STUDY V

RETENTION OF HAZARDOUS METALS BY SECONDARY IRON SULPHATES IN ACID
MINE DRAINAGE PROCESSES: THE POSITIVE ENVIRONMENTAL CONTRIBUTION
OF JAROSITE BY EFFICIENTLY SEQUESTERING LEAD

M aria-Ondina Figuzirado & Teresa Paraira da Silva

Sacondary iron sulphates formead in abandonad sul-
phide-ora mines as a rasult of mine wastes weathar-
ing - acid mine drainage (AMD) processes - have cur-
rantly a negative environmental connotation because
these secondary hydroxylated and/or hydrated min-
erals concentrate a large span of toxic elements, par-
ticularly the hazardous metals lead and thallium. This
apparently negative feature may become a positive
contribution, since immobilization of such elements
under the form of stable minerals significantly recluc-

a5 thair spread in soils and aquifars. This is just the
case of the mineral jarosite - idaally KFe5(S0,4)-(OH),,
vary common in AMD environments, recently iclenti-
fiad in materials from Mars [1] and nowadays recog-
nizad as an important model kagome antiferromag-
nat [2]. The analysis of the chemical enargy of jarosite
in relation to the uptake of lead has highlightad the
possibility of a positive role played by this mineral in
mine wastes [3,4], confirmad by a subsaquent mine-
ro-chemical study [5].

An Overview on the Mineral Chemistry of Jarosite

Jarosite (s.s.) belongs to the alunite mineral group [6]
with general formula AB3(TO4)2(0OH)6, where A repre-
sents a large cation with icosahedral coordination (co-
ordination number CN = 12) - K+, Na+, NH4+, H30+,
Ag+, Tl+, Pb2+, Bi3+, plus minor Ca2+, Ba2+, Sr2+
and trivalent rare-earth ions, e.g., Eu3+ -, B stands for
a smaller cation with octahedral coordination (CN =
6) - Fe3+ (jarosite s.s.) or Al3+ (alunite s.s.), plus mi-
nor V3+, Fe2+,Cu2+, Zn2+, Mg2+ - and T reprasents

a tetrahedral cation (CN = 4) - S6+, As5+, P5+. The
octahedral B cations are surrounded by two oxygen
anions from the tetrahedral groups (TO4) plus four
hydroxyl ions (OH) shared between two neighbour
octahedra; A cations are coordinated by six OH anions
shared with the octahedral cations and six oxygan ani-
ons from the tetrahedral groups. The crystal structure
of jarosite is depicted in figure V.1.
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Fig. V.1 - Crystal structure of Jarosite [Modified from H. Xu et al. (2010) Anisotropic elasticity of jarosite: a high-P synchrotron
XRD study. Amer. Min. 95, 19-23]
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In fact, the incorporation of lead within the crystal
structure of jarosite by replacing the large icosahs-
dral ion K¥ is quite limitad [3], despite the recoy-
nizad occurrence of a spacific lead mineral - plum-
bojarosita, Pby sFe3(S04)5(0OH)g - 1o which the same

trigonal symmetry was attributed but with a double
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cerning the analysis of

Fe K-edge (Fig. V.2) clearly display the influancs f(om
the cationic population of the large icosahadral As

through the variation of pre-edyge datails [10].

Flg. V.2 - Prz-edge details
spactra (KAMES) collected from
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Lead Retention by Jarosite in Waste Materials from S. Domingos Mine
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The Portuguas:

has bezsn exploitad since pra-Roman times and dur-
ing the Roman occupation of Iberia, when gold and
silver were extracted from extensive massive gossan
caps, particularly the jarosite-rich layer at the basa
[11].

The modern exploitation of Sdo Domingos mine in
Alentgjo (northarn sactor of IPB) started in 1359 for
the extraction of copper along with these pracious
metals and since 1870 also for sulphur production
until 1966, when the mine was definitely closed.
Records on mine activity allow for estimating the
extracted ore (mainly constituted by pyrite, chalco-
pyrite, sphalerite, galena, arsenopyrite and various
sulphosalts minerals) at several million tons. It is
nowadays envisaged to carry out a complete study of
the potential sustainability of recovering scarce and
valuable metals from abandoned mine residues (e.g.
rhenium [12]), in line with EU recent efforts to pro-
mote new mineral resources through mining waste
materials.

With the aim of ascertaining the role of jarosite as
an efficient Pb-retainer, type-case matearials of waste
products sampled at Sdo Domingos mine wers ana-
lysed. Common laboratory techniques were applied
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to charactariza the phasz constitution of thase sam-
ples: X-ray fluorascenca spactromstry in wavalangth
dispersive mods (XRF-WDS) to assass tha chemical
constitution and to estimatzs comparative elemeantal
contants, X-ray diffraction (XRD) for phase idantifica-
tion and thermo-analytical tachniquas — simultana-
ous differential thermal analysis (DTA) and tharmo-
gravimetry (TG) - to complement XRD phase data.

A Philips PW1400 automatad X-ray fluorescence
spectrometer equipped with a rhodium tube and var-
ious analysing crystals was used to scan the angular
intervals (20) suitable for element datection through
the scanning of selected emission lines (Table V1).
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Tablz V.3 - Comparatiye slamenial contents of a mining wasis

A SETARAM 92-16.18 apparatus, incorporating a mi-
crobalance with a conirolled gas flow of argon (inert
atmosphere), was usad to perforrn DTA-TG analyses.
About 100 mg of milled sample ware depositad in
an alumina (-Al,QO3) crucible. The reference material
was alumina powdser and the heating temoperaturs
ranged from ambient to 650 C at a heaating rate of 10
C. min~L. The phase constitution of DTA-TG heated
material was monitored by XRD and compared to the
original mineralogical constitution in order to inter-
oret tha registered energy variations and mass losses.

A powder diffractometer with Bragg-Brentano ge-
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omatry oparating at 50 kY and 40 mA and equippad
with a large-anode copper tube and a curved graph-
ite crystal monochromator was used to collect X-ray

diffraction pattaerns from sampled wastes.

The thermal behaviour of ming waste materials was

wpacted to match the decomposition of a lsad-
containing jarosita, (Kq_5,Pb.)Fo3(501),(0OH) g - with x
much lower than 0.5, the value in the ideal formula of
plumbojarosite, Pog 5Fa3(50,4),(0OH)g - under normal
atrmosphere by gas release (water plus SO5) and for-
mation of anglesite (PbSQO,) according to the equa-
tion:

2 Ky 5 Pb, Fe3(50,)5(OH); —> 3 Fe,0; + (2x) PhSO, + (1-2x) K,0 + 6 H,0 T (4-2%) 50,
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Fig. V.5 - Reproducad from raf. [5]
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