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Report

We used Fe K-edge EXAFS spectroscopy to characterize the structure of synthetic Fe(ll1)-
precipitates formed by the oxidation of 0.5 mM Fe(ll) in aerated aqueous solutions buffered
to pH 7.0 (8 mM HCO3/CQO,) in the absence and presence of Ca at molar phosphate/Fe ratios
from 0 to 2. The analysis included both fresh precipitates collected after complete Fe
oxidation (4 h reaction time) as well as precipitates that were aged for 30 d at 40°C in their
synthesis solution.

The Fe K-edge EXAFS spectra were recorded at room temperature in transmission mode.
Spectra suitable for analysis by linear combination fitting and structural shell fitting could
typically be obtained within 30-60 min. In combination with the 10-fold sample changer
available at the beamline, this allowed to make very effective use of the available beamtime,
despite the reduced ring current in 16-bunch mode. Examples for spectra collected during this
experiment are shown in Fig. 1. Note: Because the measurement time per sample was lower
than anticipated, we were able to analyze additional samples from other Fe-related projects
(Fe speciation in loess from the Chinese loess plateau; characterization of Fe colloids
mobilized from different types of soils; redox-state and coordination of Fe(ll) and Fe(lll)
reacted with reduced and oxidized humic acid). Some of these analyses served as feasibility
tests. Other results have already been included in a scheduled conference contribution (see
references) and form part of a manuscript in preparation.
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Fig. 1: Fe K-edge EXAFS spectra of fresh precipitates formed in 4 mM CaCO; background
electrolyte at pH 7.0 at in initial dissolved phosphate/Fe(ll) ratios from 0.005 to 2.0 (indicated
by numbers assigned with specta in k-space; arrow shows trend in second-shell FT amplitude
with increasing P/Fe).

Spectra as shown in Fig. 1 were also collected from fresh precipitates formed in NaHCO;
background electrolyte, as well as from aged Fe(lll)-precipitates. The spectral changes
observed in Fig. 1 reflect the transition from predominantly poorly crystalline lepidocrocite in
the absence or at very low P/Fe ratios to increasing fractions of amorphous Fe(l11)-phosphate
as P/Fe ratio in the starting solution increases. For the analysis of these spectra by linear
combination fitting (LCF), we relied on spectra for crystalline lepidocrocite and goethite as
well as amorphous hydrous ferric oxide and Fe(ll1)-phosphate measured in previous work
(Voegelin et al., 2010). Amorphous Fe(l11)-phosphate fractions derived by LCF analysis as a
function of initial dissolved phosphate/Fe ratio are shown in Fig. 2.
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Fig. 2: LCF-derived fractions of amorphous Fe(lll)-phosphate in fresh and aged precipitates
formed in NaHCO; and CaCOs; background electrolyte as a function of the initial molar
phosphate/Fe(ll) ratio in solution. Note: part of the LCF results were obtained on spectra
previously measured at ANKA.



For fresh precipitates, LCF results showed that exclusive Fe(lll)-phosphate formation in the
absence of Ca occured at lower P/Fe ratio than in the presence of Ca. Based on wet-chemical
analysis, this could be attributed to a higher molar P/Fe ratio of amorphous Fe(lll)-phosphate
formed in Ca- than Na-electrolyte. Closer inspection of the EXAFS spectra of precipitates
formed at high P/Fe ratios points to the formation of mixed Ca-Fe(lll)-phosphates in the
presence of Ca. The absence of Fe(lll)-phosphate in precipitates formed at low P/Fe ratios
(<0.2) can be attributed to the transformation of initially formed Fe(lll)-phosphate during
continuing oxidation (\Voegelin et al., 2013).

Upon aging, substantially lower Fe(lll)-phosphate fractions were observed in precipitates in
NaHCO; background electrolyte, due to continuing Fe(lll) polymerisation. This resulted in
substantial resolubilisation of phosphate as well as of arsenate (which was present at trace
levels in all experiments). In contrast, only a minor decrease of the Fe(lll)-phosphate
fractions was observed in the presence of Ca, in line with wet-chemical data showing a much
lower resolubilitsation of P and As. We attribute this difference to inhibited Fe(lll)-
polymerization as a result of Ca incorporation into mixed Ca-Fe(l11)-phosphates.

The results from this experiment provide valuable new insight into the formation and aging of
Fe(lll)-precipitates formed by Fe(ll) oxidation in aqueous solutions and allow to relate
changes in dissolved element concentrations to variations in precipitate structure. For
publication, EXAFS results are complemented with precipitate characterisation by XRD,
FTIR, TEM as well as by wet-chemical data on dissolved element concentrations. The
findings from this study have important important implications with respect to the fate of Fe
and co-transformed major and trace elements in natural and technical systems (surface- and
groundwater resources, soils and sediments, drinking water purification and wastewater
treatment). In continuing work, we aim to further explore how silicate and humic acid affect
Fe(l11)-polymerization and phosphate-Fe interactions.
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