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 Today, energy produced from coal is economical compared to other sources but it 
faces a very serious waste problem. However, these wastes are evaluated by using 
them as mineral additives in cement, which leads to lower cement costs, saving 
resources, producing environmentally friendly cement, reducing CO2 gas, and 
producing high-strength cement. In this work, the pozzolanic properties of different 
types of fly ash (Afşin Elbistan C type and Çayırhan F type) are investigated. The fly 
ashes used in the study are first subjected to the milling process (10, 20, 30, 45, and 
60 minutes), and then the 28 and 90-day pozzolanic activity index tests of the milled 
and unmilled ashes are performed. The results obtained show that the 28-day 
pozzolanic activity value of the ashes subjected to 20-, 30-, 45-, and 60-minute milling 
times are higher than the value specified in the standard, compared to the unmilled and 
10 min milled fly ash. In addition, for all fly ash samples, the 90-day pozzolanic 
activity index results show that while the pozzolanic activity index value of Çayırhan 
(ÇYH) fly ash is higher than the standard value, that of Afşin Elbistan (AE) fly ash is 
lower than standard. The outcomes of the present study show that the mechanical 
properties of the fly ash are generated by the burning of coal increase after milling 
process, and thus can be used as a mineral additive. With the effect of grinding, both 
fly ash increase the pozzolanic activity. The results are determined with the 
experimental results obtained. 
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1. Introduction 
Fly ashes are known as waste materials generated 

after the combustion of coal obtained as a result of 
mining activities carried out especially in areas with 
low-calorie coal to generate electrical energy [1, 2]. 
Although it is a waste product, fly ash is mostly used 
as a by-product in the construction industry. The 
utilization of fly ash as a by-product in the 
construction industry depends on its puzzolanic 
properties [3]. 

Pozzolan is defined in the study ASTM C125 [4]   
as "a siliceous and aluminous material that has little 
or no cementitious value in itself but in the presence 
of moisture, in a finely divided form, reacts 
chemically with calcium hydroxide at normal 
temperature to form compounds with cementitious 
properties". Pozzolans are produced naturally in 

nature such as tuffs with acidic and basic properties 
or artificially such as fly ash collected from chimneys 
as a result of burning coal in thermal power plants 
[5]. In addition, obsidian, another naturally occurring 
mineral of volcanic origin, has pozzolanic properties, 
is used as a cement component, and, most 
importantly, has pozzolanic properties. In the studies, 
the use of obsidian reduces the need for water in the 
cement, contributes to the regulating the set start and 
end time and balances the hydration temperature with 
its pozzolanic feature [6]. Fly ashes are materials with 
pozzolanic properties, but such properties vary 
depending on the source of the fly ash and the way it 
is collected and burned. In other words, fly ashes 
obtained from different sources generally have 
different chemical and pozzolanic properties. 
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The pozzolanic activity of fly ashes generally 
varies depending on the chemical composition, 
morphology and fineness of the fly ash. While it is 
possible to determine the chemical composition and 
fineness at the macro-level with the experimental 
method, which affects the pozzolanic activity, the 
grain structure is determined morphologically by the 
microscope image. The effect of physical and 
chemical properties on the pozzolanic property of 
silicon fly ash was determined by the results of the 
experiment, and SEM images revealed its 
morphological structure. It has been determined that 
the grain structure has different effects on the 
pozzolanic property, such as physical and chemical 
properties [7]. In another study, fly ash was produced 
artificially. This produced fly ash is intended to be 
similar to the properties of naturally produced fly ash. 
Pozzolanic properties were taken into account as the 
most important feature to be developed to use the 
obtained synthetic fly ash instead of cement. It has 
been stated that it is possible to change the pozzolanic 
properties with fineness, chemical component and 
crystal properties in synthetic fly ash [8]. Therefore, 
some fly ashes may have low pozzolanic activity. It 
is known that the pozzolanic properties of fly ashes 
with low pozzolanic activity are increased by 
mechanical activation through grinding process [9, 
10-12]. Furthermore, it is possible to increase the 
pozzolanic activity with different fineness values 
obtained by sieving in different sizes of fly ash [13]. 

In this study, the formation mechanism and the 
fineness (blaine) of the pozzolanic activity of fly 
ashes were discussed, and the change in pozzolanic 
activity of two different types of fly ashes were 
investigated by applying different grinding times. 
The study investigated the chemical composition of 
fly ash and the effect of fineness changes due to 
grinding effect on the effect of gradual pozzolanic 
properties. The effect of fineness, especially the use 
of fly ash instead of cement, mechanical properties 
such as short and long-term compressive strength, 
and pozzolanic change were observed on fly ash with 
two different chemical compositions. After the 
values obtained, at the end of the 28-day curing 
period, the limit value of pozzolanic activity in fly 
ash named AE and ÇYH was determined as ≥ 75% 
and above. At the end of the 90-day curing period, it 
was concluded that AE fly ash did not meet the 
requirement of ≥ 85% and above for all fineness 
values, but ÇYH fly ash did not meet the requirement 
for all fineness values. According to the results, fly 
ash with different chemical compositions causes 
different fineness values and different pozzolanic 
properties after the same grinding time. 

 

1.1. Properties of fly ashes 
In this study, a study was conducted on the effect 

of the chemical and physical properties of fly ash on 
pozzolanic properties. Therefore, the physical, 
chemical, mechanical, morphological, and 
pozzolanic properties of fly ash were considered but 
mainly physical and chemical properties were 
examined. Specific surface area values of each of the 
physical properties of fly ash were determined and 
compared with cement. In many studies, the higher 
the fineness, the higher the pozzolanic activity [14-
16]. Optimum results in Portland pozzolan cement, 
the specific surface area value should not exceed 
2500 cm2/g [17]. Its chemical composition consists 
of components such as silica, alumina, iron oxide, 
calcium oxide, magnesium oxide, sulfur trioxide, loss 
of ignition and carbon in fly ash. Each component has 
a particular importance in the development of the 
pozzolanic reaction. It contains silica and alumina, 
the main components in fly ash, and is primarily 
glassy in nature. The amount of SiO2 or SiO2 + Al2O3 
in the fly ash contributes to improving the pozzolanic 
activity and increasing the strength at the end of the 
long curing period of the fly ash [18, 19]. Iron can be 
in crystalline and non-crystalline composition in fly 
ash. Glassy fly ash has magnetic properties. The 
studies determined that the iron content as a 
component of fly ash and magnetic separation 
increased the pozzolanic activity [20]. It has been 
determined that it improves the pozzolanic activity 
by improving the strength developed in the sulfur 
lime-fly ash mixtures [21]. Calcium (CaO) and 
magnesium (MgO) oxides vary in their proportions 
in fly ash, depending on their being obtained from 
coal of different origins. It has been determined that 
the amounts of magnesium (MgO) and free lime 
(CaO) up to 5% do not cause any harm. It has been 
emphasised that the presence of free lime and/or 
alkali content in some products is necessary for the 
cementation and strength of fly ash [22]. It was stated 
that silica, alumina, iron and lime and other 
components in the fly ash composition had no effect 
on the pozzolanic property. 

Actually, the carbon in the fly ash represents the 
non-combustible part of the fly ash, and there are 
ideas that high carbon content reduces the pozzolanic 
activity [18]. However, it was stated in different 
studies that it did not have any harmful effects [19]. 
It is considered an undesirable component because 
the carbon composition creates a diluting effect on 
the pozzolanic substance in the fly ash. The fact that 
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the carbon content is between 5% and 12% allows the 
use of fly ash as pozzolan [23]. 

1.2. Occurrence mechanism of pozzolanic activity 
in fly ashes 

The compounds required for pozzolanic activity in 
fly ashes are SiO2 and Al2O3, and the reaction of these 
compounds with Ca(OH)2 leads to the formation of 
the expressed activity [24]. The pozzolanic activity 
occurs after the combination of water and Ca(OH)2. 
With the formation of the reaction, portlandite 
(Ca(OH)2 reacts and the amount of this component 
decreases. The portlandite composition decreases, on 
the other hand, the increase in the calcium silica 
hydrate (CSH) component gives a binding structure 
[25]. As the composition of the product reacted for 
pozzolanic reaction changes, there is definitely a 
change in the products released. For example, 
calcium alumina hydrate is formed with Ca(OH)2 + 
natural and artificial pozzolans + water.  Ca(OH)2 + 
natural and artificial pozzolans + calcium silica 
hydrate with water. It is not common in different 
chemical components in fly ash but in previous 
studies, it has been determined that chemical 
components increase the pozzolanic properties [26]. 
The pozzolanic properties of fine-grained fly ash 
were determined by different parameters and 
different studies. However, some of these studies 
require a long time and various procedures, while 
others can achieve effective results in a shorter time. 
For example, the pozzolanic activity of fly ash, fly 
ash/slaked lime or fly ash/cement paste, and time-
dependent compressive strength development of 
mortar or concrete was determined as a result of a 
long process and is among the commonly used 
methods. However, a very simple, fast and bright 
method based on electrical conductivity 
measurements has been demonstrated by the studies 
that have been determined based on the theoretical 
definition of the pozzolanic property and suggested 
as short-term methods [27]. In another study, 
pozzolanic properties were determined by the 
compressive strength test used in both artificial and 
natural pozzolans, such as fly ash. While testing the 
cement in the determination, the air contents in the 
tested mortars are compared with the effect of other 
factors. However, it has been mentioned that it is 
difficult to interpret this method [28]. 

Both the composition of the reacting products and 
the degree of pozzolanic activity after hydration of 
cement depend on the formation of products of a 
material with different chemical composition but 
close morphological structure [29, 30]. Although the 
reaction of fly ashes is similar to the reaction of 

cement with alkalis, it is slower than cement in terms 
of reaction rate [31, 32]. In fly ashes, the pozzolanic 
reaction starts at the top of the grain, that is, on the 
surface or closest to the surface, and the solubility of 
the CSH structure released after the reaction is low. 
The initiation of the reaction on the surface of the 
grain starts with the breaking of the glassy structure 
in the fly ash and then its dissolution. The glassy 
phase causes the concrete to decompose due to the 
alkali (OH-) ion in the pore solution.  With the 
realization of the decomposition event, the molecules 
in the aluminium and silica structure are separated 
from each other and dissolved in the pore solution. 
After the different formations formed due to the 
reaction, Ca ion reacts with water in the pore to form 
calcium-silica-hydrate and calcium-alumina-hydrate, 
which are more durable structures. It depends on the 
pH of the pore solution and the diffusion distance of 
the main ions and the CSH structure formed. The 
CSH structure formed prevents the pozzolanic 
reaction and the inflow and outflow of the 
compounds participating in the process, thanks to a 
dense layer formed on the surface of the fly ash. The 
pozzolanic reaction in fly ash depends on the grain 
fineness, grain shape and structure, amount of glassy 
structure, OH-, Ca+2 ion exchange and pH of the pore 
solution formed, as well as the glassy property of the 
fly ash. The effects of each of these parameters on the 
pozzolanic reaction are as follows [33]. 

The fineness parameter on pozzolanic activity in 
fly ashes is expressed as the effect on grain and 
particle size. Calcium hydroxide (CH) ion plays an 
active role in the formation of pozzolanic activity and 
contributes to the reaction. In cases where there is an 
excess of alkaline ions in the pore solution and a 
decrease in the amount of fly ash, it causes a decrease 
in the amount of CH ion. This means that the ion has 
no effect on the early stages of the pozzolanic 
reaction but has an effect on the hydration reaction. 
Because adding CH ion in the early stage can increase 
cement hydration, however, it does not contribute to 
the pozzolanic reaction since fly ash has not started 
to dissolve. In the early stage of hydration, the CH 
structure is effective but does not affect the 
development of pozzolanic activity. This indicates 
that fly ash has not yet dissolved. Cement hydration 
is enhanced by adding CH in the early stage.  

Another parameter affecting pozzolanic activity is 
the pH value in the pore water. This value has an 
indirect but not direct effect on the reaction 
(pozzolanic reaction). Increasing the water/cement 
ratio leads to dilution of the pore solution and 
decreases in the pH value.  Different phase structures 
of fly ash such as amorphous or crystalline have a 
slightly different effect on pozzolanic activity. For 
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example, having an amorphous or glassy structure 
rather than a crystalline structure facilitates the 
dissolution process and contributes to an increase in 
the reactivity day. OH- ion again has an indirect effect 
on the reaction.  Since this effect initiates the 
dissolution of the glassy structure of fly ash, it causes 
the silicon ion and silica present as atoms in the 
solution [34]. 

The improvement of the pozzolanic activity with 
the grinding of fly ash contributes to both the reaction 
rate and the development of the amorphous structure, 
which affects the development of this reaction. For 
example, the relationship between the glassy 
chemical composition and structure of siliceous fly 
ash is analysed depending on its pozzolanic activity. 
In fly ash rich in siliceous content, calcium silicate 
hydrates (called C-S-H) and calcium aluminate, and 
calcium aluminosilicate hydrates are active chemical 
components (SiO2 and Al2O3) that react with 
Ca(OH)2 to produce. Among these components, fly 
ash with higher depolymerisation of [SiO4]4− anions 
in glass mesh accelerates cement hydration and 
contributes to the development of pozzolanic activity 
by increasing the strength of cement mortars [35]. 

By grinding, fly ash gains a finer structure and the 
grain size increases. However, in addition to the 
effect of grinding on grain size change, it is also 
provided by classification and separation method. 
While the pozzolanic activity is changed by grinding, 
the specific surface area, grain shape and morphology 
and mineralogical content of fly ash, which are 
different parameters, also have an effect [36]. In 
terms of its chemical composition, the fact that fly 
ash has aluminum-reactive silica and calcium-rich 
composition in its content enables the development 
of pozzolanic activity and binding properties like 
cement. In fact, different parameters contribute to the 
development of pozzolanic activity.  However, the 
combination of a few of these parameters is even 
more effective in the development of pozzolanic 
activity. For example, the use of fly ash with a fine 

spherical grain size of less than 45µm reduces the 
water requirement of the cement paste. While the 
decreasing water requirement is due to the fact that 
the fly ash used in fine grain size fills the spaces 
between the cement grains, this situation causes the 
water need to be higher in coarse grain fly ash [37]. 
The effect of fly ash fineness, physical properties, 
and chemical composition on pozzolanic reaction has 
been investigated in many studies.  These effects are 
divided into short and long term. In the work [38], 
examined the effect of fly ash and cement with 
different chemical compositions on pozzolanic 
activity. They stated that especially the rate and 
capacity of the reaction were affected by calcium 
hydroxide from the cement composition and 
aluminosilicates in pozzolan. In addition to the effect 
of chemical composition, they mentioned that fly ash 
being in amorphous phase and showing fineness in 
terms of grain size improve pozzolanic activity. They 
conducted a detailed study on the short and long term 
effects of these parameters on pozzolanic activity. 
The surface area of the fly ash provided the increase 
in the pozzolanic activity in the short term, while the 
chemical and mineralogical composition led to such 
increase in the long term. Self hardening and of the 
fly ash due to increase in its surface area after 
grinding -contrary to its original condition before 
grinding- and its reaction with with calcium 
hydroxide Ca(OH)2 enabled the formation of calcium 
silicate and calcium aluminate compounds with a 
more solid structure. In the work [39], investigated 
the effect of physical and chemical properties on the 
pozzolanic activity of fly ashes, the development of 
pozzolanic activity and strength, the ratio of fly ash 
in cement and the effect of fineness. They stated that 
calcium silica hydrate and calcium silica aluminate 
compounds that form the hydration of clinker are 
formed by the reaction of Ca(OH)2 from cement and 
fly ash with amorphological glassy structure (Eqs. 1 
and 2). 

Pozzolanic reaction: 
 

Ca (OH)2 + SiO2 → CSH – gel (1) 

Cement hydration: Cement (C3S; C2S) + H2O → CSH - gel + Ca (OH) (2) 

 
The long-term exposure of the above-mentioned 

reactions causes a slow pozzolanic activity in the 
short-term.  In the short term, the reaction is 
accelerated by grinding fly ash. 

1.3. Specific surface area (Blaine) representing 
fineness in fly ash 

Specific surface area in fly ash is a parameter that 
numerically indicates the fineness value.  In admixed 
cements, specific surface area is an effective 
parameter in changing the strength properties of 
cement and concrete. The formation process and 
grinding mechanism of fly ash are effective on this 
parameter. This grain structure of coarse-grained fly 
ashes depends on the composition of unburned 
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carbon in the coal. The fly ashes in the coarse grain 
structure are provided with a fine grain structure by 
grinding and using the fly ashes with such grain 
structure in concrete improves the mechanical and 
durability properties. By grinding the coal burned in 
the thermal power plant, both fine grain structure and 
spherical shaped grains are formed. Fly ash with finer 
grain structure has a more glassier structure 
compared to coarse grain fly ash and performs better 
in cement and concrete. Today, high performance 
concretes with fly ash are produced with the effect of 
ultra-fine fly ash. The fineness is achieved by 
grinding the fly ash. In the work Felekoğlu et al. [40-
43]. In the work [9], attributed the lower blaine values 
of the ashes in the normal state compared to those of 
grinded fly ash to the reduction of the hollow carbon 
grains and spherical but hollow grains with the 
grinding effect.  In the work [44], the grinding 
process causes the fly ash to lose its rounded shape 
and increases the density and specific surface area 
values (Figure 1). The two different types of fly ash 
used in this study were subjected to different grinding 
processes to obtain different fineness values. The 28- 
and 90-day pozzolanic activity index experiments 
were carried out on the ground (10, 20, 30, 45 and 60 
min) and unground ashes. The results obtained 
showed that the 28-day pozzolanic activity value of 
the ashes subjected to 20, 30, 45, and 60 minutes of 
grinding time was higher than the standard value 
compared to the unground and 10 minutes ground fly 
ash. In addition, 90-day pozzolanic activity index 
results for both fly ashes showed that Çayırhan 
(ÇYH) fly ash was higher than the standard value 

while Afşin Elbistan (AE) fly ash was lower. The 
results of this study reveal that the mechanical 
properties of fly ash produced by coal combustion 
increase after grinding and thus can be used as a 
mineral additive. According to the study conducted 
by TÇMB for Afşin Elbistan fly ash in 2009, it was 
interpreted that it could not be used as an ash with 
pozzolanic properties in its ungrinded state, but in 
2019, after obtaining different fineness values with 
the effect of different grinding times, it was qualified 
that it could be used as a mineral additive in cement 
[45]. C and F class fly ash were used in the study. 
Within the scope of the evaluation of the pozzolanic 
properties of F and C class fly ashes, they have been 
evaluated from different angles in the literature and 
contributed to the presentation of this study. 
However, the distinctive difference or uniqueness of 
this study from other studies is that 5 different 
fineness values were obtained when two different fly 
ash with different finenesses at the beginning were 
exposed to the same grinding times (10, 20, 30, 45, 
and 60 min). With the grinding effect, a total of 6 
different fineness values were determined with 5 
different grinding and 1 original ash. Grinding 
provided a gradual increase in fineness. The effect of 
each fineness value on pozzolanic activity was 
observed. This process was examined for two ashes 
with different chemical components and the 
differences between each other were revealed. The 
results obtained were compared with the appropriate 
standard and the different effects of the fineness of 
the two ashes on pozzolanic activity were clearly 
observed. 

 
Figure 1. Relationship between specific surface area values and grinding time [46]. 

2. Materials and Method 

One of the fly ashes required for the study is type 
C and was taken from Afşin Elbistan Thermal Power 

Plant. The other fly ash was type F and was obtained 
from Çayırhan Thermal Power Plant. The chemical 
composition (Table 2) and specific surface areas of 
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the fly ashes were determined by XRF and specific 
surface area tests performed at the Aşkale Cement 
Factory Laboratory in Gümüşhane. According to the 
results of the analysis, fly ashes were analyzed in 
accordance with the ASTM C 618 standard [46] and 
the results are compared in Table 2. The 28- and 90-
day pozzolanic activity index tests for different 
grinding times obtained by grinding the fly ashes in 
the original (0 min-unmilled) and different grinding 
times in the ball mill were conducted at the Ready 
Mixed Concrete Association of Turkey. 

2.1. Fly ash grinding 
The AE and CYH ash used in the study was 

griended using a ball mill in the laboratory of 
Karadeniz Technical University, Department of 
Mining Engineering. The dry and powdered state was 
taken into consideration in the grinding of fly ashes 
and the grinding process was carried out in a 
cylindrical chamber with a device capacity of 6 L The 
grinding process was prepared as 10 kg in total for 
each grinding time of fly ash (Table 1). 

2.1. Blaine (specific surface area) experiment 
This test was carried out in accordance with TS EN 

196-6 [47] using an automatic blaine device at the 
Aşkale Cement Plant in Gümüşhane. The main 
purpose of this experiment was determined by 
compressing the cement bed of predetermined size 

and porosity and monitoring the time it passes 
through a fixed amount of air. The experiment started 
with weighing the fly ash and then the sample was 
placed in the appropriate place in the device. The 
specific gravity value of the sample was entered into 
the device and thus the specific surface area value 
was determined. This was done individually for both 
the original and the fly ashes milled at different times. 

2.2. Pozzolanic activity test in fly ashes 

The pozzolanic activity index values of F and C 
type fly ashes ground at different times after  

28 and 90 days of curing period were performed in 
the laboratory of Turkish Ready Mixed Concrete 
Association according to TS EN 450-1 standard [48]. 
For the pozzolanic activity index test stated in the 
standard, the compressive strength values of mortar 
samples prepared with 75% cement and 25% fly ash 
by mass are based on the expression of the ratio (in 
%) to the mortar sample prepared with cement only. 
It is calculated as follows: pozzolanic activity index 
= (A/B) x 100. A represents the average compressive 
strength values of the mortar samples produced from 
the pozzolanic materials used for the experiment, 
while B represents the average compressive strength 
of the reference sample, i.e. the sample containing 
only cement. The obtained proportional data were 
accepted as ≥ 75% and ≥ 85% limits for 28 and 90 
days curing times, respectively. 

Table 1. Data on ball mill grinding of fly ash. 

Ball diameters, cm Number of 
balls, Pieces 

Rotational speed, 
rotation/minute 

* Amount of grinded material, kg  

4 6 

66 2 
3.5 7 
3 12 
2 50 

1.75 30 
* The amount of fly ash put into the sample chamber at one time 

Table 2. Comparison of AE and ÇYH fly ash with XRF results and standards [44] 
Oxide compounds, 

% 
Cement I 42.5 

R AE ÇYH ASTM C 618 classification TS EN 450-1 
standard, % F, % C, % 

SiO2 19.48 29.24 49.07    
Al2O3 4.36 11.49 12.92    
Fe2O3 3.33 6.67 9.35    

S+A+F - 47.40 71.34 ˃ 70 ˃ 50 ˃ 70 
CaO 62.71 37.84 11.25 ˂ 10 ˃ 10  
MgO 0.99 1.86 4.66 ˂ 5 ˂ 5 ˂ 4 
Na2O 0.28 0.38 2.4 ˂ 1.5 ˂ 1.5 ˂ 5 
K2O 1.02 0.69 3.71 _ _ ˂ 5 
SO3 2.43 4.70 1.27 ˂ 5 ˂ 5 ˂ 3 

Cr2O3 0.006 0.054 0.061    
Mn2O3 0.187 0.059 0.133    
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3. Results and Discussion 
3.1. Determination of specific surface area 
(Blaine) values of normal fly ashes and fly ashes 
after grinding 

The specific surface area values of the original and 
post-grinding AE and ÇYH ashes are given in Figure 
2. Grinding had an increasing effect on the specific 
surface areas.  This value is a numerical data 
representing the fineness property of fly ashes. The 
specific surface area values of AE and ÇYH fly ashes 
after 10, 20, 30, 45 and 60 minutes of grinding along 
with the specific surface area values in the original 
state and the specific surface area value of the cement 
were determined.  The specific surface area values of 
both fly ashes used in this study before and after 

grinding were lower than the specific surface area 
value of cement. According to TS EN 450-1 [48] 
standard, the minimum fineness value that allows the 
use of fly ash in concrete is expressed as 3000 cm2/g.  
The specific surface area value specified in the 
standard was compared with the conditions of both 
fly ashes before and after grinding. According to this 
comparison, all specific surface area values of AE ash 
were below the limit value specified in the standard. 
In the case of ÇYH fly ash, except for the grinding 
time of 0 and 10 minutes, the grinding times of 20, 
30, 45 and 60 minutes were higher than the limit 
value specified in the standard. 

In addition, 28 and 90 days compressive strength 
values of AE and ÇYH fly ashes and reference 
specimen are given in Table 3. 

 
Figure 2. Specific surface area values showing the fineness of two different fly ash after grinding for 0, 10, 20, 30, 

45 and 60 minutes. 

3.2. Effect of fly ashes thinned by grinding effect 
on index of pozzolanic activity 

In this study, the pozzolanic activity index values 
of AE and ÇYH fly ashes for both different grinding 
times and original conditions were obtained from 4 x 
4 x 16 cm sized beam specimens produced by using 
25% fly ash and  

75% reference cement. The strength values of the 
prepared specimens were expressed as a percentage 
(%) of the ratio of the compressive strength of the 
reference specimen prepared using only cement. This 
value was determined for both 28 and 90 days curing 

time. The determined experimental values are shown 
in Figs. 3 and 4. Depending on the grinding, an 
increase in the 28-day pozzolanic activity index 
values of the fly ashes was observed. The pozzolanic 
activity values of AE ash after 0 and 10 minutes of 
grinding were higher than the same values of ÇYH 
ash. The specific surface area values of ÇYH ash 
after 20, 30, 45, and 60 minutes of grinding were 
higher than the same values of AE ash. Besides, the 
most striking situation was determined for the 
grinding time of 20 min and the pozzolanic activity 
index values were very close to each other. 
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Figure 3. Comparison of the 28-day pozzolanic activity index values specified in the standard for AE and ÇYH 

fly ash. 

The 28-day pozzolanic activity index values 
specified in TS EN 450-1 and ASTM C 618 standards 
were compared for the original and all grinding times 
of AE and ÇYH fly ashes. In these standards, the 28-
day pozzolanic activity index value was determined 
as ≥ 75% and above. For AE and ÇYH fly ash, the 
values for 20, 30, 45, and 60 min grinding times were 
higher than the specified limit value, while the values 
for the original and 10 min grinding times were lower 
than the specified limit value. 

The 90-day pozzolanic activity index values of AE 
and ÇYH fly ashes increased with increasing 
grinding time (Figure 4). Figure 4 shows that the 90-
day pozzolanic activity index values of ÇYH fly ash 
were higher than those of AE fly ash. 

According to TS EN 450-1 standard, the limit value 
of 90-day pozzolanic activity index values is required 
to be ≥ 85% and greater. In the specified standard, the 
90-day pozzolanic activity was below the standard 
value for the original and all grinding times of AE fly 
ash, while the values for the original and all grinding 
times of ÇYH fly ash were above the standard value. 

Figures showing the change of pozzolanic activity 
values of AE and ÇYH fly ashes in the original state 
according to the grinding time in % were created.  
From these figures, the change in pozzolanic activity 
index for the 28-day curing period is given in Figure 
5 and the change between 90-day values is given in 
Figure 6. 

The data obtained shows that the pozzolanic 
activity of fly ashes does not depend on a single effect 
but changes after different effects. The effects that 
cause the change are the fine grain structure of the fly 
ash, the change in the curing time of the sample, and 
the chemical composition of the fly ash, which are 
also supported by the results obtained. In order for the 
reaction to start and pozzolanic activity to develop, 
water and cement must first react. Then CSH and free 
lime (CH), which gain binding properties, are 
formed. The released CH structure and the silica (S) 
from the pozzolan and water react again to form the 
CSH structure, which gains an extra binding 
structure. 
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Figure 4. Comparison of 90-day pozzolanic activity index values of AE and ÇYH fly ashes. 

Table 3. 28 and 90 days compressive strength values of reference sample and AE and ÇYH fly ash. 

Grinding 
times, dk 

28-day compressive strength 
values, MPa 

90-day compressive strength 
values, MPa 

Compressive strength values of 
reference sample, MPa 

AE 28 ÇYH 28 AE ÇYH 28 90 
0 40.44 38.67 46.37 51.98 

55.4 60.3 

10 41.44 40.38 46.62 52.58 
20 41.99 42.22 46.79 53.61 
30 42.11 42.44 47.34 53.85 
45 42.22 43.10 47.52 54.27 
60 42.49 44.20 47.76 55.29 

 
Figure 5. Changes in the 28-day pozzolanic activity index values of AE and ÇYH fly ash belonging to the original 

fly ash state of the grinding times [45]. 
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Figure 6. Changes in 90-day pozzolanic activity index values of AE and ÇYH fly ashes belonging to the original 

fly ash state of the grinding times [45]. 

The transition time during the release of free lime 
in the pozzolanic reaction caused the reaction to be 
slow [47]. Increasing the amount of pozzolan in the 
reaction caused a slow and long time to obtain 
strength. The slow but progressive increase in 
strength over time was reflected in the 28 and 90-day 
pozzolanic activity index values. Therefore, it was 
determined that the 90-day pozzolanic activity values 
were higher than the 28-day values.  

There are two different effects of fineness variation 
on the pozzolanic activity of fly ash. The first of these 
effects is that bringing the fly ash to a finer grain size 
by grinding causes the surface area to increase.  With 
the effect of increasing surface area, the pozzolanic 
reaction starts in the surface area, causing the reaction 
to accelerate. With the refinement of the grain 
structure after the second grinding, finer sized fly 
ashes provide better filling of the intergranular 
spaces. Filling the gaps better increases the 
pozzolanic activity [49, 50].  In order to see that 
fineness is more effective on the pozzolanic 
properties of fly ash, the Blaine value obtained by 
grinding should be higher than the Blaine value of the 
cement. The investigated the pozzolanic property of 
fly ash, which was ground and made very fine. In the 
study, they determined the Blaine value of cement as 
347 m2/kg, while they determined the Blaine value of 
fly ash as a result of grinding as 766.8 m2/kg. 
Increasing the fineness value of the fly ash 
approximately two times the fineness value of the 
cement in the grinding province improves the pore 
structure of the fly ash that will interact with the 
cement, regulates the hydration heat release, 

facilitates the chemical dissolution of the compounds 
in the fly ash with the cement and facilitates the 
chemical composition, as well as increases the 
pozzolanic properties [51]. 

Especially the fact that ÇYH fly ash has a finer 
grain structure after grinding compared to AE fly ash 
causes ÇYH fly ash to have higher pozzolanic 
activity index values. The results also showed that the 
fine grain structure of fly ash plays a more effective 
role on pozzolanic activity than its chemical 
composition. This can be seen especially in 28-day 
pozzolanic activity index values [52]. The low values 
of 28 and 90-day pozzolanic activity of AE fly ash 
expressed in the standard showed that the grain 
fineness had a direct effect. The fact that its grain 
fineness is thicker than the grain fineness of cement 
caused the pozzolanic activity values to be low, since 
it could not fill the voids better [53, 54].  

4. Conclusions 

In this work, the pozzolanic activity properties of 
two fly ashes of different origin (F and C type) after 
grinding for 10, 20, 30, 45, and 60 minutes were 
investigated. The results obtained from the 
experimental studies are summarized as follows: 

 It was observed that the specific surface area values 
of both fly ash increased after grinding.  

 The specific surface area values of both fly ashes 
before and after grinding were lower than the 
specific surface area values of cement.  
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 It was determined that the specific surface area 
values of ÇYH fly ash before and after grinding 
were higher than the specific surface area values of 
AE fly ash.  

 The 28-day pozzolanic activity limit value 
specified in the standards for the original and all 
grinding times of AE and ÇYH fly ashes was 
determined as ≥ 75% and above.  

 It was determined that while AE and ÇYH ash 
values were above the specified limit value for 20, 
30, 45, and 60 min grinding times, it was lower than 
the specified limit value for the original and 10 min 
grinding times.  

 It was established that the highest pozzolanic 
activity index belongs to ÇYH ash after 20, 30, 45, 
and 60 minutes of grinding time and AE ash for 0 
and 10 minutes of grinding time.   

 It was observed that the 90-day pozzolanic activity 
value of AE fly ash remained below the standard 
value for the original and all grinding times, while 
the values of ÇYH fly ash were above the standard 
value for the original and all grinding times. 

 The use of fly ash with two different chemical 
compositions contributed to the improvement of 
hydration in cement. 

 The pozzolanic properties of the fly ash were 
determined by mechanical method, and the best-
performing fly ash was determined as ÇYH ash. 

  It enables the fly ash, which has a fine grain 
structure by grinding, • The use of fly ash with two 
different chemical compositions contributed to the 
improvement of hydration in cement. 

 The pozzolanic properties of the fly ash were 
determined by mechanical method and the best 
performing fly ash was determined as ÇYH ash. 

 It enables the fly ash, which has a fine grain 
structure grinding, to dissolve easily the 
compounds such as SiO2 and Al2O3 and to increase 
the Ca2+ absorption capacity from the Ca(OH)2 
solution. 

  It was determined that the bBaine values of both 
fly ash increased with the grinding effect, but it was 
still lower than the cement Blaine value. 

 Predicted grinding times were not sufficient to 
improve the pozzolanic properties of both fly ash. 

 Considering the fineness and chemical composition 
of the pozzolanic feature, the fineness was more 
effective than the chemical component for this 
study. This effect was clearly observed, especially 
in the 90-day ÇYH fly ash, and to increase the Ca2+ 
absorption capacity from the Ca(OH)2 solution. 

  It was determined that the blaine values of both fly 
ash increased with the effect of grinding, but it was 
still lower than the cement blaine value. 

 Predicted grinding times were not sufficient to 
improve the pozzolanic properties of both fly ash. 

 Considering the fineness and chemical composition 
on the pozzolanic feature, fineness was more 
effective than the chemical component for this 
study, and this effect was clearly observed, 
especially in the 90-day ÇYH fly ash. 

This study has shown that the pozzolanic activation 
of fly ashes in our country, which cannot be used as 
a by-product in any field due to their low pozzolanic 
activation value, can be increased with grinding and 
can be used as pozzolanic material in related fields. 
In this way, the environment will be protected both 
by ensuring the disposal of waste materials and by 
avoiding mining activities for the production of a new 
material.  In order to increase the usability of waste 
ashes, it is recommended by the authors to eliminate 
the deficiency in this field by conducting studies with 
different ashes at different grinding times and 
temperature conditions. 
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  چکیده:

ا استفاده ب عاتیضا نیحال، ا نیمواجه است. با ا يجد اریبس عاتیمنابع مقرون به صرفه است اما با مشکل ضا ریبا سا سهیشده از زغالسنگ در مقا دیتول يامروزه انرژ
 ست،یز طیدوستدار مح مانیس دیتول ع،در مناب ییصرفه جو مان،یس نهیکه منجر به کاهش هز شوندیم یابیارز مانیدر س یمعدن يهایاز آنها به عنوان افزودن

 ی) مورد بررسÇayırhan Fو نوع  Afşin Elbistan C(نوع  يانواع خاکستر باد یکار، خواص پوزولان نی. در اشودیبا مقاومت بالا م مانیس دیو تول 2COکاهش گاز 
 تیو سپس آزمون شاخص فعال ردیگی) قرار مقهیدق 60و  45، 30، 20، 10( ابیآس ندیمطالعه ابتدا تحت فرآ نیاستفاده شده در ا يقرار گرفته است. خاکستر باد

 تیارزش فعال قهیدق 10نشده و  ابیبا آس سهیکه در مقا دهدیآمده نشان مدستبه جی. نتاشودینشده انجام م ابیشده و آس ابیروزه خاکستر آس 90و  28 یپوزولان
 يهاهمه نمونه يبرا ن،یعلاوه بر ا يشده در استاندارد است. خاکستر بادبالاتر از مقدار مشخص ابیآس ياقهیقد 60و  45، 30، 20 يروزه خاکسترها 28 یپوزولان

) بالاتر از مقدار ÇYH( رهانییچا يخاکستر باد یپوزولان تیکه مقدار شاخص فعال یکه در حال دهدیروزه نشان م 90 یپوزولان تیشاخص فعال جینتا ،يخاکستر باد
با سوزاندن  يخاکستر باد یکیکه خواص مکان دهدیمطالعه حاضر نشان م جی) کمتر است. نسبت به استاندارد نتاAE( ستانیالب نیافش يخاکستر باد ست،ااستاندارد 

 تیفعال يهر دو خاکستر باد ،کردن ابیاستفاده کرد. با اثر آس یمعدن یافزودن کیاز آن به عنوان  توانیم نیو بنابرا ابدییم شیافزا ابیآس ندیزغالسنگ پس از فرآ
 .دهند. یم شیرا افزا یپوزولان

  .ابیظرافت، آس ،یپوزولان تیشاخص فعال اب،یزمان آس ،يخاکستر باد کلمات کلیدي:
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