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Abstract Brazilian coals tailings deposits demand large physical area, change the topography and gen-
erate acid mine drainage (AMD) with laden with metals. This work characterizes a typical coal tailings
deposit, seeking the separation of three fractions for future reuse: a fraction of low density; a fraction
of intermediate density; and a fraction of high densityThe characterization included particle size analy-
sis, dissymmetric studies, XRD, acid-base accounting tests and determination of ash and total sulphur.
The results showed a size distribution of 67% coarse, 14% fine and 19% ultra-fine particles. Gravimetric
concentration recovered 34.2% of the total for energy use or generation and 9.2% is a pyrite rich con-
centrate. The remaining material, has a lower acid generation potential by about 60% based on acid-
base accounting tests.
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Introduction

Brazilian run-of-mine (ROM) coal contains high levels of impurities (rock minerals and pyrite).
Thus, it requires concentration methods to reach the conventional Brazilian power station’s stan-
dards, which require coals containing 43% of ash and 2.3% of sulphur. Approximately, 50—60%
of the ROM material is discharged as waste in tailings deposits. It is estimated that more than 300
million tonnes of coal tailings exists in the south of Brazil, generating AMD with the well known
environmental impacts and economic costs.

It is planned for the year of 2012 the start up of operation of a coal power station of circulating
fluidized bed with a generation capacity of 400 MW (USITESC — Power Station of South of Santa
Catarina). This plant will accept coals with 67.0% and 3.2% of ash and sulphur grades respectively,
providing an opportunity for increase the global recovery of the Brazilian ROM coals and to re-
cover part of the coal tailing deposits. With tailing processing, large quantities of coal waste would
become raw material for electricity generation at USITESC while a fraction could be processed for
pyrite concentration and potential manufacturing products for other industrial sectors. The pyrite
concentrate could be converted to sulphuric acid, ferric coagulant, ferrous sulphide and inorganic
pigments (Tveit, 2003; Wei and Viadero, 2007; Marcello et al., 2008; Viganico, 2009; Colling, 2010).
The remaining wastes, which can not be utilized will contain less sulphur, can be managed and
used as a basis for studies aiming at the development of new products to be used in construction
and/or agriculture. Figure 1 shows the traditional approach of Brazilian coal industries (continu-
ous lines) and the proposed new approach presented here, reflecting the principles of sustainabil-
ity (dashed lines).

This work aims to characterize a typical coal tailings deposit located in southern Brazil, divid-
ing it into three distinct density fractions and suggesting the best applications for each one. The
results are discussed in terms of the Brazilian reality and the perspectives of zero waste mine.

Methods

The waste studied was provided by Carbonifera Criciima S.A. from the Mining Unit II (UM II) —
Verdinho, Forquilhinha County, SC, Brazil. After processing ROM coal at UM II, the waste is placed
at a coal tailing deposit. The deposit receives “coarses“(+2.0mm -50.8mm) and “fines“(+0,1mm -
2.0mm) waste particles as well as the sludge from the settling ponds, which are used for solid-lig-
uid separation of process water. The estimated tailings mass in the deposit is 11 million tonnes.
Figure 2 shows an upper view of the tailing deposit studied.
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Figure 1 Traditional approach and proposed approach to management of mining waste

Samples were collected from four drill holes in the waste deposit. The samples were mixed,
quartered, and manually separated in order to segregate the “particles” from the “sludge”. The
particles were screened to separate the “coarse” fraction (-50.8mm + 2.0mm), the “fine” fraction
(-2.0mm +0.1mm). The material passing through the sieve of 0.1 mm was joined with the sludge
fraction. The “coarse” and “fine” fractions were submitted to a laboratory for dense medium pro-
cessing aiming to float the fraction based on their relative densities of 1.5-1.7-2.0-2.2-2.4-2.8
and the sunk on 2.8. These tests allowed drawing densimetric curves and thereby obtaining mass
recovery in any particular density. After the float-sink assays the fractions were characterized in
terms of total sulphur and ash contents.

Additional analyses were carried by x ray diffraction (XRD) to assess the mineralogical com-
position. The acid—base accounting (ABA), as described by Sobek et al (1978), was carried out to
determine the net acidity generation potential.

Results

After manual separation, screening and characterization of the fractions, the results indicated
that through the processes of mineral tailings concentration it is possible to obtain 3 different-
sized fractions. A fraction with size -50.8mm +2.0mm, that can be obtained by jigging, a fraction
with size -2.0mm +0.1mm, that can be concentrated in the fines circuit (spirals, tables, cyclones),

Figure 2 Upper view of tailings deposit of Mining Unit II - Verdinho — Criciuma S.A.
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Table 1 Analytical results of the mining waste studied

relative size sulphur  ash mass " possible
ensity mm b b b products
densi (mm) %) (%) (%) XRD results d
+20-50.8 23 608 84 gypsum; kaolinite; quartz
-2.3 — — energetic coal
+0.1-20 33 605 6.8 gypsum; jarosite; quartz
+2.0-50.8 1.8 87.7 50.8 quartz; plagioclase construction;
+23-28 ceramic; stonemeal;
+0.1-2.0 2.8 87.7 5.8 gypsum; quartz backfill
sulphuric acid,
+2.0-50.8 38.0 66.4 7.8 quartz; pyrite ferric coagulant,
+28 ferrous sulphide,
' ferric oxide
+0.1-20 17.8 76.2 1.4 quartz; pyrite nonoparticles;
inorganic pigments
N/D -0.1 31 67.6 19.0 gypsum; quartz energetic coal

*major minerals

and a fraction less than 0.1mm, called “slurry“ The particle size analysis showed the following dis-
tribution by weight: 67% “coarse” particles (-50.8mm +2.0mm), 14% “fine” particles (-2.omm
+0.1mm) and 19% “slurry” (-0.1mm).

Sink-float tests allowed to separate the “coarse“particles (-50.8mm +2.0mm) and the “fine”
particles (-2.0mm +0.1 mm) fractions in 3 different-densimetric fractions (Table 1). In Table 1 their
mineralogical components and the possible products are presented for each fraction.

The amount of “coarse” and “fine” particles with densities under 2.3 was determined as 8.4%
and 6.8%, respectively. These fractions fulfil the energetic specification of the future power station
of USITESC. They can also be blended with the “slurry” (- 0.1mm) reaching the USITESC operational
standards of 67% ash and 3.2% sulphur. In this case, the “blend” (“coarse”, “fine” and “slurry”), in
theory, would become 64.5% ash and 3.1% sulphur, recovering up to an estimated 34.2% of the
whole tailing deposit.

Another fraction that can be recovered is the pyritic fraction, with density below 2.8. The
“coarse” and “fine” particles contribute with 7.8% and 1.4% of the weight, given a total of 9.2%. The
material with about 35% sulphur, with a pyrite concentration of about 65%, could be processed
to produce sulphuric acid, ferric sulphate, ferrous sulphate, and pigments.

Considering the separation of the energetic and the pyritic fractions, the total waste mass
could be reduced by 43.4% (4,774,000 tonnes). The remaining material 56.6% (6,226,000 tonnes)
are lower in pyrite and less aggressive to the environment. The “coarse” and “fine” particles with
the density in between 2.3 and 2.8 correspond to 50.8% and 5.8% of the deposit. This material
would have considerably minor sulphur content, with a less acid generation potential. The total
sulphur content of the deposit would decrease from 5.2% to 1.9%. The results of the acid base ac-
counting tests showed initial values from -162.5 kg CaCOs/t (whole deposit) and final values of -
62.5 kg CaCOs/t. The result is a reduction in acidity generation and concentration of metals in the
AMD, deducting costs substantially in the effluent treatment plant, wich probably will operate
with a better environmental performance. Also, investigations could be initiated in order to reuse
the material, for instance: construction, production of ceramics, and agriculture (stonemeal).

It should be considered that, nowadays, the carboniferous region of Santa Catarina Brazil, by
means of the industries, government, and research institutions, are engaged to recover all the
pollution provided by decades of coal exploration. The main efforts have been carried out to treat
the AMD and to recover degraded areas. However, we consider that part of the solution is to pro-
vide a useful destination to the coal tailings, considering the principles of sustainable develop-
ment and zero waste mine (Benzazoua et al, 2008; Hesketh et al, 2010; Menezes et al, 2010). The
region presents a diversified economy, including agriculture, ceramics industry, and textile indus-
try, therefore showing an eminent market for products development to be marketed so as to help
the economic and social development within a regional context.
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Conclusions

This approach brings a new outlook to tailings management in the Brazilian coal-based industries.
The study showed that it is possible to decrease or even eliminate the environmental liabilities
of coal tailing deposits by means of Research, Development and Innovation (R&D&lI). The coal
companies can diversify their production, and, even after decommission of the mining explo-
ration, continues their activities processing the coal wastes. The products include energetic frac-
tions, materials for civil construction, and incomes for the chemical industry. The benefits are
both to the regional economy and to the environment.
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