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Characterization of hydrotalcite/pyroaurite-like anion
adsorbents derived from magnesite and dolomite

Karolina Rybka"", Jakub Matusik'

'AGH University of Science and Technology, al. Mickiewicza 30, 30-059 Krakow, Poland
*krybka@agh.edu.pl

Water pollution is considered a worldwide issue due to the rapid development of in-
dustry. Out of all wastewater treatment methods, adsorption techniques are most effective,
easy and economically viable. With a large group of cheap and known cation adsorbents,
there is still a high demand for the anion adsorbents of low price and high effectiveness.
Layered double hydroxides (LDH), usually called “anionic clays” or ‘hydrotalcite-like min-
erals” possess anion exchange properties and despite they are relatively rare in nature, the
synthesis in laboratory conditions is very casy. This makes them promising materials for
the anions removal from wastewaters.

LDH represent a large class of phases which exhibit a brucite-like structure intercalat-
ed with anions. According to the general formula [M" |, M™, OH,[*" [A™]yn * vy H2O, the
LDH structure consists of divalent (M") and trivalent (M"") metals that form positively
charged layers where the charge is balanced by hydrated interlayer anions. Minerals dis-
cussed in this work belong to the hydrotalcite (Mg/Al) and pyroaurite (Mg/Fe) groups of
LDH. The goal of this research was to synthesize Mg/Al and Mg/Fe LDH via transfor-
mation of minerals instead of using chemical reagents. This can result in reduction of the
final cost of adsorbents production.

Mg/Al and Mg/Fe LDH were obtained by the transformation of magnesite [M] and
dolomite [D]. These minerals were sources of M" (Mg”" and Mg®*+Ca®’, respectively) and
AICI; or FeCl; were used as a source of M™. Tn order to release the M" cations, a AICI;
hydrolysis process was used in the case of Mg/Al LDH, and dissolution in HCI was per-
formed in the case of Mg/Fe LDH. The solution containing M" and M"' was added drop-
wise to the 2 M NaCl solution with the pH=10 set by an aqueous NaOH and controlled
constantly during the synthesis. The obtained slurry was aged for 2 h, washed with water
and dried at 60°C overnight. Samples of pure LDH from chemicals were synthesized in
analogical conditions as a reference materials. Several variations of LDH in terms of
M"/M" ratio and ageing times were obtained.

The XRD confirmed presence of LDH in all samples as compared to the ICDD stand-
ards of hydrotalcite and pyroaurite. In Mg/Al LDH samples derived from minerals addi-
tionally gibbsite and calcite were formed. The LDH morphology was depicted by the SEM
and showed characteristic agglomerated layered particles clearly differing from the starting
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minerals. Samples were also characterized by FTIR, Raman and XPS spectroscopy which
showed differences in interlayer carbonates species and structural vibrations.

All materials were tested towards As(V) removal in a single-system aqueous solution.
They showed similar or slightly lower affinity towards As(V) in comparison with the LDH
synthesized from chemical reagents. Bearing in mind that the cost of LDH materials de-
rived from minerals is significantly lower and that the obtained materials are showing simi-

lar properties to conventional LDH, they may be considered for future use in the
wastewater treatment.

This research was supported by the National Science Centre, Poland under the project
no. 2017/27/B/ST10/00898.
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