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Mullitization of black coal fly ashes
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In this paper are presented the results of experiments focused on the study of thermal treatment influence of selected black coal fly
ashes from the heating plant in Kosice and the power plant in Vojany. The study was realized with original not pretreated samples.
The obtained results confirmed that after the thermal treatment of both samples the phase’s change of material occurred. At 1050 °C,
the decrease of amorphous phase was remarked, being transformed to the mullite and spinel. This information allow of the use examined
fly ashes samples as the matrix for the mullite composites preparation providing the stoichiometric change of thermally treated mixture.
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Introduction

Mullite (3A1,05.2S510,) is the only one stabile chemical compound in ALO; - SiO, system (Hankyf
et al., 2008). It was named by its occurrence in the Island of Mull on the west coast of Scotland. Its presence
in the nature is very rare what bear ship to its genesis. Mullite in the nature originated by the contact of lava
flows with the rocks of high Al content (Berry et al., 1987). Mullite is characterized by specific facilities as
well as high heat proof to 1850 °C, relatively high hardness 7.5° of Mohs scale and high resistance to acids
(Berry et al., 1987; Kusnierova et al., 1976). Just these properties determinate the areas of mullite or mullite
and corundum substances industrial usage first and foremost in the heat proof materials and ceramic
materials for metallurgy and glass industry (Treadwell et al., 1996; Valenta, 2007). Seeing that natural
sources of mullite of industrial meaning weren’t discovered until now and it is not probably that will be
discovered, more technological processes of mullite and mullite substances production were developed.
Prepared materials are based on natural minerals from the aluminosilicates group, it is concerned on
the group of three polymorphous minerals Al,SiOs (andalusite, sillimanite and kyanite) as well as topaz
ALSiOs(FOH), and in a large extent also the mixture of kaolinite Al; Si;O;o(OH)g and SiO, (Berry et al.,
1987; Buchner et al., 1991).

Thermal transformation process of natural and synthetic compounds on the mullite is often marked
as mullitization. The process and definitive result of mullitization is influenced by several factors. One
of the basics is the composition of the mixture and the rate of the basic components Al,O; - SiO, as well as
the form of the primary bounds. The many published results (Dana et al., 2004; Treadwell et al., 1996;
Hankyft et al., 2008; Kusnierova et al., 1976; Karklit et al., 1974; Goncarov et al., 1961) confirmed that the
mullitization pass on the different materials basics containing the basic components AL,O; - SiO; in its
matrix, providing treatment of its stoichiometric ratio content in mullite including waste materials as well as
energetic wastes (Dong et al., 2010; Suriyanarayanan et al., 2009; Jung, et al., 2001; Kusnierova et al., 2010).
For the verification these assumptions, the orienting experiments were focused on the black coal fly ash.

Materials and methods

In the experiments there were used two point samples that have different chemical, physical and phas
characteristics. One sample is from the heating plant in Kosice (TEKO) and the other one is from the power
plant in Vojany (EVO). The difference between these two samples is that in the sample from EVO was in
the transport process to the dump naturally separated the light fraction, the so called microspheres.
The chemical composition of the examined samples is in table 1. Information about the main components
distribution in the respective grain classes is documented in table 2.

Tab. 1. The contents of main components and amorphous phases in the examined samples.

Sample S[(IV(O)]Z A[LZ(]M Amorph[g/:l]s phases
TEKO 40.96 17.50 79-83

EVO 64.00 23.70 96-99
Mullite 40.00 60.00 0
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Tab. 2. Distribution of main components in to the grain classes.

Sample Grain class Mass yield SiO, Al 04
P [mm] [%] [%] [%]

0.1-0.5 16.21 41.50 B

0.071-0.1 17.51 34.15 11.00
TEKO
0.04-0.071 18.12 45.30 16.20
-0.04 48.12 52.91 20.90
0.1-0.5 84.27 68.00 24.60
0.071-0.1 6.22 68.06 26.70
EVO

0.04-0.071 1.87 61.90 24.40
-0.04 2.64 50.16 20.70

The results of phases composition of examined samples is documented in fig. 1 and 2. From their
comparison as well as information about the amorphous phase content follows also the different morphology
of both samples, as it is shown in Fig. 3.
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Fig. 1. X-Ray diffraction analysis of the TEKO sample. Fig. 2. X-Ray diffraction analysis of the EVO sample.

Fig. 3. The morphology of examined fly ash samples, A — TEKO sample, B — EVO sample (magnification 25x).

The mullitization process was realized in the electric furnace in the temperature range 0-1500 °C and
the phases changes of the composite mixture were evaluated at 0, 850, 1050 and 1500 °C.

The measurement was realized by the full automatic diffraction meter URD-6 (Rich Seifert-FPM,
Germany) under the following conditions: emission of CoKa/Ni rejecter, potential of 40kV, ampere
of 35 mA, step mode 0.05° 20 with the step time of 3s and digital processing of measured data. For
the measuring and results evaluation the RayfleX (RayfleX ScanX and RayfleX Analyze, 2.289 version)
software was used.
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Results and discussion

From the comparison of the samples chemical analysis it is apparent that both the fly ash samples have
not the optimal stoichiometric ratio of the AIl,03:SiO, content, as it is written in the literature 3:2
(Tosev, 1972). That’s why the aim of the realized experiments was to find out if, under these conditions, will
occurs the thermal transformation of part of an Al,O; and SiO, on the mullite (3A1,03.2S5i10,).

The results of mullitization of fly ash samples are documented by X-Ray diffraction (Fig. 4 and Fig. 5),
where are, for comparison, shown the data for different stage of the thermal treatment (0, 850, 1050 and

1500 °C). Semiquantitative content of each phases at the particular temperature are shown in Tables 3 and 4.
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Fig. 4. Results of the X-ray diffractions of the original sample TEKO in particular stages of thermal treatment.

Tab. 3. The temperature influence on the phases change and qualitative content of particular phases of not treated black coal fly ash
from the heating plant TEKO Kosice.

Sample Firing i Amorphous phases Mullite Corundum Quartz  Hematite Spinel
temperature [°C] [%] [%] [%] [%] [%] [%]
TEKO 0 0 83.05 10.66 - 6.29 - -
TEKO 1 850 72.30 9.29 2.96 8.72 5.81 0.93
TEKO 2 1050 64.30 22.70 - 5.92 491 2.20
TEKO 3 1500 melting melting melting melting melting melting

The results from the Tab. 3 and 4 shows that the original fly ash from the coal boiling contained
10.66 % of mullite. The fraction of the amorphous phase was temporarity transformed to corundum
and quartz at 850 °C. After the thermal treatment at 1050 °C, occurred the 18.5 % decrease of amorphous
phases and the 12.04 % increase of mullite phases and the spinel formation was detected. At the next
enhancing of transformation temperature on 1500 °C the sample was melted and it wasn’t possible to do
qualitative and quantitative measurements. Achieved results confirmed that the mullitization process of
the sample from heating plant occurred already at 1050 °C and obviously in consequence of
the stoichiometric ratios of the main components was the process of mullitization stopped and the whole
volume of the sample were melted.
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Fig. 5. Results of the X-ray diffractions of the original sample EVO in particular stages of thermal treatment.

Tab. 4. The temperature influence on the phases change and qualitative content of particular phases of microsphere black coal fly ash
from the power plant EVO Vojany.

Sample Firing X Amorphgus phases Ml:llite Corl‘l)ndum Quoartz Spoinel
temperature [°C] [%] [%] [%] [%] [%]
EVO 0 0 95.00 2.90 - - -
EVO 1 850 91.20 5.83 0.60 2.33 -
EVO2 1050 61.80 33.80 1.44 0.87 2.11
EVO3 1500 melting melting melting melting melting

The similar results were achieved also by the sample form the power plant EVO Vojany. The difference
was that the mullite content was higher namely 30.9 % that is in a manner corresponding with the 30.9 % of
amorphous phases decrees, that was partially transformed on spinel (2.11 %). At the temperature of 1500 °C
occurred the similar situation as by the firs sample and the fly ash sample was melted.

Conclusion

The realized experiments confirmed that by the thermal treatment of the exterminated fly ashes samples
and its fractions phase changes occurred. The part of amorphous phase transformation on the mullite
and spinel passed at the 1050 °C. The amount of the new originated phases obviously connects to
the stoichiometric ratio of the main elements in the samples as well as with the Al,O; and SiO, contents.
The cumulative content of Al,O; and SiO, was for sample TEKO of 22.7 % and for sample EVO of 33.8 %.
The achieved results show on the possibility of the examined samples of the black coal fly ashes utilization
as the basic matrix for the mullite composites preparation providing the change of stoichiometric ratio of
the Al,0Oza Si0O, that are the basic elements.

195



Miria Kunierova, Maria Pra$¢ikova, Dalibor Matysek and Vladimir Cablik: Mullitization of black coal fly ashes

Acknowledgement:

This research has been carried out within the project
NFP 26220220051 Development of progressive
technologies for utilization of selected waste
materials in road construction engineering,
supported by the European Union Structural funds,
SGA project No. 2-0086-10, SRDA project No. SK-
CZ-0146-09 and mobility project No. MEB0810142.

References

Berry, L.G., Mason, B., Dietrich, R.V.: Mineralogy. Moskva, Mir, 1987.

Biichner, W., Schliebs, R., Winter, G., Biichel, K.H.: Primyslova anorganicka chemie. SNTL, Praha 1991.

Dana, K., Das, S., Kumar Das, S.: Effect of substitution of fly ash for quartz in triaxial kaolin—quartz—
feldspar system. Journal of the European Ceramic Society, Volume 24, Issues 10-11, September 2004, p.
3169-3175.

Dong, Y., Hampshire, S., Zhou, J., Lin, B., Ji, Z., Zhang, X., Meng, G.: Recycling of fly ash for preparing
porous mullite membrane supports with titania addition. Journal of Hazardous Materials, Volume 180,
Issues 1-3, 15 August 2010, p. 173-180.

Goncarov, A. K., Merkulova, E.V.: Ogneupory. 1961, No. 12, S. 266-269.

Hankyft, V., Kiitzendorfer, J.: Technologie keramiky. Silikdatovy svaz, Praha, 2008.

Jung, J.S., Park, H.C., Stevens, R.: Mullite ceramics derived from coal fly ash. Journal of Materials Science
Letters, 2001, p. 1089-1091.

Karklit, A.K., Tichonova, L.A., Ogneupory iz vysokoglinozemistovo syrja. Meralurgia, Moskva, 1974.

Kusnierova, M., Pras¢akova, M., Matysek, D., Fecko, P.: Energetic wastes as an equivalent for primary non-
metallic materials. In: Proc of the 14" International Conference on Environment and Mineral
Processing, Part II., Ostrava, 2010, P. 35-38.

Kusnierova, M., Szabova, J.: Sprava o Gprave suroviny z locality “Potok Kapka”. Geologicky prieskum $.p.,
1976, priloha 2, manuscript.

Suriyanarayanan, N., Kannan Nithin, K.V., Bernardo, E.: Mullite glass ceramics production from coal ash
and alumina by high temperature plasma. Journal of Non-Oxide Glasses, Volume 1, No 4, December
2009, p. 247-260.

Tosev, V.: StroiteI'nyje materially i silikatnaja promyslennost’. /972, No 1, p. 23-27.

Treadwell, D.R., Dabbas, D.M., Aksay, [.A.: Mullite (3A1,03-2S5i0,) synthesis with alumosiloxanes. Chem.
Matt, Vol. 8, 1996, p. 2056-2060.

Valenta, L.: Keramicka ptirucka. Silikatovy svaz, Praha, 2007, 143 s.

196



