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SAWDUST AS A FILLER TO ALKALI-ACTIVATED FLY-ASH

HALAS, O[lena]; BENES, L[ibor] & MINAR, L[ubos]

Abstract: this article describes a relatively new type of
materials – alkali-activated materials, the process of their
formation and princip of alkaline activation, possible raw
materials (primary and secondary), advantages and
perspectives of alkali-activated material’s further research. The
experimental part of this article shows the results of alkaliactivated materials study based on fly-ash with the adding of
woodworking waste material – sawdust (strength comparison
of samples with different amount of sawdust).
Key words: alkali-activated materials, alkaline activation,
aluminosilicates, fly-ash

1. INTRODUCTION
The principle of alkaline activation process was discovered in
the first half of the 20th century (Olsen, 1934; Davidovits, 2008;
Glukhovsky, 1959). In this process can be used any kind of
material with aluminosilicate content, even waste materials such as
fly ash, slag. Alkali activation is the process of aluminosilicates
dissolution in strongly alkaline solution, with a subsequent
formation of aluminosilicate networks composed of AlO4 and SiO4
tetrahedrons. The result of the alkaline activation is a new kind of
material similar to some minerals. The main benefit of this
discovery is reduction of irreplaceable natural resources
consumption. Another benefit is utilization of such energy industry
waste materials as ashes and slags which woud have a positive
affect on environment. Alkali activated materials can be also used
for preparing of composites for friction components. However
these properties must be tested on measuring equipment
(Barborak et al., 2008; Bozek, 2008, 2009).
The raising environmental awareness conduces to the more
significant development of alternative materials in the construction
industry. The main aim of the alkaline activated materials’ deeper
research is to reduce exploitation of scarce natural resources and
find application for increasing amount of waste materials. The
major development in the field of these material intensifies mainly
in the last few decades, but the first work in this area can be traced
at the beginning of the last century (Purdon, 1940; Feret, 1939;),
this information is taken from (Davidovits, 2008).
There is still no general terminology in this field of
research. It is due to the absence of standards, which would
stipulate the conditions of usage and basic methodological
approaches for working with these materials and facilitate their
distribution. Instead of this, there are often used the standards
for concrete, even though we had proved the amorphous nature
of these new materials. The structure of cement concrete has
a polycrystalline nature - that’s why the application of
standards for concrete in the case of alkali-activated materials is
preposterous. It is also possible, as shown by the authors of the
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aforementioned article (Srtaka et al., 2001), to adopt some of
the current standards, mainly for determining the mechanical
and physical properties (density, water absorption, compressive
strength, flexural strength, modulus, specific heat coefficient,
heat capacity etc.).Another standards is then necessary to create
completely from the beginning. New standards would apply to
the thermal resistance, frost resistance and other properties.
1.1. Raw materials
Basic materials for geopolymeric reaction can be divided
into two groups - in the first group there are materials of natural
origin (kaolinitic clays, metakaolin) and in the second group
there are artificial materials (blast furnace slag, fly ash).
1.2. Fly ash – production and alkaline activation
One of the first studies of alkali activated fly ash concerned
the synthesis of zeolites. This synthesis was introduced by
Holler in the 80th years of 20th century (Holler, 1983). The
zeolit was synthetized by alkaline activation of fly ash in NaOH
and KOH solutions in hydrothermal conditions.
Presently, the production of solid waste materials in
burning processes of power and heat stations in Czech Republic
exceeds ten million tons annually (analysis of the year 2003).
CEZ power energy company produces about 10 million ton of
this waste every single year.The fly ash produced by power
stations is a suitable raw material for alkali-activated materials
thanks to its high content of silicon and aluminium oxides.
These materials are generated by solving of aluminium-silicates
(kaolin, clays, metallurgy and energy industries waste products,
and others), and by subsequent transformation into threedimensional nets. The solving process is initiated by a highly
alkaline environment with pH 12 - 14. It can be stated that these
materials are the result of reactions of aluminium-silicate
substances in the highly alkaline environment. Despite of huge
diversity and cheapness of secondary products (fly ash, slag,
ceramic or metallurgy industries waste) it is also studied
primary raw materials for producing of alkali-activated
materials (Skvara, 2009; Pacheco-Torgal, 2005; Benes et al.,
2007; Palomo et al., 1999; van Jaarsveld et al., 2002).
In the previous studies, the influence of main components
of the mixture has been described (amount of Na2O, H2O alkali
activator and fly ash). There can be used many kinds of
materials as additives to the alkali-activated mixture. One of the
possibilities is to use sawdust from woodworking. The sawdust
amount could have a significant influence on the strength of the
material. This study can allow us to evaluate this influence.
There is an influence of sawdust on the compressive strength of
the alkali-activated material based on fly-ash.
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Tab. 1. Chemical composition of the fly ash
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2. ALKALI-ACTIVATED MATERIALS BASED ON
FLY-ASH WITH A SAWDUST ADDITION
2.1 Materials
For this study, the fly ash from Opatovice electric power
station (Czech Republic) was used. Its chemical composition is
shown in the Table 1.
As the alkali activator, there were used two components:
the pellet-form NaOH (98% purity) and the sodium silicate,
which had the next composition comprising: 8% of Na2O,
26,5% of Si2O, 65,5% of H2O.
2.2 Method
There was prepared five series of samples with different
amount of tiny sawdust. Defined quantity of fly ash was
replaced with commensurable quantity of sawdust. This amount
varied from 5 till 25%. The sawdust was put to the prepared
geopolymer mixture (fly ash + water glass + sodium
hydroxide). After blending the mixture, the samples were
formed into silicone molds. The heat treatment of the samples
was provided in two steps. Firstly, the formed pieces were put
into the stove for 18 hours under the temperature 60°C. Than
the next day, the samples were unmolded and put again into the
stove for 18 hours under the temperature 60 °C. The samples
had the form of cube with dimensions 3cmx3cmx3cm.
After the heat treatment till testing the samples were left in
normal laboratory conditions. The pieces were tested on
compressive strength in 28 days after sampling. The tests were
conducting on testing mashine ZD 10190. It detected the
maximum measured force for each sample. The results of the
test are shown in the figure 1 below:
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Fig.1. Strength comparison of samples with different amount of
sawdust
2.3 Results
The Fig.1 shows that with increasing amount of sawdust the
compressive strength was decreasing.The highest strength had
the samles with the smallest quantity of sawdust, scilicet 5%.
Than the strength was gradually decreacing and finally the
smallest strength had the samples with the biggest amount of
sawdust – 25%.

3. CONCLUSION
The experiment showed that sawdust can be used as one of
the possible fillers to alkali-aktivated materials based on fly
ash. However it also showed that growing quantity of sawdust
decreases the compressive strength of the samples. In the
nearest future will be studied other properties of these
composites such as bending tensile strength, heat conduction,
heat capacity, fire resistance, deformations under the
temperature in order to check the possibility of their usage as
fire-resistant and heat insulating materials. Deeper researches
will allow to make conclusions about optimal quantity of
sawdust in composites and possibilities of their usage.
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