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1. INTRODUCTION

Coal mining in Southern Brazil has generated a significant environmental liability over more than a century of
exploitation. It is estimated that more than 320 million tonnes of coal tailings have accumulated in Santa Catarina
state alone (Filho, 2014), representing a long-term environmental burden associated with acid mine drainage
(AMD), sulphide oxidation, and trace metal mobilization. Brazilian coals are typically characterized by high ash
contents (35-65%) (Colling, 2014) and variable sulphur contents due to the presence of disseminated pyrite (FeS:).
Therefore, a substantial fraction of the mined material — in some cases up to 70% — is discarded as tailings after
beneficiation. These tailings consist of a heterogeneous mixture of residual carbonaceous matter, silicate gangue
minerals, and sulphide phases. Sulphur plays a dual role: it poses environmental risks through acid mine drainage
and gaseous emissions (Mogashane et al., 2025), yet it may also represent a recoverable secondary resource
depending on its concentration, mineralogical form, and distribution (Koyunoglu et al., 2023). Within this context,
this work aimed to carry out detailed chemical and mineralogical analyses to assess sulphur variability, its
association with major mineral phases, and its implications for both reject beneficiation and integrated valorization
strategies aligned with circular economy principles.

2. MATERIALS AND METHODS

A total of nine samples of coal tailings were collected from different processing plants within the Santa Catarina
Coal Basin, Cricitima city, Brazil. After collection, all samples were air-dried, homogenized, and reduced by
milling to 100% below 200 mesh for the full set of analyses. For X-ray fluorescence (XRF) analyses, loose powder
measurements were performed by weighing approximately 5—-10 g of homogenized material directly into sample
holders, while quantitative determinations were conducted on fused beads prepared after calcination at 950 °C
followed by the addition of flux and melting. Inductively coupled plasma mass spectrometry (ICP-MS) analyses
were carried out after microwave-assisted acid digestion, in which aliquots of the pulverized samples were treated
with bidistilled HNOs and HF under controlled conditions (approximately 40 min at ~225 °C), and subsequently
diluted to volume with ultrapure Milli-Q water before measurement. Total carbon and sulphur contents were
determined using a CHNS/O elemental analyzer; approximately 2 mg of finely ground sample was weighed into
tin capsules and analyzed in triplicate under high-temperature combustion to ensure analytical precision, with
special attention given to sulphur due to its occurrence in sulphide phases (e.g., pyrite) and its relevance for
environmental and valorization assessments. Mineralogical characterization was performed by powder X-ray
diffraction (XRD), using finely pulverized material mounted in appropriate sample holders (~4 g), scanned over a
wide 20 angular range with Cu Ko radiation, allowing identification of crystalline phases associated with both the
organic and inorganic fractions. This integrated preparation and analytical workflow ensured representative,
reproducible data suitable for evaluating the sulphur content and the overall potential for beneficiation and
valorization of coal processing rejects.

3. RESULTS

The CHNS results reveal wide variability in total sulphur content among the analyzed rejects, ranging from
approximately 1.83% (MC2) to 20.80% (MC4), with intermediate values between 2.5% and 6.0% (Table 1). This
variability is consistent with the heterogeneous distribution of sulphide minerals—particularly pyrite (FeSz)—
which was also identified in the mineralogical analyses alongside quartz and kaolinite as the dominant phases,
with minor contributions of hematite, calcite, and mica/illite in several samples. The elevated sulphur contents,
especially in MC4 and RD2, strongly suggest significant enrichment in pyritic phases, which is further supported
by the presence of iron detected in XRF analyses.
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Table 1. Mean sulphur contents obtained by CHNS elemental analysis.

Sample ~ Mean Sulphur Standard
content (%) Deviation (%)
CM2 3.81 0.34
CM3 6.05 0.27
MC1 4.50 0.11
MC2 1.83 0.13
MC3 4.68 0.14
MC4 20.80 0.51
RD2 11.45 0.18
RD3 2.57 0.09
RD4 2.49 0.24

From a valorization standpoint, the observed sulphur variability has important implications. Considering the
estimated accumulation of more than 320 million tonnes of coal rejects in Santa Catarina state, two illustrative
scenarios can be outlined. In a conservative scenario assuming a lower sulphur content of ~2% (representative of
samples such as MC2 or RD4), the total sulphur inventory potentially stored in the rejects would exceed 6 million
tonnes of sulphur. In a high-sulphur scenario based on the upper extreme (~20%), the theoretical sulphur inventory
could surpass 60 million tonnes, although such high values likely represent localized enrichment zones rather than
basin-wide averages. Even adopting an intermediate value around 5%, which is representative of several samples
analyzed, the cumulative sulphur mass would still be on the order of 16 million tonnes.

4. CONCLUSIONS

The sulphur contents measured in the coal tailings from Cricitma Coal Basin demonstrate not only significant
variability but also a substantial cumulative sulphur inventory at the basin scale. While traditionally considered an
environmental liability due to its role in acid mine drainage and atmospheric SO2 emissions, sulphur may instead
constitute a relevant secondary resource when properly managed. The predominance of pyritic sulphur suggests
that targeted beneficiation strategies—such as selective pyrite removal before carbon upgrading—could
simultaneously reduce environmental risks and enable sulphur recovery. Depending on its mineralogical
association and liberation degree, additional pathways such as conversion to sulphuric acid or integration into
controlled oxidation and remediation processes may further enhance value generation. Thus, reframing sulphur
from a contaminant to a resource aligns with circular economy principles and opens new opportunities for the
sustainable management of coal processing rejects.
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