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ABSTRACT

The need for treated water is essential for life. With the constant increase in population,
the most common way to purify surface water is through conventional water treatment
plants (WTPs). The high volume of residue (sludge) generated in this process is most
often returned to the catchment site, negatively affecting the ecosystem. The sludge of
WTPs is similar to soil because it is composed of inorganic solids. Adobe is a construction
material made from water and soil without the burning process, so it is considered
sustainable, recyclable, and energy-efficient and can be stabilized with various materials.
Therefore, the objective of this work is to develop adobes using the sludge of WTPs and
to analyse their physical, mechanical and thermal properties. Adobes were produced with
five concentrations of sludge by mass: 0, 1, 3, 5 and 7%. It was observed that with the
increase in the sludge concentration, there was an increase in the capillarity and a decrease
in mass, the water absorption was limited to 3% of sludge, and there was an increase in
the bulk density. The linear shrinkage, thermal conductivity and compressive strength
were not influenced. The addition of WTP sludge altered some properties of adobe. The
use of WTP sludge in adobe is limited to 3%; above that, the adobe becomes unstable in
relation to water. Therefore, the use of WTP sludge in the manufacture of adobe is feasible
in controlled concentrations and is a sustainable use of the residue.
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INTRODUCTION

Growing environmental concerns have led to the
search for solutions to minimize and direct the generation
of waste, reducing excessive energy expenditure and the
constant extraction of natural resources.

Adobe is a material that does not sinter and does not
use cement; it is composed of only soil and water, and when
feasible and necessary, stabilizers can be added. Adobe is a
clay material. It does not burn and only dries by air.
Moreover, it is considered a recyclable, renewable and
sustainable material (Galan-Marin et al., 2010), with low
energy costs (Gandia et al., 2018), low thermal conductivity
(Balkis, 2017; Palme et al., 2014), low water demand
(Corréa et al., 2006), low cost and easy application in
construction (Pacheco-Torgal & Jalali, 2012) relative to
conventional building materials and methods.

The field of study in adobe is broad and growing.
Among the challenges, adobe presents low compressive
strength and high water absorption. Researchers analyse
various stabilizers (some as a form of waste) to improve
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such properties of adobe (Millogo et al., 2014; Corréa et al.,
2015; Danso et al., 2015; Aguilar et al., 2016; Dove et al.,
2016; Hamard et al., 2016; Laborel-Préneron et al., 2016;
Millogo et al., 2016; Stazi et al., 2016; Eires et al., 2017;
Nakamatsu et al., 2017; Gandia et al., 2019).

The sludge from water treatment plants (WTPs) has
become a study target due to the high volume generated and
the fact that most of it is incorrectly disposed of (Di
Bernardo et al., 2012), leading to environmental problems.
WTP sludge is classified as a solid waste and must be
handled and disposed of as required by regulatory agencies
(ABNT, 2004a; ABNT, 2004b). In Brazil, 17,000 tons of
sludge per year are generated from 162 WTPs (Sanepar,
2014). Fonollosa et al. (2015) defined WTP sludge as
organic and inorganic solids, including heavy metals,
depending on the composition of the raw water.

The average proportion of sludge generated in a
WTP varies greatly, according to Richter (2001). This
proportion is 0.2 to 5% of the volume of treated water, and
according to Ferreira Filho & Waelkens (2009), 10 to 60
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grams of sludge per m? of treated water are generated. The
management of WTP sludge disposal requires careful
analysis and is a challenging task (Ahmad et al., 2016).

In recent years, several studies have evaluated an
alternative for WTP sludge disposal. Hoppen et al. (2006)
replaced cement and aggregates with sludge in concrete
structures. Teixeira et al. (2011) used sludge from the
decantation tank in ceramic materials. Martinez-Garcia et
al. (2012) replaced clay with sludge in ceramic bricks. Tao
et al. (2012) evaluated the germinative power in plants with
the use of sludge. Huang & Wang (2013) used sludge in the
production of light aggregate. Kizinievi¢ et al. (2013)
incorporated sludge ash in ceramic materials. Rodrigues &
Holanda (2013) used sludge in soil-cement production.
Gastaldini et al. (2015) replaced cement with sludge ash in
concrete production. Gonzalez-Corrochano et al. (2016)
produced light aggregates based on sludge. Lucena et al.
(2016) incorporated sludge into the paving. Tafarel et al.
(2016) and Ramirez et al. (2017) replaced sand with sludge
in concrete production. However, there was no evidence of
adobe production using WTP sludge.

With the purpose of associating sustainability to
engineering, the objective is the production and evaluation
of adobes using WTP sludge from the Federal University of
Lavras (UFLA), and verification of their physical,
mechanical and thermal properties.

MATERIAL AND METHODS

The adobes were produced with different amounts of
WTP sludge. The soil and sludge characterizations were
performed before production. The treatments were Control,
S1, S3, S5 and S7 corresponding to 0, 1, 3, 5 and 7% mass,
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respectively, of WTP residue in the adobe. All of them were
made in the same period, dried for 35 days under protection
from the sun and weathering, and using the same
dimensions of shapes (30 x 15 x 8 cm).

The samples of adobes were examined for 7
properties in the physical, mechanical and thermal tests. The
properties examined in the physical tests were bulk density,
linear shrinkage, water absorption and capillarity. The
property examined in the mechanical tests was compressive
strength, and 2 methodologies were compared. The property
examined in the thermal test was thermal conductivity.

Materials characterization

The soil belonged to B horizon with a depth of 1.3
m, was free of organic matter and was located on the
campus of the Federal University of Lavras. It is classified
as Red Latosol (Embrapa, 2013) with a very clayey texture
(600 g kg™). The soil was corrected with 600 kg of average
sand for every 1000 kg of soil in natura.

The sludge was collected at the WTP Station of the
Federal University of Lavras (UFLA) with a monthly average
volume of 15,286.84 m? of treated water (Rodrigues, 2015).
The sludge was collected by the decanter and the filters every
15 days for two months. The characterization of the material
was done after drying and crushing.

WTP sludge is similar to soil (AWWA, 1996), so the
characterization was done using the same analysis for both.
After collecting, separating and processing, both analyses
were performed. The analyses were: grain size curve, texture,
limits of consistency, specific mass, chemical composition
and X-ray diffraction of the mineral clay part. Table 1 shows
the characteristics of the soil in natura and soil corrected
with sand and WTP sludge.

TABLE 1. Properties of soil and soil corrected with sand and sludge of WTPs.

Soil in natura Soil corrected (soil+sand) Sludge Method
Organic matter (%) 1 1 3
Clay (%) 65 41 57
Silt (%) 6 2 17 NBR 7181/84
Sand (%) 28 56 23
LL (%) 40.0 27.0 59.41 NBR 6459/04
PL (%) 29.8 20.3 44.49 NBR 7180/81
LC (%) 16.8 19.0 39.47 NBR 7183, adapted
Especific mass (g cm™) 1.98 2.37 2.48 NBR 9776/DNER-ME 093/94

LL: liquid limit, PL: plastic limit, LC: limit of contraction.

Table 1 highlights several factors: the greater the
presence of organic matter in the sludge; the higher the
concentration of sand after soil correction and the
subsequent increase in the specific mass and lower index of

plastic (LL-LP); and consequently, a lower range of soil
moisture to achieve soil workability. The average size of the
materials, including the sand used for soil correction, is
shown in Figure 1.
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FIGURE 1. Granulometric curve for the soil in natura and soil corrected with sand and WTP sludge.

The purpose of drying and processing the sludge was
to achieve a greater homogenization of the composite
between the soil and sludge. In this way, it is possible to
observe in Figure 1 that after correction of the soil with the
sand (red curve) and the processed sludge (green curve),
there is a great similarity between the grain size curves,

TABLE 2. Chemical composition of the materials.

possibly occurring from the effect of packaging, thus
obtaining adobes with better properties. The greater specific
mass of the sludge in relation to the soil (shown in Table 1)
is explained by the greater presence of iron oxide (Table 2).
The chemical composition by X-ray fluorescence of the
materials is shown in Table 2.

Oxide content

Concentration (%)

Soil in natura Soil corrected Sludge WTP
Si0; (silicon dioxide) 21.28 25.46 17.23
Al O; (aluminum oxide) 21.96 23.27 12.99
Fe,0O; (iron oxide) 8.49 7.14 22.83
MgO (magnesium oxide) 3.60 3.36 5.80
MnO (manganese oxide) 0.04 0.03 0.19
TiO; (titanium dioxide) 1.12 1.02 0.55
KO (potassium oxide) 0.14 0.31 0.18
CaO (calcium oxide) 0.05 0.37 0.34
P,0s (phosphorus petoxide) 0.07 0.13 0.07

The sludge fraction presented a high iron oxide
content, in part due to the added flocculating reagent during
the wastewater treatment. The increased presence of
magnesium oxide was probably caused by sediment from
the urban sewage system. A great similarity between the
soils was observed, and a considerably higher concentration

of silicon dioxide in the soil corrected with sand was due to
the addition of pure sand. The sludge presents a composition
similar to that of the soils, indicating the similarity of the
soil that composes the surroundings of the lagoon, i.e., the
place of abstraction of water, but presents a clay with an
amorphous structure, as indicated in Figure 2.
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FIGURE 2. Diffractogram of the samples: Soil in natura (a) and WTP sludge (b) of the clay fraction.

Ct (kaolinite), Gbs (gibsite), Gtt (goethite) and He (hematite).

The soil X-ray diffraction (Figure 2a) of the clay
fraction identified the presence of kaolinite - Ct (1-1), which
has strong bonds and prevents the adsorption of water,
without significant expansion when in contact with water,
and features a highly crystalline, therefore stable structure.

The XRD test of the WTP sludge (Figure 2b) also showed the
presence of kaolinite - Ct (1-1), but with the presence of
amorphous materials, without stability, and is able to expand
when in contact with water. The whole process of collection
and preparation of the sludge is presented in Figure 3.
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FIGURE 3. Collection and processing of WTP sludge.

WTP of UFLA (a), sludge collected by decanter (b), sludge sample before sedimentation (c), settling box (d), drainage box and drying (e),

dry sludge before grinding (f).

The sludge in its state with a higher concentration
of water was collected directly in the WTP. By gravity, the
same sludge was carried to the sedimentation box (Lima
& Tavares, 2008), and stored for 2 days. The sludge, with
a lower concentration of water, was taken to two drainage
boxes (Rodrigues, 2015) and dried for 25 days to
transform into a solid state, presenting a humidity of
approximately 4% (similar to soil). After the sludge drying
process, it was crushed to provide a similar particle size of
soil granulometry.

Experimental plan and production

The adobes were manufactured in the same period,
with drying for 35 days and protection from the sun and
weathering. The dimension of the form for manufacturing
was 30 x 15 x 8 cm. Five treatments were produced and
analysed: 0 (control), 1.0 (S1), 3.0 (S3), 5.0 (S5) and 7.0%
(S7) of WTP sludge in mass. As the use of ETA sludge in
adobe is scarce, therefore the choice of percentages of
additions was due to the research with the residue in ceramic
and cement materials that, although presenting different
behaviours, limited the use of the residue in the composites.

The drying period is variable. Several studies have
used 14 to 42 days. In this work, 35 days was used, being
the ideal period for the stabilization of adobe humidity
(approximately 2% of water). To reach this time, a mass and
volume measurement was done at weekly frequency.

The production (Figure 4) was done with the soil
corrected with sand, water and the WTP sludge. Before the
production of each treatment, the moisture content was
obtained from the 3 soil and sludge samples by the oven
method at 103 + 2 ° C. The amount of water added in the
production varied between the liquid limit and the plastic
limit of the soil and the sludge. To determine the ideal
moisture and consistency, two empirical tests were
performed (Figure 4), i.e., "Fall of the Ball" (Barbosa &
Ghavami, 2007) and "Vicat Test" (Ruiz & Luna, 1983).
These were measured by the oven method at 103 +2 ° C in
3 samples of the mass of the adobe, using an oven for 24
hours. A good quality adobe must be homogenized, so the
production had 3 stages: manual mixing with shovels and
hoes, trampling and homogenization in a "maromba".
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FIGURE 4. Production steps and humidity tests.

Corrected soil + WTP sludge, mixed by shovel and stepping (a), homogenization by a "maromba" (b), homogenized adobe mass (c), "ball

drop" test (d), Vicat test (e) and shaped adobe (f).

Tests
Physical

The bulk density test was done with 5 randomly
chosen adobes after 35 days of drying. Ten measurements
were made: 4 in height, 2 in length, and 4 in width using a
30 cm digital calliper. The mean of each dimension was
calculated by [eq. (1)]. The mass was found using a digital
scale in grams:

d=" (1

v

Where:
d - bulk density (g.cm™);
m - adobe mass (g),

v - volume (cm?).

For the linear shrinkage test, a box proposed by Faria
(2002) adapted with known dimensions was prepared for 6
samples with a dimension of 60 x 8.5 x 3.5 cm. The test was
done in triplicate. The boxes were filled with the mass used
to produce the adobe, smoothing the surface to level and
adjusting each sample. After a period of 7 days, the linear
retraction of each treatment was measured. The retraction
cannot exceed 20 mm for bricks and soil-cement blocks
according to BNH (1985).

The water absorption and mass loss test was
performed according to the modified methodology of
Varum et al. (2007). For each treatment, 5 samples of
adobes were cut in half after drying. In a box of 60 x 35 x
10 cm, the previously weighed samples were placed, and the
box was filled with water (17 litres) until the samples were
submerged. After 6 hours, the samples were weighed again

to obtain the amount of water absorbed. The soil material
deposited in the boxes was collected and oven dried to
calculate the mass loss by [eq. (2)]:

Mdp = Mbdp — Mb )
Where:

Mdp - Mass of deposited material (g);

Mbdp - Mass of box and deposited material (g),

Mb - Mass of empty box (g).

The capillary test was conducted following the
model of Varum et al. (2007). For each treatment, 5 adobes
were used and placed in a plastic container. An amount of
water of known height of 1.4 cm was added. After one hour,
four measurements of the height of absorbed water were
made: two in width and two in length. The material
deposited in the containers was collected and oven dried to
calculate the mass loss by equation (2).

Compressive strength

Two compressive strength tests were performed: one
according to NTE. E.080 (NTE, 2000), by cutting the adobe
in half and using a mortar between them and at both
extremities for levelling, and the other according to the
Brazilian standard (in the process of approval, study
committee CE-02: 123.09, ABNT / CB-02), by cutting the
adobe in 8 equal parts and using the two central and
diagonal cut samples and using only the levelling mortar at
both extremities. Figure 5 shows the line of cuts of both
standards. Therefore, 2 sample preparation variables were
analysed for the compressive strength test (Figure 5): NTE
E. 080 and Brazilian standard.
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FIGURE 5. Preparation of adobes for the compressive test according to NTE E 080 and Brazilian standard.

Superior view of the adobes cut by the Brazilian standard (a), superior view of the adobes cut by NTE.E-080 (b), lateral view of the adobes cut
by NTE.E-080 (c), lateral view of the adobes cut by the Brazilian standard (d), adobes capped and ready for testing (e).

Thermal conductivity

The thermal conductivity assay was performed in a
chamber developed by MDP (Medium Density
Particleboard) of cane bagasse. The chamber has two layers
of coatings, namely, Styrofoam and thermal blanket, in
order to isolate the external medium. The lower part has a
heat source (incandescent lamp) connected to a thermostat

+280 +260

maintaining the temperature at 47.0 ° C. The system has 4
thermocouples: the lamp temperature controller, the
ambient temperature, the temperature before entering the
sample and the temperature after exiting the sample. The
entire system is connected to an Arduino. To validate the
system, verification of the heat output (Figure 8) was made
with an infrared sensor camera (Fluke TISS5FT20 /54 /7.5)
with an accuracy of + 0.05°C.

FIGURE 6. External and upper views of the thermal box and its thermographic images.

External view of the camera with point temperatures (a). Infrared image of the thermal box and temperature chart (b). Sample location and
point temperatures, showing that there is heat insulation (c¢). Thermographic image of the thermal box and temperature scale (d).

The samples for the thermal assay were taken from
the retraction box test after 35 days. The sample sizes are
7x7.5 in length and width with a variable height for each
sample, varying between 2.78 and 2.96 cm depending on
the retraction that each addition had. The sampling time was
pre-determined as 3.33 hours, referring to 1000 readings of
12 seconds each. Five replicates were made per treatment,
and the value of the intermediate sample was used.

For calculating the thermal conductivity, the
following equation was used, proposed by Silva (2010):

K = P.E /AT 3)
Where:
K - thermal conductivity, W(mC°)!;
P - radiation of the incandescent lamp, W m™;
E - thickness of the sample, m, and

AT - temperature difference to stabilization (C°).

The radiation of the lamp was obtained by a solar
radiation metre (Intrutherm model MES-100). Five samples
were collected, and the mean value calculated was 207.34
W m™. The temperature variation (AT) was collected
during the sampling of 3.33 hours.

Microstructure

Microstructural visualization was done using a SMZ
1500 epi-fluorescence (Nikon) stereoscope microscope and
a scanning electron microscope (SEM) (model LEO EVO
40 XVP). The samples used were from the adobe fragments
after the compressive strength test for visualization and
interpretation of the interaction between the matrix (soil)
and the fibres (GFRP residue).

Statistical analysis

Statistical analysis was performed partially by Sisvar
software version 5.6 (Ferreira, 2011). Statistical analysis of
each physical and thermal test was done in a single
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completely randomized design. The Tukey test was used
to analyse the significant difference at 5%. For
the compressive strength test, a completely randomized
design was used in a 5:2 factorial system, in which 5
were the addition concentrations and 2 were the
methodologies tested.

RESULTS AND DISCUSSION

The microstructural analysis of the adobe with and
without sludge after the compression test presented in
Figure 7 gives us some assumptions such as the pore
number, structural homogenization of the clay and cohesion
of the particles.

FIGURE 7. Microstructure of the adobe by stereoscopic microscopy images.

Control treatment (a); S3 treatment.

It is observed that the sample with 3% of sludge
presented larger macro pores (small cracks). The pores and
small cracks verified in the test demonstrate the effect of an
amorphous material that was not well adhered to the
crystalline matrix (soil), resulting in a lower structuring of

the material, less cohesion among the clay-mineral
particles, the soil and sludge and less cohesion between the
clay-mineral particles and the sand.

The presence of WTP sludge in adobe promotes an
increase in the bulk density. Figure 8 shows the proportion
of increase due to sludge incorporation.

S7 0.002 —t

S5 0.002 T

S3 0.002 —1—

S1 0.002 ——

Control 0.002 ——

0.002 0.002 0.002 0.002 0.002 0.002
FIGURE 8. Average results for apparent density (g.cm™).

From 1% of sludge, the values of the bulk density are
statistically the same. It can be stated that the increase in
density is according to the largest specific mass of the
sludge in relation to the soil (Table 1). The stability of the
increase of the apparent density after the addition of 1% can
be explained by the higher presence of cracks due to the

increase of the sludge concentration, promoting the loss of
mass in the drying process.

The presence of sludge when the adobe was
submerged in water had a negative influence. The
treatments S5 and S7 after 6 hours of submersion in water
were considerably dismantled (Figure 9).
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FIGURE 9. Adobes after 6 hours of submersion in water.
Control (a), S1 (b), S3 (¢), S5 (d) and S7 (e).

It was not possible to calculate the value of the
water absorption because the value would be negative.
Despite the lower water absorption in samples S1 and S3,

TABLE 3. Results of water absorption and mass loss test.

in relation to the control, as shown in Table 3, it can be
observed that the loss of mass increased significantly with
increasing sludge addition.

Water absorption  Initial mass Final mass o Dry mass loss ~ Dry mass loss
Treatment (%) P (ke) (ke) Standard deviation y (ke) y (%)

Control 12.03a 13.120 14.674 7.64%* 0.779 5.94

S1 7.189a 13.852 14.614 3.61% 1.311 9.46

S3 5.957a 13.736 14.614 1.64 1.360 9.90

S5 SHE 13.296 11.081 - 4.002 30.10

S7 SHE 12.480 8.342 - 5.404 43.30

Overall average 7.11

CV (%) 54.790

Means followed by the same letter in the same column are statistically the same by the Tukey test at 5% significance.

*One of the five samples was completely destroyed.
**Most of the samples were destroyed.

Rodrigues & Holanda (2013), incorporating sludge
in soil-cement, affirmed the increased water absorption with
the addition of WTP sludge with a concomitant increase of
the porosity in the bricks, and this behaviour was associated
with two main effects: the increase of the fine fraction of the
mixture with the increment of clay particles (mainly
kaolinite) and silt; and the addition of organic matter to the
soil-cement mixture. Therefore, the authors stated that the
use of sludge in cement soil is limited to 1.25%; above this,
the material destabilizes considerably.

The incorporation of WTP sludge into concrete
increased the water absorption significantly (Tafarel, 2017).
According to the author, the possible increase in the water
absorption in the concrete material would be due to the

expansive reaction generated by the attack of sulphates,
which may have caused microcracks in the sample. The
author further stated that a second cause of the increased
water absorption was the solubilization of the organic
material and other compounds present in the sludge that
were in contact with the water, which could have been
drawn from the samples, forming voids within the pores that
would later be filled by water during the test.

This behaviour can also be explained by the WTP
sludge being an amorphous material, as shown in Figure 2b,
so it does not show stability, and exhibits easily de-
structuring in contact with the pressure by the water
absorbed. Therefore, the addition of WTP sludge in adobes
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is feasible up to 3%, due to the lack of stability in the
presence of absorbed water.

In relation to the water adsorbed by capillarity, it
can be observed (Table 4) that with the addition of sludge

in the adobe, the capillary values increased. The heights
are statistically the same with the addition of WTP
sludge; however, the mass loss increases with increasing
sludge concentration.

TABLE 4. Average results of capillarity and mass loss.

Water absorption  Standard deviation  Initial mass  Final mass  Dry mass loss  Dry mass loss

Treatment

(%) () (kg) (kg) (kg) (%)
Control 2.06a 0.36 27.152 30.302 0.068 0.0025
S1 3.03b 0.36 27.356 28.856 0.069 0.0025
S3 3.27b 0.43 26.760 27914 0.241%* 0.0090
S5 3.12b 0.27 27.304 28.496 0.145 0.0053
S7 3.08b 0.92 25.874 27.090 0.124 0.0048
Overall average
% £ 291
CV (%) 17.33

Means followed by the same letter in the same column are statistically the same by the Tukey test at 5% significance.

* One sample showed a large crack visibly before the test.

The higher level of rising water and higher mass loss
may have occurred due to the expansivity of the sulphate
contained in the sludge, generating micro cracks and
increasing the number of pores and small paths that
facilitate the movement of the water by capillarity. The
increase of the mass loss can be explained by the lower
cohesion between the particles, because they are an
amorphous material, which have been unstructured due to

TABLE 5. Results of the linear shrinkage test.

the increased pressure promoted by the higher adsorption of
water by capillarity.

The linear shrinkage test presented statistically the
same results for all treatments. The addition of sludge to
adobe did not influence the linear shrinkage. Table 5 shows
the linear shrinkage values, with no significant difference at
the 5% level.

Treatments
Mean values
S1 S3 S5 S7
Linear shrinkage (cm) 2.60 a 2.08a 2.11a 2.54a
Linear shrinkage (%) 0.05 0.04 0.04 0.04
Standard deviation (cm) 0.50 0.13 0.05 0.02
Overall average (%) 2,41
CV (%) 11,75

Means followed by the same letter in the same line are statistically the same by the Tukey test at 5% significance.

Despite the non-influence on linear shrinkage, the
sludge presented a greater number of fissures with the
increase of its concentration, as observed in Figure 10.

FIGURE 10. Linear shrinkage of adobes after 7 days of drying.

Control (A), S1 (B), S3 (C), S5 (D) and S7 (E).

Visually, the retraction was similar in all the treatments;
however, there was an increase of cracks according to the
increased concentration of sludge.

Engenharia Agricola, Jaboticabal, v.39, n.6, p.684-697, nov./dec. 2019



Physical, mechanical and thermal behaviour of adobe stabilized with the sludge of wastewater treatment plants

As shown in the microstructure (Figure 7) and
confirmed by the loss of mass due to the water tests and by
the stabilization of the apparent density due to the possible
loss of mass by the cracks, we can say that the increase in
the number of cracks in the shrinkage test is due to that the
material (sludge) is amorphous, presenting a lack of
structural stabilization. Another possible cause is the
degradation of a small amount of organic matter, promoting

TABLE 6. Results of the compressive strength test (MPa).
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empty spaces that become small and large cracks with the
loss of water.

The mechanical analysis of the compressive strength
showed that the use of sludge in adobes does not alter its
resistance to compression. Table 6 presents the values of the
compressive strength, and the average of the treatments did
not show a significant difference, showing that the addition
of sludge does not alter the mechanical properties of the
compressive strength of the adobe.

NTE E 080 Brazillian Mean value
Control 143 a 141 a 1.42
S1 1.57 a 1.58 a 1.58
S3 1.71 a 1.53 a 1.62
S5 1.56 a 1.52 a 1.54
S7 1.55 a 1.51 a 1.53

Means followed by the same letter in the same column are statistically the same by the Tukey test at 5% significance.

The literature is scarce in terms of using WTP sludge
in adobes. Works related to concrete and cement soil are
presented for comparison, despite the physical and chemical
differences in the material matrix.

Tafarel (2017), using WTP sludge in concrete,
observed a reduction of 4.19 and 37.08% with the addition
of 5 and 10% sludge respectively. It was then verified that
above 5% addition of the sludge was not feasible. Rodrigues
& Holanda (2013) reported a decrease in soil-cement
compression resistance using 5% WTP sludge. The authors
stated that one of the reasons is the lack of cohesion between
the cement matrix and the sludge.

It is noteworthy that, although statistically equal,
treatments with the addition of sludge show a small increase
in the compressive strength. This fact may possibly be
explained by the higher percentage of clay present in the
sludge and due to the sludge clay being of the kaolinite type
with cohesive and less expansive characteristics. Another

1L

_I_

0.86
0.82

Control S1

0.85

53

FIGURE 11. Mean values of thermal conductivity (W. m°C™").

factor may be the aluminium sulphate used in the WTP,
presenting the power to agglutinate the soil and possibly
presenting a small cohesion when the material is not
exposed to and contacted with water. In addition to the
granulometry of soil and sludge being similar, there is
possibly a good homogenization.

The lower thermal conductivity is related to the
lower energy expenditure after the construction (Millogo et
al., 2016). Adobe is already considered a material with a
lower energy demand compared to traditional ones (Gandia
etal., 2018). Among the reasons that the adobe presents less
embodied energy, the non-burning of the material and the
non-use of cement are the ones that most represent this
energetic reduction.

The thermal conductivity is presented in Figure 11.
It was possible to affirm that the use of WTP sludge in
adobes does not interfere with the passage of heat, and the
values are statistically equal.
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Mosquera et al. (2014), using two samples of adobes,
i.e., one dried in a stove and another one with 1.67%

humidity, found values of 0.80 and 0.90 W. (m ° C) ™'

respectively. The samples from the present study were
stabilized at 1.5% moisture and an intermediate value of
0.86 was found.

As the evaluation of the thermal conductivity of
adobe using sludge is scarce, the work of Zhang et al.
(2016) using lake sediments in the production of ceramic
bricks approaches the current study. In their paper, Zhang
et al. (2016) found a small change in the thermal
conductivity from 0.62 to 0.61 W. m ° C-1. In the present
study, a small change was observed but the values were
statistically the same.

CONCLUSIONS

The incorporation of WTP sludge into adobes
interferes in their properties. The physical analysis showed
that the bulk density increased with the addition of sludge;
water absorption was limited to 3% of usage, and above
that, the adobe destabilized and lost a significant amount of
mass; capillarity by water adsorption increased with the
addition of sludge; and the linear shrinkage was not
influenced by the addition of the sludge, but an increase in
the number of macro cracks was observed.

The mechanical analysis of the compressive strength
showed that the sludge did not interfere with the quality of
the adobe by up to 7%. Both methodologies used in the
analysis of the compressive strength presented close and
statistically equal values, and according to the norms, the
values were acceptable.

As for the thermal analysis, it was observed that the
sludge also had no influence on the passage of heat.

The use of sludge in adobe was feasible up to 3% in
mass, maintaining its mechanical, thermal and physical
properties, mainly in relation to the contact with water.
Therefore, the use of WTP sludge in adobes is possible but
limited, and it has an advantage in terms of sustainability.
By using the residue correctly and do not returning it to the
site of abstraction, contamination problems can be avoided.
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Engineering 39 (6):684-697, on the page 691:
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FIGURE 8. Average results for apparent density (g.cm™).
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FIGURE 8. Average results for bulk density (g.cm™).
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