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Synthetic magnetite is highly reactive with Indigo Carmine as a redox probe

The nature of reactive surfaces, the accessibility of reactive molecule.  Isolated natural magnetite from one Hanford sediment appears
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for different minerals present in sediments and soils, both Hanford site. Nearly pure magnetite crystallites were isolated and fractions enriched in iron nonreactive both as extracted and when fresh surface is exposed by grinding.
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mobility of naturally occurring Fe-oxide microparticles
relative to their impact on the redox behavior and mobility of
U and Tc in subsurface geologic systems.
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potentially reactive fraction has not been well studied and is Fractions components (see that can be conducted. A set of experiments looking at U(VI) sorption on the

table below) natural magnetite crystals demonstrates that XPS can be used to study sorption

expected to show considerable variation between the N s . - o
reactions on individual grains approximately 100 um in size.

Hanford and Ringold formations and specific vadose zone

samples  from  within  them." Zachara et al
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XR?ignfifgvganZ gﬁﬁ(saigsm Plagioclase | Orthoclase Biotite & Quartz | Chlorite | Magnetite Amphibole magnetite particles as measured
) o Feldspar Feldspar Muscovite (Hornblende) by XPS after exposure to a 25 pM
Overview and Approach Separated Components by wi% U(VI) solution at pHS. Particles
Bulk* 30.0 7.4 45 43.0 1.0 0.1 2.0 were analyzed using a 50 um
Results of four activities are reported: Magnetic Fraction 0.3A 410 95 25j0_ 100 43 0.0 50 gﬁ:rﬁﬂen'q ;%i)uos)?d cray spot (P
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» Use separation methods to isolate the mineral Magnetic Fraction 0.5A 30.0 4.9 29.0 12.0 11.0 0.0 13.0 G w0 W w0
phases from Hanford sediments — initial focus on (~ 12 biotite) Binding Encroy (V)
highly magnetic particles Highly magnetic panned 99.0 Conclusions
> Characterize isolated phases (including microscopy, *From: RPP-7884 Field Investigation Report for Waste Management Area S-SX > Magnetic characterization of a 200 Area composite sediment sample (B8814)
diffraction, and surface measurements) o indicates that roughly 25% of the sample is ferromagnetic or paramagnetic.
> Use probe molecules to measure the reactivity of Fe Oxide (EDS A highly magnetic phase was identified as nearly 100% > A highly magnetic component isolated by both density and magnetic properties is
isolated components indicates no Tior ~ magnetite by XRD, consistent with SEM/EDS nearly pure magnetite with a crystallite size of ~ 100 um as identified by XRD.
> Test the ability to measure reaction products on other identifiable  measurements on mounted particles. This phase » The natural magnetite is much less reactive to indigo carmine (a redox probe
individual natural particles metals) makes up about 0.15 wt% of the sediment. Fe 2p molecules) than artificial magnetite.

photoelectron peaks indicate the presence of both Fe*2
and Fe*$, consistent with magnetite. However, the
measurements also suggest the presence of a ~ 1.5
nm surface layer composed of Ca and Si containing
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» XPS can be used to measure U (and possibly Tc) sorption on individual grains.

» Much of the magnetic material is comprised of phyllosilicate grains and granite or
basalt clasts that contain several mineral phases. Separates rich in Fe
containing mica and other components can be separated.
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. Results will be presented from studies
of the reaction properties of naturally
occurring Fe containing particles with
Tc and organic redox indicators.
Various fractions of Fe-containing
minerals have been separated using
particle size, density and magnetic
susceptibility techniques from select
sediment samples from the U.S.
Department of Energy’s Hanford Site
in Washington State. The
mineralogy, composition [especially
Fe(llil), Mn(lIV1V) and Til, and
surface chemistry and structure of the
Fe containing microparticle fractions.
have been characterized by a variety
of methods including optical
microscopy, micro-focus x-ray
diffraction, scanning and transmission
electron microscopy, and x-ray
photoelectron spectroscopy.
Experiments are being completed to
evaluate the relative electron-
mediated reactivity of these different
Fe-oxide fractions, in with respect to
redox changes resulting from contact
dissolved pertechnetate [Tc(VIl)] and
organic probe molecules (e.g. carbon
tetrachloride or benzoquinone).
Results of the relative reactivity
experiments will be presented and
evaluated in the context of the
mineral characterization information
determined for the different Fe-oxide
microparticle fractions used for
testing. Impacts of surface
precipitation and surface passivation
on particle reactivity and the time
dependence of reactivity relative to
electron-transfer reactions will also be
discussed.
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