Geochemical Perspectives Letters — Supplementary Information

Letters

© 202I The Authors
Published by the European Association of Geochemistry

Morphology dominated rapid oxidation of framboidal pyrite

R. Du, H. Xian, X. Wu, J. Zhu, J. Wei, J. Xing, W. Tan, H. He

Supplementary Information

The Supplementarynformation includes:
0 Materials and Methods
0 Supplementary TexCalculation of specific surface aresrface species on the microscopic pyrite

i TablesS1to S3:S 2 peak parameters and chemical states of oxidised py8itEs ratios derived from-X
ray photoelectron spectroscopy (XPS) survey speat different oxidation intervaland a omparison of
oxidation rates of the samples.

0 FiguresS-1to S3: S 2 spectra and Fepz. XPS spectra of oxidised Ry, Pyco and Pyto surfaces and the
kinetic data normalised by the SSéf the three samples.

U SupplementarynformationReferences

Materials and Methods

Preparation of microscopic pyrite

Highly pure microscopic pyrite samples were synsegsusing a polymeassisted hydrothermal methadhich was
modified afteWanget al. (2010) The processasperformed in a glove box (MIKROUNA) fulfilled with higpure
nitrogen (>999 %), 21 mL polyvinyl alcohol solution (4wt. %) and 0.45 g polyvinylpyrrolidone were dissolved in

39 mL water, then 0.4 g Fe4AH.O was added to this solution under constant stirring to form a homogeneous
mixture. 10 mL NaOH (0.7 M) was added dropsvisto the mixture, anfinally 0.4 g Sulfur powder was added to the
solution under magnetic stirring for 1 hour. By appropriately increasing the amount of NaOH (0.7 M) from 10 mL t«
11 mL, microcrystalline pyrite with different morphologies containing {100} and {111} crystaksdamally can be
synthested. The above reagents are of analytical grdde. mixture was sealed in a Tefloned stainlessteel
autoclave (70 % filled), and maintained at 453 K for 12 h, then cooled to room temperature naturally. The produt
were washe@ timeswith Milli -Q water and times withanhydrous ethanol. The collected samples were dried at 60°
undervacuum,and then stored in the glove baith nitrogenatmosphere
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Oxidation experiments

The samples possessing similar morphology with framboigiatepmicroscopic crystals were used to conduct
oxidation experiments A7 ri%0 air. Glass slidewith covered pyrite film were employed the oxidation experiments,
which was prepared in the oxygeinsulated glove box. The pyrite films were prepared by dropping suspeamsion
glass slides, the suspensicmmposed of the pyrite samples and ethanol. The oxidation experiments were carried ol
in an airtight homemade reaction callroom temperature. Saturated NaCl soluti@sused to control the humidity
condition, providing a relative humidity of &®6 throughout the experiments.

Characterisation

The Xray diffraction (XRD) patterns were recorded on a Bruker D8 ADVANGCEay diffractometer with a Ni filter

and Cu KJ radiation source, which were operated at a generator voltage of 40 kV and a current of 40 mA. Tt
chemical composition and morphology of the samples were sathbn a MIRA3 TESCAN field emission scanning
electron microscope (FESEM) equipped vitlle energy dispersivepectrometly (EDS). The working distance of the
EDS analysis was set at 6.5 mithin sections ofnatural pyritesamples were prepared for scanniggctron
microscopy (SEM) observations using a Phenom XL SEM equipped with ssbattkred electron (BSE) detectkr.

ray photoelectron spectroscopic (XPS) analgsisa Thermo Scientific ¥alpha spectrometer with a base pressure of
108 mbarand an alumirum KUsource (1486.8 eV). The spectra were processed using the Thermo Avantage analys
software with smart backgrounds and peaks with mixed Lof@atissian shapes.

Supplementary Text

Calculation of specific surface area

Because the limited amount of synthesised samples restricted the use gattsoiption BET method to determine
their SSA, the SSAs of the pyrite samplesenestimated based on geometry, as follows:

S = s [ V |
whereSis the SSAs andV are the surfee area and volume of the grains, respectively jasdhe density of pyrite
(5 g/cn¥). The geometric lengths required in the calculations were derived from the average value of the statistic
measurements from a series of FESEM microgrdplts 1ji ). According to the geometric model, the SSAs were
2.54, 1.96 and 1.83#g for the Pytc, Py-co and Pyto samples, respectively.

Surface species on thamicroscopicpyrite

S 2 and FePs2 XPS spectra are utilized to characterize surface states of pyrite before and after oftittaberntet

al., 2014; Zhuet al, 2018; Xianet al, 2019) From XPS S @ spectraof the pyrite samples before and after
oxidizationfor 84 hous (Fig. S1), two doublets, with maxima at 162.50 and 161.80 eV are assigned to the faulk sul
dimer (S#-bulk) and the surface dur dimer (S$*-surface), respectively. The tail feature at 164.40 eV is generated by
the corehole effect in pyrite(Herbertet al, 2014) Two doubets, with maxima at 166.60 and 168.20 eV are assigned
to the thiosybhate (SOs? ) and subhate (S@ ) on the surface of oxistd pyrite, respectivelyrhe results Table S1)
showedthat thiosuphate only present at the initial stage of pydiédation,thereby indicating that thiosulfate rapidly
converts to sulphat&rom XPS Feps» spectra othe pyrite samples before and after osationfor 84 hous (Fig. S

2), the low spin bulke at706.60 eV and twasurfaceFe states were observed. One surface Fe state is a quadruplet
with a minimum at 707.20 eV, and the other one is a triplet with a minimum at 708.50 eV. A quadruplet with minim
at 710.80 eV is assigned to Fe {0)type speciesThe peaks of sphate andron oxyhydroxides increaswith the
oxidation time(Figs. S1 and S2), indicating the increase of their content on the surface of pyrite samples.
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Supplementary Tables

Table S1S 2 peak parameters and chemical states of seddpyrites.

Percentage of species detected
Samples Species ¥ EsleV

0 hr 6 hr 12 hr 36 hr 60 hr 84 hr
Bulk S 0
Doublet 1.2 75.58 77.01 74.92 73.09 71.57 70.93
Surf S -0.7

13.82 13.98 13.45 12.43 12.06 11.59
Doublet 0.5
Py-tc CH 2.18 10.54 9.00 11.41 12.07 11.61 10.74

Sulfate 57
Doublet 6.9 0.00 0.00 0.22 2.41 476 6.73
Thiosulfate 4.05

Doublet 525 0.07 0.00 0.00 0.00 0.00 0.00

Bulk S 0
Doublet 12 74.33 74.68 74.41 72.87 69.58 67.88
Surf S -0.7

13.84 13.56 13.23 13.15 11.91 11.63
Doublet 0.5
Py-co CH 2.18 11.79 11.12 11.09 11.13 11.58 11.67
Sulfate 57
Doublet 6.9 0.00 0.11 0.83 2.63 6.83 8.81

Thiosulfate 4.05

Doublet 525 0.03 0.53 0.45 0.23 0.11 0.00

Bulk S 0
Doublet 1.2 74.31 75.13 73.42 71.48 64.39 65.01
Surf S -0.7

14.20 13.83 13.47 12.97 11.98 11.75
Doublet 0.5
Py-to CH 2.18 11.49 10.79 11.87 11.28 12.87 12.09

Sulfate 5.7
Doublet 6.9 0.00 0.00 0.84 4.14 10.76 11.15
Thiosulfate 4.05

Doublet 5.25

0.00 0.25 0.40 0.12 0.00 0.00

Table S2 S/Fe ratios derived from -Xay photoelectron spectroscopy (XPS) survey spectra at different oxidation
intervals.

S/Fe ratio (XPS survey spectra)
Samples
Ohr 6 hr 12 hr 36 hr 60 hr 84 hr
Py-tc 3.29 3.27 3.47 3.69 3.94 4.12
Py-co 3.38 3.52 3.55 3.61 3.40 3.42
Py-to 3.71 3.58 3.72 4.14 3.92 3.83
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Table S3 Comparison of oxidation rates Bf-tc, Py-co and Pyto.

Rate (mol 0m?s)
Samples
lsx I Fe2p3s2
Py-tc (5.595+ 0.3520)x 10° (6.768+ 0.4287)x 10°
Py-co (7.987+ 0.4873)x 10° (9.340+ 1.1145)x 10°
Py-to (1.024+ 0.1029)x 10% (1.385+ 0.1548)x 10%

Calculation methods refer to the literat(@hu et al, 2018)
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Supplementary Figures
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Figure S-1 S2p X-ray photoelectron spectroscopy spectra of pyritécRyruncated cubic pyrite) , Ryo (cube
octahedral pyrite), and Ry (truncated octahedral pyriteQirfaces oxidied in airwith arelative humidity of 77 %at
intervals of0, 6, 12, 36, 6@nd84 hr.
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Figure S-2 Fe 2ps. X-ray photoelectron spectroscopy spectra of pyritécRyruncated cubic pyrite) , Ryo (cube
octahedral pyrite), and Ry (truncated octahedrplrite) surfaces oxidied in airwith arelative humidity of 77 %at
intervals of0, 6, 12, 36, 6@nd84 hr.
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Figure S-3 The kinetic data normatd by SSA of the three sampl&s3 .soxidation time ) from S 2 (a) and Fe
2p32(b) XPS spectra of pyritPy-tc, Py-co and Pyto oxidised surface<(” is theconcentraitiorratio of oxygen
containing species to unoxsdid specieSToxidised Cunoxidised)/ SSAS.
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