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ProgressReport

Development of Synchrotron X-Ray Micro-SpectroscopicTechniques and
Application to Problems in Low Temperature Geochemistry

(DE-FGO2-92ER14244)

This projectis a collaborationbetween geoscientistsexperiencedin the
use of synchrotronradiationin earth materialsresearch and low temperature
geochemists and soil and environmentalscientists. Our aim is to develop a
single, synchrotron-based microprobe that can be used to determine the
composition, structure, oxidationstate, and bonding characteristics of earth
materialswith trace elementsensitivityand I_mspatialresolution.Geochemical
applicationsinclude the natureof hydrothermalfluid inclusions,toxi(:metaland
radioisotope speciation in low level wasteforms, uranium speciation in
contaminated sediments,and aerosol climatology. The goal is to extend this
research at the nextgenerationof synchrotronradiationsourcecurrentlyunder
construction at Argonne National Laboratory, the Advanced Photon Source
(APS).

The focus of the technical development effort has been the development
of apparatus and techniques for the utilization of X-ray Fluorescence (XRF),
Extended X-ray Absorption Fine Structure (EXAFS) and X-ray Absorption Near
Edge Structure (XANES) spectroscopies in a microprobe mode. The present
XRM uses white synchrotron radiation (3 to 30 keV) from a bending,magnet for
trace element analyses using the x-ray fluorescence technique Two significant
improvementsto thisdevice have been recently implemented. Focusing Mirror:
An 8:1 ellipsoidalmirrorwas installedinthe X26A beamlineto focusthe incident
synchrotronradiationand thereby increasethe flux on the sample by about a
factor of 30. Incident Beam Monochromator: The monochromatorhas been
successfullyinstalledand commissionedin the X26A beamlineupstreamof the
mirror to permit analyses with focused monochromatic radiation. The
monochromatorconsistsof a channel-cutsilicon(111) crystaldrivenby a Klinger
stepping motor translator. We have demonstratedthe operatingrange of this
instrumentis 4 and20 keV with0.01 eV stepsand producesa beamwitha ~10-4
energy bandwidth. The primary purpose of the monochromatoris for x-ray
absorptionspectroscopy(XAS) measurementsbut it is also used for selective
excitationin trace elementmicroanalysis.To date, we have conductedXANES
studiesonTi, Cr, Fe, Ce andU, spanningthe entireaccessibleenergyrangeand
includingboth K and L edge spectra. Practicaldetectionlimitsfor microXANES
are 10-100 ppm for 100 _m spots. _ ,,,_ _.. '.i'_::__"_
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The technical advances described above have led to important
applications in low temperature geochemistry several of which are summadzed
here.

Hydrothermal Fluid Inclusion Research (Collaborators: D. Vanko, Georgia
StateUniversity;R. Bodnar,VirginiaPolytechnicInstitute)

The chemical nature of hydrothermal fluids and their metal-carrying
capacity are significantgeochemicalcharacteristicsthat speak to the chemical
evolutionof seawateras itpermeatesoceaniccrust,and the abilityofthe fluidto
transportand depositmassivesulfidedepositson the seafloor. Individualfluid
inclusionscan be analyzed withinthe hostmineralusingsynchrotronradiation
microanalyticaltechniquesUsinga seriesof syntheticinclusionsin the system
NaCI+H20 +/- CaCI2 +/- KCI,the SXRF techniquewas usedto determineratios
of K/CI and Ca/CI. Results show that such major element ratios may be
determined without standardanalyses with accuracies better than +_30% on
individual10 I_m inclusions(Vanko et al 1992). Initialtrace element studiesof
natural fluid inclusionshave been done on specimens from extinct seafloor
hydrothermal systems and from a major porphyry Mo deposit. Brine-filled
inclusions, typically 10 I_ms across, and containing halite-saturated solutions,
were shown to have fluids dominated by sodium, calcium, and potassium
chloride. At higher energies, inclusions may contain Mn, Fe, Cu, Zn, Pb, Br, and
Mo. These results are exciting because of the potential for quantifying the
concentrations of major and minor elements in hydrothermal fluids from a
multitude of geochemical settings.

Toxic Metal and Radioisotope Speclation in Hazardous and/or Radioactive
Wasteforms (Collaborator:S. B. Clark, Universityof Georgia,Savannah
RiverEcologyLaboratory)

Liquidwaste streamscontaminatedwith low levelsof radioactiveand/or
hazardousmetalsare frequentlydisposedof by solidificationincement matrices.
This process involvesencapsulation of the metal bearing liquid in a porous
cement medium. Ideally, the cement providesstabilizationof the contaminants
by controllingdiffusionoutof the matrix. However,understandingthe chemical
speciationof the metals in these matricesis essentialto developinga cement
formulationthat providescontrolleddiffusionof the contaminants. Our efforts
have been focused on determining the speciation of toxic metals and
radionuclidesin cement-basedwasteformsrepresentativeof those generatedat
the Savannah River Site. To date, we have developed a XANES methodto
quantifythe amountof Cr6+ in these wasteforms(Bajt et al., 1992). We have
demonstrated that the intensity of the XANES pre-edge feature is directly
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proportional to the quantity of chromate in the sample, and is independent on
sample matrix. The results indicate that slag-based cements quantitatively
reduce the chromate tc Cr3+, leading to enhanced retention of chromium in the
wasteform.

Air Mass Aerosol Climatology (Collaborators: R. Grant and D. Schulze,
PurdueUniversity)

The size and compositionof ambient aerosols in the troposphereare
critical in determiningthe interactionof aerosolsand the environment. Trace
elements in the atmosphere are important in local and regional toxicity
assessments. Results of x-ray microprobeanalysisof eight size-fractionated
aerosol sampleschosen to representair massescoming rapidlyout of Canada
(cP or continentalpolarair masses),off the Atlanticcoast (raP or maritimepolar
air masses),and up fromthe Gulf of Mexico (roT or maritimetropicalair masses)
as well as air havingresidedoverthe MidwestUSAfor greaterthan4 daysshow
some intriguingtrends (Grant et al. 1992). As expected, the Midwestcoarse
fractionaerosol (between 20 and 7 microndiameter) had high levelsof many
metalsincludingTi, Mn, Fe, Ni, Cu,Zn, Pb, andSr at highlevels. The highlevels
of Cu and Zn, however, were not found in the cP or mT aerosol indicating
Midwestem sources of the coarseCu and Zn- possiblysmelters. The Midwest
fine fractionaerosol(lessthan1.1 I_mdiameter)showedhighlevelsof Fe andCu
and moderatelevelsof Zn. WhileFe was commonlyfoundinthe cP aerosolfine
fraction,Ti, Fe, and Cu were moreprevalentinthe mT fine fractionaerosol. The
coincident elemental compositionsof individual particles and/or clusters of
particles from these aerosol sampleswere determined using two-dimensional
(2D) scans (10 I_m resolution)of the sample surface. The coincidence of
different elements in the same area of the filter can show causative or
coincidentalassociation of the elements by an analysis of their co-occurant
frequency. Preliminaryresultsof 2D scansof a Midwestaerosolshowthe utility
of this analyticaltechnique. In the Midwestaerosol, the coarse fractionof Ca,
Mn, Ti, and Fe richareas of the filterwere commonlycoincidentsuggestingthe
particlewas of mineralearth origin. The coarsefractionaerosolalsoshowedCu
highlyassociatedwiththese apparentmineralearth particleswhile otherCu rich
areas (approx. 30 I_m diameter) were not associated with the mineral earth
particle. Apparently, the coarse fraction Cu exists in the aerosol as both
relativelypure solid particles as well as possiblybeing adsorbedor condensed
from the vapor state onto mineralearth particles. 2D scans of the fine fraction
aerosolfromthe same air massshowedhighlyassociatedCa, Fe, Ti, andCu rich
areas anddifferenthighlyassociatedMn andZn richareas.
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Uranium Speclation in Contaminated Sediments (Collaborator: P. Bertsch,
University of Georgia, Savannah River Ecology Laboratory)

Releases of U and other metals, namely Cu, Cr, and Ni, from a nuclear

reactor fuel and target fabrication facility on the Department of Energy's
Savannah River Site (SRS), near Aiken, South Carolina to surrounding soils and
streams have occurred since the start of the facility in the early 1950s.Specific
information on the chemical speciation of U in these sediments is required for
predicting its potential mobility and fate as well as for providing information
essential to developing effective, yet cost effective remediation strategies Our

preliminary experiments have demonstrated that XANES measurements are
possible on the contaminated sediments of interest and that measurable
differences in the fingerprint region around the absorption edge as a function of

chemical pretreatment are observed. Additionally, we have examined grains in

>50 _m <200 I_m isolates from U contaminated soils collected at the Fernald
nuclear processing facility near Cincinnati, OH, XANES and have found evidence
for microregions within the sand fraction that are enriched in U6+, and others that

are highly enriched in U4+, as well as others that have variable U4+/U 6+ ratios,
albeit predominantly U6+. The grains having predominantly U4+ also have high
Cu concentrations and relatively low Fe, whereas the grains that are typically
predominated by U6+ tend to have high Fe concentrations.
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