Supporting Information

Galena oxidation in oxygen-bearing acidic solutions
Paul Chirita

University of Craiova, Department of Chemistry, Calea Bucuresti 1071, 200478 Craiova, Romania

*Corresponding author. Tel.: +40251597048; Fax: +40251597048

Email: paulxchirita@gmail.com



mailto:paulxchirita@gmail.com

X-ray diffraction analysis
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Figure S1. The X-ray diffraction pattern of the galena sample.

X-ray diffraction (XRD) analysis was carried out with Cu target tube (voltage = 30.0 kV; current = 30.0 mA).

The XRD diagram was recorded in the range 2Theta = 5° - 70°.

Open circuit potential (OCP) versus time

The OCP was considered stable when the drift of the measured potential was below 4 mV for at least 10

min (Fig. S2).
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Figure S2. The variation of the OCP versus time at 25°C. (a) pH 2.00 and two different oxygen

concentrations ([0,]) and, respectively, (b) [O,] = 2.2E-4 and two different pH values.



Hilbert transform

The Hilbert transform (Z-HIT)! can be used to establish the validity of impedance data set. In this order, Z-
HIT transform was carried out over the measurement frequencies (10 mHz - 100 kHz). Figs. S3(a-e) present
the Hilbert transforms (Z-HIT) in comparison with the experimental data (|Z]). Even if at low frequencies,
there are small differences between Z-HIT and |Z| (Figs. S3(d and e)), the perfect concordance between
the two parameters at the other frequencies shows that the experimental data set can be considered

valid.2
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Figure S3. Z-HIT tests for the identification of EIS artifacts produced by time drift (at low frequencies) and

mutual induction (at high frequencies) at 25°C. (a) [0,] = 7.0E-5 and pH = 2.00; (b) [0,] = 2.2E-4 and pH =

2.00; (c) [0,] = 2.2E-4 and pH = 2.50; (d) [O,] = 2.2E-4 and pH = 2.95 and, respectively, (e) [0,] = 2.2E-4 and



pH = 3.50. The Z-HIT curves (red ¢) should match the impedance modulus data (blue O). At intermediate
and high frequencies (Figs. S3a-e), there are no differences between the experimental data and Z-HIT
curves, eliminating the existence of any parasitic effect caused by the magnetic field produced by the
current passing through the cables. There are only minor differences at low frequencies (suggesting
possible small differences between the initial and final states of the system during the impedance
measurements, differences possibly caused by reactions like dissolution, precipitation, adsorption etc.)

for spectra recorded at pH 2.95 (d) and 3.50 (e). The experimental conditions are presented in each graph.

Theoretical expression for the mixed potential (oxidation potential) and current density of aqueous

oxidation of galena

A theoretical expression of j,, can be obtained following a procedure like that of Holmes and Crundwell3

or Badica and Chirita* and considering that charge transfer coefficients are not necessarily equal with 0.5.°

The half reactions are:

- anodic oxidation of galena

PbS + 4(1-x)H,0 = Pb?* + xS + (1-x)SO,% + 8(1-x)H* + 6(1-x)e (51)

with the corresponding current density

appsFE )

jibs = kpps[H * VPexp(~ (52)

- cathodic reduction of oxygen
Oz+4H++4e-= 2H20 (53)

with the corresponding current density

—(1- aOZ)FE)

o, = —ko,[H* 1102 exp(—7— (s4)

E is the potential, F is the Faraday constant, R is the gas constant, T is the absolute temperature, p and y

are the exponents of [H*], kpps and ko, are the rate constants, and apps and g, are the corresponding

charge transfer coefficients. 1.24 is the slope of log j versus log [O,] plot (Figure S4), determined in



conformity with the procedure described by Badica and Chirita.* j is the current density registered at a

cathodic overpotential of 0.19 V with respect to E,, at the two concentrations of O,.

25°C
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Figure S4. log j versus log [0,] in the experiments performed at pH 2. The cathodic j values were obtained

at overpotentials of 0.19 V with respect E,,.

At oxidation potential, E.,,
jpbs = —jo, (S5)

Following procedure described by Holmes and Crundwell® or Badica and Chirita* one obtains:

_ RT Koy =B 1124
Eox= (1 + apps — aoz)Fln(kas[H ] [02] ) (S6a)
0.059 ko, G —B[n 11.24
Eo = Traprarlog (5l * 17 Plo,]'2) (s6b)

As jox = jpps it results that:



3 “PbSFon
Jox = kaS[H - ]ﬁexp( RT ) (S7)
Inserting Eq. S6a in Eg. S7 one obtains:
. apps 1.24appg = PBapps +
. 0,\1+apps—ag T+apye—a 1+apps—a
Jox = kpbs(@) oo ur] (s8)

apps and ap, can be obtained from the slopes of E,, versus log [0,] (i.e., 0.192) (Figure S5) and log j,x

versus log [05] (ie., 0.96) (see Figure 8 in the article).
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Figure S5. E,, versus log [0,] in the experiments performed at pH 2.

1.24 0.059 .
T+ ams— a0, = 0.192 (S9)
1.24
o 0.96 (510)

1+ apps —ao,

1+ Apps — Ao, = 0.381 (511)



apps = 0.295 (S12)
ap,=0.914 (513)

From E,, versus log [H*] plot (Figure S6) we can compute y — 8 value. y — f§ = 0.13. 8 can be obtained

from the slope of log j,y versus log [H ™ ] (i.e. -0.02) (see Figure S7). 8 is -0.12. It results that ¥=0.01.

In consequence,

ko 077

jox = kaS(KO:S) [02]0'96[H+] 0 (514)
ko. 077
an equation similar to Eq. (5) in the article, with k = kpbg(gbzs)
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Figure S6. E,, versus pH in the experiments performed at [0,]=2.2E-4 M.
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Figure S7. log j,. versus log [H +] in the experiments conducted at [0,]=2.2e-4 M.
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