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Synthesis of pitiglianoit and tobermorite from fly ash
originating from lignite combustion

Introduction

Coal fly ash (CFA) separated from the flue gas stream constitutes a huge amount of waste
generated worldwide. Due to environmental problems, many directions of their rational use
have been developed, although the largest numbers are directed towards the cement indus-
try and to the production of concrete (Ahmaruzzaman 2010). Various attempts to convert
coal fly ash (CFA) into sorption materials, mainly synthetic zeolites, have been conducted
successfully (Molina and Poole 2004; Moriyama et al. 2005; Bukhari et al. 2015; Lee et al.
2017; Belviso 2018).

Synthetic zeolites from CFB are usually obtained in the hydrothermal process (Adam-
czyk and Biatecka 2005; Franus 2010; Musyoka et al. 2012; Deng et al. 2016), the alkaline
fusion-assisted hydrothermal process (Musyoka et al. 2012; Wdowin et al. 2014; Kunecki
et al. 2017), and the salt-thermal production process (Park et al. 2000). The hydrothermal
process is discussed in more detail below.
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CFA is subject to the direct effect of alkaline solutions (NaOH, KOH) under specified
conditions (solution concentration, solution/fly ash ratio, temperature, pressure and time) to
obtain synthetic zeolite materials (Querol et al. 2002). Ash is often given to the pre-treatment
process before the fundamental synthesis i.e. the action of acids, seeding, ageing (Zhao et
al. 1997; Panitchakarn et al. 2014). Hydrothermal conversion can be assisted by using mi-
crowave or ultrasound waves (Bukhari et al. 2015). The composition of ash is important in
the synthesis of zeolites on the basis CFA, especially the SiO,/Al,0;5 ratio and content of
glass (Tanaka and Fujii 2009; Zhang et al. 2017). Various additives to the reaction solution
are used to adjust the ratio of aluminum to silicon e.g. NaAl,O5 as aluminum source or e.g.
colloidal silica as silicon source (Zhao et al. 1997; Li and Yo 2010). Other additives used in
the synthesis include: NaCl, KCl, and a nucleating agent (Zhao et al. 1997; Li, Yo 2010). The
synthesis is usually carried out at a temperature of 50 to 180°C (Zhao et al. 1997; Kotova
et al. 2016). Zeolite products can also be obtained by running the process at room temper-
ature, but increasing the process temperature significantly extends the process time, even
up to several months (Franus 2010). The various types of zeolite materials depending on
the used synthesis conditions are obtained in the hydrothermal process e.g.: Na-P1 zeolite,
X-type zeolite, A-type zeolite, Y-type zeolite, hydroxy-cancrinite, herschelite, pitiglianoite
(Querol et al. 2001; Bukhari et al. 2015; Lee et al. 2017; Belviso 2018).

In this paper, an attempt was made to convert fly ash from lignite combustion from one
of the Polish power plants, using alkaline hydrothermal synthesis.

1. Materials and methods

The synthesis of pitiglianoite was carried out on the basis of fly ash derived from the
combustion of lignite at the Betchatéw Power Plant.

Fly ash was subjected to hydrothermal synthesis in an autoclave. The synthesis was car-
ried out with aqueous solution of NaOH and KOH at the temperature of 170°C.

The identification of minerals in the raw ash sample as well as in the material after
the synthesis was performed using microscopic observations (Zeiss Axioskop microscope),
scanning electron microscopy with the possibility of determining the chemical composition
in the micro-area (SEM SU3500 microscope by Hitachi, cooperating with an X-ray spec-
trometer with energy dispersion EDS UltraDry from Thermo Scientific NORAN System 7)
and X-ray diffraction (AERIS 1 diffractometer by PANalytical, CuKa radiation). The chem-
ical composition of raw ash and material after synthesis was determined using fluorescence
X-ray spectrometry (PANalytical Epsilon 1 spectrometer).

For the fly ash sample and products after synthesis, a thermal analysis was performed
using the SDT Q600 TA Instruments analyzed under the following conditions: sample
weight: approx. 20 mg, temperature range: 22—-1000°C, temperature increase: 10°C/min,
atmosphere: air.
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2. Results and discussion

The chemical composition of the fly ash under investigation, similarly as it has already
been demonstrated in another paper (Adamczyk et al. 2018), was dominated by SiO, and
CaO, together constituting over 64% mas. The Al,O3 content was over 19% mas., while
Fe,05 about 5% mas., and SO5 above 3% mas. The participation of other chemical compo-
nents was significantly lower (Table 1).

The presence of quartz, gehlenite, mullite, hematite, feldspar, lime, anhydrite, occasio-
nally grains of ZnO phase and pyrrhotite, glass and grains of unburned fuel was found
in the mineral composition of the fly ash under investigation, as a result of microscopic
observations, scanning electron microscopy and X-ray diffraction (Adamczyk et al. 2018).
This confirms the findings of studies carried out previously. Grains were irregular or had
spherical shapes and formed polyphasic aggregates, whereas single-phase grains were less
frequent (Figs. 1-2).

The presence of pitiglianoite, tobermorite and gehlenite was found in the material after
the hydrothermal synthesis of fly ash from the combustion of lignite. Characteristic refle-
ctions originating from these phases were found on the diffractogram of the tested material

Table 1.  Chemical composition of fly ash from lignite combustion and material after synthesis (% mas.)

Tabela 1. Skfad chemiczny popiotu lotnego pochodzacego ze spalania wegla brunatnego
oraz materialu po syntezie (% mas.)

Chemical composition Initial sample* Initial sample Material after synthesis
SiO, 32.85 40.19 30.73
TiO, 1.48 1.23 1.04
Al,O3 18.45 19.77 15.96
Fe,04 7.04 5.51 4.94
MnO 0.07 0.07 0.05
MgO 1.37 1.39 0.70
CaO 31.60 24.13 20.92
Na,O 0.13 0.27 8.31
K,0 0.14 0.15 7.26
SO, 6.81 3.29 2.94
Cl 0.04 0.04
LOI 3.31 6.91
Total 100.00 99.31 99.80

* Adamczyk et al. 2018.
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Fig. 1. Microscopic image of glass grains, quartz and unburned coal in fly ash from
Betchatow Power Station, transmitted light, one nicol, 400x magnification

Rys. 1. Obraz mikroskopowy ziaren szkliwa, kwarcu i nieprzepalonego wegla w popiele lotnym
z Elektrowni Betchatow, $wiatto przechodzace, jeden nikol, powigkszenie 400x

Fig. 2. SEM image of pyrrhotite grains in highly porous glass in fly ash from Betchatow Power Station

Rys. 2. Obraz SEM ziaren pirotynu w silnie porowatym szkliwie w popiele lotnym z Elektrowni Betchatow
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(Fig. 4). It is noteworthy that there are no reflections from other phases present in the sample

of raw fly

ash (quartz, feldspar, hematite, lime, anhydrite), with the exception of gehlenite.

Microscopic observations revealed that after synthesis an unburned organic substance is
also formed in the products (Figs. 5—6), and the newly formed phases (pitiglianoite and to-

bermorite) agglutinate the relict ash grains (Figs. 7-8).
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Fig. 3. X —ray diffraction pattern of fly ash from Belchatow Power Plant
Q — quartz, Sk — feldspar, He — hematite, Li — lime, Ah — anhydrite, Ge — gehlenite
Rys. 3. Widmo XRD popiotu lotnego z Elektrowni Betchatow
Q —kwarc, Sk — skalen, He — hematyt, Li — lime, Ah — anhydryt, Ge — gehlenit
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Fig. 4. X —ray diffraction pattern of fly ash from Belchatow Power Plant after synthesis
Ge —gehlenite, P — pitiglianoite, T — tobermorite

Rys. 4. Widmo XRD popiotu lotnego z Elektrowni Betchatow po syntezie
Ge — gehlenit, P — pitiglianoit, T — tobermoryt
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Fig. 5. Microscopic image of hydrothermal synthesis products agglutinating coal grain, transmitted light,
one nicol, 400x magnification

Rys. 5. Obraz mikroskopowy produktéw po syntezie hydrotermalnej oblepiajacych ziarno wegla,
$wiatlo przechodzace, jeden nikol, powickszenie 400x

Fig. 6. Microscope image of hydrothermal synthesis products, transmitted light, one nicol, 400x magnification

Rys. 6. Obraz mikroskopowy produktow po syntezie hydrotermalnej, $wiatto przechodzace, jeden nikol,
powickszenie 400x
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SU3500 20.0kV 6.0mm x6.00k BSE-COMP 5.00pm

Fig. 7. SEM image of tobermorite rods and pitiglianoite bars, 6000x magnification

Rys. 7. Obraz SEM precikow tobermorytu i stupkow pitiglianoitu, powigkszenie 6000x

SU3500 20.0kV 6.0mm x16.0k BSE-COMP '

Fig. 8. SEM image of tobermorite rods and pitiglianoite bars, 16 000x magnification

Rys. 8. Obraz SEM precikow tobermorytu i stupkow pitiglianoitu, powigkszenie 16 000
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Detailed studies in scanning electron microscopy confirm the mineral composition of
products after synthesis, because tobermorite crystallizes in the form of characteristic rods,
while pitiglianoite in formed bars. It is noteworthy that both phases usually overwhelm each
other, and gehlenite grains are covered with both tobermorite and pitiglianoite. This is also
proven by the chemical composition in the micro-areas (Table 2).

There was no chemical composition in any of the micro areas that would correspond to
stoichiometric tobermorite, pitiglianoite or gehlenite.

Only a few measuring points are in the pitiglianoite field in the diagram in the SiO,—
—Al,05 system, where the fields of theoretical differentiation of the content of these compo-
nents for pitiglianoite, tobermorite and gehlenite are schematically marked (Fig. 9). Most of
the studied grains are arranged between pitiglianoite and tobermorite fields, with a higher
concentration of points near the pitiglianoite field.

A similar diagram was prepared for the Al,03—CaO system (with schematically marked
fields of theoretical variation in the content of these components for pitiglianoite, tober-
morite and gehlenite). Similarly to the SiO,—Al,O5 system, the measurement points be-
come more concentrated closer to the pitiglianoite field (Fig. 10), they are arranged between
pitiglianoite and tobermorite fields.

The sum of CaO and MgO and sum of Na,O and K,O in the studied grains is very inter-
esting, indicating a high correlation (R2 = 0.88), which reveals that together with the increase
in the sum of CaO and MgO participation, the sum of Na,O and K,O decreases (Fig. 11).

Table 2.  Basic statistics of chemical composition of grains in products after synthesis (% mas.)

Tabela 2. Podstawowe statystyki sktadu chemicznego ziaren w produktach po syntezie (% mas.)

Si0, | TiO, | ALO; | Fe,03 | MgO | CaO | NayO | K,0 | SO; (i‘:;ﬁffs
Min. | 3357 | 000 | 1268 | 055 | 012 | 378 | 352 | 447 | 131
Max. | 4737 | 144 | 2673 | 346 | 231 | 2225 | 2059 | 996 | 682

Al s | 3817 | 0312196 | 176 | 080 | 1245 | 1217 | 7.56 | 483 | 25
sD | 318 | 042 | 325 | 091 | 045 | 397 | 359 | 143 | 124
V() | 833 [137.99 | 1478 | 5177 | 5699 | 3191 | 2047 | 1891 | 25.63
Min. | 3359 | 0.00 | 1386 | 000 | 000 | 430 | 605 | 539 | 3.79
Max. | 4421 | 155 | 2739 | 471 | 136 | 2161 | 2111 | 1109 | 747

B| s | 3814 | 0192273 | 063 | 018 | 1101 | 1308 | 832 | 571 | 41
SD | 252 | 044 | 335 | 123 | 038 | 497 | 363 | 139 | 087
V() | 661 |22847 | 1474 19340 [213.99 | 45.13 | 2776 | 1673 | 1522

Min. — minimum content, Max. — maximum content, S — average, SD — standard deviation of mean S,
V — coefficient of variation.
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Due to the chemical composition, two populations were distinguished among the exam-
ined grains — grains containing MgO and Fe,O5 (population A, Table 1) as well as grains
containing Fe,03 or MgO or containing none of these components (population B, Table 1).
Basic statistical parameters for the majority of chemical components in both populations
reveal little variation in them, which is supported by similar values of both the arithmetic
mean and the coefficient of variation (Table 1). However, the values of the coefficient of
variation for the content of TiO,, Fe,O3 and MgO, which for grains containing MgO and
Fe,0; are for TiO, approx. 138%, for Fe,O3 — approx. 52%, and for MgO — approx. 57%.
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Fig. 9. Participation of SiO, and Al,O5 in the studied grains against the background of the theoretical
differentiation of the content of these components in tobermorite, pitiglianoite and gehlenite

Rys. 9. Udziat SiO, i Al,05 w badanych ziarnach na tle teoretycznego zréznicowania zawartosci tych
sktadnikoéw w tobermorycie, pitiglanoicie i gehlenicie
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Fig. 10. Participation of Al,05 and CaO in the studied grains against the background of the theoretical
differentiation of the content of these components in the tobermorite, pitiglianoite and gehlenite

Rys. 10. Udziat Al,053 i CaO w badanych ziarnach na tle teoretycznego zréznicowania zawartosci tych
sktadnikoéw w tobermorycie, pitiglanoicie i gehlenicie
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Fig. 11. Participation of the sum of CaO and MgO and the sum of Na,O and K,O in the examined grains

Rys. 11. Udzial sumy CaO i MgO oraz sumy Na,O i K,O w badanych ziarnach

For grains containing Fe,O3 or MgO, or not containing both of these components, the coeffi-
cient of variation for TiO,, Fe,05 and MgO content are respectively ca. 228%, ca. 193% and
ca. 214%. This clearly indicates a significant differentiation of these chemical components
in the studied grains, and therefore their polymineral nature.

In a population of grains containing MgO and Fe,O3, some relationships have been no-
ticed that are characteristic of it, compared to grains containing Fe,O3 or MgO or not con-
taining any of these components. They are characterized by the distinction of two groups of
grains, for which the division limit is the Fe,O5 content, amounting to 2%mas., for which it
was found that (Figs. 12—13):

¢ there is a high positive linear correlation between MgO and Fe,O3 (R, = 0.71) for

grains < 2%mas. of Fe,O3 while CaO and Fe,0;3 (R2=0.78),

¢ there is a high negative linear correlation between MgO and Fe,O5 (R, = 0.79) for

grains > 2%mas. of Fe,O3 while CaO and Fe,0; (R2=0.78).

There was also a high linear correlation between CaO and MgO in grains where MgO
was found (R% = 0.80) (Figure 14).

As is well known, both pitiglianoite — K,NagSigAl¢0,4(SO4) - 2H,0, and tobermo-
rite — Ca;SigO;4(OH), - 4H,0, do not contain magnesium or iron in their chemical com-
position, only in trace amounts (Mitsuda and Taylor 1978; Leoni et al. 1979; Livingstone
1988; Anthony et al. 1990; Merlino et al. 1991; Henmi and Kusachi 1992; Jackson et al.
2017). It can therefore be concluded that both of these components (MgO and Fe,03) are
part of the gehlenite, forming adhesions with pitiglianoite and tobermorite. This is also
supported by the increase in the proportion of CaO together with the increase in MgO con-
tent in grains containing MgO. These considerations may prove that apart from gehlenite —
Ca,Al(ALSi)O;, the presence of akermanite — Ca,MgSi,O; and even melilite —
(Ca,Na),(Al,Mg,Fe)(Si,Al),O; phases belonging to the melilite group, is possible in the
sample after synthesis.
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SOj is an important chemical component of the analyzed grains indicating the presence
of pitiglianoite. The content of this component does not exceed 7%mas. in grains containing
Fe,05 and MgO, in grains containing Fe,05 or MgO, or in the absence of both components,
the SO; content approaches 7.5%mas. (Table 2). This is justified for obvious reasons, be-
cause the higher proportion of SO; indicates a higher participation of pitiglianoite, which
both Fe,03, as well as MgO are not part of. Theoretically, the SO5; content in pitiglianoite
can range from 5.60 to 7.60% mas. (Merlino et al. 1991; Bonaccorsi and Orlandi 1996; Pekov
et al. 2011).
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Fig. 12. Variability of Fe,O3 and MgO participation in the analysed grains (description in the text)

Rys. 12. Zmienno$¢ udziatu Fe,05 i MgO w badanych ziarnach (opis w tekscie)

25
= 20 1 s
P R*=0.78 @
£
X o
S 157
g 8 ¢
e & @ >2% mas. Fe,03
£ 10 - o r Sl
o O O <2% mas. Fe,03
<

2
S g | _.Q R*=0.80
70
0 T T T
0.0 1.0 2.0 3.0 4.0

Content of Fe,03 [% mas.]
Fig. 13. Variability of Fe,O5 and CaO participation in the analysed grains (description in the text)

Rys. 13. Zmienno$¢ udziatu Fe,0O5 i CaO w badanych ziarnach (opis w tekscie)
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Fig. 14. Variability of CaO and MgO participation in the analyzed grains

Rys. 14. Zmiennos¢ udziatu CaO i MgO w badanych ziarnach

Therefore, the participation of pitiglianoite could be varied in the studied grains, hence
calculations of the share of the main phases (pitiglianoite, tobermorite and melilites) in
them, taking their chemical formulas into account. These calculations clearly indicate
(Table 3) that the contribution of pitiglianoite was higher in grains containing Fe,05 or MgO
or in the absence of both components (approx. 71% mas.), than in grains where Fe,O5 and
MgO were found (approx. 61% mas.).

Table 3.  Basic statistics on the proportion of phases in the examined product grains after synthesis (% mas.)

Tabela 3. Podstawowe statystyki udziatu faz w badanych ziarnach produktéw po syntezie (% mas.)

Pitiglianoite | Tobermorite Melilite Number of grains

Min. 16.80 0.00 3.71
Max. 83.43 28.74 81.50

A S 61.07 10.44 28.49 25
SD 14.88 9.07 16.80
V (%) 24.36 86.91 58.97
Min. 40.72 0.00 2.47
Max. 95.60 46.16 42.82

B S 70.71 10.98 18.30 41
SD 12.29 11.41 9.80
V (%) 17.38 103.92 53.53

Min. — minimum content, Max. — maximum content, S — average, SD — standard deviation of mean S,
V — coefficient of variation.
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The results of these conversions were presented in the pitiglianoite-tobermorite-melilites
system (Fig. 14). The majority of projection points concentrate in the vicinity of pitiglianoite,
which clearly indicates a high proportion of this component in the analyzed grains. These
points are dominated by grains containing Fe,O3 or MgO or the absence of both compo-
nents. Therefore, it should be concluded that tobermorite crystallized on gehlenite first and
on pitiglianoite later.

The thermal curve of fly ash mass loss exhibits a weight loss of 3.35% at a temperature
of 1000°C, which is mainly related to the oxidation of unburned fuel and corresponds with
the share of LOI (Fig. 16, Table 1). The weight loss is mainly observed in the temperature
range from 400—-660°C.

After the synthesis, the material shows a weight loss of 12.48% at a temperature of
1000°C, with a substantial drop in the temperature range from 22—-500°C.

The characteristics of the thermal curve of mass loss of both pitiglianoite and tober-
morite, in the temperature range from 22-500°C, is very similar because in both phases
there is a decrease in mass associated with their dehydration and the possible degassing of
pitiglianoite (Farmer et al. 1966; Huang et al. 2002; Maeshima et al. 2003; Galvankova et al.
2016). As research shows (Bonaccorosi et al. 2007), there is still a small amount of water in
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Fig. 15. Projection of analysed grains in the pitiglianoite-tobermorite-melilites system
(phase proportions in % mas.)

Rys. 15. Projekcja badanych ziaren w uktadzie pitiglianoit-tobermoryt-melility (udziaty faz w % mas.)
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Fig. 16. Mass loss curves for a raw fly ash sample and a product after synthesis

Rys. 16. Krzywe ubytku masy dla surowej probki popiotu lotnego i produktu po syntezie

pitiglianoite at a temperature above 400°C, and pitiglianoite becomes anhydrous at a tem-
perature of about 500°C (Bonaccorosi et al. 2007; Chukanov et al. 2011). The course of the
thermal curves of the weight loss of both the fly ash initial sample and the synthesis products
in the temperature range from 400—690°C is similar (Fig. 16). However, the weight loss is
slightly larger on the curve of the synthesis products (4.22%) compared to the initial sample
(2.94%). This clearly indicates that the mass decrease in this temperature range in synthesis
products is related not only to the presence of unburned fuel in both samples, but also to the
last stage of pitiglianoite dehydration.

It can therefore be assumed that the total loss of mass of new phases (pitiglianoite and
tobermorite) in products after synthesis (mellite does not show a weight loss), after taking the
weight loss related to the presence of unburned fuel into account, is 8.90%. Assuming the the-
oretical water content in pitiglianoite (3.39% mas.) and tobermorite (12.82% mas.), the shares
of these two phases in products after synthesis are 42% mas. and 58% mas., respectively.

Conclusion
The primary phases in the fly ash from the combustion of lignite were: quartz, gehlenite,

mullite, hematite, feldspar, lime, anhydrite, occasionally grains of ZnO phase and pyrrhotite,
glass and unburned fuel grains.
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As a result of hydrothermal synthesis carried out in an autoclave at 170°C, in a water
solution of NaOH and KOH, a material containing new phases — pitiglianoite and tober-
morite, was obtained. Among the primary ash constituents, only gehlenite with an unburned
organic substance, on which tobermorite with pitiglianoite crystallized, was present.

Pitiglianoite crystallized in the form of characteristic bars, while tobermorite formed
rods, and both phases usually overwhelm each other, clinging to the original, relic grains of
fly ash (gehlenite and unburned organic substance).

As a result of detailed testing of products after synthesis, it was found that among the
tested grains:

¢ two populations can be distinguished — grains containing MgO and Fe,O5 as well

as grains containing Fe,O5 or MgO or containing none of these components,

¢ the main quantitative component was pitiglianoite,

¢ pitiglianoite was present in larger amounts in grains containing Fe,O3 or MgO

or in the absence of both components than in grains in which Fe,O3 and MgO
were found.

In post-synthesis products, the contribution of components were as follows: pitigli-
anoite — 39.5% mas., tobermorite — 54% mas., gehlenite — 3% mas. and organic substance —
3.5% mas.

The paper has been prepared in the frames of the: “Innovative Management of COAL BY-
PROducts leading also to CO, emissions reduction” project funded by the Ministry of Science and
Higher Education (Republic of Poland) and the European Commission under the Research Fund for
Coal and Steel (RFCS-2016).
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SYNTHESIS OF PITIGLIANOIT AND TOBERMORITE FROM FLY
ASH ORIGINATING FROMLLIGNITE COMBUSTION

Keywords

fly ash, tobermorite, pitiglianoite, melilite

Abstract

Fly ash which has been separated from the flue gas stream as a result of fossil fuels combustion
constitutes a huge amount of waste generated worldwide. Due to environmental problems, many
directions of their rational use have been developed. Various attempts to convert fly ash into sorption
materials, mainly synthetic zeolites, are conducted successfully. In this paper, an attempt was made to
convert fly ash from lignite combustion from one of the Polish power plants, using alkaline hydrother-
mal synthesis. The primary phases in the fly ash were: quartz, gehlenite, mullite, hematite, feldspar,
lime, anhydrite, occasionally grains of ZnO phase and pyrrhotite, glass and unburned fuel grains.
As aresult of hydrothermal synthesis a material containing new phases — pitiglianoite and tobermorite
was obtained. Among the primary ash constituents, only gehlenite with an unburned organic substan-
ce, on which tobermorite with crystallized pitiglianoite was present. As a result of detailed testing of
products after synthesis, it was found that among the tested grains:

* two populations can be distinguished — grains containing MgO and Fe,O5 as well as grains

containing Fe,O3 or MgO or containing none of these components,

» the main quantitative component was pitiglianoite,

 pitiglianoite was present in larger amounts in grains containing Fe,O3 or MgO or in the absen-

ce of both components than in grains in which Fe,05 and MgO were found.
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The results of the study indicate that in post-synthesis products, the contribution of components
were as follows: pitiglianoite — 39.5% mas., tobermorite — 54% mas., gehlenite — 3% mas. and organic
substance — 3.5% mas.

SYNTEZA PITIGLIANOITU I TOBERMORYTU Z POPIOLU LOTNEGO
POCHODZACEGO ZE SPALANIA WEGLA BRUNATNEGO

Stowa kluczowe

popiot lotny, pitiglianoit, tobermoryt, melilit

Streszczenie

Popioty lotne po separacji ze strumienia gazoéw spalinowych, powstatych ze spalania paliw kopal-
nych, stanowig ogromne ilo$ci w §wiatowej skali odpadow. Z uwagi na problemy $rodowiskowe opra-
cowano wiele kierunkow ich racjonalnego wykorzystania. Z powodzeniem podejmowane sg roézne
proby wykorzystania popiotow lotnych do materiatow sorpcyjnych, gtownie syntetycznych zeolitow.
W niniejszej pracy podjeto probe wykorzystania popiotu lotnego pochodzacego ze spalania wegla
brunatnego z jednej z polskich elektrowni, z zastosowaniem syntezy hydrotermalnej alkaliczne;j.
W sktadzie mineralnym badanego popiotu lotnego stwierdzono obecno$¢ kwarcu,gehlenitu, mullitu,
hematytu, skaleni, wapna, anhydrytu, sporadycznie ziaren fazy ZnO i pirotynu, szkliwa i ziaren nie-
przepalonego paliwa. W materiale po hydrotermalnej syntezie popiotu lotnego stwierdzono obecnos¢
nowych faz — pitiglianoitu i tobermorytu. Wsrdod pierwotnych sktadnikéw popiotu obecny byt jedynie
gehlenit z niespalona substancja organiczna, na ktorych krystalizowaty nowe fazy. W wyniku szcze-
gotowych badan produktow po syntezie stwierdzono, ze wérod badanych ziaren:
* mozna wyrézni¢ dwie populacje — ziarna zawierajace MgO i Fe,05 oraz ziarna zawierajace
Fe,053 lub MgO lub niezawierajace zadnego z tych sktadnikow,

* glownym ilosciowym sktadnikiem byt pitiglianoit,

* pitiglianoit obecny byt w wigkszych ilosciach w ziarnach zawierajacych Fe,O3 lub MgO lub
przy braku obu tych sktadnikéw, niz w ziarnach, w ktérych stwierdzono obecno$¢ Fe,O3
i MgO.

Wyniki badan wskazuja, ze w produktach po syntezie udziat sktadnikoéw byt nastepujacy: pitiglia-
noit — 39,5% mas., tobermoryt — 54% mas., gehlenit — 3% mas. i substancja organiczna — 3,5% mas.
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