decrease in the density of the produced material. This has an
impact on the thermal conductivity of these bricks. The thermal conductivity va-
ries from 0.72 W-m "K' for the sample containing 0% shea meal to 0.52
W-m™.K™ for that containing 10%. The shea meal improves the thermal insula-
tion properties of elaborated bricks. A good correlation between the thermal
conductivity and the density of these bricks could be noted.

This exploratory work has made it possible to show the possibility to use the
shea meal in building materials. However, the understanding of the interactions
of organic matter and the mineral phases deserves deepening. Consideration
should be given to also the development of these materials with other types of

clay minerals.
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