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https://doi.org/10.18280/rcma.350207 ABSTRACT

In this study, we have decided to develop a composite material which is included in the
list of building materials that would meet the requirements of thermal insulation while at
the same time helping to protect the environment. To do this, we used waste from the
olive oil extraction industry as a replacement for sand in non-autoclaved aerated concrete,
we developed two types of mix, the first one by using olive pomace sand (OPU) with
proportions of (0%, 10%, 20% ,30% and 40% by mass) and the other using the same
proportions of olive pomace treated (OPT) with NaOH treatment, to study the effect of
chemical treatment on the physical and thermal properties of this waste. The results
obtained show that chemical treatment gives better physical properties and that this
treatment improves thermal conductivity with gains of 0.64% and 2.93% for 30% and
40% respectively, and it is also found that it reduces the rate of water absorption and
porosity for the 10% replacement percentage and shows a reduction rate of 31.2% and
23.5% respectively for untreated specimens and 34.4% and 24.5% for treated specimens.
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1. INTRODUCTION

The energy consumption of most buildings, whether
residential or industrial, is high if occupants are to be assured
of acceptable thermal comfort. The implementation of energy-
saving programmes in buildings should therefore be one of the
priority actions. As part of the sustainable development, new
regulations on thermal insulation in buildings are prompting
scientists to seek out new materials for building energy-
efficient systems that also ensure comfortable living
environments.

It is a lightweight building material with exceptional
technical properties such as adequate building resistance and
outstanding thermal insulation. Aerated concrete is becoming
more and more widely accepted as a building material for
commercial and public buildings around the world [1].
Cellular concrete production techniques have been mastered
for several decades, and the use of this type of concrete for
building envelopes is commonplace. It is composed of a
mixture of cement, sand, gypsum, lime, water and a blowing
agent [2, 3]. Aerated concrete is manufactured by a process of
hydrothermal synthesis of a binder of calcium silicate
produced from a mixture of silica and lime [4]. When
aluminium powder is added to the base mix, hydrogen is
released. The bubbling is accompanied by the formation of
C3AH¢ hydrates produced by the reaction of lime with
aluminium hydroxide, resulting in sufficient firming of the
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paste to stabilise the form of the expanded material [5]. In their
current density range (400 to 800kg.m™), these types of
material offer an reasonable compromise in terms of
mechanical performance and thermal insulation [3].

The properties of aerated concrete have been improved by
the use of many additives such as marble waste, rice husk ash,
rice straw, polypropylene fibres, natural zeolite and bagasse
ash [6-9], which improves the microstructure and, at the same
time, the mechanical and thermal properties. Several
researchers have used this waste as an additive [7-9], while
others have used it to replace natural sand [4, 9-11].

Bhosale et al. [11] carried out a comparative study of the
mechanical and physical properties of aerated concrete and
clay, and found that the apparent density of aerated concrete is
around 50% lower than that of clay. This is due to the porosity
of aerated concrete, which reduces the permanent load on the
masonry infill and construction costs. Cellular concrete also
absorbs more water than clay.

Abhilasha et al. [12], in this study, the authors studied
several types of additives used in aerated concrete, such as rice
husks, natural zeolite and sugar sediments, etc. Based on the
microstructure study of the composites, they noted that the
presence of air voids in AAC gives it thermal insulation
properties. Thanks to its thermal insulation properties, the
energy consumption of buildings is reduced by around 50%.
Fibre-reinforced aerated concrete has better thermophysical
properties than AAC samples.
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Zhang et al. [6], studied the effect of substituting silica fume
and marble powder waste for cement on the mechanical
properties and durability of aerated concrete. They found that
increasing the rate of replacement by silica fume improves the
mechanical properties of aerated concrete. With regard to the
water absorption of aerated concrete, they have shown that the
rate of absorption decreases significantly with the increase in
the rate of cement replacement.

Pachla et al. [7], studied the effect of adding rice husk and
rice straw on the properties of aerated concrete. They found
that the addition of rice straw improved the thermal insulation
of the composite.

Pehlivanli and Uzun [9], stadied the effect of the length of
polypropylene (PF) fibres on the thermal conductivity of
autoclaved aerated concrete (AAC) was studied. They found
that incorporating this type of fibre into aerated concrete
resulted in an increase in thermal conductivity values. They
also found that as the density of the AAC increased, the effect
of the fibre on the thermal conductivity of the material also
increased.

Karakurt et al. [13], used natural zeolite as an aggregate in
the production of aerated concrete. They also found that the
substitution of sand by zeolite sand decreases the weight of the
aerated concrete specimens and increases the need for water,
the thermal results obtained show that this material in general
can be used as a thermal insulation material due to the values
found in this study, the thermal conductivity varies from 0.08
up to 0.19W.m' k!

Zafar et al. [14], studied the use of granite dust as a partial
replacement for sand in autoclaved aerated concrete, they
observed an increase in density as the replacement rate
increased, and a decrease in porosity and water absorption, for
thermal conductivity, they noted an increase from 0.24 for the
reference case to 0.33 for 20%.

Selvakumar et al. [10], studied the properties of aerated
concrete with replacement of fine aggregate by foundry sand,
they found that for the replacement of 20% foundry sand, the
compressive strength increased and was considered the
optimal replacement to improve strength. Analysis of the
microstructure reveals isolated air voids, confirming the
durability properties of aerated concrete.

From this literature review, it was concluded that aerated
concrete has a lower density due to its porous structure, has a
higher water absorption capacity so care needs to be taken
when using it in external walls, and it is considered to be a
thermal insulation material.

The aim of this study is to reduce the water absorption rate
and improve the thermal properties by using olive pomace
waste, we used this type of waste since it is more abundant in
our region and its incorporation into aerated concrete reduces
its environmental impact, and according to a literature review
we found that this waste is not used with aerated concrete, and
we treated our waste with the NaOH solution. This treatment
is considered to be new work that has not been carried out
before by other researchers, most researchers have used
autoclaved aerated concrete with temperature and pressure
conditions, we tried in our study to prepare non-autoclaved
aerated concrete blocks to save energy. Therefore, in this study,
we investigated the effect of partial substitution of natural sand
by olive pomace waste on the performance of non-autoclaved
aerated concrete, we treated this waste with NaOH solution to
study the effect of chemical treatment on the properties of this
waste, we used the following replacement rates: 0%, 10%,
20%, 30%, 40%. The thermal properties and microstructure of
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the prepared bricks, as well as the water absorption rate and
porosity, were studied.

2. MATERIALS AND METHODS
2.1 Materials used

In this study, aerated concrete blocks were prepared by
adding olive pomace waste as a partial substitute for sand. The
following raw materials were used to prepare these blocks:
CPJ 45 cement, natural sand, olive pomace sand, quicklime,
gypsum, aluminium powder as an air-entraining agent and
water. The olive pomace waste (Figure 1(a)) was recovered
from a modern oil mill located in the Souss Massa region.
They underwent a cleaning treatment with lukewarm water to
separate the sediment of olive oil and the olive pulp (Figure
1(b)), after the washing step, this pomace was naturally dried
in the open air for two days, then dried in an oven at 105°C for
24 hours (Figure 1(c)), and then crushed. The result of the
grinding was sieved to obtain a sand grain size of between 0.08
and 2mm (Figure 1(d)). The olive pomace sand obtained was
treated with NaOH solution to study the effect of treatment on
the properties of this waste. The olive pomace sand is
immersed in the solution at a concentration of 10% (by mass)
for one hour at ambient temperature. It was then rinsed with
distilled water to remove the excess of NaOH, after which it
was dried in an oven at 70°C for 3 hours. This procedure is
based on the work of Acharya et al. [15].

Figure 1. Waste preparation process

2.2 Specimens preparation

In the present work, two types of mixtures were prepared,
one replacing natural sand with untreated olive pomace sand
(OPU) and the other with olive pomace treated with sodium
hydroxide solution (OPT) in order to determine the effect of
treatment on the properties of this waste. After a literature
study on the replacement percentages used, we chose five
percentages (0%, 10%, 20%, 30% and 40%) to study the effect
of replacing natural sand with olive pomace sand and at the
same time to reduce the environmental impact by recycling
this waste. Two types of masonry were prepared manually
under laboratory conditions: specimens with dimensions of
4x4x16cm® (Figure 2 (a)) for the mechanical and capillary
water absorption tests, and others with dimensions of
10x10x2.5¢cm? for the thermal tests (Figure 2 (b)), we prepared
sex specimens for each percentage for the specimens dedicated



to the mechanical test and the water absorption test and two
specimens for the ones dedicated to the thermal tests. During
the formation of the aerated concrete blocks, they began to
expand and swell under the effect of the bubbles formed from
the reaction of the aluminium powder in the past, the prepared
blocks were air-dried for 24 hours and demoulded, after this,
they had been stored under laboratory conditions for 28 days.
The types of composites prepared and the physical quantities
of the constituents of each mixture are shown in Table 1.
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Figure 2. The specimens elaborated

Table 1. Materials used in the production of composites

Sample Cement (g) Sand (g) Lime (g) Gypsum (g) Olive Pomace (g) Aluminium Powder (g) W/B

OP 100 325 75 5 0 1.1 0.65
OPU10 100 292.5 75 5 325 1.1 0.65
OPU20 100 260 75 5 65 1.1 0.65
OPU30 100 227.5 75 5 97.5 1.1 0.65
OPU40 100 195 75 5 130 1.1 0.65
OPT10 100 292.5 75 5 325 1.1 0.65
OPT20 100 260 75 5 65 1.1 0.65
OPT30 100 227.5 75 5 97.5 1.1 0.65
OPT40 100 195 75 5 130 1.1 0.65

'W/B ratio set after several tests with W: Water et B: Binder
B = cement + lime + gypsum

2.3 The physical and chemical attributes of materials

Table 2 displays the results of the physical and chemical
analysis for olive pomace waste before and after treatment. A
reduction in both water content and water absorption is
observed following the treatment, with a reduction rate of
25.59% and 14.24% respectively, so it can be said that the
olive pomace sand absorbs a greater quantity of water, which
may affect the mechanical behavior of the concrete [16, 17]
while the treated olive pomace sand has a lower water
absorption rate than the untreated olive pomace sand. It can be
concluded that the treatment of the waste with sodium
hydroxide solution leads to a reduction in the water absorption
rate. The loss on ignition is calculated by the variation in
weight of a specimen after it has been heated to a high
temperature (1000°C) in accordance with the norm NBN EN
15169, which has caused the combustion or volatilisation of
part of its contents. We see a very high value for the untreated
specimen but this value decreases for the treated specimen.
The same results found in the case of the organic matter
content, so the treatment of waste with NaOH reduces the
organic matter content of this waste. We calculated the organic
matter content using the Walkley and Black method [18],
which is used to determine organic carbon and is calculated
using the following relationship Eq. (1).

% MO="% C x 1.724 (1)

We have also measured the pH, electrical conductivity and
salinity of the two types of OP sand using a pH meter (Figure
3) which can measure both pH and electrical conductivity. The
study of waste salinity is more important as it affects the
mechanical behaviour of the compounds and can cause
corrosion problems [19]. Soil is considered to be saline if the
electrical conductivity is greater than 4000uS.cm™ [20]. In our
study, we find that the salinity of the waste increases when
treated with NaOH but presents an acceptable value of 1.3 ppT
and the electrical conductivity presents a value of 2530uS.cm
I. So, this waste is not saline, the pH value shows that olive
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waste is acidic, but after treatment the pH value increases and
becomes basic.

Table 2. Chemical properties of untreated and treated OP

Parameter OP Untreated OP Treated
Water content (%) 4.26 3.17
Loss on ignition (%) 90.92 87.08
water absorption (%) 92.7 79.5
pH 5.61 8.09
Electrical conductivity (uS.cm™) 1243.3 2530
Salinity (ppT) 0.62 1.3
Organic carbon content (%) 27.31 24.69
Organic matter content (%) 47.08 42.56

The development of a composite requires a perfect
knowledge of the granulometry since the resistance of the
concrete depends essentially on the aggregate. Figure 4 shows
the particle size curves for the two types of sand, olive pomace
and natural sand, which makes it possible to distinguish
between aggregates according to the granular classes specified
in standard NF EN 933-1. From the grading curve we
calculated the fineness modulus, Curvature coefficient (Cc)
and Uniformity coefficient (Cu) which are presented in Table
3. The fineness modulus is an important characteristic, a good
concrete sand must have a fineness modulus not exceeding 3.2.
Natural sand contains finer elements than olive pomace sand
since the fineness modulus value of olive pomace sand is
higher than that of natural sand. For Uniformity coefficient,
we find that the two types of sands are superior to 3. Therefore,
the granulometry is varied or spread out [21]. The Curvature
coefficient for natural sand is 1.29 and for olive pomace sand
is 1.38. The grading curve then descends fairly evenly,
indicating the presence of a wide variety of diameters (1<Cc<3)
[21]. From the sand equivalence value, we can see that it
exceeds 80%, so we can say that both types of sands are very
clean. The specific surface area of sand indicates its real
surface area as opposed to its apparent surface area. It
corresponds to the total surface area per unit of mass and is



expressed in m?/g. In our case, we calculated the value of the
specific surface area of the two sands using the methylene blue
method. The specific surface area of natural sand is 5.86m2.g"

! whereas that of olive pomace sand is 2.93m?g"!, implying
that olive pomace sand has larger particle sizes than natural
sand.

Table 3. The physical and particle size properties of natural and olive pomace sand

Parameter Norm Unite Naturel Sand Olive Pomace

Real density NF EN1097-6 g.cm™ 0.72 1.21
Apparent density NF EN1097-6 g.cm 1.31 2.41

Porosity Intergranular NF P18459 % 45.04 49.79
Fineness modulus NF-P18-540 1.38 2.9
Cu -- 4.38 543

Cc -- 1.29 1.38

VBS NF-P94-068 0.28 0.14

SST NF-P94-068 m2.g’! 5.86 2.93

ES.V NM-10.1.147 96.28 94.48

E.S NM-10.1.147 84.54 85.03

Cu: Uniformity coefficient, Cc: Curvature coefficient, VBS: Soil blue value, SST: Total specific surface area, E.S.V: Visual sand equivalence, E.S: Sand
equivalence

Figure 3. pH and electrical conductivity measuring
instruments
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Figure 4. Particle size curves for the two types of sand

Figure 5 shows the morphology of the OP sand before and
after treatment. We see that the OP sand has a different
distribution of sizes and a non-smooth surface; it also shows
the existence of virgin fibres with multiple pores and cavities,
and numerous small materials, filaments and other impurities
can be found on the surface of the untreated particles (Figure
5 (a)). It has been observed in Figure 5 (b) that the sodium
hydroxide solution can significantly clean the surface of the
grains and eliminate the small filaments. We can also see that
the surface of the grains becomes rough after the treatment,
this modification is in fact due to the elimination of lignin and
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hemicellulose, this observation is reported by other authors [22,
23]. This modification of the surface of the treated grains can
have positive effects on the composite, it can improve
adhesion between the matrix and the additive as the surface
becomes rougher, and it can modify the porous structure of the
grains which can reduce the water absorption capacity, this
structure can also improve thermal conductivity [24]. Figure 6
shows the microstructure of natural sand (Figure 6(a))
compared with that of olive pomace sand (Figure 6(b)). We
can see that the two types of sand represent different particle
sizes, with olive pomace sand having larger particles than
natural sand, which corresponds to the results of the VBS test
(Table 3). By analysing the chemical composition of the two
different types of sand using energy dispersive X-ray
spectroscopy (EDS) (Figure 7), we can see that OP sand
contains carbon and oxygen with mass percentages of 42.83%
and 57.17% respectively, while natural sand contains several
chemical elements such as oxygen with a percentage roughly
equal to that of OP sand in addition to silicon, iron and
aluminium.

Figure 8 shows the DRX image of olive pomace waste
before and after treatment using the Bruker D8 Advance Twin
diffractometer. The phases identified before treatment are
quartz with a proportion of 24%, magnesium dihydrogen
phosphate and pyrazole with proportions of 30% and 36%
respectively; these phases were identified by other researchers
[25-27], but after treatment the aluminium phosphate phase
appears with a proportions of 25% and the magnesium
dihydrogen phosphate rate decreases to 30%. The crystallinity
of olive pomace waste in relation to the calcination level is
shown in Figure 9. It can be seen that before calcination this
waste contains quartz, pyrazole and magnesium dihydrogen,
but after calcination at a temperature of 200°C, small peaks of
calcite appear, due to the decomposition of calcium carbonate,
which is present in this waste in a negligible percentage, for
calcination at 400°C, magnesium dihydrogen phosphate and
pyrazole completely disappear and calcite appears (64%),
sodalite and dolomite also appear , which is due to the
decomposition of magnesium and pyrazole under the effect of
temperature, we also see the disappearance of sodalite and that
dolomite decomposes at 800°C to the formation of calcium
hydroxide.
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Figure 5. SEM observation of olive pomace sand (a) untreated (b) treated
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Figure 6. SEM observation of (a) natural sand and (b) olive pomace sand
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2.4 Test methods

2.4.1 Scanning electron microscope (SEM) analysis

A scanning electron microscope (SEM) was employed to
study the morphologies of the OPU and OPT raw materials
and the surface of the composites produced. The device used
is a JEOL JSM IT-100 (Figure 10), coupled to an EDXS
(Energy Dispersive X-Rays Spectroscopy) X-ray emission
detector, which makes it possible to measure the local
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quantitative composition of a specimen. The sample surface
was gold coated in order to get clear SEM images.

Figure 10. Scanning electron microscope equipment

2.4.2 Dry density, wet density

In this study, dry density, wet density of the samples were
tested in accordance with standard NF EN 772-13. For the dry
density tests, specimens measuring 10x10x2.5cm? after 28
days of curing in open air were placed in an oven at 70°C until
the mass stabilised. These specimens were considered
completely dry.

2.4.3 Water absorption and accessible porosity
The water absorption and the porosity accessible to water
are calculated according to Egs. (2) and (4) respectively. This
method makes it possible to calculate pore volume.
Absorption after immersion (%):

Me— M 100 2
m @)
Absorption after immersion and boiling (%):
M= M 100 3
T 3)

1

Volume of permeable pore space (porosity) (%):



u x 100 4)
M3 — M,

where, M is the dry mass, M is the mass of the sample in air
after immersion, M3 is the mass of the sample in air after
immersion and boiling, My is the mass of the sample in water
after immersion and boiling.

2.4.4 Thermal conductivity

The HOT DISK TPS 1500 transient plane source (TPS)
method allows the characterisation of the thermal properties of
various materials in a matter of minutes. It is increasingly
being used for the evaluation of the thermal conductivity of
insulation materials, especially in the construction industry. In
our study, the thermal test samples (10x10x2.5cm?) are oven-
dried at 70°C until they stabilise, after measuring their thermal
conductivity, as shown in Figure 11.

Figure 11. Thermal properties measurement
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3. RESULTS AND DISCUSSION
3.1 Microstructure

Figure 12 displays the morphology of non-autoclaved
aerated concrete, we can clearly see the presence of numerous
minuscule cells with micropores and macropores, the
macropores are clearly visible in black, with diameters of the
order of 535um and 240pm.

During the preparation of the past, we observed that the
incorporation of olive sand reduced the swelling of the paste
and consequently air bubbles, which justified the
microstructure results. The SEM images in Figure 13 show
that the incorporation of olive-pomace sand into aerated
concrete increases the solid matrix and decreases the pore
diameter (Figure 13 (a) and Figure 13 (b)). The diameter then
becomes of the order of 106um and 56um for OPU20 and
OPU40 respectively, which is due to the filling of the pores by
the olive pomace grains. An improvement in the distribution
of the pores in the matrix is also observed, the same
observation is reported by other authors [15, 28]. For the
treated composites, Figures 13 (c) and 13 (d) show the
microstructure of OPT20 and OPT40 respectively. It can be
seen that they have a more homogeneous surface with fewer
pores than the reference, but there is an increase in pore
diameter compared with the untreated composites. A better
dispersion of the olive pomace particles in the matrix is also
observed. This dispersion is due to the rugosity of the olive
pomace particles, which results in better adhesion of the OPT
particles to the matrix as shown in Figure 14. This means that
the treatment enhances the compatibilities between the olive
pomace grains and the matrix, other researchers have treated
other types of waste with this solution and found results
similar to ours [29]. It has been found that treating olive
pomace with the hydroxide solution improves adhesion
between the olive pomace and the matrix by removing natural
and artificial impurities that have accumulated on the olive
pomace surface.

Figure 12. Morphological representation of the reference specimen OP0
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Figure 14. SEM visualizations of the composites (a) OPU20 (b) OPT20

3.2 Dry and wet density

The quality of aerated concrete depends on its dry density,
according to standard NF P 12-024-2 the dry density of pure
aerated concrete varies between 350 and 850kg.m>, in our
case we found that the dry density of OP0 is 780kg.m™ in
accordance with the norm, but the replacement of natural sand
by olive pomace sand increases the density for both treated and
untreated cases as illustrated in Figures 15 (a) and 15 (b). the
dry density varies between 780 and 1120kg.m for the case of
untreated OP substitution, and between 780 and 1170kg.m™
for the case of NaOH treatment, these results are consistent
with those of other researchers [15, 30]. The wet density
showed the same evolution as the dry density, with the 10%
replacement rate showing the maximum value, 1183kg.m™
and 1184kg.m™ for the composites before and after treatment
respectively with a percentage increase of almost 0.52 for both
cases. Figure 16 shows the relationship between the dry and
wet densities. It can be seen that there is a correlation between
these two quantities, and this correlation is indicated by other
researchers [31, 32].
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Figure 15. (a) Dry and wet density of untreated composites,
(b) Dry and wet density of treated composites
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3.3 Water absorption and accessible porosity

In general, the water absorption coefficient depends on pore
size and pore distribution. Porous concrete can absorb a lot of
water, unlike normal concrete. As we have seen in the
microstructure of aerated concrete (Figure 12), aerated
concrete contains macropores and micropores, SO porosity is
the sum of macropores and micropores, which confirms the
results obtained in Table 4, the water absorption and porosity
of pure cellular concrete take on values of 37.34% and 48.83%
respectively, but the incorporation of olive pomace decreases
these two values for the 10% percentage with a decrease rate
of 31.2% and 23.5% respectively for untreated specimens and
34.4% and 24.5% for treated specimens. but these values start
to increase with the percentage increase and reach a maximum
value for the 40% substitution rate of treated olive pomace
sand but do not exceed the reference value as illustrated in
Figures 17 and 18. Figure 19 shows the evolution of porosity
as a function of water absorption. It can be seen that there is a
good correlation between these two quantities, and that the
increase in the rate of replacement of natural sand by olive
pomace sand leads to an increase in water absorption and
composite porosity.

Table 4. Absorption of water and porosity of the samples

Sample Water Absorption (%) Porosity (%)
OP0 37.34 48.83
OPU10 25.69 36.23
OPU20 26.33 37.77
OPU30 26.95 38.27
OPU40 28.85 39.94
OPT10 24.49 36.87
OPT20 27.24 38.57
OPT30 31.92 41.83
OPT40 34.79 43.13
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Figure 17. Water absorption as a function of replacement
rates
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Figure 19. Relation between water absorption and porosity
3.4 Thermal properties

Thermal conductivity and diffusivity of composites are
shown in Table 5. Consistent with the microstructural results,
it can be seen that the incorporation of olive pomace grains
into aerated concrete blocks increase the thermal conductivity
due to the reduction in pore size. This observation is also cited
by other researchers [10], other researchers have also found
that thermal conductivity increases as the percentage of
additive increases [9], but in our case it increases and then
starts to decrease. Figure 20 shows the variation of thermal
conductivity as a function of the rate of replacement of natural
sand by OP sand, an increase in thermal conductivity was
observed for the 10% replacement rate, but it starts to decrease
as the substitution rates increase, and presents better results for
the 40% substitution rate for the treated composites.

Comparing treated and untreated composites, we can see
that treating the grains with the soda solution gives better
results, with gains of 0.64% and 2.93% for 30% and 40%
respectively, while the 40% percentage gives results close to
those of the reference. It can therefore be said that chemical
treatment improves thermal conductivity by increasing the
porosity and surface roughness of the treated grains, as shown
in the microstructure of the composites (Figure 13). A linear
correlation can be observed between dry density and thermal
conductivity, as shown in Figure 21.

Figure 22 shows the correlation between thermal
conductivity and composite porosity. A linear correlation is
observed between these two parameters, with thermal
conductivity decreasing as porosity increases.
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Figure 20. Thermal conductivity as a function of
replacement rate



O OPU OPT
------ Linear (OPU) - Linear (OPT)
0.7
;" O
= 06 PRy
g y=0.0009x - 0.4192 .~
Z o5 R2=038262 0 .-
= e Oy = 0.0007x - 0.218
= 0.7 R2=0.9675
€ 04
-
2
03
E 02
S
C 0.1
600 800 1000 1200

Dry density (Kg.m?)

Figure 21. Thermal conductivity vs dry density of
composites

OPU OPT

Linear (OPU) Linear (OPT)

L

(%

ey
(=]
<

-43.596x + 61.495

R?=0.8897 ©

~
~F

b‘“‘a. b
¥3™4[5.445x + 46.08
N
R§40.8634
. ‘“%,‘Q

Porosity
w2
*)

1
o0

0.1 0.3 0.4 0.5

Thermal conductivity (W.m LK)

0.6 0.7

Figure 22. Thermal conductivity vs composite porosity

Table 5. Thermal behavior of the different composites elaborated

Thermal Conductivity (W.m.K!)

Thermal Diffusivity (mmZ.s™)

1{1 /{2 1(3 /{ave

OPO 0.419 0.425 0.44 0.428
OPU10 0.637 0.65 0.662  0.649
OPU20 0.509 0.524 0.529  0.520
OPU30 0.459 0.469 0474 0.467
OPU40 0.442 0.445 0444 0.443
OPT10 0.567 0.571 0.591 0.576
OPT20 0.492  0.488 0.5 0.493
OPT30 0.465 0.463 0464 0.464
OPT40 0425 0428 0438 0.430

AKIK (%) o2 o3 tave A/ (%)
2.803 0.325 0354 0376 035 6.919
1.898 0.355 0.363 0.366 0.361 1.291
1.600 0.352 0.369 0.379 0.366 3.363
1.426  0.294 0.309 0316 0.306 3.155
0.300 0.299 0.305 0.317 0307 3.257
2.544 0341 036 038 0360 5457
1.351  0.353 0.357 0.371 0.360 2.960
0.215 0.498 0.505 0.506 0.503 0.596
1.781 0.291 03 0.324 0.305 6.229

4. CONCLUSION

This study examines the potential of utilizing waste from
the olive oil extraction industry as a partial replacement for
sand in non-autoclaved aerated concrete. Using this waste
offers several advantages, such as reducing the volume of
waste sent to landfills and minimizing its impact on both
human health and the environment. This waste was
incorporated into the aerated concrete matrix in proportions
ranging from 0% to 40% with a step size of 10%. This study
focuses mainly on the chemical modification of the surface of
the olive pomace grains and the effect of treating this waste
with NaOH on the thermophysical properties of the specimens.
We have developed two types of blocks, one using the waste
without treatment and the other with treatment by the sodium

hydroxide solution. The conclusions of this study are as follow:

1) Chemical treatment of olive pomace particles with
NaOH produces stiffer materials and improves the
adhesion between the olive pomace and the matrix by
removing natural and artificial impurities that have
accumulated on the surface of the OP grains.

The incorporation of olive pomace waste increases
the density of the blocks compared with the reference.
This is due to the reduction of air bubbles during the
preparation of the paste and the reduction of pores,
but the density of the composites containing the waste
decreases with the increase in the rate of replacement
for the case of treated and untreated blocks, the
maximum density was observed in the specimens
treated with NaOH.

2)
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3) The water absorption and porosity of pure aerated
concrete are 37.34% and 48.83% respectively, but the
incorporation of olive pomace reduces both these
values.

The addition of olive grains to aerated concrete
blocks increases thermal conductivity for OPU10 due
to the reduction in pore size but this value starts to
improve with the addition of this waste and the
chemical treatment improves thermal conductivity
when increasing the substitution rate more than 10%,
this is because porosity increases in the case of
treated composites, and alkaline treatment improves
adhesion between the matrix and the additive, which
in turn improves thermal conductivity.

All of this work has highlighted the beneficial effects of
treating olive pomace to improve roughness and adhesion
between the grains and the matrix, reduce water absorption,
improve thermal conductivity of aerated concrete.
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NOMENCLATURE

OPU Olive pomace untreated

OPT Olive pomace treated

SEM Scanning electron microscope
EDS Energy-dispersive X-ray spectroscopy
XRD X-Ray diffraction analysis
Greek symbols

a Thermal diffusivity, m?. s™!

A Thermal conductivity, W.m™ .K-!
Subscripts

Cu Uniformity coefficient

Cc Curvature coefficient

VBS Soil blue value

SST Total specific surface

ES.V Visual sand equivalence

E.S Sand equivalence
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