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A B S T R A C T

Gold dissolution was investigated in ferric chloride solution, being one alternative cyanide-free leaching media
of increasing interest. The effect of process variables ([Fe3+] = 0.02–1.0 M, [Cl−] = 2–5 M, pH = 0–1.0,
T = 25–95 °C) on reaction mechanism and kinetics were studied electrochemically using rotating disk electrode
with ωcyc = 100–2500 RPM and Tafel method. The highest gold dissolution rate (7.3 · 10−4 mol m−2 s−1) was
achieved at 95 °C with [Fe3+] = 0.5 M, [Cl−] = 4 M, pH =1.0 and ωcyc = 2500 RPM. Increase in gold dis-
solution rate was observed with increase in temperature, ferric ion concentration and chloride concentration, but
gold dissolution rate did not have a clear dependency on pH. Redox potential was found to vary between 636 and
741 mV vs. SCE during experiments. According to the calculated equilibrium and measured open circuit po-
tentials, gold was suggested to dissolve as aurous ion Au+ and form AuCl2−, rather than auric ion Au3+ and
form AuCl4−. Further, it is suggested that AuCl2− does not oxidize to AuCl4− under the investigated conditions.
Levich plot and the calculated activation energies suggested that gold dissolution was limited by mass and
electron transfer. According to a mechanistic kinetic model developed in the current work, intrinsic surface
reaction mainly controls gold dissolution, especially at higher rotational speeds (> 1000 RPM). Uncertainties in
the model parameters of the mechanistic kinetic model were studied with Markov chain Monte Carlo methods.

1. Introduction

Cyanide leaching is the predominant method used in gold produc-
tion from primary raw materials (Marsden and House, 2006) regardless
of the toxic nature of the chemical posing a significant health threat if
exposed to the ecological entities (Hilson and Monhemius, 2006). Since
the Baia Mare disaster in Romania in 2000, the use of cyanide has been
the subject of international concern (UNEP/OCHA, 2000). Moreover,
several countries have started to ban cyanidation via legislation, e.g.,
Costa Rica, many states of the USA and provinces within Argentine
(Laitos, 2012). Therefore, alternative solutions, such as thiourea, thio-
sulphate, oil-coal agglomerates as well as halides have been proposed to
replace cyanide (Adams, 2016; Aromaa et al., 2014; Aylmore, 2005;
Hilson and Monhemius, 2006; Lampinen et al., 2015a).

Halide gases (Cl2 and Br2) have been industrially used since the 19th
century in gold ore leaching due to their oxidative nature and ability for
gold complexation by Cl−/Br− ions in solution originating form Cl2 and
Br2 gases (Kirke Rose, 1898). The disadvantage in the use of halide
gases is that they are expensive, strongly corrosive, and requires high
focus on safety and storing during operation. In addition, the use of
halide gases can induce high redox potentials that result in gold pas-
sivation (Abe and Hosaka, 2010).

Chloride leaching provides major advantages for hydrometallurgical
processing, as it supports high metal solubility, enhanced redox po-
tentials and high leaching rates (Liddicoat and Dreisinger, 2007). Ac-
cording to Abe and Hosaka (2010), ferric ion can be an effective oxidant
in chloride media for gold leaching, gold dissolution occurring at lower
redox potentials compared to chlorine and aqua regia leaching. A redox
potential of ≥480 mV (vs. Ag/AgCl) is required in ferric chloride
leaching compared with typical redox potentials of ≥778 mV (vs. Ag/
AgCl) in chlorine/bromine gas leaching (Abe and Hosaka, 2010). Ferric
and cupric chloride leaching can have advantage over cyanidation
being capable for refractory gold mineral leaching, without pre-treat-
ment like pressure oxidation or roasting (Angelidis et al., 1993,
Marsden and House, 2006; Lundström et al., 2014; van Meersbergen
et al., 1993). According to Aylmore (2005), 4% of publications for al-
ternative lixiviants to cyanide in gold leaching were under category
oxidative chloride processes including aqua regia and acid ferric
chloride. Further, some patents have been subjected for ferric chlorides
for gold leaching (Abe and Hosaka, 2010; Lundström et al., 2016)

Gold can be present in aqueous chloride solution as either in
monovalent aurous form Au+ or trivalent auric form Au3+ (Marsden
and House, 2006). Putnam (1944) suggested that the dissolution of gold
proceeds in two steps: formation of intermediate AuCl2− occurs by
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