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Pyrite dissolution in acidic media
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1. Introduction

Pyrite (FeS,) oxidation by oxygen leads to the release of two moles of H* per mole
of oxidized pyrite:

Sample characterisation and preparation
Pyrite samples (Logroiio) were prepared under anoxic and anhydrous glove-box (both
Pg, and Py,0<1 ppm). Control by XPS and others techniques® showed no oxidation
products at the pyrite surface.

FeS,+ 7/20,+ H,0 — Fe2* + 2502 + 2 H*

Dissolution experiments
Batch experiments were run in glass electrochemistry cells, thermostated at 25.0 *
0.1°C in contact with air. The water to solid ratio was 150 mL g'X. Experiments were
carried out in HCl and HCIO, media at pH values around 2 and 3. Aliquots were
immediately analysed for sulphur and iron. The final solid samples were analysed by
XPS.

FeS, oxidative dissolution has been studied using most techniques available
(electrochemistry, solution chemistry, spectroscopic and other techniques) but
despite all these efforts, no consensus has yet emerged on a single and well-
established oxidation mechanism.

Recent literature focuses on acidic dissolution and observed by spectroscopic
techniques a sulphur-rich layer on a pyrite surface. A non-stoichiometric
oxidation of pyrite, with preferential dissolution of iron is then proposed.

Analysis in solutions

Sulphur aqueous speciation and analysis were performed by both IC and CE?. [Fe]y
were determined by FAAS. Oxidation state of iron was investigated by
spectrophotometry. Electrochemical parameters (pH and Eh) were also followed.

To resolve this issue, both pyrite surface chemistry and aqueous chemistry of
iron and sulphur have to be taken into account to thoroughly interpret any
experimental data on pyrite oxidation. We propose to focus on the ratio R =
[S];of/[Fel o Measured in batch dissolution experiments at pH 0 2, in addition to
solid characterization methods. A value of R = 2 corresponds to a stochiometric
dissolution.

3. Results

Rl = R0l
. o Rmwe L v i 5,0 =1450} +8 Fe'+3 HO=TFe(OH),, +3H'
“ ol A mmi B 200 1 pmmie v Reves B )
= % * | | 221 s 8 H 5 22 sogar ~ P Deficit
F +® rsat| | E g1 L] T 3 =3 )
2 v Rm2| g 1] = £
= a0 . 2 15 [] ! = =
Iy ] Ml B 1 2 2
Z ] H X E g e Iy i T a
20 ““‘ - v it T
s » 61 & g $ ¥ .
'g ¢ 2 3 34 Q,.o DRI A
*
o{e o]
T - T & 00 50 T T T T —— Time (minutes)
“Hime (inutey 20 i mimifes) 50 1000 1500

After a short period, the ratio R = [S], /[Fe],,,
stabilized from 1.25to 1.6 atpH=1.5t0 3

R values consistent with pra
ed measurements

Sulphur only under SO > form

Same initial conditions lead to different rate dissolution
(presence of chemical impurities* in FeS.,)

Fe majoritary divalent (95%)

4. Reaction mechanism

The comparison of the different sets of experiments show that [Fe] , is comparable 10 — Several (S”, S”’) couples can theoretically generate R < 2.
for similar reaction periods, while [SO,] can reach very low values in run M21 Pt — Among them, the (S,0,%; S,0,%) couple is plausible for several
([HCI]=10"5 mol LY. In this last case, R = 1.25 is the lowest value recorded for 0.84 | Tee— reasons.
all experiments, likely indicating a deficit in aq sulfur. T The observed variation of R as a function of pH can be explained
g so, | ) by the stability domains of FeS,, 5,07, S° and S,02. S,0, is
éﬂ 0,6 e ‘ HSO, unstable in acidic medium from pH = 3. It disproportionates into
€ . 2 2 . . X 2
We propose disproportion of a sulfur intermediary species in acidic medium: First, [ ‘ Goethite io an'_c: §4OG . S"Oﬁe would then iﬂrmldly 0><|c_|||_ﬁédR|nto. SOH' :
FeS, dissolves, with release of an agueous sulfur species S, which should then = 041 | ds PH decreases, the proportion of S increases. ratio then
disproportionate into another sulfur species S”” with an oxidation number n* (0< n = SN o ECTeases.
< n’ < 6), and S, which would not be further oxidized for thermodynamic or 0,24 T
kinetic Te@ns Fmglly, sl speqes anuld be oxidized into 5042'. The overall e : 8.0 A reaction mechanism is proposed assuming that thiosulfate
FeS, oxidation reaction can be written as: | 00 ‘ ‘ Eyritely : (S,02) is the first sulfoxyanion released in solution. It
0 1 disproportionates into Sy and S,0%, which in turn is oxidized
. . , into the sulfate anion according to the overall reaction
= n'-n n—n
Fes,+n +v“ 0,+2“— H,0 - Fer*+ 21 so" ( : 20'n) g +z[—,] o
2n n' n n less oxidised thay
2
and R = [SO,2]/[Fe],,, can be easily expressed as R :;T"l

—

FeS, +2.9 0, + 0.6 H,0 — Fe** + 0.4 8% +1.6 SO > + 1.2

R=2n/n"=4/25=1.6
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