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The use of dealuminated kaolin waste produced from alum industry in
the preparation of geopolymer bricks
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Dealuminated kaolin based geopolymer bricks were prepared through
the reaction between sodium hydroxide as activator and the
dealuminated kaolin waste produced from alum industry as a binder.
The dealuminated kaolin waste was first dried, ground and characterized
by XRF and XRD analyses then mixed with sodium hydroxide solution
which was pre-prepared in different concentrations ranging from 2 to 14
mole.L™. The dealuminated kaolin solid to sodium hydroxide solution
mass ratio was about 0.7.

In this thesis, the effect of using different concentrations of the sodium
hydroxide (NaOH) solution through different curing times on the
following properties of the final geopolymer brick are investigated:
degree of geopolymerisation, water absorption, saturation coefficient,
bulk density and compressive strength.

The results also showed that the compressive strength approaches the
minimum allowable value of strength of building bricks according to
ASTM C62 (8.7 MPa) for 28 days under normal conditions starting
from concentration approximately about 12M.
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Abstract

Dealuminated kaolin based geopolymer bricks were prepared through the reaction between
sodium hydroxide as activator and the dealuminated kaolin waste produced from alum
industry as a binder. The dealuminated kaolin waste was first dried, ground and
characterized by XRF and XRD analyses then mixed with sodium hydroxide solution which
was pre-prepared in different concentrations (2, 4, 6, 8, 10, 12, 14) mole.L™®. The
dealuminated kaolin solid to sodium hydroxide solution mass ratio was about 0.7.

In this thesis, the effect of using different concentrations of the sodium hydroxide (NaOH)
solution through different curing times (7, 14, 21 and 28 days) on the following properties
of the final geopolymer brick are investigated: degree of geopolymerisation, water
absorption, saturation coefficient, bulk density and compressive strength.

It was observed that the degree of geopolymerisation generally increases with the increase
of NaOH solution up to 8-10M after which the effect of the NaOH concentration is less
pronounced. The water absorption (whether cold or boiling) generally decreases with the
increase of NaOH concentration while the bulk density tends to subsequently increase. SEM
micrographs of the final geopolymer bricks showed the effect of sodium hydroxide
concentration on the size of pores, which affected the values of saturation coefficient
deduced from the ratio between cold and boiling water absorption.

The results also showed that the compressive strength approaches the minimum allowable
value of strength of building bricks according to ASTM C62 (8.7 MPa) for 28 days under
normal conditions starting from concentration approximately of about 12M.
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CHAPTER 1

INTRODUCTION

Brick industry is one of the most important industries to any country as it is used in most
masonry construction work. Bricks are used in making buildings, walls, pavements and other
elements of construction. Traditionally, bricks were made by hand and left to dry by sun but after
the industrial revolution, brick machines were invented which furnishes the brick industry. Clay
bricks are the most common type of bricks due to the abundance of clay naturally on earth although
lately, there is a trend of using more economic and environment-friendly raw materials.

The traditional process of manufacturing bricks has proved to have many disadvantages
towards environment due to the greenhouse gas emissions which affect the ozone layer and lead
to global warming and climate change. Beside the environmental harm, humans may also suffer
from these emissions as it causes asthma and heart diseases. Besides, traditional methods of
manufacturing consume much energy owing to the necessity of firing in kilns at temperatures
normally exceeding 700°C.

Accordingly, there is a great need towards finding new techniques and raw materials for bricks,
making. In this respect, geopolymers are considered as a suitable alternative.

Geopolymers are inorganic polymers that are synthesized through the reaction of a pozzolanic
material known as filler (source of silica or silica and alumina) with an alkaline solution such as
NaOH or KOH or Ca(OH). known as activator to form a cementitious material. These
geopolymers are essentially used as a replacement for Portland cement, advanced high-tech
composites, ceramic applications or as a form of cast stone.

Geopolymers are characterized by having high mechanical strength, fair to good fire
resistance, corrosion resistance, fast setting, low energy consumption, low waste gas emission and
be easily recycled. All these advantages made geopolymer bricks a good competitive replacement
for ordinary clay bricks.

Economic production of geoploymer bricks can be carried out by using waste materials as
fillers or activators. In this respect, ground clay bricks refuse (Homra), iron slag, fly ash, silica
fume and many other industrial wastes can be used as fillers. On the other hand, it is not generally
possible to obtain standard abiding bricks by using waste activator solutions except to some extent
milk of lime. One possible waste that could also be used in this respect is the dealuminated kaolin
waste of alum industry.

Alum is usually produced as aluminum sulfate through the reaction of a source of aluminum
hydrates (bauxite or kaolin clay) with sulfuric acid. Alum industry is very important in many fields
such as the purification of water in water treatment, pulp and paper industry, in dyeing as mordant,
in cosmetics and medical applications for making some vaccines and also as a flame retardant.



The dealuminated kaolin waste from alum industry produced after the extraction of aluminum
in the sulfate form is likely to be used as a pozzolanic material for making geopolymer bricks.
Although many research work has been recently done on dealuminated kaolin waste for use as a
replacement of cement, no similar work was carried out to use it as geopolymer filler.

1.1. Aim of present work

The aim of this thesis is to prepare geopolymer bricks suitable for use as building material by
using the dealuminated kaolin waste produced from alum industry as the pozzolanic filling
material through the reaction with sodium hydroxide (NaOH). Physical and mechanical
properties of these bricks will be investigated as function of caustic soda molarity and curing
time.

1.2. Thesis layout
This thesis consists of the following chapters:

- Chapter (1): This chapter reviews a general introduction about clay bricks and geopolymers as
well as the alum industry waste that will be used in our work. The aim of work and thesis lay
out will also be showed in this chapter.

- Chapter (2): Through this chapter, the clay bricks raw materials, history and manufacturing
process are reviewed including the hazardous impact of the bricks manufacturing process as
well as the wastes that could be recycled and used in brick manufacturing. Geopolymers
definitions, history, reaction mechanism and applications will also be shown through this
chapter. In addition to that, Alum industry and the dealuminated kaolin waste reuse will be
reviewed as well.

- Chapter (3): This chapter reviews the experimental techniques that were used in this work
including the procedures used to perform chemical and mineralogical analyses on raw materials,
preparation of brick samples and tests done on the final product to assess its quality.

- Chapter (4): In this chapter, the results of all experiments and tests done are presented including
those related to the identification of the raw material used.

- Chapter (5): In which a brief conclusion summarizes the results obtained in this work.



