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Pyrite (FeS2) oxidation by oxygen leads to the release of two moles of H+ per mole 
of oxidized pyrite:

FeS2 + 7/2 O2 + H2O → Fe2+ + 2 SO4
2- + 2 H+

FeS2 oxidative dissolution has been studied using most techniques available 
(electrochemistry, solution chemistry, spectroscopic and other techniques) but 
despite all these efforts, X+Y[Z�Y�X0\�]�X0\ ^0\`_+a
\cb�] de]�f`]�g h
]�ijY�Xkal\ m X0h
n ]oa
X+iqpe] n n r
]�\ d a
s0n m \ _0]�i`Y�t
m i0a
d m Y�X`f`]�Z�_0a
X0m \�f .
Recent literature focuses on acidic dissolution and observed by spectroscopic 
techniques a sulphur-rich layer on a pyrite surface. uvX+Y�X0r \ d Y�m Z�_0m Y
f`] d g�m Z
Y�t
m i0a
d m Y�X`Y�w�xb0g m d ] � p1m d _$x+g ]�w ]�g ]�X0d m a
n0i�m \ \�Y�n ^0d m Y�X`Y�w�m g�Y�X$m \*d _0]�X$x+g�Y
x+Y�\ ]�i .

To resolve this issue, s+Y�d _[xb0g m d ]$\ ^+g w a
Z�]`Z _0]�f`m \ d g bya
X0ilaz0^0]�Y�^0\eZ�_+]�f$m \ d g blY�w
m g�Y�X{a
X0i{\ ^�n x0_0^+g have to be taken into account to thoroughly interpret any 
experimental data on pyrite oxidation. We propose to focus on the g a
d m Yk|~}� �0� � � � � � � ] � � � � measured in batch dissolution experiments at pH ≅ 2, in addition to 
solid characterization methods. A value of R = 2 corresponds to a stochiometric
dissolution.

Several (S � � � , S � � �� ) couples can theoretically generate R ≤ 2. 
Among them, the (S2O3

2-; S4O6
2-) couple is plausible for several 

reasons.
The observed variation of R as a function of pH can be explained
by the stability domains of FeS2, S2O3

2-, S0 and S4O6
2-. S2O3

2- is 
unstable in acidic medium from pH = 3. It disproportionates into 
S0 and S4O6

2-. S4O6
2- would then be rapidly oxidized into SO4

2-. 
As pH decreases, the proportion of S0 increases. The R ratio then 
decreases.
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Pyrite samples (Logroño) were prepared under anoxic and anhydrous glove-box (both 
PO2 and PH2O<1 ppm). Control by XPS and others techniques1 showed no oxidation 
products at the pyrite surface.
¬ m \ \ Y�n ^0d m Y�X$]�t
x0]�g m f`]�X0d \
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-1. Experiments were 
carried out in HCl and HClO4 media at pH values around 2 and 3. Aliquots were 
immediately analysed for sulphur and iron. The final solid samples were analysed by 
XPS.

u¯X0a
n b�\ m \*m X$\�Y�n ^0d m Y�X0\
Sulphur aqueous speciation and analysis were performed by both IC and CE2. [Fe]tot
were determined by FAAS. Oxidation state of iron was investigated by 
spectrophotometry. Electrochemical parameters (pH and Eh) were also followed.
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In summary, disproportionation of S2O3
2- into S0 and S4O6

2- is consistent 
with thermodynamic considerations and  mechanisms proposed 
elsewhere5.f.g.hji�kml g+nPopn0q i0r+str+nPnPutl stvwiBi�hyxzn|{}oBn ~jnPoBnPr.l q v"�|��n�u"q iBiPs"� h.l q sbr�q r�vb�Pq ubq �
xznPu"q v��
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The comparison of the different sets of experiments show that [Fe]tot is comparable 
for similar reaction periods, while [SO4

2-] can reach very low values in run M21 
([HCl]=10-1.5 mol L-1). In this last case, R = 1.25 is the lowest value recorded for 
all experiments, likely L M$N>L O P>Q L M>REPSN>T U4L O L Q4L MVP>W>X$T Y>X4Z;Z X$[ U4X4\ . 
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We propose disproportion of a sulfur intermediary species in acidic medium: First, 
FeS2 dissolves, with release of an aqueous sulfur species S � � � , which should then 
disproportionate into another sulfur species S � �6�� with an oxidation number ��� (0 < �
< ��� ≤ 6), and S0, which would not be further oxidized for thermodynamic or 
kinetic reasons. Finally, S � � � � species would be oxidized into SO4

2-. The overall 
FeS2 oxidation reaction can be written as:

��
�����

and R = [SO4
2-]/[Fe]tot can be easily expressed as 

A reaction mechanism is proposed assuming that thiosulfate
(S2O3

2-) is the first sulfoxyanion released in solution. It 
disproportionates into S0

(s) and S4O6
2-, which in turn is oxidized 
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