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Carbonation of ultramafic mine tailings offers a viable method
for mitigating anthropogenic CO2 emissions. The accelerated
weathering of gangue silicate and hydroxide minerals releases
Ca- and Mg-, which then react with dissolved CO2 in meteoric
water—precipitating carbonate minerals and storing CO2 in a
form that is stable over geological time scales. Trace metals,
such as Ni, are also mobilized during mineral dissolution and
may be sequestered into secondary carbonate precipitates [1].
The hydrated Mg-carbonates, nesquehonite (MgCO3∙3H2O),
dypingite [Mg5(CO3)4(OH)2∙~5H2O] and hydromagnesite
[Mg5(CO3)4(OH)2∙4H2O], are the most frequently observed
secondary carbonate precipitates in ultramafic tailings [2, 3];
however, recent studies suggest that amorphous Mg-carbonate
(AMC) is an important sink for storing CO2 in these settings, too
[2]. Amorphous Mg- and Ca-carbonate minerals are metastable
and transform to increasingly stable, crystalline phases—
typically via pathways comprising several metastable
intermediates, such as dypingite or hydromagnesite. The effects
of these phase transformations on the mobility of transition
metals are currently unknown. Here, we constrain the extent of
Ni uptake into amorphous Ca-Mg carbonates and trace the
release of Ni during the amorphous-to-crystalline and subsequent
phase transformations. Our results show that the initial
precipitation of amorphous Ca-, Ca-Mg- and Mg-carbonates
removes ≥92% of Ni in solutions beginning with 10 and 100 ppm
Ni, respectively. Corresponding increases in Ni concentrations in
the solid phases suggest that amorphous carbonates effectively
sequester Ni by non-selective incorporation during precipitation.
As the reaction proceeds, we show that Ni is retained during
phase transformations in Mg-carbonate transformation pathways
(>99.8% aqueous Ni removal) and released during certain Ca-
carbonate phase transformations (92.5% to 54.3% aqueous Ni
removal). These results suggest that precipitation via an
amorphous precursor favours the uptake and retention of Ni in
Ca-, Ca-Mg- and Mg-carbonates, despite the incompatibility of
Ni in some of the observed crystal structures (e.g., calcite and
vaterite). These results have important implications for the
environmental remediation of Ni—a potentially hazardous
contaminant—during mineral carbonation.
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