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Abstract. Global production uses the equivalent of the resources of 1.5 planets. Even higher consumption values are
possible in the future. The circular economy model increasingly embraces waste as a sustainable source of raw materi-
als. The present work investigates the characteristics of flotation waste from a tailings pond using physico-chemical
methods. The study also evaluates its potential application and utilization with other products and waste for brick
production. We obtained composites by mixing clay from Mirkovo (G), coal (V), dried ceramic products (B), and
flotation waste from a tailings pond in Kardzhali (F), then granulating them by pressing. They are treated by heating at
three different temperatures, ranging from 800 to 900 °C. We determined the static compressive strength after heating
and found that the flotation waste improved the strength indicators and lowered the temperatures in the production of
ceramic bricks.
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Introduction

The transition to a circular economy is an opportu-
nity to use resources efficiently and reach climate
neutrality through the optimization and reuse of
waste. Low-carbon technologies have emerged as
a significant commercial commodity, driving an in-
novative, environmentally friendly, inclusive, and
socially just economic transition (European Green
Deal, 2019).

In industry, huge amounts of waste are gen-
erated, such as solid-phase waste from the flo-
tation of mineral deposits, the processing of oil
and products, the extraction of metals, as well as
gas emissions from greenhouse gases, dust parti-
cles, soot, etc. (Donner, 2021, Girard 2022, Goan,
2001). Various directions and trends exist for the
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utilization of solid-phase waste, which have been
the focus of patents and new techniques. These
include its use as secondary energy resources, its
reuse in construction, and its use as raw mate-
rials. Some studies, for example (Singh, Garg,
1999; US Pat. 6379607, 2002; US Pat. 6342461,
2002), suggest mixing clay as the main raw mate-
rial with mineral additives with high metal con-
tent. One of the ways to use some industrial waste
to produce more energy-efficient ceramic bricks
requires experimental evidence that the proposed
mixtures can give the expected positive effect
(Guo et al., 2024).

The present work aims to characterize flotation
waste from a tailings pond using physico-chemical
methods for potential application and utilization
with other products and waste in brick production.
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Materials and methods

The study utilized the following materials: mixtures
with the main component clay from Mirkovo (G),
used coal (V), dried reclaimed waste from dried ce-
ramic products in Mirkovo (B), and flotation waste
from a tailings pond in Kardzali (F). Based on the
used materials and waste, 3 mixtures were made
with different ratios between the components, as
follows: C-2 (G-87% : V-6% : B-3% : F-4%)), C-5
(77% :3% :3% :20%), C-8 (70% : 2% : 3% : 25%)).
The BDS EN 14899:2006, “Characterization of
waste — Sampling of waste materials — Framework
for the preparation and application of a Sampling
Plan” and the “Characterization of waste — Prepa-
ration of test portions from the laboratory sample”
of BDS EN 15002:2015 are also relevant. The lab-
oratory sample’s test portions were prepared ac-
cordingly. The composites were tableted and sub-
jected to heating at three different temperatures —
800 °C, 850 °C, and 900 °C — in order to estab-
lish characteristic differences and obtain optimal
strength indicators.

The flotation waste was characterized by chemi-
cal, powder X-ray phase, and EDX analysis. The
chemical composition of the flotation waste and
mixtures was determined by ICP (atomic emission
analysis). Performed by quantitative analysis. The
apparatus is the High-Dispersion ICP-OES Prodigy
of the company Teledyne Leeman Labs USA with
double monitoring and simultaneous registration
of the analysed signals. Large Format Programma-
ble Array Detector provides low detection limits
(ppm), high resolution (0.007 nm), and continuous
spectral range (from 165 to 1100 nm). The spec-
trometer is equipped with a so-called “free running”
RF generator, which provides power up to 2 kW at
40.68 MHz. Calibration of the spectrometer was
performed from standard solutions in three concen-
tration ranges: (i) 0.000—10,000 mg/L; (ii) 0.000—
1.000 mg/L; (iii) 0.000-0.100 mg/L. For zero con-
centration (0.000 mg/L), double-distilled water was
used.

Powder X-ray diffraction (XRD) patterns were
collected at room temperature in a step-scan regime
(a step of 0.05°, 2-theta in the range of 5 to 75°
2-theta) on a D2 Phaser — Bruker AXS diffractom-
eter. The experiments were performed in Bragg—
Brentano geometry with Ni-filtered Ka radiation
(1 =0.15418 nm) at accelerating voltage of 10 kV
and a current of 30 mA.

Analyses of the flotation waste were performed
on a JEOL JSM 35 CF scanning electron micro-
scope with a TRACOR NORTHERN TN-2000 X-
ray microanalyzer, using an energy dispersive sys-
tem. Standards from the JEOL company were used,
at an accelerating voltage of 25 keV and a probe
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current of 2x10-9 A. An artificial polished section
was made for examination with EDX.

Result and discussion

In order to assess the possibility of compatibil-
ity when mixing with other products and waste, a
chemical analysis of the flotation waste was initially
carried out, and the following chemical composition
was established (wt.%): Fe,O, 7.94, MnO 0.72, Mn
0.56, TiO, 0.54, T1 0.32, CaO 4.95, K,0 1.97, P,0O;
0.05, Si0, 59.90, AL,O, 11.94, Al 6.32, MgO 1.20,
Mg 0.72, Na,O 0.10.

The results of the chemical analysis were sup-
plemented with the data from powder X-ray phase
analysis of the waste to establish the phase mineral
composition as follows: quartz, orthoclase, albite,
muscovite, kaolinite, calcite 6%, ankerite, pyrite,
titanomagnetite, and sphalerite.

An artificial polished section was made for EDX
examination. The results of the local quantitative
analyses of the mineral individuals in the sample are
presented in Table 1.

The following elements and oxides have been
identified in percentage in Anl6 magnetite: Na,O
0.01, MgO 0.32, AL,0, 0.92, SiO, 2.02, P,O4 0.01,
K,0 0.04, CaO 0.10, TiO, 6.06, V,0, 1.45, MnO
0.21, FeO 88.65, ZnO 0.23; Anl17 magnetite: Na,O
1.03, MgO 4.60, Al,O, 7.62, SO, 0.30, K,O 12.35,
CaO 1.82, TiO, 0.92, V,0, 70.79, MnO 0.30, FeO
0.27; An18 unknown: Na,O 1.27, MgO 1.87, AL,O,
5.03, SiO, 52.02, SO, 8.57, K,0 1.02, CaO 4.14,
Ti0O, 0.56, MnO 12.34, FeO 13.09; An19 unknown:
Na,O 2.27, MgO 4.98, AL, 0, 9.56, SiO, 30.23, P,O;
1.41, SO, 1.82, K,0 2.83, CaO 9.93, TiO, 0.26,
MnO 32.16, FeO 4.44; An20 sphalerite: Mg 0.27,
Al10.20, S 32.26, Ti 0.01, V 0.01, Mn 0.88, Fe 1.17,
Cu 0.85, Zn 62.69, Cd 1.68, Pb 0.01. In An21 chal-
copyrite: Mg 0.01, A10.01, S 34.59, Ti 0.01, V 0.01,
Mn 0.03, Fe 29.38, Cu 32.76, Zn 0.62 and in An22
galenite: Mg 0.01, A10.01, S 11.40, Ti0.01, V 0.01,
Mn 0.01, Fe 0.01, Cu 0.06, Zn 0.06, Ag 88.47.

From the microprobe analyses of mineral indi-
viduals in polished section, the binding of the fol-
lowing elements was established, namely Mg, Al,
Ti, V, and Mn: Magnesium is mainly due to alumi-
nosilicate minerals (An7, An13, An19) and manga-
nese dolomite (An8, An9), and the aluminium (Anl,
An2, An3, An4, An7, Anl0, Anll, Anl2, Anl3,
Anl8, Anl9) and aluminium phosphate (AnY).
Titanium is its own element individual. Magnetite
(titanomagnetite Anl4, Anl5, Anl6, Anl7) and
biotite mica (Anl12 and Anl13) contain impurities of
vanadium. Magnetite (An16 and Anl7) contains va-
nadium as an impurity. Manganese dolomite (Ang,
An9) and manganese-iron silicates (Anl8, Anl9)
contain high concentrations of manganese. Mg, Al,



Table 1. Results of the quantitative analyses of the mineral individuals in the samples examined with EDX

Oxide Anl* An2 An3 An4 An5 An6 An7 An8  An9 I/ZE}(I) Anl2  Anl3 Anl4 Anl5
Na,O 6.76 064 099 1.07 050 022 159 089 095 027 153 147 059 094
MgO 029 190 163 054 040 59 11.70 17.89 1819 060 212 1926 085 3.00
ALO, 269 246 1938 1961 389 052 1155 185 1.13 2472 1349 1527 111 3.14
SiO, 577 513 602 613 140 4891 4677 282 147 5255 3474 3885 130 3.76
P,O, - - - - 27.5 - - 0.96 097 0.07 - - - -

SO, - 073 089 031 0.52 - - 1.05  1.14 - 0.01  0.69 0.01 0.01
K,0 093 820 132 1409 030 020 065 078 054 094 504 884 074 1.06
CaO 7.01 027 031 020 022 2898 1244 5095 5559 038 001 018 001 0.01
TiO, 0.07 037 068 020 001 001 062 028 027 001 342 459 195 349
V,0; 0.01 030 038 001 001 001 001 015 024 0.01 - 0.01  0.67 0.5
MnO 0.01 038 041 012 005 13.05 0.14 11.09 1458 3.08 0.72 027 085 0.75
FeO 023 122 189 025 .11 211 1444 10.12 374 13.10 33.93 10.04 90.93 8230
ZnO - - - - 433 - - 0.17 020 420 - - - -

BaO - - - 2.10  0.30 - - - - - - - - -

*4Anl albite; An2 K-feldspar; An3 K-feldspar; An4 K-feldspar; AnS unknown; An6 pyroxene; An7 amphibole; An8 Mn ankerite;
An9 Mn ankerite; Anl0 Anll chlorite; Anl2 biotite; Anl3 biotite; Anl4 magnetite; Anl5 magnetite; Anl6 magnetite; Anl7 mag-

netite; Anl8 unknown; Anl9 unknown

Ti, V, and Mn contents are not found in sulphide
minerals. These elements have the potential to re-
duce the stress effect and eliminate the loss of me-
chanical properties, as well as to improve plasticity.
Titanium, on the other hand, has a high oxidation
capacity; manganese affects the aging resistance of
the material, which would contribute positively to
the formation of good composites. No interfering
factors were detected that could compromise later
heating or tableting.

In the present study, the chosen granulation
method is a press granulation, which is an easy-to-
carry, economical method. During granulation, the
physical parameters of the mixtures and their behav-
iour during granulation were monitored. For each of
the mixtures, the strength indicators were measured
after heating at three temperatures: 800 °C, 850 °C,
and 900 °C (Fig. 1). The data are again averaged
from 10 experimental data points for each of the
mixtures.

The presence of flotation waste did not affect
the dehydration stages, but it did contribute to bet-
ter strength indicators and the formation of a good
composite for brick production at lower tempera-
tures. The flotation waste’s small particle size and
active oxides positively influence the particles’
adhesion and aggregation activity during granula-
tion. For sample C-8 with 25% content of flotation
waste, maximum weight losses were recorded at
temperatures of 650—700 °C, and oxidation of some
components (possibly iron and other metal oxides)
was taking place. This translates into an increase in
sample weight of almost 1%.

The static strength of the granules for the dif-
ferent mixes varies from 64 to 86 kg/cm? The

series with better indicators regarding the static
strength of the mixtures at the three heating tem-
peratures are mixtures C-5 and C-8 (Fig. 1). When
the composites were subjected to firing (800, 850,
and 900 °C), the change in static strength was neg-
ligible. The study showed that achieving sufficient
tablet compressive strength was possible over a
wide range of initial moisture variations, allow-
ing for different ratios of the components used.
Mixtures with reduced initial moisture content are
preferred. The resulting tablets exhibit strong ad-
hesion and effective granulation properties. These
readings are crucial for the use of the mixtures as
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Fig. 1. Measurement of static strength for composites C-2, C-5,
and C-8 after heating
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secondary raw materials and can be successfully
used in the production of ceramic products.

Conclusions

The addition of flotation waste contributes mostly
to the volume reduction and is an indirect confir-
mation of more active changes in the structure of
the samples. The static strength data of the samples
and the main phase composition support this. The
SEM studies show that the mixtures with flotation
tailings additives have local eutectic zones and the
formation of amorphous phases. The formation of
ceramics at lower temperatures becomes possible
precisely because of the addition of flotation waste.
Samples C-5 and C-8, with an additive of 25%, best
illustrate this. This means that we can complete the
formation of the ceramic structure at temperatures
of 700-850 °C, rather than the typical 950—1000 °C
found in currently used clay compositions. Given
that the fine particles eliminate the need for crush-
ing and grinding, we can conclude that the produc-
tion of ceramic bricks will require less energy.
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