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ABSTRACT
Iron pyrite (FeS2) has attracted significant attention as a promising inorganic material in various applications, such as electrode materials for
high-energy batteries, medical diagnostics, semiconductor materials, and photovoltaic solar cells. In this study, we characterized the crystalline
structure and magnetic properties of FeS2 using X-ray diffraction (XRD), vibrating sample magnetometry, and Mössbauer spectroscopy. The
refined XRD patterns confirmed that the crystalline structure of FeS2 was cubic (Pa-3 space group) with lattice constant a0 = 5.417 Å. The
temperature dependence of the zero-field-cooled and field-cooled curves and the hysteresis loops were measured at various temperatures
between 4.2 and 295 K. The Mössbauer spectra collected in the temperature range of 4.2–500 K were fitted with one doublet. The ΔEQ values
increased slightly with decreasing temperature owing to changes in the Fe–S distance. The charge state was determined to be Fe2+ based on
the isomer shift (δ).

© 2021 Author(s). All article content, except where otherwise noted, is licensed under a Creative Commons Attribution (CC BY) license
(http://creativecommons.org/licenses/by/4.0/). https://doi.org/10.1063/9.0000110

I. INTRODUCTION
Environmental disturbances caused by human activities, such

as open cast mining, have profound effects on the dynamics and
functioning of ecosystems.1–3 Numerous abandoned mines are being
neglected owing to various mining activities, which pollute the sur-
rounding environment with heavy metals.4–6 Metal loadings from
mine waste are far more harmful to the environment than the acid-
ity of mine wastewater.7 Soil mixed with mine wastes and spoils have
caused serious problems, including acidic drainage and extremely
high concentrations of heavy metals, such as pyrite, pyrrhotite, and
chalcopyrite.8,9 The detailed characterization of the physical charac-
teristics of pyrite from abandoned mines provides insight into future
geochemical studies of tailings and the distinction between pyrites
and mine spoils. Extensive research has been conducted to improve
the understanding on pyrite and develop more effective techniques
for predicting and mitigating environmental problems associated
with sulfide tailings.10–13 Ongoing research on heavy metal collec-
tion using a magnetic field has focused increased attention to the
physicochemical and magnetic properties of heavy metals.14 The
Guryong copper mine (Changwon City, Korea) was operated from

1945 to 1971. The geological substrate in the area is underlaid
with andesite containing a significant amount of sulfides, such as
pyrite, pyrrhotite, and chalcopyrite.12,15 Here, we report on iron
pyrite (FeS2), the most abundant sulfide mineral in the Guryong
mine. Specifically, we investigate the crystallographic and magnetic
properties of FeS2 with an average particle size of 70 nm.

II. EXPERIMENTS
The Guryong copper mine is located in an area covered with

andesite, the host rock of copper sediments. Copper ore consists
of alternate bands of pyrite, chalcopyrite, and quartz distributed
within sediments, and FeS2 was obtained around the deposit. The
crystal structure of the synthesized FeS2 was characterized using
X-ray diffraction (XRD) with Cu–Kα radiation (λ = 1.5406 Å).
Measurements were performed in the step scanning mode in the
range of 20–70○ with a scan speed of 4○/min. To analyze the XRD
patterns, Rietveld refinement was conducted using FullProf soft-
ware. The hysteresis loops were measured at various temperatures
in the field range of −10 to +10 kOe using a vibrating sample
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