Recovery of metallic iron from the loaded organic phase after
solvent extraction by precipitation-stripping with hydrogen gas
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Abstract

Removal of iron from pregnant leach solutions (PLS) is a critical yet challenging step in
hydrometallurgical processing prior to the recovery of valuable metals [1,2]. Conventional iron
removal by precipitation of ferric compounds such as goethite or jarosite generates large
amounts of solid waste. Solvent extraction (SX) offers an alternative route, enabling
subsequent recovery of iron as a marketable product. In this study, an innovative SX-based
iron removal process was investigated, by using H,, which is particularly promising in
hydrometallurgical flowsheets due to its green properties and high reactivity in reduction
processes [3,4]. This method has previously been investigated for recovery of copper, nickel
and cobalt [5], and for the reduction of Fe(lll) to Fe(ll) [6]. Notwithstanding some promising
preliminary experiments using H, gas and ammonia as a base to enhance the precipitation—
stripping rate [7], no convincing evidence of metallic iron formation has been obtained. Two
bases were tested in our experiments, NHs(g) and Mg(OH),, helping to shift the reaction
equilibrium for the kinetically slow iron reduction. The relevant reactions are: 2FeVs +
3H, g+ 2Mg(OH), - 2Fe?s) + 2HV + 2MgV, + 4H,0 and 2FeV; + 3Hyaq) +
4NH3g) - 2Fe(()s) + 2HV + 4NH,V, where V is the organic acidic extractant Versatic.

Experiments were carried out in 80 mL Hastelloy reactors (Parr) at p(H.) < 10 bar and
200 °C, with reaction times of 2 to 16 hours. Ferric iron was first extracted from aqueous
solution into an organic phase containing the carboxylic acid extractant Versatic Acid 10
(VA10). The loaded organic phase (5-16 g Fe per L) was then subjected to direct reduction
using hydrogen gas to precipitate iron. The effect of different seeding materials (Ni, C and Fe)
on iron precipitation was examined. Formation of metallic iron particles was observed only
with Ni seeds, a high Hy/Fe molar ratio (212), and the addition of either Mg(OH). or NHs.
Under comparable conditions, precipitation yields with Ni seeds were up to 16 times higher
than with carbon seeds. VA10 degradation was lower with Mg(OH), than with NHs. At lower
H./Fe molar ratios, regardless of seed type or base addition, only iron oxides (magnetite and
hematite) were formed, demonstrating the need for an excess of hydrogen gas well above
stoichiometric requirements.
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