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Abstract. Concrete structures are constantly moving in the direction of improving the durability. 
Durability depends on many factors, which are the composition of concrete mix, the usage of additives 
and admixtures and also the place, where material will work and carry the load. Taking into account 
that the consumption of cement on the globe gives way only to the consumption of drinking water, the 
issue of concrete technology begins to take on an economic and ecological aspect. Mentioned above 
the aspect of durability is strictly connected to economy. Due to huge amount of greenhouse gasses 
produced in the process of calcination, the ordinary Portland cements are responsible for even 8% of 
anthropogenic carbon dioxide production. This paper is focused on properties of materials known as 
green binders. They can be used to produce aluminium-siliceous binders and green concretes which 
can also be known as geopolymer concretes. Often used in construction industry, class F fly ashes are 
also good substratum also for aluminium- siliceous binders. Nevertheless amount of available class F 
fly ashes do not give the possibility to replace ordinary cements by aluminium-silicate one produced 
from this type of ash. This raises the need to look for replacement solutions for the substrate of the 
new green adhesive. As the substrate of new eco-binders there were used fly ash which came from coal 
and high calcium ash from the burning of lignite, called class C fly ashes. However not processed one, 
cannot compete with Portland cements due to durability. It surely depends on many aspects of 
polymerization process, which are for example maturation environment, concentration and type of 
alkaline activator, but the most important are parameters of fly ash substrate. This is because main 
attention was paid  to  granulation  of  examined  class  C  fly  ashes  which  have  been  subjected  to 
a grinding process involving milling in a magnetic mill and subjected to ultrasonic waves. The 
analysis of grain change was presented in the aspect of the possibility of increasing the strength and 
durability of the cement material. 
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1 Introduction 
In recent years, many different kinds of cementiious materials have been developed. Many of 
them were alkali-activated cementiious materials. It is mostly because of their high strength 
and durability. Moreover they have got very low environmental impact due to emissions of 
greenhouse gasses which was subject in some papers (Błaszczyński et al. 2014, 2015; Juenger 
et al. 2011 and Barbosa et al. 2000). Most of used in civil-engineering and infrastructural 
construction fly ashes are type F. The reason of that is because of their excellent properties 
and wide spectrum of application. Much worse properties, especially in use as additives to 
cements and mortars gives usage of type C fly ash. According to Yang (Yang et al. 2008), 
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aluminosilicate materials obtained from alkali-activated class F fly ash have main binding 
phase as the amorphous hydrated alkali-aluminosilicate (Krizana et al. 2002; Haha et al. 2011 
and Guo et al. 2010) proved that the major binding phase in alkali-activated ground 
granulated blast furnace slag similarly like in type C fly ash is calcium silicate hydrate (C-S- 
H). Because of this fact, main goal of this paper is to present future possibilities of treatment 
which could increase application range and utilization of C type fly ash. 

Alkali-activated slag cements show good mechanical strength. Their strength, compressive 
and flexural can be even better than in ordinary cements which were shown by Hardjito and 
others (Hardjito et al. 2005; Wallah et al. 2006 and Cheng et al. 2003). The classical cements 
set owing to the special phenomenon of solvation, i.e. hydration. It is a compound process due 
to overlapping and a mutual influence of individual clinker phases that react with water. The 
total hydration process consists of three basic stages. The dissolution of soluble compounds in 
water, that is the proper hydration, which consists in the creation of the primary phase in a 
colloidal state (the formation of the plastic mass) and the crystallization of the hydration 
products (hardening of the plastic mass) what was presented by Błaszczyński and Król 
(Błaszczyński et al. 2015). The initial stage of the proper hydration of cement was presented 
by Kurdowski (Kurdowski, 2010). It is connected first of all with the C3A phase. As a result 
of a fast reaction of this phase, large crystals of hydrated calcium aluminates are produced 
(Figure 1a). All the stages of hydration, as compared with the setting of the polymeric blend, 
are presented in Figure. 1. 

a) b) 

 
Figure 1. Comparison of phases: a) hydration of the Portland cement, b) polymerization. 
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The present state of knowledge was collated by Skvara (Skvara, 2007). It gives the 
possibility to present that a geopolymer based on fly ash is characterized by following 
properties: 

- is built by structure similar to vitreous bodies what was presented by Barbosa and 
Mackenzie (Barbosa et al., 2000), 

- in structure of geopolymers there is presence of sodium and potassium cations (Na+, 
K+), which are not bonded so strong as it is in zeolite, it is a reason of potential 
efflorescence occurrence, 

- structure of material is represented by a porous body, 
- porous body of geopolymers contain water, 
- the water is used in geopolymerization process as a transport of alkali activator, 
- amorphous hydrates and crystalline can be noticed in structure only if material 

containing calcium are present (i.e. blast furnace slag, calcium fly ash). 
A number of characteristics and properties of materials that are by-products in various 

processing processes are strictly conditioned by the technological cycle. Whether in the case 
of fly ash or blast furnace slag, temperature plays a major role in the quality of the products 
obtained, in addition to the properties and composition of the substrate. The higher it is, the 
cleaner the product is, the more finely divided it is, and the more extensive it can be used. 
What's more, the implication of binders in open atmosphere conditions is also possible, 
without the need for high-temperature ripening conditions. This situation occurs in the case of 
both fly ash and blast furnace slag what was topic of Małolepszy and Deja (Małolepszy et al., 
1999). The substrate used in the reactions in which the above by-products are formed 
determines the use of temperatures appropriate for the given reaction and technology. 
Małolepszy and Deja (Małolepszy et al., 1999) suggest in their work, where the photos taken 
by scanning microscopes of fly ash samples from power plants and combined heat and power 
plants, in which various technologies of coal combustion differing among other temperatures 
of this process were used, that there is possible to systematize the composition of the sample 
together with the increase of the combustion temperature. Fly ash is artificial pozzolana, 
which is formed during the combustion of shredded coal in power plants equipped with dust 
boilers. Pozzolans do not self-harden after mixing with water. However, when they are finely 
ground after the addition of water, they react with calcium hydroxide, forming a mixture of 
aluminium silicates and calcium silicates with increasing strength and that has been proven by 
Barbosa and others (Barbosa et al., 2000; Duxson et al., 2007 and Caijum et al,. 2011). The 
pozzolanic activity of ashes is significantly affected by their particle size. As the grain 
increases, the pozzolanic activity decreases. Fractions smaller than 45 [µm] can characterize 
pozzolanic activity significant for building materials 

 
2 Experimental Program 

2.1 Materials 
Fly ash from brown coal combustion with a significant content of calcium compounds was 
used for the research. In the determined samples, the CaO content ranged from 15 to 24%. 
The samples were not cleaned of unburned coal, which was present in the composition in the 
size of approx. 3 to 5%. The chemical composition of tested fly ash is given bellow (Table 1). 
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As the activator, an aqueous solution of potassium hydroxide with a given molar ratio was 
used (Table 2). Aggregate was not added to the mix. 

Table 1. Summary of the chemical composition used for testing fly ash.
 

Type of fly 
ash 

 
SiO 

 
2 Al2O3 Fe2O3 TiO2 

Ignition                                          
MgO CaO Na2O K20 losses 

 
 

TYPE C 44,17 21,79 4,58 1,85 1,49 21,06 0,23 0,19 4,64 
 

Table 2. Properties of used alkaline activator. 
 

Name Molar mass 
[g/mol] 

Density 
[g/cm3] 

Viscosity cP 

 
 

potassium hydroxide 56,11* 2,12 - 
 

 
2.2 Mixes Design and Specimens Preparation 
For the first 12 h, the samples were kept at 80°C, and then were reaching their final proporties 
in air-dry conditions. After 24 hours of implementation, they were demoulded and 
successively tested for strength. 

The selection of such temperature and treatment time was the result of previous tests. At 
80°C, the tested binders obtained relatively the highest compressive strength. Samples made 
of calcium fly ash had a decrease in strength as the temperature increased to 95°C. Hence, the 
ideal ripening conditions were a temperature of 80°C and a ripening time of 12 hours in its 
surroundings. As the alkaline activator, the strongest available bases of potassium hydroxide 
were used in the concentration of 12M. The influence of activator concentration on the tested 
samples was not tested. 

 
2.3 Methods 
The treatment impact study was carried out on calcium fly ash. They have been checked for 
grain size. The material was then milled in an electromagnetic mill distinguishing samples in 
terms of milling time. After milling, the samples were examined for granulation and subjected 
to ultrasonic waves. After this treatment, the grain size of the material was again tested. This 
was to break down any agglomerates formed during grinding. Due to the limited amount of 
substrate that can be tested and the large number of millings, the test was carried out for times 
of 15, 30, 60, 120, 180 and 240 s, respectively. 

Research related to determining the basic mechanical properties of geopolymer binders 
from treated ash in the form of milling was carried out on 40x40x40 mm cubic samples. 

This allowed achieving additional volumes using less ash used. Two series of tests were 
obtained in this way: 

- I - testing the efficiency of grinding substrates in the form of calcareous fly ashes by 
checking the difference in compressive strength of the ground substrate, 

 

- II - testing the efficiency of grinding substrates in the form of calcareous fly ashes by 
checking the difference in tensile strength when splitting the ground substrate 
(Figure 2-3). 
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Figure 2-3. View of the sample before and after the splitting test 

 
3 Results and Discussion 
First obtained result was the effect of grinding and ultrasound treatment on grain size of tested 
samples. Grain size after grinding in times of 15, 30, 60, 120, 180 and 240 s, compared to 
samples additional subjected to ultrasound treatment is shown below (Figure 4-10). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4. Grain size of output sample. Figure 5. Grain size of sample grinded for 15s. 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. Grain size of sample grinded for 30s. Figure 7. Grain size of sample grinded for 60s. 
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Figure 8. Grain size of sample grinded for 120s. Figure 9. Grain size of sample grinded for 180s. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10. Grain size of sample grinded for 240s. 
 

The most favourable in terms of maximum fragmentation turned out to be grinding time of 
60s. During it, the highest ash content below 45 µm was obtained. Further increase in 
grinding time caused the opposite effect agglomerates began to form in the material. This 
happened because smaller particles of ash under the influence of fragmentation obtained 
greater pozzolanic reactivity, due to which under the influence of a small amount of moisture 
and  heat  generated  during  grinding  they  merged  into  larger  particles.  The  next  stage of 
treatment was subjecting the material to an ultrasonic wave, which broke the agglomerates 
formed, making the sample with the largest fragmentation become a milled sample for 120 
[s]. The degree of comminution described by the specific surface in this case corresponded to 
the obtained compressive strength of the tested samples. The increase in tensile strength for 
the reference sample, which was a mixture constituting 50% of the ground material for 120 s 
and 25% of the value of the ground material for 30 and 240 [s], respectively, should be 
considered significant. The material obtained after mixing these components was 
characterized by the relatively largest amount of the finest material, with a grain size less than 
10  [µm]  in  relation  to  the  amount  of  material  less than  45  [µm],  and  the  most  even 
distribution of grain size in the range of 10-45 [µm] (Figure 11-12). 
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Figure 11. Compressive strength of samples made of treatment fly ash. 
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Figure 12. Tensile strength of samples made of treatment fly ash. 

 

4    Conclusions 
The strength results of binders made on the basis of calcium fly ash subjected to treatment in 
the form of ash milling show three basic relationships. First of all, milling of ashes has a 
significant impact on the achieved compressive and tensile strength of the tested samples. The 
most effective in terms of strength parameters of samples obtained from the tested ashes is the 
milling time of 120 s. Its increase did not cause a significant increase in compressive strength 
and in the case of tensile strength even a decrease in strength. The use of a mix of ashes with 
different grinding times had a positive effect on the increase of compressive and tensile 
strength as well as the ratio of these strengths. This was probably caused by a change in the 
form of granulometric distribution, which has a major impact on the rate and degree of 
geopolymerization. 
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