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DAbstract. This study investigates the effect of the chemical treatment of sawdust on the mechanical and

thermal properties of a clay composite reinforced with sawdust in variable mass proportions: 0.5, 1, 1.5, 2 and
2.5%, intended for use as brick in rural houses in desert areas. The sawdust was chemically treated with 5wt%
NaOH and 0.01wt% KMnO4 solutions. The mechanical test results of the reinforced composite with alkali-
treated sawdust show an increase in flexural and compression strength, reaching a maximum value of 0.89 and
4.85MPa, respectively. However, the thermal test results show a significant decrease in the thermal conductivity
of the sawdust-reinforced composite. The best result recorded is that of untreated sawdust, which has a value of
0.37 (W.m�1.K�1) compared to the one reinforced with treated sawdust.

Keywords: sawdust / clay / thermal conductivity / mechanical properties / chemical treatment

Résumé. L’effet du traitement chimique sur les propriétés mécaniques et thermiques des
matériaux composites à base d’argile renforcée par la sciure.Dans ce travail, nous avons étudié l’effet du
traitement chimique de la sciure sur les propriétés mécaniques et thermiques d’un composite à base d’argile.
Cette dernière a été renforcée avec la sciure de bois à des proportions massiques variables: 0.5, 1, 1.5, 2 et 2.5%
pour l’utiliser comme briques dans les maisons rurales situées en zones désertiques. La sciure a été traitée
chimiquement avec les solutions de NaOH (5wt%) et KMnO4 (0.01wt%). Les résultats des essais mécaniques du
composite renforcé avec la sciure traitée aux alcalis ont montré une augmentation de la résistance de flexion et de
compression, atteignant respectivement, une valeur maximale de 0,89 et 4,85MPa. Bien que, le test thermique a
montré une diminution notable de la conductivité thermique du composite renforcé de sciure de bois et le
meilleur résultat a été enregistré avec la sciure non traitée qui a marqué la valeur de 0,37 (W.m�1.K�1) par
rapport à celle renforcé avec de la sciure traitée.

Mots clés: sciure / argile / conductivité thermique / propriétés mécaniques / traitement chimique
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U1 Introduction

In recent decades, scientists and researchers have paid
great attention to the use of natural building materials to
reduce the environmental pollution caused by cement
manufacturing, which is a potential risk to human health
and the environment [1–4]. The characteristics of natural
materials are such that they are affordable, locally
51

52

53zzedine.benyahia@univ-msila.dz
available, environmentally friendly, recyclable and offer
good thermal insulation [5]. However, adobe bricks do not
have the same mechanical strength as concrete or even
fired bricks [6]. Several studies have been carried out in
strengthening clay materials with natural fibers. The
latter are known for their lightness, biodegradability and
environmental friendliness [7–12]. Koadri et al. [13]
studied the effect of alkali treatment of palm fibers on
the mechanical properties of the composite and found
that the flexural and compressive strength of treated
fibers composites improved compared to untreated fiber
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Table 1. Chemical compositions of the lime.

Compositions CaO MgO Fe2O3 Al2O3 SiO2 SO3 Na2O CO2 CaCO3

Mass (%) > 83.3 < 0.5 < 2 < 1.5 < 2.5 < 2.5 < 4.7–0.5 < 5 < 10

Table 2. Chemical composition of the mixing water.

Parameters Experimental
values

Standard
values [22]

Conductivity (mS.cm�1) 1320 –

Total Dissolved Solids (TDS) 660 –

Salinity (%) 0.6 0.6
Temperature (°C) 22.1 –

Potential Hydrogen (pH) 8.30 6.5–9.5
Turbidity (NTU) 0.240 5
Ca2+ (mg .L�1) 200.4 –

Mg2+ (mg.L�1) 24.31 150
Cl� (mg.L�1) 141.8 –

HCO3
� 157.99 –

SO4
�2 165.95 250

NO3
� 4.64 50

PO4
3� 0.25 0.5

NO2
� 0.00 2

NH4
+ 0.12 0.2

K+ 1.3 –

Fe2+ 0.05 0.3
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composite. The results show that the increase is
respectively about 57% and 60%, respectively, compared
to untreated fibers composites.

Fertikh et al. [14] used Diss fibers to reinforce different
matrices, in particular cement, lime and clay. The results
show that the Diss fiber-reinforced clay-lime combination
performs better than the cement matrix. Djohore et al. [15]
manufactured a composite made of coconut fiber-rein-
forced clay that was treated with a potassium hydroxide
solution to make clay materials that are stabilized with
cement. The manufactured mortars consist of clays
reinforced with 8% cement and fibers of various weight
fractions (0.2, 0.4, 0.6 and 0.8%). This study was carried
out to verify the influence of these fibers on the properties of
the materials. The results indicate that the addition of the
above-mentioned fibers improves the mechanical perfor-
mance of clay mortars reinforced with 8% cement.

Laaroussi et al. [16] investigated the thermal properties
of a sample prepared with clay brick mixtures. Similarly,
Meukam et al. [17] studied the mechanical and thermal
characteristics of stabilized soil bricks for use as a building
material. Elhamdouni et al. [18] examined the Alfa fibers
effect on the thermal characteristics of clay-based
materials. The authors mixed clay (chosen as the base
material) with different percentages of Alfa fibers (0.5%,
1%, 2%, 3%, 4%). The results obtained show that
increasing the percentages of Alfa fibers improves the
thermal properties of this mixture.

Taallah [19] studied the effect of the use of date palm
fibers on the mechanical properties and behavior of BTC.
The results indicate that there is a slight improvement in
the dry compressive strength of the blocks with 0.05% fiber,
8% cement and 10MPa compaction pressure. In the case of
quicklime, the improvement concerns the dry tensile
strength of blocks with 0.05% fibers and 8% and 12%
lime. However, the presence of the fibers has a positive
effect on the mechanical behavior of the composite by
increasing its ductility compared to the brittle behavior of
the matrix alone.

Ajouguim et al. [20] used fibers extracted from the
Moroccan Alfa plant, as a reinforcement of compacted
earth bricks. Alfa fibers were modified by alkali and
hydrothermal treatments respectively. The results show
that the mechanical properties (flexural and compressive
strength) of the compacted earth bricks increase with the
addition of natural fibers. The compacted earth bricks with
1wt% of alkali treated Alfa fibers show better mechanical
properties with low thermal conductivity. To this end, this
present work proposes to prepare a sawdust fiber composite
by treating the surface of the fibers with alkali and KMnO4.
In addition, the morphology and surface chemistry of the
fiber was studied by XRD, FTIR for the untreated and
treated fiber, also by SEMof the composites, and correlated
with the above-mentioned studies to evaluate its mechani-
cal and thermal properties.
2 Materials and methods

2.1 Lime

The lime used in this study is produced in the Ghardaia
region (southern Algeria). Table 1 lists the chemical
compositions of this material [21].

2.2 Water

The water used in this study is tap water from the Civil
Engineering Laboratory of the University of Laghouat,
Algeria. The water analysis was carried out at the
laboratory of the Algerian water company (Algérienne
des Eaux – ADE), a public company, in the Laghouat
district. Table 2 shows the results obtained

2.3 Clay preparation procedures

In this study, 2/1 type clay (SiO2/Al2O3 ratio= 2.58) was
used. It originates from Bou-Saâda region, a district
located 69 km southwest of M’sila (north-central Algeria).
To prepare the clay, the following steps were completed:

–
 grinding of the sample rocks into small pieces with a
mortar;
–
 the material was dried in an oven at 105 °C for 24 h;

–
 the clay pieces were crushed in a grinder;

–
 the resulting material was sieved.
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Fig. 1. Treated and untreated sawdust.

F. Mouissa et al.: Matériaux & Techniques Vol, No (2021) 3
U
N

C
O

R
R

E
C

2.4 Chemical treatments of sawdust
2.4.1 NaOH treatment

Sawdust was used as a reinforcement and was obtained
from a carpentry workshop. The sawdust went through
different stages to be processed. First, it was dried in
ambient air and then placed in the oven for 24 h at a
temperature of 80 °C. Then, the sawdust was treated with a
5% (wt) NaOH solution for 24 h at room temperature; the
ratio sawdust/solution used was 1:15 (w/v). Traces of
NaOH were neutralized with a 2% sulfuric acid solution of
distilled water for 10min. Next, the sample was subjected
to successive washes with distilled water. Finally, the
sawdust was dried in an air oven at 105 °C for 5 h.

2.4.2 KMnO4 treatment

The sawdust was treated for 3min with KMnO4 at 0.1 g.
L�1 which was dissolved in an acetone solution of density
20 °C (density=0.791, purity=99.5%). It was then rinsed
with distilled water to remove excess potassium perman-
ganate. Finally, the treated sawdust was dried in ambient
air. Figure 1 shows the sample obtained.

2.5 Preparation of composites

Several steps were performed to prepare the desired
composite. First, the sawdust with different percentages
(0.5, 1, 1.5, 2 and 2.5wt%) was placed in a kneader
(“Controls” model 65-L0012/E, made in France) with a
quantity of clay and lime (12wt%). The process of adding
lime to the composition was done to stabilize the composite
to minimize the fragility of the clay. Before hydrating the
composite, the components were carefully blended to
obtain a homogeneous mixture. Finally, tap water was
added to the mixture as indicated in equation (1):

Ea

A
¼ 0:5; ð1Þ

where Ea and A are respectively the quantities of water and
clay in grams.
208
E
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 P
RThen the mixture was kneaded until a homogeneous

mixture was obtained. The latter was poured into
prismatic molds (dimension: 4� 4� 16 cm3). Next, the
molds were placed in a shock device at 60 shocks per
second. This operation was carried out to distribute the
mixture in a compatible manner in the molds and to
eliminate air bubbles. Then, the mixture was deconfined
and stored in a damp room (20 °C, RH=95%) for 28 days.
Afterwards, it was dried in a ventilated oven at 60 °Cuntil a
constant mass was reached before being tested. It should be
pointed out that the manufactured composite consists of
sawdust structures randomly mixed with clay. Figure 2
illustrates the different steps of the preparation procedures.
Table 3 shows the coding of the different fibers used in the
mixture.

2.6 Measuring apparatuses
2.6.1 Particle’s size by laser diffraction

Laser diffraction is a technique used to determine the size
and distribution of particles in powders to predict the
behavior of the powder in a given process. This technique is
based on the interactions between a set of particles and
laser radiation. The particle size of our material was
determined using the Granulometer Mastersizer model
2000 (a device manufactured in the UK with a particle size
distribution of 0.02–2000mm).

2.6.2 Chemical composition

The chemical composition of the clay was identified using
X-ray Fluorescence Spectrometry (Phillips PW 2400 type,
manufactured in France).

2.6.3 X-ray diffractometry test

The degree of crystallinity and the orientation of
crystallites can have a direct effect on the modulus and
properties of fibers in general, which is why the evaluation
of the fibers used in this study was a necessity. To achieve
the above objectives, we evaluated the crystallinity of
sawdust by X-ray Diffractometry using the High Score
Diffractometer (X’Pert Pro PW3209, Panalytical, made in



TE
D

 P
R

O
O

F

209

210

211

212

213

214

215

216217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

Table 3. List of abbreviations used.

Materials/
Composites

Label

Cl Clay
S Sawdust
US Untreated sawdust
STA Sawdust treated with alkaline ( NaOH)
STK Sawdust treatedwith KMnO4

US/Cl Clay reinforced with untreated sawdust
STA/Cl Clay reinforced with sawdust treated

with alkaline (NaOH)
STK/Cl Clay reinforced with sawdust treated

with KMnO4

Fig. 2. Composite preparation steps.
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France). Equatorial diffraction patterns (2Ѳ) were
recorded by 10° to 40° with Cu-Ka radiation at 40 kV
and 20mA. These procedures were adopted to determine
the physical structure of the sawdust as a function of the
crystallinity index (CrI (%)). In this regard, Segal et al. [23]
developed an empirical method for estimating the degree of
crystallinity of cellulose (Eq. (2)) that can be described as:

CrI %ð Þ ¼ I002 � Iamð Þ=I002 � 100; ð2Þ
where I002 represents the intensity of the highest peak of
cellulose I at an angle of about 2Ѳ to 22.7°; Iam indicates the
intensity ascribed to the amorphous cellulose given at an
angle of approximately 2Ѳ to 18.9°.

2.6.4 Fourier transform infrared (FTIR) test

The FTIR test was carried out to identify the particle
nexus of the models used. The IR spectra were documented
on a Fourier Transform Spectrometer of the JASCOFTIR-
4200 model (France). In addition, the absorption spectrum
was identified from 4000 to 400 cm�1. The FTIR spectra
are realized by mixing samples with KBr and preparing
typical plates using a laboratory press.
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2.6.5 Scanning electron microscopy (SEM) test

The SEM test is performed to check the structure of any
sample with an electron beam for analysis. The test, in this
case, was performed using a TESCAN VEGA3 SBU EAST
PROBE type probe (France). This apparatus is controlled
by a computer working in topography mode (secondary
electrons) and in composition mode (backscattered
electrons). The SEM images were obtained by the
secondary electron imaging method with a beam accelera-
tion voltage of 15 kV.
261262

263264
2.6.6 Mechanical tests

The three-point bending and density tests were performed
according to EN 196-1 standard on the prepared samples.
This operation was carried out using a mechanical testing
device (Controls type, Italy) with a maximum capacity of
100KN, in a closed compression circle measured by the PC.
265266
2.6.7 Thermal tests

A Hot Disk TPS 2500 was used to measure the thermal
conductivity of the materials used in this study. The
thermal test allows the sample to be studied without
violating the sample size requirements. The materials were
measured in accordance with the ISO 22007-2 standard.
The hot disc apparatus is centered on the use of a sensor
that includes a resistance working by Joule effect. It should
be noted that the thermal conductivity of the material can
be deduced from the electrical resistance of the sensor.
Thus, the sensor is a temperature monitor, as it helps to
give precise information about the studied material. The
hot disc is sealed between two pieces of samples under
investigation. This idea is clearly demonstrated in equation
(4) [24]:

DT tð Þ ¼ P0

p 3
2 al

D tð Þ; ð3Þ

t ¼
ffiffiffiffiffi

kt
p

a
; ð4Þ

l ¼ k⋅r⋅c; ð5Þ
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Fig. 3. Clay particle analysis.
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where:
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–
 DT(t): the average temperature;
332

–

333
t: a dimensionless parameter that is called the charac-
teristic time ratio;
334

–

335
l: the thermal conductivity of the material (W.m�1.
K�1);
336

–
 ᴋ: thermal diffusivity (mm2.s�1);
337

–
 r.c: the specific heat (MJ.m�3.K�1);
338

–
 D (t): the dimensionless time function;
339

–
 P0: the output power of the Hot Disk sensor (W.m�2);
340

–
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a: the radius of the disc.

3 Results and discussion

3.1 Particle size analysis of clay

Figure 3 illustrates the distribution of clay samples as a
function of diameter in mm. The results show that the clay
in question is composed of almost 4% silt and 76% sand.
Thus, the clay used in this experiment is sandy-silty.

3.2 Basic chemical composition of clay

Table 4 presents the results of the basic chemical analysis of
the clay. The analysis reveals that silica and alumina are
the main oxides in the sample studied. Their percentages
are respectively 35.21% and 13.62%. Thus, the clay is an
aluminosilicate. On the other hand, the calcium ratio is
15.53%, i.e., the material studied is rich in calcite (CaCO3).
It is necessary to specify that the alumina/silica fraction
gives information on the permeability of the material to
humidity. When the ratio is massive, the permeability is
significant [25]. In our case, the ratio is low A12O3/
SiO2=0.38. It can therefore be deduced that this low value
is analogous to the humidity percentage [26]. Moreover, the
ratio SiO2/Al2O3=2.58 (maximum substitution of Si4+ by
Al3+) is lower than the standard bentonite value of 2.7. The
results obtained indicate the existence of small amounts of
quartz in the clay ratio [27]. Thus, the overall composition
of other oxides (such as Fe2O3, MgO, K2O, and Na2O)
reaches a percentage of 13. It can therefore be concluded
that the examined clay is not pure [28].
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3.3 X-ray diffractions
3.3.1 Clay

The spectral analysis of the X-ray diffraction of the clay
(Fig. 4) indicates that the material consists of the following
components: quartz (SiO2), calcite (CaCO3) and dolomite.
More importantly, the presence of quartz reaches its
maximum when compared to that of calcite. We can
deduce that the mineralogical composition of the clay
fraction of our material contains 35.21% quartz and 15.53%
calcite as the main crusts in our sample.

3.3.2 Sawdust

Figure 5 shows the X-ray diffractograms of the treated and
untreated fibers. As can be seen, all samples show the
characteristic peak of cellulose I, which corresponds to
crystallographic planes 002 [29].The results indicate that
the crystallization index of sawdust treated with NaOH
and KMnO4 increased compared to untreated sawdust.
The crystallinity index of untreated sawdust reached the
value of 17.89%, while for sawdust treated with NaOH and
KMnO4, the values are 45.96% and 39.19% respectively
(Tab. 5). This can be justified by the fact that the use of
NaOH and KMnO4 can reduce amorphous hemicellulose
and lignin with impurities such as wax and oils and
rearrange the crystalline regions so that the fiber has a
more crystalline nature [30–32]. Therefore, it can be noted
that the degree of cellulose is higher in treated samples due
to a decrease in hemicellulose during the treatment process
[33]. The alkaline treatment also affects the crystalline
properties by transforming cellulose I into cellulose II [34].
On the other hand, the crystallinity index of sawdust
treated with KMnO4 decreased compared to sawdust
treated with NaOH. This is probably due to the increase in
the amorphous cellulose content during KMnO4 treatment
[35].

3.4 Infrared spectroscopy analysis
3.4.1 Clay

Figure 6 shows the FTIR spectra of the studied clay. The
band extending from 3200 to 3800 cm�1, located at
3614.0 cm�1, corresponds to the elongation vibrations of
the internal OH groups. The band at 1801 cm�1 corre-
sponds to the elongation vibrations of the carbonyl groups
(C=O) [34]. On the other hand, the band at 1440 cm�1 can
be attributed to the CH3 elongation vibration [33]. The
band of 1024 cm�1 corresponds to the elongation vibration
of the siloxane groups�(Si-O)� [36]. The band of 784 cm�1

can be attributed to the deformation vibrations of Si-O-Al
[36]. Finally, the two bands positioned between 867 and
710 cm�1 correspond to the valence vibrations of the
corresponding CO bond (CaCO3) [37].

3.4.2 Sawdust

Figure 7 shows the spectra of untreated and treated
sawdust. The band of approximately 3453 cm�1 is caused
by the O-H stretching vibration which shows the increased
intensity during treatment. This indicates an increase in
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Table 4. Chemical compositions of the clay.

Components SiO2 Al2O3 Fe2O3 CaO MgO SO3 K2O Na2O LOI
(Loss on ignition)

Percentage (%) 35.21 13.62 5.64 15.53 3.41 0.35 3.85 0.10 22.20

Fig. 4. X-ray diffraction of clay.

Fig. 5. X-ray diffractions patterns of US (untreated sawdust),
STA(sawdust treated with alkaline NaOH), STK(sawdust
treated with KMnO4).

Table 5. Crystallinity Index (CrI %) of untreated and
treated sawdust.

Materials US STA STK

I002 95 372 324
Iam 78 201 197
CrI (%) 17.89 45.96 39.19

Fig. 6. The infrared spectrum of clay.

Fig. 7. FTIR spectra of untreated and treated sawdust.

6 F. Mouissa et al.: Matériaux & Techniques Vol, No (2021)
U
N

Cthe oxygen content of the sawdust. While the band at
2920 cm�1 corresponds to the stretching vibration of the C-
H bonds of the�CHand�CH2 group of the cellulose, lignin
and hemicellulose segments [38]. The band at 1640 cm�1 is
credited to the carbonyl groups C=O (1744 cm�1) which
represent hemicelluloses. These, however, disappear during
sawdust processing due to the significant extraction of
hemicellulose from the sawdust during processing. The
1640 cm�1 band is credited to the stretching and vibration
of the H-OH bond of the water [36]. Nevertheless, the
1420 cm�1 band is credited to the deformation vibrations of
the C-H bonds of the aromatic rings. But the 1264 cm�1

band is related to the deformation of the acetyl groups
(xylans) of lignin. Finally, the 1030 cm�1 band is affected
by an elongation of the C-O of cellulose [38–40].
3.4.3 Composites

Figure 8 illustrates the spectra of composites reinforced
with treated and untreated sawdust. The band of
approximately 3705–3428 cm�1 is caused by the O-H
stretching vibration which resembles the intensity in-
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creased during treatment. However, this indicates the
increase in oxygen in the sawdust. This increase could be
attributed to cleavage of the sensitive bonds caused by the
treatment [41]. The band of about 2513 cm�1 personifies
the vibration valence (CH) of the cellulose which increases
with treatment. In addition, it should be noted that the
1441 cm�1 bands converge towards the CH3 elongation
vibration. Finally, the 1024 cm�1 band represents the
valence vibrations of the CO and COC bonds of cellulose
[42].

3.5 SEM analysis

Figure 9 shows the SEM micrographs of the composite
reinforced with treated and untreated sawdust. Figure 9a,
based on the results obtained by XRD, indicates the
presence of carbonates and quartz in the sample, so that the
carbonates (calcite) appear as clear accumulations and the
quartz as small grains [43,44]. Based on Figure 9a, we can
also note the emergence of cavities of different sizes, leading
to the brittleness of the clay matrix. On the other hand, we
can obtain a homogeneous microstructure with small
cavities and fewer cracks if the clay is reinforced with
untreated sawdust, as shown in Figure 9b. In addition, as
shown in Figure 9c, the alkali-treated sawdust composite
shows a remarkable decrease in cavities, where themajority
of the pores are welded and the material becomes more
compact. The alkali treatment dissolves the wax layers on
the outside of the sawdust, removing most of the lignin and
pectin, resulting in a rougher surface.

The same observation has been made by other
researchers who have suggested that this roughness can
be attributed to the removal of hemicellulose, lignin and
cellulosic components after treatment, which facilitates
mechanical bonding between the sawdust and the clay
matrix [45–47]. In addition, the same observation was
made based on Figure 9d where a substantial reduction of
cavities is strongly detected. This, however, contributed to
the adhesion between the clay matrix and the sawdust
treated with potassium permanganate. Consequently, the
permanganate treatment has a positive effect on the
improvement of the mechanical properties of the composite
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under study because it sculpts the surface of the fibers and
makes them rougher due to the interaction of permanga-
nate with the lignin components, and it may also reduce the
hydrophilic nature of the sawdust [48–51].

3.6 Mechanical tests
3.6.1 Effect of untreated sawdust on mechanical properties

It is generally assumed that the addition of fibers to
materials would affect their properties and behavior. In this
experiment, sawdust was added to clay; Table 6 lists the
average values of the compression and bending results. It
should be noted that the sample set was based on different
ratios with a minimum of three samples for each
proportion. The results show that the addition of sawdust
increases the compressive strength from 4.3 to 4.70MPa
(approximately 9%). Similarly, the addition of sawdust
increases flexural strength by 0.77 to 0.84MPa. The
increase in compressive strength is related to the
homogeneity of the microstructure due to the presence
of fewer pores, as demonstrated by the SEM tests (Figs. 9c
and 9d). In addition, the addition of sawdust at 2.5%
indicates a significant decrease in flexural and compressive
strength (0.80MPa and 4.65MPa) as the composite
brittles. Therefore, the optimum percentage of sawdust
required to produce a high-strength clay matrix with
significant strength is 2%.

3.6.2 Effect of treated sawdust on the mechanical
properties

Figures 10 and 11 shows the mechanical strength of the
samples studied with treated/untreated sawdust. The
results obtained show an improvement in the mechanical
characteristics after the treatment. The maximum bending
strength values are 0.89MPa and 0.88MPa for the alkali-
treated sawdust composite and the permanganate-treated
sawdust composite, respectively. In addition, the treated
sawdust composite had the highest compressive strength
(4.87MPa) and (4.82MPa) than the untreated composite
(4.70MPa). Consequently, the mechanical strength could
be improved and modified when the material is treated.
However, this could be justified by the improved adhesion
between the sawdust and the mineral matrix [19]. This
behavior is primarily related to the effects of chemical
treatment of the material. This treatment, however,
eradicates amorphous materials on the outer surface of
the sawdust and dissolves part of the lignin and pectin.
Consequently, it helps to produce a correct and rough
surface that improves the interfacial adhesion of the matrix
and reinforcements [52,53].

3.7 Thermal properties

Table 7 lists the thermal properties of the studied
composites. The results confirm that the thermal conduc-
tivity of the composites reinforced with untreated sawdust
(0.37W.m�1.K�1) is lower than that of raw clay (0.44W.
m�1.K�1). In addition, it can be noticed that the thermal
conductivity of the treated sawdust composite increases
with different ratios to record 0, 41W.m�1.K�1 for the
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Fig. 9. SEM micrographs: (a) clay (Cl); (b) US/Cl composite; (c) STA/Cl composite; (d) STK/Cl composite.

Table 6. The results of the mechanical tests of the prepared mixtures.

Composition
Clay+Lime 12 (wt) %

Sawdust ratio
(%)

Flexural strength
(MPa)

Compressive strength
(MPa)

US/Cl

0 0.77 4.3
0.5 0.78 4.59
1 0.80 4.60
1.5 0.82 4.63
2 0.84 4.70
2.5 0.80 4.65
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NNaOH and 0, 40W.m�1.K�1 for the KMnO4. Therefore, the

thermal conductivity of the treated sawdust changes when
it increases by about 11% (NaOH) and 8% (KMnO4)
compared to the untreated sawdust composite. This is due
to the chemical treatment which improves interfacial
adhesion as it leads to a decrease in voids, thus facilitating
heat transfer [54]. It can be seen that the addition of the
untreated sawdust to the clay matrix resulted in a decrease
in the thermal conductivity of the composite since it
generates porosity and air bubbles. This last point is
important because it reduces the thermal conductivity
[55,56], which improves the thermal insulation of the
composite. The same observation was confirmed by
H. Chaib et al,[57] the authors reported that the addition
of date palm to the clay matrix leads to a decrease in
thermal conductivity.
4 Conclusion

This study was conducted to evaluate the mechanical and
thermal properties of the sawdust-reinforced matrix-clay
composite. A composite was prepared from clay originated
from Bou-Saâda region (south-eastern Algeria) and mixed
with sawdust at mass contents varying from 0.5 to 2.5%
with a 0.5% step. The results indicate that the addition of



TE
D

 P
R

O
O

F
506

507

508

509

510

511

512

513

514

515

516

517

518

519

520

521

522

523

524

525
526
527
528
529
530

531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549

Fig. 10. Addition effect of treated and untreated sawdust on the
flexural strength of the studied composite.

Fig. 11. Addition effect of treated and untreated sawdust on the
compressive strength of the studied composite.

Table 7. Thermal properties of composites.

Samples Thermal conductivity
l(W.m�1.K�1)

Thermal diffusivity
E (mm2.s�1)

Specific heat
C (MJ.m�3.K�1)

Cl 0.44 0.39 1.12
US/Cl 0.37 0.42 0.89
STA/Cl 0.41 0.50 0.82
STK/Cl 0.40 0.43 0.93
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Csawdust in the clay matrix allows to reduce cavities and to
obtain a more homogeneous structure thanks to the
adhesion between the matrix and the sawdust. This
nevertheless contributes to the physical, mechanical and
thermal properties of the sample studied.

Furthermore, the results show that the chemical
treatment of the sawdust improves the mechanical
properties (flexural and compressive strength) of the
composite for several reasons, including: non-propagation
of cracks, good adhesion of the sawdust in the matrix and
the presence of cellulose in the sawdust due to its good
flexural strength. In addition, the composite reinforced
with the untreated sawdust shows a significant decrease in
thermal conductivity. It can therefore be concluded that
these composites can be used as an alternative to cement in
construction or as thermal insulation. Additional research
is underway to improve the durability and strength of these
composites in the future.
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