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Abstract—The present study verifies the possibility of
incorporating sewage sludge in the production of ceramic mass
for ceramic roof tiles. Domestic sewage sludge and clay from
ceramic industries of the northeast region of Brazil were used.
The raw materials were chemically and mineralogically
characterized. Seven hundred and fifty tiles were
manufactured using different concentrations of sludge (2%,
4%, 6%, 8% and 10% of sludge dry mass). The high amount
of organic material (71%) from the sludge shows itself as being
main factor on affecting the quality of roof tiles. The increased
dosage of sludge implies a linear tendency of increased
absorption and decreased load rupture on flexion. Results
have shown the possibility of using nearly 4% of sludge (dry
matter) on ceramic mass to manufacture roof tiles with no
interference in its final product properties, in compliance with
current international standards.
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| INTRODUCTION

One of the greatest challenges of this century is the
adequacy of technological progress to sustainable
development programs, regarding material recycling and,
more specifically, within the civil construction industry. In
this context, in Brazil, researches have been developed to
study the sewage sludge as a raw material for the civil
construction industry [1-14].Internationally, early studies
showing feasibility of recycling waste in the construction
industry began in the 1980s, providing important
information for future studies [15-33].

In northeast Brazilian region, incineration of sludge is
not a common practice and generally, dry sludge are
disposed in landfills. The aim of this research is to attempt
another environmentally appropriated use for this kind of
waste.

| EXPERIMENTAL PROCEDURES

The raw materials used to obtain ceramic roof tiles were
sludge, sand and clay. The sludge, from the drying beds of
a Sewage Treatment Plant that treats domestic sewage, it’s
a non-hazardous and non-inert waste by the Brazilian
standard [34], based on CFR-Title 40- Protection of
environmental-Part  260-265 - Hazardous Waste
Management. The roof tiles were produced in a ceramic
industry of the area. In order to facilitate the research’s
applicability in real scale, roof tiles were thus manufactures
following exactly the process of the ceramic company,
modifying it only the partial replacement of clay by the
sludge.
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The experiment produced 740 units of roof tiles with
sludge. The roof tiles produced have a colonial style, with
standard dimensions: 48cm x 20cm x 15cm. The roof tiles’
Merging Unit (MU), that is, the plasticity index of the
mixture was in average 31.33%. In order to facilitate the
understanding of results, the research made an
approximation of the dry mass sludge dosages to 2%, 4%,
6%, 8% and 10% respectively, being those the previously
intended dosages.

Il RESULTS AND DISCUSSION

A. Characterization of Raw Materials.

It is observed that the sludge used in the research shows
granulometric characteristics similar to conventional raw
materials (sand and clay). The values between 2 and 20 um
are in the range for roof tiles production (20 to 50%).
However, the raw materials show predominance of particles
larger than 20 um, probably due to higher incidence of non-
clay minerals, such as quartz. This can also be evidenced by
the average diameter shown. The conventional raw
materials consist predominantly of SiO, (75%), Al,03(15%)
and K,O (4%). However, the sludge consists mainly of SiO,
(32%), CaO (14%), Fe,03 (13%), SO; (13%) and Al,O;
(10%).The mineralogical analysis carried out has concluded
that conventional raw materials are comprised basically of
three mineralogical phases: kaolinite, quartz and feldspars
(albite and microcline). The sludge consists mainly of
quartz and feldspars (anorthite). The sludge has, on average,
71% of organic matter, 84% of solids and 1.39 of real
density.

B. Characterization of produced roof tiles.

The most limiting factor in setting the sludge dosage to
incorporate into the mass of clay was the content of organic
matter; because in some cases, it was visually found that its
presence in significant amount (71%) is responsible for
conferring more porosity and consequently higher
absorption and less resistance to the ceramic roof tiles.

All roof tiles with sludge lost mass when compared with
the respective controls, due to the burning of organic matter.
The addition of sludge into the conventional clay mass does
not damage the extrusion of the roof tiles, because their
moist of conformation (31.33%) is within the recommended
level for moulding extrusion.

C. Water Absorption.

It is seen a linear tendency in the increase of absorption
with the dosage raise of sludge (Fig. 1), showing as a
possible limiting factor in the incorporation of higher



amounts in the clay mass. This aspect is seen even when
considering different formulations of clay mass used by the
company. Another important aspect to consider is the high
loss on ignition of sludge used (71%, on average), being the
absorption influenced by its high value. If the sludge
showed a lower content of organic matter, perhaps the
problem of increased absorption was not that evident.
P =0.2743; r=0523T, p=0.0030; y=19.3832845 + 0, 245385787
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Fig.1. Correlation between the amount of sludge incorporated and the
absorption of ceramic roof tiles.

D. Flexural Rupture Strength.

For all dosages, there is a reduction of rupture strength
to flexion with the addition of sludge to clayey mass used
by the company, comparing with their controls.

Observing Fig. 2, there is a linear tendency of
decreasing flexural rupture strength with the raise of sludge
dosage. There is a decrease on values of flexural rupture

strength of the respective controls as they are raised (Fig. 3).

It demonstrates that not only the increase of sludge has a
significant influence on the values of reduced flexural
rupture strength, but also their own raw materials applied
by the company.

E. Environmental Ricks.

The sludge used in the research is domestic sewage
sludge, classified as non-hazardous and non-inert waste by
the Brazilian standard (NBR 10004-ABNT, 2004), and
based on CFR-Title 40- Protection of environmental-Part
260-265 — Hazardous Waste Management.

Due to high levels of SO;present in the sludge, possible
environmental risks in the burning process of roof tiles must
be evaluated. Some authors have reported average SO,
emissions in ceramic products with sludge to be
considerably below to what is required by legislation [28].
Nevertheless, in case of sludge incorporation as raw
material in full scale, measurements of the levels of
emission must be performed, in accordance with current
standards.
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Fig. 2.Correlation between sludge dosage applied and the flexural rupture

strength of roofs tiles.
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Fig. 3.Correlation between the control roof tiles of the respective sludge
dosage applied and their flexural rupture strength.

IV CONCLUSIONS

It is possible to use around 4% of sludge (dry matter) in
ceramic mass to manufacture roof tiles, without interfering
in the properties of the final product, regarding the
compliance with the current standard.

The high amount of organic material (71%) present in
the sludge is shown as a limiting factor in the incorporation
of sludge in ceramic mass, compromising the quality of
roof tiles, once they visually show porosity, in addition to a
higher absorption of water and lower rupture load, when
compared to the controls.

The increased dosage of sludge implies in a linear
tendency of increased absorption and a reduction in flexural
rupture strength. There is a decrease in flexural rupture
strength of the controls. This demonstrates that not only the
sludge has a significant influence on the values of flexural
rupture strength as well as their own raw materials used by
the company.
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