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Summary
In this study, the fly ash taken from the lignite thermal power plant Kostolac-B, Kostolac, Serbia, is characterized and separated
from its byproducts. Fly ash is composed of unburned carbon, iron compounds tipically of magnetite, pozzolanic material and
cenospheres. A systematic study is conducted to establish the optimum conditions for the separation of these materials from fly ash.
In this context, concentration techniques such as magnetic, gravity separations (heavy liquids separation) and flotation are put
forward. Finally the lightweight fraction, from which the magnetic minerals and the unburned coal substance were removed, as
well as microspheres, is an excellent material for the production of building materials — blocks and bricks, for concrete mixtures,
cement additives, for fly ash pelletization process using Portland cement binder and other purposes. The main elements (fractions
of valuable components) of the fly ash that determine its usability are: the quantity of unburned carbon, content of iron compounds
(typically of magnetite and haematite), the pozzolanic material, microsphere (cenospheres) content, size distribution, mechanical

properties of the pellets etc. The preliminary investigations and accomplished tests exhibited satisfactory results.
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Introduction

Thermal power plants are at present the major
generators of electricity in Serbia, fueled by the
lignitic low-heat coals. Lignite burning produces large
amounts of fly ash, which is a reason for focusing on
this waste. Fly ash (FA) is not considered a waste any
more, but a technogenous raw material continuously
developed for various industrial uses. The benefits
from its development are smaller amounts of the ash
waste and therefore less polluted environment, on one
hand, and an inexpensive raw material for industries,
on the other. FA is largely used in the building mate-
rial industries, and in the building and road construc-
tion. Some ash constituents, seemingly unimportant,
are very useful in some other sectors of economy.
This study is concerned with principal characteristics
of the fly ash from the thermal power plant Kostolac
B with the view to its best uses.

Located some 90 km SE of Belgrade, the Drmno
is the only operating open-pit mine of the Kostolac
Coal Basin with the annual output is 6.5 million tons.
Geological makeup of the Basin consists of crystal-
line schists of Paleozoic age and Tertiary (Miocene
and Pliocene) and Quaternary (Pleistocene and Ho-
locene) sedimentary deposits. An estimate of the
overall Kostolac coal reserves is 388 million tons.
Coal from the Drmno deposit is relatively humid
(39.22% on average) and has relatively low ash
content (17.70%) and elevated sulphur (average

1.18% total sulphur). The mean lower combustion
heat is 10020 kJ/kg.

The TTP Kostolac A comprises two blocks, block
TEKO Al and TEKO A2, and the Drmno unit blocks
B1 and B2, 345 MW each (producing 710500 tons of
FA every year). The latter two blocks began to use
anew procedure for disposal of a dense aqueous
mixture of ash and slag at Cirikovac, while the former
two blocks still discharge the water-abundant affluent
of FA and slag into the old middle pond of Kostolac.

Samples

Fly ash samples for this study were collected from
electrofilters 1 through 4 of Block 2, Drmno. The pri-
mary FA sample, a mass of ~60 kg, consisted of the
materials from two collections. The FA was compara-
tively uniform in composition over long period of time,
composed of SiO, (46.64%), Al,O; (21.67%), Fe,0s
(11.44%), MgO (2.64%), SO; (2.27%), S* (0.88%),
Na,O (0.51%), K,O (0.67%), with LOI 1.98% and
SiO,/AIO, 2.15%. The size distribution analysis of the
fly ash sample was made on the standard Tyler series of
sieves for wet and dry screening. Ash particles were
finer than 1 mm, with the average grain diameter 0.114
mm and upper boundary size (dse) 0.570 mm. Mineral
composition of the FA is based on the X-ray diffraction
analysis, DTA, TGA, SEM and other analytical
methods of many FA samples from different deposits
[Tomanec et al., 2011].
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Morphology of Fly Ash. Under an electronic
microscope, the FA grains of non-magnetic fraction
from Kostolac B (magnetic fraction and unburned
carbon remuved) are sub rounded, partly regular
spheres — rounded porous grains, sponge-textured,
conospheres (shells of microspheric intergrowths)
and pleospheres (sphere voids filled with other
microspheres).

Experimental Methods
The procedures and analyses used in this study to
separate monomineral fractions of the FA from
TEKO B and the methods for derivation of some
products from this technogenous raw material are the
following:
— Sink and float analysis in water and heavy liquid
separation.

— Wet magnetic separation (Devi s analyzer).

— Flotation concentration.

— Complete concentrate or separation product
characterization; possible uses of fractions.

— Pelletization of fly ash; usable as aggregate, fill
in lightweight concrete.

— Manufacture (FA mixed with FGD gypsum and
CaO) of bricks for the building material industry.

— Some FA fractions (microspheres) usable for
particular purposes.

The heavy mineral fraction was experimentally
produced from FA, as well as the magnetic mineral
fraction, which is magnetite-high and with some
alloy elements can be used in the steel-making
process. The sink and float analysis combined with
the sieve analysis revealed hollow silicate micro-

Fig. 1. 'Water plane' method, pond A
of the TPP Kostolac ash and slag landfill

Rys. 1. Metoda ,,Water plane”, zbiornik A
sktadowiska popiotu i zuzla z TPP Kostolac

Fig. 2. Landfill with an impervious sheet cover
Rys. 2. Sktadowisko pokryte warstwa nieprzepuszczalna

i
100 pim

Fig. 3. Electron microscope photograph
of silicate alotriomorphous, spherical
microspheres

Rys. 3. Zdjecie z mikroskopu
elektronowego alotrimorficznego
krzemianu, kuliste mikrosfery

Fig. 4. Fragments of hollow silicate
microspheres, with the 'shell’ of
porous, sponge- textured silica

Rys. 4. Fragmenty z mikrosferami
rurkowymi z ,,muszlami” porowatymi
krzemu z tekstura gabczasta

Fig. 5. Microphotograph of light
fraction of the fly ash (hollow
microsphere density < 1.00 g/cm®)

Rys. 5. Mikrofotografia lekkiej
frakcji popiotéw lotnych (gestosé
mikrosfer rurkowych < 1.00 g/cm?)

92 Inzynieria Mineralna — LIPIEC — GRUDZIEN < 2013 > JULY — DECEMBER — Journal of the Polish Mineral Engineering Society



spheres, which may be a commercial product. The
flotation concentration tests, combined with the
gravity concentration, yielded an unburned coal
concentrate (semi coke) of very high heat capacity,
which may be returned into the process to improve
coal combustion. The FA pelletization method is
separately described as a pelletization process of
asingle fraction from which unburned coal (coke)
and iron minerals (magnetic and heavy minerals)
were removed in order to use the product (pellets) as
aggregate in a lightweight concrete. This FA can also
be used in the building industry in combination with
quicklime (CaO) and waste gypsum (the TPP flue
gas desulphation gypsum - FGD), for manufacture of
the building blocks and bricks (Tomanec, 2011b).

Results and Discussion

Grain size and chemical composition. After sieve
analysis, the sieve size fractions were chemically
analysed for burned and unburned coal and their heat
capacities. The lowest ash content was found in the
coarsest size fraction, -1.168+0.833 mm that increased
to 96.10% in finer size fraction of -0.041+0.00 mm.
The proportion of burned coal varied in the opposite
direction: it was as high as 64.36% in the coarsest size
fraction -1.168+0.833 mm (or 13.24% according to
recovery) decreasing with the lesser size fraction to
3.50% (or 10.67% according to recovery). Average
burned coal content in the FA is therefore 5.71%. The
two coarsest size fractions had the heat capacities
between 7823 kJ/kg and 16357 kJ/kg (Tab. 1).

Ore microscopy of polished sections examined
magnetic fraction and identified dominantly ferro-
magnetic spheres, affected by hematization, ilmenite
and rutile, either in mosaic arrangement — texture or
individual magnetite crystallites in silicate glass.
Compact ferrospheres are scarce, whilst ‘shells’,
mainly well-rounded and smooth, are common.

Radiuonuclides. Gamma spectrometry of fly ash
from the TPP Kostolac B, conducted in the Labora-
tory for Nuclear and Plasma Physics of the Nuclear
Institute Vinca, Belgrade, indicated specific ash ac-
tivities: for radionuclide “°K 259+8 Bq/kg; for
radionuclide ?**Th 50.2+2.4 Bq/kg; for radionuclide
?*Ra 62.8+2.6 Bg/kg; and for radionuclide 'Cs
1.18+0.12 Bg/kg. These indicate radionuclide con-
centrations in FA below the allowed radioactive
concentration level for the building materials; it may
therefore be used in the interior and exterior compo-
nents of buildings and in roads.

Light fraction of the fly ash (hollow microsphere
density < 1.00 g/cm®) was analysed using the polar-
izing microscope and the stereobinocular magnifying
glass (Fig. 5). Hollow glass beads of extremely small
bulk density, low density, are excellent heat insula-
tors; also, their large free surfaces are used to absorb
large amounts of water. Note that the extraordinary
qualities of this FA fraction make it also the most
expensive.

Sink and float analysis of the FA of a sieve size
fractions sample had the purpose of separating
monomineral fractions: silicate microspheric fraction
density <1 g/cm®; unburned carbon fraction; semi-
coke fraction; heavy fraction; light non-magnetic
fraction; and magnetic fraction. The combined, siz-
ing and sink and float procedure results are given in
Tab. 2. Densities within the range from 1.0 to 2.76
glcm® form a fraction of the highest mass proportion,
93.96%. Almost without burned coal, it consists
dominantly of ash, or 96.23% with respect to FA
recovery. It contains Fe 2.50%, or 92.58% with
respect to FA distribution in feed.

The density >2.76 g/cm? fraction has an elevated
amount of ash, but due to the small mass proportion
of 1.29%, the FA distribution in feed is 1.31% and
virtually without burned coal. It contains some Fe,

Table 1. Size distribution and chemical composition of the fly ash of the TPP ,,Kostolac-B*
Tabela 1. Skiad ziarnowy i chemiczny popiotow lotnych z TPP ,,Kostolac-B*

Sieve size fractions (mm) W, (%) Fly ash (%) Unburned coal (semi coke), %
-1.168+0.833 2.04 27.11 64.36
-0.833+0.589 2.72 69. 44 27.79
-0.589+0.417 5.86 84. 86 13.56
-0.417+0.297 9.53 94.00 5.39
-0.297+0.208 11.02 95.76 3.90
-0.208+0.147 12.18 97.07 2.62
-0.147+0.104 9.11 97.29 2.49
-0.104+0.074 18.51 97.25 2.39
-0.074+0.041 11.63 96. 97 2.61
-0.041 + 0.000 17.40 96.10 3.50
Feed: Fly ash 100.00 84.76 5.71

Inzynieria Mineralna — LIPIEC — GRUDZIEN < 2013 > JULY — DECEMBER — Journal of the Polish Mineral Engineering Society 93



with the FA distribution in feed being 7.42%. In
addition to iron, chemical analysis identified many
elements in the separated density fractions from 1.0
to 2.76g/cm® and >2.76 g/cm® (Tab. 3). Notable are
the elevated lead, arsenic, antimony, etc. and silver
and gold.

Magnetic separation. Fly ash samples were treated
in Davi's analyzer for wet separation of strongly
magnetic minerals. The resulting FA fractions and the
distribution of total iron in the magnetic and non-
magnetic fractions are given in Tab. 4. The table
shows that the mean Fe content was 2.39% in the

sample with respect to 4.89% in the magnetic fraction.
The distributions of Fe were 36.32% and 63.68% in
the magnetic and non-magnetic fractions, respec-
tively. The density fraction < 1 g/cm® is without Fe,
composed mainly of unburned carbon — semicoke and
silicate microspheres. Chemical analysis detected
many elements (Tab. 5), some notably elevated (lead,
arsenic, antimony, etc.), in the magnetic and in the
non-magnetic fractions. Also elevated concentrations
were noted of silver (0.12 g/t in magnetic and 0.19 g/t
in non-magnetic fraction) and gold (1.14 g/t and 0.45
g/t, respectively).

Table 2. The combined, classification and sink and float procedure results (Size distribution and chemical composition of
the fly ash, heavy liquid separation)

Tabela 2. Analiza wzbogacalnosci i klasyfikacji (skad ziarnowy i chemiczny popiotéw lotnych,
wzhogacanie w cieczy cigzkiej)

_ _ DistribL_Jtion Distributi Unburned Distribution Lower heat Distributi
Products Size fractions, W, [%] Fly ash, | of FA |n3< on of FA carbon of burned capacity Fe, on of Fe,
[mm] [%] 1,0 g/cm®, | in feed, W, [%] coal, D, [Ki/kg] [%6] [%]
[%] [%] [%]
+1.000 117 10.84 5.28 0.13 79.37 44.72 22071 0.00 0.00
—1.000+0.500| 1.72 35.56 25.46 0.63 56.38 46.70 15589 0.00 0.00
Light fraction |-0.500+0.400| 0.42 64.52 11.28 0.28 32.82 6.64 7900 0.00 0.00
<10 g/cm3 —0.400+0.315| 0.36 91.54 13.72 0.34 7.18 1.24 0 0.00 0.00
—-0.315 +0.000| 1.08 98.43 44.26 1.08 1.36 0.70 0 0.00 0.00
Feed: 4. 75 50.57 100.00 2.47 43.72 100.00 0.00 0.00
1.0-2.76 g/ cm® 93.96 | 100.00 96.23 0.00 0.00 250 | 9258
>2.76 g/cm® 1.29 | 100.00 1.31 0.00 0.00 1357 | 7.42
Feed: Fly ash 100.00 | 97.64 100.00 2.08 254 | 100.00
Table 3. Chemical composition of fly ash (heavy liquid separation)
Tabela 3. Skiad chemiczny popiotu lotnego (wzbogacanie w cieczy cigzkiej)
Products Pb,% | Sb,% [ As,% | S,% | Bi,% | Ni,% | Cd, % | Zn, % | Mg, % | Ca, % | Mn, % | Cu, % | Ag, g/t| Au, g/t
1.0-2.76 g/ cm®|0.0033| 0.21 | 0.01 | 0.43 |0.0043(0.0040(0.0001|0.0055| 0.074 | 1.32 | 0.51 |0.0054| 1.74 | 0.11
>2.76 g/ cm® | 0.010 | 2.09 |<0.01| 1.07 [0.0014| 0.022 [0.0004| 0.015 [ 1.19 | 6.36 | 0.33 | 0.010 | 1.67 | 0.33

Table 4. Wet magnetic separation (Devi ’s analyzer) of fly ash

Tabela 4. Separacja magnetyczna na mokro popiotu lotnego (analizator Devi)

Products W, % Fe, % Distribution of Fe, %
Magnetic fraction (M. F.) 17.75 4.89 36.32
Non-magnetic fraction (N. M. F.) 76.08 2.00 63.68
Light fraction ( < 1 g/cm®) 6.17 0.00 0.00
Feed: Fly ash 100.00 2.39 100.00
Table 5. Chemical composition of fly ash (electromagnetic separation)
Tabela 5. Sktad chemiczny popiotu lothego (separacja elektromagnetyczna)

Products | Pb,% | Sb,% | As,% | S,% | Bi,% | Ni,% | Cd,% | Zn,% | Mg, % | Ca, % | Mn, % | Cu, % | Ag, g/t | Au, g/t

M. F. 0.020 | 0.013 | 0.020 | 0.94 |0.0043|0.0091 | 0.0001 | 0.0063 | 0.074 | 1.82 0.12 |0.0077 | 1.14 0.12
N. M. F | 0.020 |0.0083 | 0.010 | 0.94 |0.0024 | 0.0044 | 0.0006 | 0.011 | 0.63 1.27 | 0.032 | 0.0071| 0.45 0.19
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Flotation concentration of unburned carbon from
FA. Additionally to the sink and float analysis, the
flotation tests were expected to separate unburned
coal and any possible organic compound by using
different collector and frothing agents. For repulping,
one kilogram of FA and water were used to the level
adequate for operation of a Denver type flotation cell
volume 2.8 |. The pulp feed pH was 8.7 that in ten
minutes rose to 11.17. After five-minute settling in
the calm pulp and separation of the floating light
fraction and the sinking heavy fraction, the light

fraction was mechanically removed. The five-minute
conditioning began with the addition (100 g/t of ash)
of the frothing agent F 521, made by CYTEC. Dur-
ing the ten-minute main flotation, 400 g/t more F 521
was added, and the product was cleaned for five
minutes. The cleaning flotation outflow was an mid-
dling product and the frothy product was the concen-
trate. The test results are summarized in Tab. 6. The
products were chemically analyzed for the amounts
of ash and unburned carbon and for its heat capacity
(Tab. 6).

Fly Ash (100 %)
B ¥ C
P E LR TP T OptioNs [ == = o e o o »
1 A 1
X i Snkand Float anayss § 1
. Flotatin — inwater (<1.00 gem®) | !
N concentration ] T i :
L Dryin L
Tailing ying I
1
SN Size fraction l - :
Middlings +0.3150mm Dry deve 1
Unburned coal anayss 1
A 1
Concentrate :
- - Sizefraction 1
Light fraction of -0.3150 + 0.000mm I
unburned coal 1
l \{
Sizefraction - - 1
Table @ -0.3150 + 0,000mm Light fraction
Silicate <1.00g/cm®
microspheres Wet magnetic separation,
l Davi' sanalyzer

Heavy fraction

<2.76 glem®

Magneticfraction
l of FA minerals
Heavy fraction

>2.76 g/cm’ Table ©

Table ® l—»

Non-magnetic
fraction

Table ®

Fig, 6. Optimum flow sheet for separation of fly ash byproducts with options A, B and C
Rys. 6. Optymalny schemat wzbogacania produktow posrednich z popiotu lotnego (opcje A, B, C)

Table 6. Account of carbon flotation concentration (with respect to burned carbon)
Tabela 6. llos¢ koncentratéw flotacyjnych wegla (z uwzglednieniem niedopatu wegla)

Unburned Distribution of Distribution Lower_heat Distribution
Products: W, [%] carbon, [%] burned carbon | Fly ash, [%] of FA [%] capacity, of Iovyer heat
! D, [%] : [kI/kg] capacity, [%]
Light fraction (<1 g/cm®)| 2.75 38.65 19.32 57.66 1.69 13483 92.05
Concentrate 0.41 29.72 2.22 67.57 0.30 7465 7.60
Middlings 2.14 11.81 4.60 87.02 1.98 660 0.35
Tailing 94.70 4.29 73.86 95.15 96.03 0.00 0.00
Feed: 100 5.50 100.00 93.83 100.00 402.80 100.00
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The resulting concentrate (light fraction and flo-
tation concentrate) with weight of 3.16% has the
highest amount of unburned carbon, as it consists
dominantly of semicoke (37.49%), or according to
recovery 21.54%. Middlings product with weight of
2.14% contain unburned carbon 11.81% or with
4.60% of recovery. Waste, which is the highest
constituent of even 94.70%, has the lowest amount
of unburned carbon (only 4.29%), but due to the
large weight percentage distribution of unburned
carbon is 73.86% (Table 6).

The concentrate 3.16 % by mass has the highest
value of the lower heat capacity 12702.18 kJ/kg, in
respect to 99.65% carbon distribution in feed. This is
because the concentrate consists essentially of un-
burned carbon — a semicoke. The purpose of the ex-
periment was to test and demonstrate the elimination
of unburned carbon from the fly ash for use of the
remaining FA in building and road construction, in
the process of pelletization, etc (Bircevic, 2011a).

Pelletization process agglomerates wet fine-pow-
dered particles on a rotating disc with the addition of
a binding agent during or after the process. The re-
sulting pellets must be adequately strong to withstand
transportation and storage. Pelletization products
prevailing over the world are concentrates of magnet-
ite, hematite, limonite, siderite, some clays, coal and
fly ash, produced in Belgium, China, Columbia,
Germany, ltaly, Japan, Holland, Great Britain, Russia
and USA (Gorkhan, 2000). Pellets of the FA are used
as aggregate for lightweight concrete, filler in drain-
age channels, for soil stabilization and made up
ground, stabilization of upper waste landfill layers,
and the like. Machines and devices. The equipment
used for aggregation was a laboratory pelletization
disc unit, Eirich TR.04 (made by Maschinenfabrik
Gustav Eirich) power 0.5 kW, 40 cm in diameter.

Physical and mechanical properties of FA pellets
must be of standard quality in chemical composition,
mechanical properties, physical properties, etc. Im-
pact strength of pellets was tested for ten repre-
sentative grains-from each size fractions. Each test
recorded the pellet diameter and the number of drops
to the breaking instant. The test data were statisti-
cally processed and interpreted. The pellets used in
the tests had diameters from 5.90 mm to 7.39 mm
and the number of drops exceeded 150, which sug-
gests their high impact strength. Compressive
strength of pellets was tested in modified Penetrome-
ter LC 2, Soiltest Inc., Evanston, Illinois, USA. The
pellet was loaded by a piston with increasing force to
the point of pellet fracturing and breaking. The mean
equivalent diameter and mean resistance to pressure
were calculated for each size fractions tested. Com-
pression test was performed on a sample of ten

pellets (from each size fractions). The binding agent
used was cement type Titan PC 35 M. The test
intervals were 7, 14 and 21 days. Compressive
strengths of the pellets varied from 2.952 MPa to
9.264 MPa, or average 6.322 MPa.

Building material pilot tests. Given the large
amounts of FA daily generated and deposited as
waste, and the sizable amounts of waste gypsum
(Flue Gas Desulphuration gypsum), there is the need
and the available source for combining these tech-
nogenous raw materials, with addition of lime, in
pilot tests. FA is a basic raw material to which were
added waste gypsum (FGD gypsum semihydrate
CaS0, x %2 H,0) and quicklime (CaO) to produce
building blocks and bricks. The test ratio of fly ash
and waste gypsum was 1:1, with the quicklime pro-
portion between 3% and 14% of the total sample
mass. Test samples were homogenized, placed in
a mould and tested for compressive strength after 28
days. The result was satisfactory. The sample with
previously remuved magnetic fraction, unburned car-
bon, and heavy minerals (heavy FA fraction) attained
the highest compressive strength. The optimum
amount of lime was about 6%. Compressive strength
of the prepared samples varied from 5 MPa to 10
MPa, which exceeds the published data for similar
samples (without pressure, without firing, a ‘cold
process’) of about 3.5 MPa. With only 5% lime
added, the compressive strength can be higher than
10 MPa. The pilot test of this study substantiated the
hypothesis that some FA fractions can give products
of satisfactory quality for the building industry.

Conclusion
Laboratory tests of this study suggest the fol-
lowing:

1. Separation of monomineral fractions from FA of
the TPP Kostolac B was pilot tested and the ob-
tained fractions analyzed for chemical and min-
eral compositions. The FA contained unburned
carbon (semicoke) 5.77% that decreased with the
grain fining, as the coarsest size fractions con-
tained 64.36% and the finest only 3.50%. The
light fraction of grain size +0.315mm had the
heat capacity 13483 kJ/kg.

2. Concentrate from the flotation separation had
the heat capacity 7465 kJ/kg; mixed with the
light fraction (< 1.00 g/cm®) could give a prod-
uct of FA 3.16% by mass and 12702.18 kJ/kg
heat capacity. This product has the smallest
amount of ash or the greatest amount of un-
burned coal, and semicoke particles 37.49%.
Middlings with weight of 2.14% contained un-
burned carbon 11.81% and ash 87.02%. The
weight percentage of waste was 94.70.
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. Heavy fraction (> 2.76 g/cm®) of the FA with
1.29% of microscopic ferrosheres consisted
mainly of magnetite, hematite, ilmenite and
partly rutile.

. Sieve undersizes fraction -0.315 mm, the light
faction (< 1.00 g/cm?®), mainly of silicate micro-
spheres, had the ash content of 98.43%.

. Light FA fraction, a constituent of only 4.75%,
consisted of unburned carbon (semi coke) and
silicate microspheres.

. Radionuclides in the ash test samples from the
current production are below the contamination
level for building materials.

. Fly ash can be palletized mixed with cement

lets, for 30% cement binder, was between 2.952
MPa and 9.264 MPa and the impact strength
higher than 150 drops per pellet (Tomanec,
2011c).

. Fly ash from the Thermo Power Plant Kostolac

B has constituents suitable for use in the build-
ing industry for production of bricks and blocks
or for pellets as light-concrete aggregate. Some
fractions of fly ash, specifically magnetic frac-
tion or light faction of silicate microspheres
also may be a commercial product, and thus
contribute to the complex beneficiation of this
technogenous raw material, therefore also to the
environmental protection.

(10% or 35%). The compressive strength of pel-

Literatura— References

1. Bircevi¢ D., Baji¢ S., Gadina R., Koval L., Tomanec R.: Pelletized fly ash — a new aggregate for
lightweight concrete, - Tenth young researchers conference materials science and engineering, The
book of abstracts, 1X/2, 2011a. pp. 36. Belgrade, Serbia. ISBN 978-86-80321-27-1.

2. Gokhan B., Ata G.D.: Utilization of fly ash by pelletization process; theory, application areas and
research results. — Resources, Conservation and Recycling 30. 2000. pp 59-77.

3. Harikrishnan K.I., Ramamurthy K.: Influence of pelletization process on the properties of fly ash
aggregates. - Waste Management, 26. 2006. pp 846-852.

4. Haydar A., Gokhan B.: Utilization of fly ash as engineering pellet aggregates. - Environ Geol. 50.
2006. pp 761-770.

5. Tomanec R., Bircevi¢ D., Simovi¢ |., Cebasek V.: Pelletization of fly ash and application areas. — In
Proceedings of The 15 th Conference on Environment and Mineral Processing, Part I, VSB —
Technical University of Ostrava. Ostrava, Czech Republic. 2011b. pp. 261-276. ISBN 978-80-248-

2388-1.
6. Tomanec R., Lazi¢ P., Bircevi¢ D., Fecko P., Cablik V.: Laboratory Investigation on Fly Ash
Pelletization and application areas. — In Proceedings of The XIV Balkan Mineral Processing

Congress, Volume I, Tuzla, BH. 2011c. pp. 389-395. ISBN 978-9958-31-038-6.

Potprodukty z popiotow lotnych z wegla brunatnego z TPP Kostolac B, Serbia
I ich wykorzystanie

W artykule przedstawiono charakterystyke oraz wyniki badasi nad wzbogacaniem popiotéw lotnych ze spalania wegla w Cieptowni
Kostolac —-B w miejscowosci Kosolac w Serbii. Popioty lotne sktadajq sie z niedopatu wegla, skfadnikéw zelazo nosnych
(najczesciej magnetyt, materiatdw pucolanowych i cenosfer. Celem badaz bylo okreslenie optymalnych warunkéw separacji
popiotéw. Badania przeprowadzono wykorzystujgc metody wzbogacania magnetycznego, grawitacyjnego(wzbogacanie w cieczy
ciezkiej) i flotacji. W koricowym etapie wzbogacania uzyskano frakcje lekkgq, pozbawiona czesci magnetycznej i niedopatu oraz ceno
sfer, ktdra moze by¢ wykorzysta na do produkcji materiatdw budowlanych — bloczkdw, cegiet, betonu, dodatkéw do cementu, jako
dodatek do procesu pelletyzacji z wykorzystaniem cementu portlandzkiego i podobnych zastosowasi. Najwazniejsze czynniki, ktore
decydujq o jakosci popiotu sq ilosé niedopatu, zawartosé mineratow zelaza (magnetyt, hematyt), zawartos¢é pucolanéw i mikrosfer
(ceno sfery), sklad ziarnowy, whasciwoséi mechaniczne peletdw itd. Wstepne badania i testy daty zadawalajqce wyniki.

Stowa kluczowe: popi6t lotny z wegla brunatnego, charakteryzacja, flotacja, niedopat, peletyzacja, materiaty budowlane, cenosfery
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