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a b s t r a c t

A method for the rapid determination of the oxidation rate of naturally occurring pyrite (FeS2) samples
is presented. The progress of the oxidation reaction was followed by measurement of the concentration
of total dissolved iron using flow injection analysis. Iron was determined using UV–vis detection after
reaction with the colorimetric reagent 5-sulfosalicylic acid in the presence of ammonia. The calibration
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function was linear between 5 and 150 mg L−1, and the detection limit was 0.46 mg L−1. The relative stan-
dard deviation was typically less than 1% (n = 10) and the measurement frequency was 60/h. The method
was used to quantify the oxidation rate of 10 ground and cleaned pyrite samples (53 �m < x < 106 �m)
from various international locations that were subjected to accelerate oxidation in acidic hydrogen per-
oxide. Results of these experiments showed that there was almost an order of magnitude of difference

yrite
ron
-Sulfosalicylic acid

in oxidation rates of the p

. Introduction

Pyrite (FeS2) is widely acknowledged as the most copious and
idespread of the sulfide minerals on the Earth’s surface [1–6]. It

s a semiconductor [7] and is particularly abundant in its associa-
ion with coals and base metal and gold ores [8] and its chemistry
s important in mineral processing; particularly the liberation of
efractory gold [9] and acid mine drainage [3]. Pyrite oxidation
s autocatalytic in nature occurring via a series of reactions (Eqs.
1)–(3)). Initially, in the presence of atmospheric oxygen and water
yrite oxidises according to Eq. (1), secondly the ferrous ions pro-
uced by Eq. (1) are oxidised by atmospheric oxygen (Eq. (2)), and
nally the resulting ferric ions act as an oxidising agent for pyrite
Eq. (3)).

FeS2(s) + 7O2(g) + 2H2O(l) → 2Fe2+
(aq) + 4SO4

2−
(aq) + 4H+

(aq) (1)

Fe2+
(aq) + O2(g) + 4H+

(aq) → 4Fe3+
(aq) + 2H2O(l) (2)

eS2(s) + 14Fe3+
(aq) + 8H2O(l) → 15Fe2+

(aq) + 2SO4
2−

(aq) + 16H+
(aq)

(3)
isual observations of museum specimens of pyrite of similar age
nd storage conditions show the mineral can have markedly dif-
erent appearances, from lustrous to dull and crumbling apart [6].

∗ Corresponding author. Tel.: +61 8 82012191; fax: +61 8 82012905.
E-mail address: claire.lenehan@flinders.edu.au (C.E. Lenehan).

039-9140/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.talanta.2010.07.086
samples.
© 2010 Elsevier B.V. All rights reserved.

These observations indicate that different sources of pyrite can
undergo oxidation at noticeably different rates [10].

An understanding the nature of the variations in pyrite reactiv-
ity is important, for both industrial processing of mineral ores (and
wastes) and improving the recovery of refractory gold. Western
Australian ores have been reported to contain up to 42% refractory
gold (gold that is bound within the sulfide fraction and difficult
to extract using traditional cyanide processes). Improvements in
understanding the pyrite chemistry may allow industrial processes
to be manipulated to increase the recovery of this bound gold [9].
Furthermore the variable reactivity of pyrite has been hypothesised
as an underlying cause of variable flotation response in mineral
pulps and during sulfide leaching [1]. In addition, mine tailings
containing pyrite samples that exhibit greater reaction rates may
require more aggressive treatment to reduce the environmental
impact of acid mine drainage than those which are less reactive.

Two main factors are hypothesised to affect the reactivity of
pyrite; (a) the composition of the mineral, particularly the minor
and trace element contents, and (b) the conditions under the pyrite
is formed [1]. Although no significant deviations from the stoi-
chiometry of pyrite (1:2, Fe:S) have been reported [1], it has been
noted that p-type pyrites are often slightly sulfur rich (as sulfur acts
as an electron acceptor) and vice versa for n-type semiconductors

which are iron rich [11]. Elements frequently found as impurities
in significant quantities (up to a few wt.%) in pyrite can include:
Ag, As, Au, Co, Cu, Ni, Sb and Sn. Other elements found in smaller
quantities can include Bi, Cd, Hg, Mo, Pb, Pd, Ru, Se, Te, Tl and Zn
[1].
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Fig. 1. FIA manifold for the determination of total iron concentration; sample S,
810 O.D. Osborne et al. / Ta

A survey of the literature reveals relatively few studies concern-
ng this apparent variation in the rate of reactivity of natural pyrites
6,12–17], and the reported results have been mixed. Each of these
eports describes different kinetic tests whereby a sample of pyrite
s placed in oxidising conditions and one or several of the reaction
roducts (such as pH, sulfate or iron concentration) is monitored
ver time [18]. However, these tests take a very long time (which
an range from days to years) and use very large sample sizes (from
ens of grams to thousands of tonnes for larger field tests) [18].
nterpretation and analysis of these results is further complicated
y the fact that each study has performed the experiments in a dif-
erent manner. Inconsistencies in the sample preparation, oxidant
sed, reaction pH, and progress variable make it difficult to reach
ny significant conclusions using all the available data.

In order to fully understand the natural variation in pyrite reac-
ivity, experiments on a large number of samples from a wide
ariety of occurrences must be conducted in a controlled manner
here the data collected can be accurately compared. This includes

ontrolling reaction conditions, sample preparation, sample analy-
is and data handling. Flow injection analysis (FIA) is ideal for this
urpose owing to the reproducible timing of sample injection and
etection which is inherent to the method [19]. Moreover software
sed to control an FIA manifold such as LabVIEW® can be employed
or the automated but also flexible collection and processing of
nalytical data [20].

The level of solubilised iron has been reported as a good measure
f reaction progress as, unlike sulfur, which has complex specia-
ion and is known to proceed through several intermediate species
uring the oxidation of pyrite [21], iron’s aqueous chemistry is com-
aratively simple and well understood [22]. Determination of iron

n solution can be achieved using a number of well defined meth-
ds including colorimetry [23], atomic absorption spectroscopy
23], potentiometry [24], ICP-MS [25] to name a few. In 2002 Kara-

anev et al. [26] reported the batch determination of ferric and
otal iron in mine drainage waters using the colorimetric reagent
-sulfosalicylic acid (SSA) [26]. Under acidic conditions ferric iron
eacts with SSA on a 1:1 ratio to form a deep red complex, FeSSA;
hilst under basic conditions (pH > 8) ferrous ion is rapidly oxidised

o form ferric iron which subsequently complexes with SSA in a 1:3
atio to form Fe(SSA)3 [27]. The result is an orange coloured solution
ith a maximum molar extinction coefficient of 5600 M−1 cm−1 at

20 nm [27].
Importantly, the chemistry is insensitive to interference from

xidising agents and most other metal ions and is relatively unaf-
ected by moderate changes in pH, which is in contrast to the more
ommonly used 1,10-phenanthroline [23].

This paper presents a flow injection analysis (FIA) method for
he determination of iron. The method is applied to the determina-
ion of pyrite oxidation rate constants for a series of pyrite samples
btained from diverse geographic locations.

. Materials and methods

.1. Instrumentation

All the experiments were undertaken using a flow injection
nalysis manifold constructed in-house, as depicted in Fig. 1.
ontrol of the pump (Gilson Minipuls 3, John Morris Scientific,
elbourne, Australia), 6-port valve (Valco®, GlobalFIA, Fox Island,
A, USA) and UV–vis detector (SCINCO S-3100 UV–VIS Photo
iode Array Spectrophotometer, DKSH Australia Ltd., Hallam, Aus-
ralia) was achieved using a desktop computer (Dell Optiplex
55 Intel®CoreTM2 Duo 2.66 GHz, 1.96 GB RAM, Windows XP Pro-
essional SP3) running instrument control and data acquisition
oftware developed in-house within the LabVIEWTM graphical pro-
18 � water R1, 1.5% (w/w); SSA R2, 2.5% (v/v); ammonia solution R3, 10 �m in-line
filter; I.F., injection valve V; reaction coil 1, RC1; reaction coil 2, RC2; T-shaped mixer,
T, Y-shaped mixer Y; detector, D; waste, W.

gramming package (LabVIEWTM 8.2.1 Professional Development
System, National Instruments, Melbourne, Australia). The detector
was equipped with a flow through cell (quartz windows, nominal
volume 0.720 mL, 10 mm pathlength, Starna Pty. Ltd., NSW, Aus-
tralia) and the average absorbance across the region 423–427 nm
was used as the analytical signal.

Reagents and samples were propelled by the pump, fitted with
1.02 mm i.d. PVC tubing (DKSH Australia Ltd., Hallam, Australia)
at an overall operating flow rate of 5.5 mL min−1 (∼1.4 mL min−1

per line). All the other tubings were 0.5 mm i.d. PTFE (GlobalFIA,
Fox Island, WA, USA), with the exception of the tubing connecting
junctions T and Y (Fig. 1) and tubing from junction Y to waste both
of which were 0.8 mm i.d.. All the tubings were connected using
standard fittings (GlobalFIA, Fox Island, WA, USA). The reaction coils
had nominal volumes of 170 �L (RC1 a coiled reactor) and 31 �L
(RC2 a serpentine reactor). An injection volume of 30 �L was used
for all the experiments. During pyrite analysis a 10 �m in-line filter
(I.F) was fitted to the sample line S to prevent small particles from
blocking the injection valve.

To prevent the precipitation of ferric ions as iron(III) hydroxide
(which occurs when pH > 3) the carrier (R1) was first merged with
the SSA solution (at “T” in Fig. 1) to form an iron–SSA mixture. The
resulting stream was merged with an ammonia stream (at “Y” in
Fig. 1) to raise the pH for determination of total iron. Ammonia was
chosen in order to reduce the likelihood of precipitation of other
metal hydroxides within the flow system.

2.2. Optimisation

Simplex optimisation of SSA, ammonia and carrier stream
concentration was performed using Multisimplex version 2.1.3
(Grabitech Solutions AB, 2001) with the objective of optimis-
ing peak height and minimising relative standard deviations.
Maximum, minimum and optimum trialled concentrations are
described in Table 1. All the optimisation was done using 25 mg L−1

total iron.

2.3. Reagents

All the solutions were prepared in Barnstead ultrapure
water (18 M�) unless otherwise specified. 5-Sulfosalicylic acid
(Sigma–Aldrich, NSW, Australia) and ammonia (Merck Pty. Ltd., Vic,
Australia) solutions were obtained.

Stock iron standards (1000 mg L−1 total iron) were prepared by
dissolving 4.928 g of ferrous sulfate heptahydrate ((FeSO4·7H2O),
Chem-Supply, South Australia) in 1 L of 1 M sulfuric acid. Stock solu-
tions (1000 mg L−1, SpectrosoL) of copper(II) and zinc(II) nitrates,
and arsenic(V) oxide in were obtained from BDH (England). Stock

−1
solutions (1000 mgL ) of nickel(II) nitrate and tin(IV) chloride,
were obtained from ACR (Moorooka, Australia). The stock solution
(1000 mg L−1) of antimony(III) oxide was obtained from Shar-
lau (Barcelona, Spain). Stock solutions (1000 mg L−1) of cobalt(II)
were prepared by dissolving 0.4938 g of cobalt(II)nitrate hexahy-
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Table 1
Range of reagent concentrations investigated during Multisimplex optimisation of FIA method.

[SSA] % (w/v) [Ammonia] % (v/v) [H2SO4] (carrier) (M)
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Initial concentration 1.5
Minimum tested concentration 0.8
Maximum tested concentration 2.8
Optimum concentration 1.5

rate (Co(NO3)2·6H2O, M&B Ltd., Dagenham, UK) in 100 mL of
ater.

For oxidation of pyrite samples, 35% (w/w) hydrogen perox-
de (Chem-Supply, South Australia) and 98% (w/w) sulfuric acid
Ajax Finechem, NSW, Australia) stock solutions were diluted to
he required concentration in ultrapure water.

ICP grade standard solutions of 10 mg L−1 iron and indium were
btained from Choice Analytical (NSW, Australia) and were diluted
ppropriately in 2% (m/v) sulfuric acid solution for inductively cou-
led plasma mass spectrometry (ICP-MS) analysis.

.4. Pyrite sample preparation

Pyrite samples were obtained from the mineral collection of the
outh Australian Museum. The samples were examined for any vis-
ble impurities (e.g. quartz), if present these were removed by hand,
esulting in a visibly homogeneous sample. For analysis of oxidation
ate, samples were prepared immediately before analysis to negate
ny potential effects of storage. Sample preparation proceeded in
he following manner: the sample was crushed in a purpose-built
ylindrical tempered steel mortar and pestle. The crushed pyrite
as then sieved through stainless steel sieves (Retsch, NSW, Aus-

ralia) to isolate particles in the size range of; 53 �m < x < 106 �m.
his fraction was subsequently mixed with approximately 10 mL
f acetone and ultrasonicated for 5 min to dislodge the fine min-
ral powder that is known to adhere to the grain surfaces during
he crushing process and the supernatant discarded. This adher-
ng powder has been identified to cause erroneously high reaction
ates due to much larger surface areas available for reaction [28].
he process of adding acetone and ultrasonication was repeated
ntil the supernatant was clear. The samples were subsequently
insed in 18 M� water and swirled in 1 M nitric acid for 1 min, re-
insed in water and finally rinsed with acetone and dried on a hot
late (less than 50 ◦C) to ensure all the acetone had been removed.

.5. Sample analysis

Freshly prepared pyrite (0.10 g) was accurately weighed into a
lean 150 mL polystyrene beaker to which an acidic peroxide solu-
ion (50 mL of a solution containing 1.0 M sulfuric acid and 2.0 M
ydrogen peroxide) was added. Immediately at the time of addi-
ion, the FIA instrument was started. The pump circulated the pyrite
eaction solution through the injection valve returning the solu-
ion to the reaction vessel and the software triggered the manifold
o inject 30 �L of the reaction solution every minute for 60 min.
ample reactivity was calculated by discarding the first 10 points
i.e. the first 10 min); this time was allowed for the reaction rate
o stabilise. The peak height of the remaining 50 points were each
veraged over the three replicates and fitted against a linear regres-
ion. A linear regression was found to be the most appropriate fit
ith R2 usually greater than 0.9, indicating that the reaction is zero

rder with respect to production of iron (most likely due to the

nitial excess of oxidant). This was chosen as very poor regression
tatistics were observed for other common reaction orders. R2 val-
es were typically less than 0.8 for 1st order and less than 0.5 for
nd order kinetics. The slope of the regression line was taken as the
ate constant (k).
2.5 0.010
1.5 0.000
5.8 0.015
2.5 0.000

2.6. Method validation

A sample of pyrite was reacted as described earlier, however
in addition to the instrument sampling the solution every minute,
30 �L samples were also taken manually using an automatic pipette
(Thermo Scientific, Australia) after reacting for 15, 30, 45 and
60 min. These were diluted to 5 mL in 2% H2SO4 and analysed for
57Fe using an Agilent 7500cx ICP-MS (Agilent, Victoria, Australia),
utilising the octopole reaction system with helium gas (flow rate
5 mL min−1) to correct for the effects of the interfering species
ArOH. Instrumental operating conditions were optimised accord-
ing to the instruments standard operating procedure for maximum
sensitivity.

Solutions were measured against a 200 �g L−1 indium internal
reference standard. A calibration curve for iron was generated from
the signals of seven reference standards prepared with concentra-
tions between 0 and 500 �g L−1.

3. Results and discussion

3.1. Simplex optimisation of reagent concentrations

When one or more variables are dependent on each other uni-
variate optimisations may give misleading results, in this case it
is more appropriate to employ a multivariate technique [29]. It
was decided to perform a simplex optimisation in this study as
the iron–SSA complex formed is dependent on the final pH of the
solution, with the optimal final pH being greater than 8 [30]. This is
interdependent upon the concentration of the ammonia solution,
the sample pH and acidity of the carrier stream. The initial reagent
concentrations are described in Table 1 above, and the SSA, ammo-
nia and H2SO4 were assigned step sizes of 1.5% (w/w), 2.0% (v/v) and
0.01 M respectively. After 13 trials only the ammonia concentration
was shown to have a discernable effect on the signal. Peak height
increased with increasing ammonia concentration up to 1.5% (v/v)
where the signal plateaued, this corresponds to the reagent having
an adequate ammonia concentration to elicit the desired change in
pH causing full development of the basic SSA colour. Beyond this
concentration (1.5%, v/v) the peak height and % RSD fell did not
deviate significantly. In all the cases the % RSD of peak height was
below 1.8%.

3.2. Flow rate optimisation

As a result of the data acquisition requirements of our in-house
software (slower flow rates resulted in a broader peak that could
not be captured in its entirety) flow rate was optimised indepen-
dently of reagent concentration using a univariate approach. In
all the cases, the flow of each reagent was maintained at equiv-
alent rates. The optimised reagent conditions used are described
earlier (Table 1). The effect of total flow rate on peak height
was studied over the range 3.5–11.5 mL min−1. As can be seen in

Fig. 2 the maximum peak height was observed at 4.5 mL min−1

beyond which the peak height was observed to decrease with
increasing flow rate. The signal at 11.5 mL min−1 was approxi-
mately 30% lower than that of the maximum. Flow rates less than
4.5 mL min−1 and greater than 7 mL min−1 resulted in increased
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ig. 2. Effect of flow rate on measured peak height, error bars showing ±1 standard
rror. Conditions: 150 mg L−1 [Fe] 18 M� water, 1.5% (w/v) SSA, 1.5 (v/v) ammonia,
njection volume 30 �L.

ariability of peak height when compared with flow rates between
.5 and 7 mL min−1. Furthermore at flow rates below 4.5 mL min−1

esulted, very broad peaks and a lower throughput were observed.
onsequently we chose a flow rate of 5.5 mL min−1 as a compro-
ise between high reproducibility and narrow peak widths, and

hroughput.

.3. Calibration

A series of calibration standards were prepared in the
egion 5–150 mg L−1 and analysed using the optimised condi-
ions described earlier. The resulting calibration curve had a linear
rendline with the equation: y = 0.0035x + 0.129, where y = peak
eight (AU) and x = iron concentration (mg L−1) and an R2 value of
.999. The limit of detection (blank + 3�) was 0.5 mg L−1. Typical
elative standard deviations were less than 2% with the high-
st relative standard deviation being 2.4% at the 5 mg L−1 level
n = 10).

.4. Interference studies

As pyrite is oxidised (either under the conditions described in
his study or in the natural environment) sulfuric acid is formed.
his decreases the pH of the surrounding solution. In addition,
yrite can often contain many different elements as mineral inclu-
ions or lattice substitutions which can occur in concentrations
f up to several weight percent [1] and these elements would be
eleased into solution. Therefore it is important to know whether
arying the acid concentration and trace element composition of
he sample matrix will impact the analysis.

In order to determine the effect of additional acid on the sys-
em, known volumes of hydrochloric acid was added to the reaction

atrix and the peak height for a 100 mg L−1 iron solution was mon-
tored. Hydrochloric acid was chosen as it is a strong monoprotic

cid and the additional hydronium concentration could be accu-
ately calculated. As can be seen in Fig. 3 the peak height is initially
naffected by increasing the acid concentration (from the original
M) of the sample matrix by up to 0.2 M after which there is a

teady decrease in signal. The observed decrease in peak height

able 2
he change in peak height as a % of the unspiked signal ± 1 standard error from a 100 m
lements.

Molar ratio (Fe:interferent) As (% change) Co (% change) Cu (% change

1:0.01 0.8 ± 0.2 −1.9 ± 0.1 −2.0 ± 0.2
1:0.1 1.3 ± 0.3 −2.4 ± 0.1 1.3 ± 0.1
1:0.5 1.1 ± 0.2 −1.6 ± 0.2 0.9 ± 0.2

1:1 2.2 ± 0.4 0.2 ± 0.1 1.0 ± 0.3
Fig. 3. Effect of increasing acid concentration of sample matrix on peak height. Con-
ditions: 100 mg L−1 [Fe], 18 M� water, 1.5% (w/v) SSA, 1.5 (v/v) ammonia, flow rate
5.5 mL min−1, injection volume 30 �L.

is due to the pH of the analysed solution decreasing to a point
where it is too low to evoke the full colour change. For detection of
total iron by SSA, a more concentrated ammonia solution would be
required.

The addition of several different ions (As5+, Co2+, Cu2+, Ni2+, Sb3+,
Sn2+ and Zn2+) commonly found as impurities in pyrite were inves-
tigated for their effect on the signal peak height. Standard solutions
of iron (100 mg L−1) were individually spiked with the interfering
ions under investigation and peak heights of the resulting solu-
tions were compared with that of an unspiked iron solution. The
results of this study are summarized in Table 2. As shown, with
the exception of antimony and zinc, which both resulted in a 5%
decrease in signal, the method was not significantly affected by the
presence of interferents at a 1:1 mole ratio. Whilst the presence
of antimony and zinc resulted in a distinct decrease in absorbance
at a 1:1 mole ratio, a 2:1 mole ratio (iron:interferent) did not sig-
nificantly affect the peak height. It is thought that the decrease in
peak height for antimony may simply be due to either the acidic
nature of the supplied standard solutions (antimony was prepared
in 5 M HCl whilst all the others were prepared in either 0.5 or 1 M
acid solutions). These concentrations of interferences would not
normally be expected in a pyrite sample, as pyrite is not known to
deviate significantly from the 1:2 Fe:S stoichiometry [1] and would
normally contain only mg kg−1 levels of the cations studied. There-
fore when applied to real samples the method is essentially free
from interferences.

3.5. Method validation

In order to confirm the results obtained using our colorimetric
FIA system, the method for determining total iron was validated
against an established ICP-MS method. The concentration of iron
was determined for four subsamples of a pyrite oxidation that were
taken at the same time as it was sampled for FIA. As can be seen

in Fig. 4 the concentrations of iron determined by the two meth-
ods correlated very strongly. Linear regressions of each set of data
gave equations: y = 0.011x − 1.60 and y = 0.012x − 1.54 for ICP-MS
and FIA respectively.

g L−1 Fe solution (average signal 0.46 AU) observed upon the addition of various

) Ni (% change) Sb (% change) Sn (% change) Zn (% change)

−0.3 ± 0.1 −3.5 ± 0.5 −1.0 ± 0.2 −0.7 ± 0.2
−0.5 ± 0.1 0.2 ± 0.2 0.0 ± 0.3 −3.8 ± 0.5
−0.2 ± 0.2 1.5 ± 0.5 0.9 ± 0.3 −2.1 ± 0.5
−1.1 ± 0.2 −5.4 ± 0.4 −3.0 ± 0.4 −5.0 ± 0.3
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Fig. 4. Comparison of FIA and ICP-MS methods for determination of total iron in
solution. Error bars (where visible) show ±1 standard error. Solution from the reac-
tion of 0.1 g pyrite (Isle of Elba) in 2 M H2O2 and 1 M H2SO4 (50 mL) sampled per
minute for FIA and per 15 min for ICP-MS, reactivity = 0.012 mg L−1 s−1. FIA condi-
tions: 1 M H2SO4 sample matrix, 18 M� water, 1.5% (w/v) SSA, 1.5 (v/v) ammonia,
flow rate 5.5 mL min−1, injection volume 30 �L.

Table 3
Geological origin and crystal habit of each of the tested pyrite samples.

Sample origin South Australian
Museum Reg No.

Crystal habit

Nairne, Brukunga, South
Australia

SAM G16022 Pyritohedral

Poona Mine, Moonta, SA SAM G17012 Pyritohedral, intergrown
with quartz

Gumeracha, SA SAM G18915 Striated cubic/pyritohedral
Wuxuan, Guangxi, China SAM G29982 Nodular, radiating

(sunflower)
Pacific Ocean SAM G30334 Massive/granular
Black Cloud Mine,

Leadville, CO, USA
SAM G32419 Cubic

Daly-Judge Mine, Peak City,
UT, USA

SAM G32420 Pyritohedral

3

f
a
e

p
c

[
[
[
[
[

Isle of Elba, Italy SAM G6876 Pyritohedral
Navajun, Spain SAM G33033 Cubic
Sparta, Randolph County, IL SAM G30955 Flattened, nodular (dollar)

.6. Application to real samples

Pyrite samples from 10 geographical locations were obtained
rom the South Australian Museum mineral collection (Table 3)
nd analysed in triplicate using the optimised method as described

arlier.

Oxidation rate constants were derived for each sample and are
resented in Fig. 5. The samples gave an overall variation in rate
onstant of (approximately) 0.015 mg L−1 s−1, with almost an order

Fig. 5. Relative reactivity rates of 10 pyrite samples.
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of magnitude difference from lowest to highest value. This large
difference in reactivity across this relatively small sample set is
good preliminary evidence toward the hypothesis that pyrite from
different locations do have different inherent reactivities. Further
work would include increasing the size of the sample set to more
accurately represent the global pyrite population, and also to char-
acterise these samples in terms of impurities and internal texture
to see if there is any correlation between the measured difference
in reactivity and individual sample attributes.

4. Conclusion

An accurate, reproducible and rapid method for the analysis of
total iron in mine drainage water using the colorimetric reagent
5-sulfosalicylic acid in basic conditions has been developed. The
method was successfully validated using ICP-MS at several iron
concentrations. The method is also suitable for the routine deter-
mination of total iron concentration in mine drainage water as well
as determination of the reactivity of mineral samples. The method
does not suffer from interferences by several metal ions commonly
associated with pyrite up to a ratio of 1:1 (molar) though it is sensi-
tive to increases in sample matrix acidity above 0.2 M. The method
has been used to collect preliminary data indicating that there is a
variation across pyrite minerals from different locations that will
provide basis for further investigation.
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