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Introduction

Power stations using coal as a fuel are employed worldwide as energy sources, con-
sequently generating large quantities of fly ashes. However, only a small part of these ashes
are utilized. Although fly ashes can be used in the construction industry, the European
standard STN EN 206-1 limits their content of unburned coal residues to 2—5% LOI (loss on
ignition). The unburned carbon in fly ashes has several detrimental effects on concrete. Most
importantly, it increases the electrical conductivity of concrete, and changes the color of
mortar and concrete. Moreover, the water/cement+fly ash ratio, needed to obtain a cement
paste with the required rheological properties or consistency, is higher for fly ash with a high
carbon content, which increases the corrosivity of metallic parts incorporated into the
concrete (Ha et al. 2005). Thus, fly ashes produced in eastern Slovakia, having a high content
of unburned coal residues (more than 10% LOI), cannot be utilized as a secondary raw
material for building materials. Currently, one possibility for the utilization of high-LOI fly
ashes is in the synthesis of geopolymers.

Geopolymers are inorganic materials obtained from the chemical reaction of alumino-
-silicate oxides with sodium silicate solutions in a highly alkaline environment, yielding
polymeric Si-O-Al bonds. The network consists of SiO4 and AlOy4 tetrahedra linked
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alternately by sharing all the oxygens. The AI3" in IV-fold coordination demands the
presence of cations in the framework to balance the negative charge. The empirical formula
of geopolymers, also known as poly(sialates) is My {-(Si0,),-AlO,}, - wH,O, where M is
a cation such as K*, Na, or Ca2*; n is the degree of polycondensation and z is 1, 2, or 3
(Davidovits 1990). The geopolymerisation process involves the dissolution of Al and Si from
the surface, the diffusion of the dissolved species, the polycondensation of the Al and Si
complexes, and the formation of a gel and its hardening that results in the final geopolymeric
product (Davidovits 2008; Panias et al. 2007; Xu and Deventer 2000). Geopolymerization
could convert alumino-silicate wastes into value-added products with excellent physical and
chemical properties as well as long-term durability (Xu and Deventer 2002).

Fly ash is a good raw material for making geopolymers owing to its high content of
silica and alumina (Fernandez-Jiménez et al. 2006; Fernandez-Jiménez and Palomo 2003;
Jaarsveld etal. 2003; Skvéra et al. 2005). There are several factors that influence the ability of
fly ashes to be alkaline activated. The most important are particle size distribution (Temuujin
et al. 2009; Kumar and Kumar 2011), content of vitreous phase (Criado et al. 2007), Si/Al
ratio in vitreous phase (Fernandez-Jiménez et al. 2006b; Duxson et al. 2007), calcium content
(Yip et al. 2005, 2008; Lee and Deventer 2002), and the percentage of unburned material
(Fernandez-Jiménez and Palomo 2003). According to studies (Fernandez-Jiménez and
Palomo 2003; Jaarsveld et al. 1997, 1999), particles of unburned coal residues act as inert
particles and are responsible for increasing the liquid/solid ratio. A high content of unburned
coal residues in fly ash results in lower compressive strength and increased porosity of
a geopolymer.

Most researchers worldwide use ashes with unburned coal residues content below 5% for
alkali activation. The present study investigates the feasibility of using fly ash with more than
20% unburned coal residues as a raw material for the synthesis of geopolymers. This paper
compares the properties of geopolymers made using fresh fly ash taken directly from the fly
ash hopper, and fly ash that was landfilled for several years and thus subjected to various
environmental attacks.

1. Experimental Section

1.1. Characterization of fly ashes

Two kinds of fly ash were used in this study. Both of the fly ashes were derived from
black coal combusted in the melting boilers of a District Heating Plant in KoSice (Slovakia) at
atemperature of 1400—1550°C. Fresh fly ash (called FFA) was derived from a fly ash hopper,
and deposited fly ash (called DFA) was obtained from an upper layer of the coal-ash sludge
bed in Krasna nad Hornddom. Partial chemical analyses of these ashes are indicated in
Table 1. The fly ashes are characterised by a high content of unburned coal residues up to
20% and a SiO,/Al,O3 ratio of 2.98 and 2.40 for the deposited fly ash and fresh fly ash,
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Table 1. Partial chemical composition of fly ashes

Tabela 1. Sklad chemiczny popiotéw lotnych

wt.% Si0, Al,O4 Fe,0, Ca0 MgO LOI | Si0,/ALO;s
DFA 46.77 15.69 8.34 3.93 1.21 2325 2.98
FFA 47.84 19.90 721 1.73 1.41 20.60 2.40

Table 2. Mineralogical composition of fly ashes

Tabela 2. Sktad mineralny popiotéw lotnych

wt.% | Amorphous | Hematite Quartz Mullite 21 | Mullite 32 | Cristobalite | Magnetite

DFA |83.56 £2.04| 1.57 +0.93 | 6.42 +0.96 | 8.46 = 1.83 - - -

FFA |83.92 +2.07 - 5.76 £ 1.02 - 8.57+1.62 | 0.87 £ 0.66 | 0.87 +0 .54

respectively. The mineralogical composition of the fly ashes is presented in Table 2.
The phase analysis was performed using the X-ray diffractometer URD-6/ID 3003 (Rich.
Seifert-FPM, Germany) under the following conditions: X-ray radiation Co Ka., high voltage
of 40 kV, current of 35 mA, step scan mode with step of 0.05°26, time per step 3 s. For
chemical analysis, the atomic absorption spectroscopy (AAS) (Perkin Elmer instrument,
model 1100B) was used.

The morphology of the fly ash (Fig. 1) was observed by scanning electron microscopy
(SEM) using a Jeol JSM 7000F with analytical units EDX, EBSD Oxford Instruments. EDX

Fig. 1. Morphology of deposit fly ash (SEM)

Rys. 1. Morfologia deponowanego popiotu lotnego (SEM)
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analysis of selected particles found in black coal fly ash revealed the presence of silicon,
aluminum, and iron oxides in the form of spherical particles. Particles of unburned coal
residues (the particle in a circle) are porous with irregular shape.

To determine the leachability of Al and Si from the fly ashes (Phair and Deventer 2001),
their concentrated suspensions were prepared in a 10 M NaOH solution. The suspensions,
containing 24 g of solid dispersed in 50 ml of solution, were mixed for 24 hours, centrifuged,
filtered, and diluted with 5 % content HCI before analysis of the elemental concentrations by
AAS (Table 3).

Table 3. Content of SiO, and Al,O3 in the 10 M NaOH leaching solution after 24 hours

Tabela 3. Zawarto$¢ SiO, i Al,O3 po tugowaniu w 10-molowym roztworze NaOH przez 24 godziny

Material DFA FFA
SiO, [mg.1-1] 780 14 180
AL O3 [mg.I'1] 675 628

The long time exposure of DFA to atmospheric influences and erosion partially changed
the chemical (Table 1) and mineralogical composition (Table 2). The content of amorphous
phase of both fly ashes was approximately the same (83%). Some differences were observed
for iron and mullite; in FFA, iron occurred as magnetite (Fe304) and mullite with the
stochiometric composition 3Al,032Si0,; whereas in DFA, iron occurred as hematite
(Fep03) and mullite with the stochiometric composition 2A1,03 SiO,. Loss on ignition of
both fly ashes was relatively high, 20.60% and 23.25% for FFA and DFA, respectively. FFA
was more reactive than DFA as a higher portion of SiO, was released from FFA during
leaching in the 10 M NaOH (Table 3).

~DFA  —FFA

80 /
70 /
60 /

50 /
40 /
30 /
20 '/{(

e

10 -

0 1 10 100 1000

Yield [%]

),

Grain size distribution [um]
Fig. 2. Grain size distributions of deposit and fresh fly ashes

Rys. 2. Sktad ziarnowy popiotow lotnych deponowanych i z biezacej dziatalnosci
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Particle size distribution is the most significant physical characteristic of fly ash in terms
of affecting its reactivity. Grain size distribution of both fly ashes was obtained by the
Diffraction Spectrometer Helos 12 LA (Sympatec GmbH, Germany) with a dispersing
Feeder Rodos 12 SR for dry, pulverulent solids: granulometric analysis in the range of
particles 0.9—-170 micrometers. Grading curves of both fly ashes in Figure 2 shows only
a small difference between FFA and DFA. The fly ash contains 50% of particles sized lower
than 13 pm and 17 pm for FFA and DFA, respectively.

1.2. Alkali activation of the fly ashes

Binder was prepared by blending fly ash with activation solution. The SiO-to-Na,O ratio
(Ms modulus) in the activation solution was adjusted by NaOH addition to the sodium water
glass. Sodium water glass from the Kittfort Praha Co. with a density of 1.328-1.378 g/cm?
was used. It contains 36-38% Na,SiO3, and the molar ratio of SiO,-to-NayO is 3.2-3.5.
Solid NaOH with a density of 2.13 g/cm3 was obtained from different producers, but they all
had similar chemical compositions and physical properties, containing at least 98% NaOH
and up to 1% NayCOs3. The value of the Ms modulus in the activation solution ranged from
0.75 to 1.65. The overall concentration of the alkaline activation agent ranged from 6 to 9%
NayO in the binder mass. The water-to-fly ash ratio ranged from 0.30 to 0.35. The pastes
were cured in a hot air drying chamber at 80°C for 6 hours. Thereafter, the samples were
removed from the forms, marked, and stored in laboratory conditions till the moment of the
strength test.

1.3. Mechanical properties of alkali activated fly ashes

The mechanical properties of the resulting products were studied on prismatic specimens
with the dimensions 40 x 40 x 160 mm. The values of compressive strength were determined
after 7, 28, and 90 days according to the Slovak Standard STN EN 12390-3 using the
hydraulic machine Form+Test MEGA 100-200-10D. A part of the samples was kept for
28 days at laboratory temperature, then a water absorption test according to the Slovak
Standard STN 73 1316 was performed, after which they were subjected to alternating
freezing and defrosting cycles according to the Slovak Standard STN 73 1325.

2. Results and Discussion

2.1. Effect of Na,O

In Figure 3 the values of compressive strengths for two fly ashes geopolymers and
their evolution over time (7 and 90 days) are shown. The results indicate that higher
compressive strengths are obtained for the FFA-geopolymer, which could be associated with
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Fig. 3. Compressive strength of both types of examined geopolymers with their evolution over time
(7 and 90 days) depending on different Na,O concentrations. Water-to-fly ash ratio was constant at 0.3

Rys. 3. Wytrzymato$¢ na $ciskanie obydwu typow badanych geopolimeréw po 7 i 90 dniach
w zaleznosci od koncentracji Na,O. Stosunek wody do popiotu staty: 0,3

the high reactivity of fresh fly ash (Table 3). The mechanical strength of alkali-activated
fly ashes increases with time until the 90th day of observation. The increase in Nay,O
concentration in mixtures has a positive effect on the compressive strength of geopolymers.
The maximum value of the DFA-geopolymer compressive strength was obtained with an 8%
Na,O concentration (55.3 MPa after 90 days). A further increase in Na,O concentration
results in a decrease in the achieved compressive strengths. The maximum compressive
strength of the FFA-geopolymer was obtained with a 9% NayO concentration (64.9 MPa
after 90 days).

The same trend can be seen for both fly ashes; the greater the concentration of Na,O,
the smaller the water absorption of geopolymers. FFA-geopolymers achieve higher water
absorption than DFA-geopolymers, the only exception being the geopolymer with a 9%
Na,O concentration of the fly ash mass with lower water absorption of the FFA-geopolymer
(6.11%) than the DFA-geopolymer (6.71%) prepared by the same method (Table 4).

Increasing compressive strength results in decreasing water absorption of the geo-
polymer. Nevertheless, the FFA-geopolymers having higher compressive strength achieve
higher water absorption in comparison with the DFA-geopolymers.

The frost resistance of the fly ash geopolymer materials was examined using 25 freezing
and defrosting cycles for the DFA-geopolymer and 50 freezing and defrosting cycles for the
FFA-geopolymer in an aqueous environment. The values of compressive strength of the
geopolymers were compared with the values obtained for the geopolymers without any frost
resistance testing (reference samples). In Table 4 the values of the coefficients of freezing for
the geopolymers are shown. No damage or deformation could be detected after defrosting
cycles in the aqueous environment. The frost resistance of the DFA-geopolymers was better;
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Table 4. Values of water absorption and coefficient of freezing for DFA and FFA-geopolymers depending
on different Na,O concentrations

Tabela 4. Warto$ci nasiakliwo$ci wodnej i mrozoodpornosci dla geopolimeréw DFA i FFA
w zalezno$ci od koncentracji Na,O

. Na,O Water absorption Coeficient of
‘ to- Si0,-to-Na,0 2 P
Material water-to-fly ash 3 H [%] [%] freczing
0.3 1.25 6 13.48 1.47
0.3 1.25 7 11.04 1.81
DFA
0.3 1.25 8 6.62 1.54
0.3 1.25 9 6.71 1.28
0.3 1.25 6 15.76 0.69
0.3 1.25 7 13.16 0.83
FFA
0.3 1.25 8 10.27 0.79
0.3 1.25 9 6.11 0.82

higher values of compressive strength in comparison with references after 25 cycles were
achieved. The strength of the FFA-geopolymers after 50 cycles decreased when compared to
the reference samples.

Given the results measured, an 8% Na,O concentration was chosen and utilized in the
next experiments.

2.2. Effect of the SiO,-to-Na,O molar ratio

Figure 4 shows the compressive strengths of both types of examined geopolymers with
their evolution over time (7 and 90 days) depending on different SiO,-to-Na,O molar ratios.
It is evident that the FFA-geopolymers achieve higher values of compressive strength than
the DFA-geopolymers. The most significant difference in the value of compressive strength
was observed when fly ashes were alkali activated using activator with a SiO,-to-Na,O
molar ratio of 0.75. On the other hand, fly ashes activated by activator with a Si0O,-to-Na,O
molar ratio of 1.25 after 90 days storage at the laboratory temperature achieved similar values
of compressive strength; 55.3 MPa and 55.8 MPa for DFA- and FFA-geopolymer, res-
pectively.

The values of the compressive strength of the fly ash geopolymers increase with
an increasing SiO;-to-Na,O ratio from 0.75 to 1.25. However, a further increase in the
Si0,-to-NayO ratio causes a decrease in the achieved compressive strengths. The com-
pressive strength values of the DFA-geopolymers differing in SiO5-to-Na,O molar ratio
vary. At the same time, the compressive strength of the FFA-geopolymers with a molar ratio
of 0.75, 1.00, and 1.25 achieve very similar values of 53.3, 51.6, and 55.8 MPa, and small
differences in compressive strength values of 44.7 and 43.3 MPa are observed for the
1.50 and 1.65 ratios, respectively.
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Fig. 4. Compressive strength of both types of examined geopolymers with their evolution over time
(7 and 90 days) depending on different SiO,-to-Na,O molar ratios. Water-to-fly ash ratio was constant at 0.3

Rys. 4. Wytrzymato$¢ na $ciskanie obydwu typow badanych geopolimeréw po 7 i 90 dniach
w zaleznosci od stosunku molowego SiO,/Na,0. Stosunek wody do popiotu staty: 0,3

Lower water absorption values were obtained for the FFA-geopolymers than the
DFA-geopolymers. An exception is the DFA-geopolymer with a SiO,-to-Na,O molar ratio
of 1.25 with the lowest water absorption of all samples, amounting to 6.62% (Table 5). The
water absorption decreases with an increasing SiO;-to-Na,O molar ratio up to 1.25, with
further increasing of the molar ratio causing an increase in water absorption. It can be

Table 5. Values of water absorption and coefficient of freezing for DFA- and FFA- geopolymers
depending on different SiO,-to-Na,O molar ratios

Tabela 5. Warto$ci nasiakliwos$ci wodnej i mrozoodpornosci dla geopolimerow DFA i FFA
w zaleznosci od stosunku molowego SiO,/Na,O

Material water-to-fly ash | SiO,-to-Na,O I\Ei‘/z]o Water e[llis]orp tion CO;S:;TS; of
0.3 0.75 8 14.91 0.77
0.3 1.00 8 10.45 1.00
DFA 0.3 1.25 8 6.62 1.05
0.3 1.50 8 12.98 0.84
0.3 1.65 8 18.16 0.72
0.3 0.75 8 11.57 0.67
0.3 1.00 8 11.17 0.80
FFA 0.3 1.25 8 10.27 0.79
0.3 1.50 8 12.43 0.91
0.3 1.65 8 12.63 0.90
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observed that the values of water absorption measured for the DFA-geopolymers signi-
ficantly differ from each other in contrast to the FFA-geopolymers with similar values of
water absorption for all ratios.

No damage and no body disintegration of the fly ash geopolymer occurred during
50 freezing and defrosting cycles in an aqueous environment. On the contrary, higher
compressive strength than the reference sample was obtained for the DFA-geopolymer with a
Si0;-to-NayO molar ratio of 1.25 after the frost resistance test. Resistance to alternating
freezing and defrosting cycles of the DFA-geopolymer with a molar ratio of 1.00 was also
good, possessing the same compressive strength as the reference sample. The values of
compressive strength of all other geopolymers after frost resistance testing were decreased.

The values of compressive strength of the FFA-geopolymers were lower after 50 defro-
sting cycles when compared to reference samples without any frost resistance testing. The
greatest decrease (33%) in compressive strength was obtained for the geopolymer with
a Si0,-to-NayO molar ratio of 0.75 (Table 5). The FFA-geopolymers with molar ratios of
1.50 and 1.65 possess good resistance to alternating freezing and defrosting cycles, with
their compressive strength following frost resistance testing being decreased by only 9 and
10%, respectively.

Alkali activated fly ashes with a SiO;-to-Na,O molar ratio of 1.25 achieved the best
results, and for this reason this ratio was chosen and utilized in the next experiments.

2.3. Effect of the water-to-fly ash ratio

Figure 5 shows the compressive strength of both types of geopolymers and their evolution
over time (7 and 90 days) depending on different water-to-fly ash ratios. Water content in the
mixtures was increased to improve the workability of mixtures. However, compressive
strength of the fly ash geopolymers significantly decreases with increasing water content in
the mixture. Constant NaOH content with increased water content in the activation solution
resulted in reduced NaOH concentration. This has a negative effect on the compressive
strength of the geopolymers because of the decreasing dissolution rate of the material.
A higher initial proportion of water in the mixture results in increasing of geopolymer
porosity (Steveson and Sagoe-Crentsil 2005a, b) which could be related to the increase
in the water absorption of geopolymers with an increasing water-to-fly ash ratio. The
FFA-geopolymers achieved higher values of water absorption than the DFA-geopolymers.

The compressive strengths of the fly ash geopolymers were lower after 50 defrosting
cycles when compared to reference samples without any frost resistance testing (Table 6).
No damage of the fly ash geopolymer occurred during the 50 freezing and defrosting cycles
in an aqueous environment. An exception was the FFA-geopolymer with a water-to-fly ash
ratio of 0.35, where minor body disintegration occurred. However, no influence on the
compressive strength was observed because this geopolymer possesses the same decrease
in compressive strength as the geopolymer with a water-to-fly ash ratio of 0.30, where no
body disintegration occurred.
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Fig. 5. Compressive strength of both types of examined geopolymers with their evolution over time
(7 and 90 days) depending on different water-to-fly ash ratios

Rys. 5. Wytrzymato$¢ na sciskanie obydwu typéw badanych geopolimerow po 7 i 90 dniach
w zaleznosci od réznych stosunkéow wody do popiotu

Table 6. Values of water absorption and coefficient of freezing for DFA- and FFA- geopolymers
depending on different water-to-fly ash ratios

Tabela 6. Warto$ci nasiakliwos$ci wodnej i mrozoodpornosci dla geopolimerow DFA i FFA
w zaleznos$ci od réznych stosunkéw wody do popiotu

Material water-to-fly ash | SiO,-to-Na,O I\Ei/(z)]o Water ?;)S]Omtion Cogt::;(;rll; of
0.30 1.25 8 6.62 1.05
DFA 0.32 1.25 8 9.42 0.73
0.35 1.25 8 9.63 0.79
0.30 1.25 8 10.27 0.79
FFA 0.32 1.25 8 11.44 0.70
0.35 1.25 8 14.68 0.71
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Conclusions

The geopolymers tested in this study were based on fly ashes with a high content of
unburned coal residues (more than 20 wt% loss on ignition) taken either directly from a fly
ash hopper or from a sludge bed where the ash was exposed to atmospheric influences and
erosion for a period of 2—5 years. The testing shows that the fresh fly ash is reactive.
Geopolymers prepared from this fly ash possess higher compressive strength than geo-
polymers prepared from deposited fly ash. On the other hand, DFA-geopolymers possess
lower water absorption, and their resistance to alternating cycles is better. Some of the
DFA-geopolymers exposed to 50 freezing and defrosting cycles in an aqueous environment
achieved higher compressive strengths when compared to reference samples without any
frost resistance testing. This type of binder can be used in geopolymer concrete for pro-
duction material for paving, shaped pieces or kerbs.

This work was supported by the research grant project VEGA 1/1222/12 and APVV 0423-11
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AKTYWACJA ALKALICZNA POPIOLOW LOTNYCH ZE SPALANIA WEGLA KAMIENNEGO,
WYKAZUJACYCH WYSOKA STRATE PRAZENIA,
POCHODZACYCH Z BIEZACEJ DZIALALNOSCI I ZE ZWALOWISKA

Stowa kluczowe
aktywacja alkaliczna, popioly lotne, strata prazenia

Streszczenie

Elektrownie i elektrocieptownie stosujace wegiel jako paliwo maja istotne znaczenie jako zrodla
energii, cho¢ z drugiej strony wytwarzaja duze ilosci popiotow lotnych ze spalania wegli. Tylko mata
czes¢ tych popiotéw jest uzytkowana jako surowce odpadowe. Zazwyczaj popioly lotne sa depo-
nowane w osadnikach, co stwarza powazne zagrozenie srodowiskowe. Mozliwos$ci zagospodarowania
popiotow lotnych stwarza przede wszystkim przemyst materiatow budowlanych; tym niemniej uzyt-
kowanie popiotow lotnych z podwyzszona zawarto$cia niespalonych czastek wegla, co wyraza sig
wartoscia straty prazenia, jest ograniczone do popiotéw wykazujacych stratg prazenia 2—5% zgodnie
z europejska norma EN 206-1. Dlatego tez popioty lotne z wysoka zawartoscia niespalonych czastek
wegla sa deponowane w osadnikach. Depozycja popiotow lotnych, biorac pod uwagg takze czynniki
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egzogeniczne 1 biogeniczne, powoduje zmiany sktadu chemicznego i fazowego popiotéw, co powo-
duje, ze mozliwosci ich pdzniejszego wykorzystania jako surowce odpadowe, jeszcze bardziej maleja.

Obecnie, jedyna mozliwoscia uzytkowania popiotow lotnych wykazujacych wysoka stratg prazenia,
jest synteza geopolimeréw. Te nowe materialy nieorganiczne sg otrzymywane w wyniku reakcji nie-
organicznej polikondensacji glinokrzemianow z krzemianem sodu w §rodowisku wysoce alkalicznym.

Praca zajmuje si¢ produkcja spoiw geopolimerowych otrzymywanych w wyniku aktywacji alka-
licznej popiotow lotnych pochodzacych z biezacej dziatalnosci oraz ze zwatowiska. Popioty lotne
pochodza ze spalania wegla kamiennego w kotlach pytlowych, wykazujac wysoka zawarto$¢ niespa-
lonych czastek wegla. Warto$¢ straty prazenia w tych popiotach przekracza 20%. Sa one aktywowane
alkalicznie roztworami wodorotlenku sodowego i szkla wodnego. Analizowano zalezno$¢ wytrzy-
malosci na $ciskanie syntetyzowanych geopolimerow od stosunku SiO,/Na,O, zawarto$ci Na,O
i zawartosci wody. Wytrzymatos¢ na s$ciskanie aktywowanych alkalicznie popiolow lotnych de-
ponowanych (DPA) i z biezacej dziatalnosci (FFA) wynosi odpowiednio 39,8 MPa i 46,8 MPa
po 7 dniach i wzrasta z czasem.

ALKALI ACTIVATION OF FRESH AND DEPOSITED BLACK COAL FLY ASH WITH HIGH LOSS
ON IGNITION

Key words

alkali activation, fly ash, loss on ignition (LOI)

Abstract

Heating plants and power stations using coal as a fuel are employed worldwide as energy sources,
consequently generating large quantities of fly ashes. Only a small part of these fly ashes are used as a
secondary raw material. Most commonly, fly ash is deposited at sludge bed where it poses substantial
ecological risks. Possibilities of utilizing fly ashes are mainly found in the construction industry;
however, utilization of fly ash with a high content of unburned coal residues, expressed by loss on
ignition (LOI), is limited to 2-5% LOI by the European standard STN EN 206-1. That is why fly ash
with a high content of unburned coal residues is deposited at sludge bed. Fly ash deposition, hand in
hand with exogenous and biogenous factors, changes the chemical and phase composition of fly ashes
so the possibility for their further utilization as a secondary raw material is even more diminished.

Currently, one possibility for the use of high-LOI fly ashes is in the synthesis of geopolymers.
These new materials are inorganic materials obtained from an inorganic polycondensation reaction of
solid aluminosilicates with sodium silicate solution in a highly alkaline environment.

This paper deals with the production of geopolymer binders from the alkaline activation of fresh
and deposited fly ash. The fly ashes originated from black coal fired in melting boilers, and have a high
content of unburned coal residues. Content of LOI in both fly ashes exceeds 20%. The fly ashes are
alkali activated with solutions containing sodium hydroxide and sodium waterglass. The analysis
examines the effects of the SiO,-to-Na,O ratio, Na,O, as well as the water content in the synthesis
of fly ash-based geopolymers on their compressive strength. The compressive strength of alkali-
-activated, deposited fly ash (DPA) and fresh fly ash (FFA) were 39.8 MPa and 46.8 MPa after 7 days,
respectively. Their compressive strength increased with time.
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