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Executive Summary

The god of this project was to address issues of fundamenta chemistry and thermodynamic
properties that currently limit the applicability of hydrotherma oxidation processes to the
treatment of hazardous and radioactive DOE wastes. The primary issues are related to corrosion,
in which materials of reactor construction are attacked by components of the process stream, and
solids deposition, which can lead to locd increases in corrosion damage or to fouling of the
reactor. In addition to these genera concerns, process problems may arise through precipitation

of radioactive solids (e.g., actinides) during trestment of DOE agueous mixed wastes.

Three coordinated approaches were used in this project to address these issues. Firgt, the
possihility of precipitating actinide-bearing solid phases from a process stream was addressed
through measurements of the solubility of uranium oxide and carbonate phases a devated
temperatures. Further concerns of phase behavior in the reactor were addressed through
measurements of the fluid dengity and phase boundaries of (water + gas) mixtures at high
temperatures and pressures. Findly, efforts were made toward a more systematic and religble
assessment of the corrogivity of solutions through molecular-based studies of aqueous acids and

sdts usng computer Smulation techniques.

Maor accomplishments of this work included improved delinegtion of the phase boundaries of
(water + gas) mixtures at high temperatures, new information on the phase behavior of uranium-
containing solid phases in equilibrium with agueous solutions at devated temperatures, and
advances in our understanding of the reactions of salts and acids at high temperature which

strongly affect the extent of corrosion. The impact of thiswork on DOE waste remediaion



technologies will depend on future decisions regarding the use of hydrotherma oxidation for
treating agueous wadtes, particularly as an dterndive to incineration. The techniques and
andyss methods used in this project will be directly applicable to anticipated process conditions
if thistechnology is accepted for fild application. Near-term application of the results of this
program are more probable in non-DOE applications such as hydrotherma processing of

defense-related materids where deployment of this technology is anticipated in the near term.

Collaborative effortsin thiswork centered on smulation studies of molecular-leve reactionsin
solution a high temperature, where extensive collaborations between researchers a Oak Ridge
Nationa Laboratory and at the University of Tennessee, Knoxville, resulted in sgnificant

progress toward an understanding of solution properties based on fundamenta interactions.



Resear ch Objectives

Hydrothermal oxidation (HTO) isa promising technology for the trestment of aqueous-fluid
hazardous and mixed waste streams. Waste streams identified as likely candidates for treatment
by this technology are primarily agueous fluids containing hazardous organic compounds, and
often containing inorganic compounds including radioisotopes (mixed wastes). These wastes are
difficult and expensive to treet by conventiond technologies (e.g. incineraion) dueto their high
water content; in addition, incineration can lead to concerns related to stack releases. An
especidly attractive potentia advantage of HTO over conventiona trestment methods is the total
containment of al reaction products within the overal system.

The potentid gpplication of hydrothermd oxidation (HTO) technology for the treetment of DOE
hazardous or mixed wastes has been uncertain due to concerns about safe and efficient operation
of the technology. In principle, agueous DOE wadtes, including hazardous and mixed waste, can
be treeted with this technology. Oxidation reactions are carried out in the agqueous phase a high
temperatures (~600°C), effectively converting organic waste congtituents to nonhazardous
materias (eg., CO,). Inorganic materids which becomeinsoluble in supercritica water may
precipitate as scaes adhering to components of the reactor, limiting reactor availability and
necessitating frequent cleaning of the system. Also, most hazardous organic compounds contain
heteroatoms (other than carbon, hydrogen, and oxygen). These heteroatoms, including halides
(F, Cl, Br, 1), sulfur, phosphorous, and some nitrogen groups, form strong minera acidson
oxidation of the organic compounds, resulting in a solution having low pH and high oxidetion
potentia. This combination, in conjunction with the high temperatures and high fluid dengties
attained in both the heating and cooling regions of an HTO reactor, can lead to corrosion of
sructura materias (usudly metals) anticipated for use in HTO reactor construction.

Methods have been suggested for mitigating the problems arising from the production of minera
acids and insoluble solids in HTO processes (Barnes et d., 1993). Previouswork inthis
Laboratory centered on the problems arising from the presence of corrosive or insoluble
inorganic compoundsin HTO fluids (Smonson et d., 1993, 1994, 1995). However, sgnificant
gapsin our knowledge of process chemistry remained at the initiation of this project. 1t was not
possible to determine accurately the properties of coexisting fluid phases; the solubilities of
radioactive components of mixed wastes were unknown at high temperatures, and molecular-
level understanding of interparticle interactions was needed for reliable extrapolation of
phenomenological equations for solution behavior beyond the range of experimenta results. The
present project was undertaken to address these deficiencies.

The project was undertaken to provide fundamenta information needed to support deployment
decisons related to HTO technology, and no innovations in the technology per se were
anticipated. Rather, the innovations of this project involved gpplying new or exigting
experimental and modeling approaches to studies of agueous inorganic reactions and properties
under the rigorous anticipated HTO operating conditions. This work was made possiblein part
through the support of researchers at ORNL and the University of Tennessee, Knoxville, by the
Divison of Chemica Sciences, Geosciences and Biosciences, Office of Basic Energy Sciences
of the Department of Energy. This support has alowed significant, unique experimental and



computational resources to be developed for studies of aqueous solution chemigtry at high
temperatures and pressures.

M ethods and Results

In this project we addressed three significant issues which potentidly limit or preclude the
goplication of hydrotherma oxidation (HTO) technology for treating DOE hazardous and mixed
wadtes. Theissuesincluded the lack of a suitable process mode vaid over the full range of
temperature in HTO operation, an insufficient knowledge of (liquid + vapor) phase behavior a
high temperatures, and concerns over reactor fouling through precipitation of inorganic scaes.
The approaches adopted to address these issues were:

Deveoping molecular-based approaches to the description of aqueous solution chemistry at
high temperatures and pressures, with a view toward understanding the relationships between
molecular-leve interactions and the observed large changes in thermodynamic and physica
properties of agueous solutions;

New, precise measurements of the dengity and phase relationships a high temperaturesin
agueous mixtures including noncondensible gases, with emphasis on the system (H>O + CO»,
+ N2) over wide pressure and composition ranges, and;

Invedtigation of the solid-liquid phase behavior of materias specific to DOE applications of
HTO technology (e.g., actinides) and of compounds which show promise as neutrdizing
agents to reduce or iminate corrosion of reactor components at high temperatures.

Reaultsin these areas are briefly described here; more complete descriptions are available in the
listed publications resulting from this project.

Molecular-based formalism and simulation of infinitely dilute hydrothermal systems.

Conditions encountered in HTO processing extend from ambient to high temperatures (25 to
600°C) at relatively high pressures (above 250 bars). This range includes the critical temperature
of water (374°C) near the critical pressure of 221 bars. Even for such thoroughly studied
“smple” agueous systems as sodium chloride solutions (cf. Pitzer et d., 1984; Anderko and
Pitzer, 1993), there is no model for thermodynamic properties and phase equilibria which can be
used reliably across all process conditions. Thisisdue in large part to the fundamenta changein
species distribution of the solute which occurs as the system changes from essentially ionic
dissolution at low temperatures to predominantly ion-paired solutes above the solvent critical
point. In addition, near the solvent critical point many thermodynamic properties change rapidly
with changes in temperature, pressure or solution concentration. This temperature range, from
about 300 to 400°C, is particularly important in HTO processing as corrosion and solids
deposition problems tend to be most pronounced under these conditions (Thomason and Modell,
1984). Developing reliable representations for solution properties in thisimportant region is
complicated by the rapid changes in density and solute speciation, and the propagation of
solvation effects over increasing distances in solution as the critical point is approached. Our
efforts in the molecular-based description of solutionsin the near-critical region have been



driven by the need to develop a sound fundamental basis for the description of solution
properties which can be extended over the full range of conditions of interest in HTO process
applications.

Thefirst objective of our sudy has been the fundamentaly-based interpretation and
understanding of high-temperature solvation of species over awide range of molecular
asymmetries, including imperfect gases, ionic, polar and nonpolar compounds. Molecular
asymmetry, the difference in intermolecular interactions among species, isthe actud origin of
solution nor-idedity. Asymmetry typicaly trandates into pronounced gradients of solvent
properties near charged species, and gives rise to dectrogtriction and didectric saturation
phenomenawhich render traditiond solvation approaches inadequate (Chialvo, Cummingset d.,
1999). An essentid, and frequently overlooked, ingredient in the description of hydrothermal
solutionsiis the coexistence of microscopic processes with rather different length scaes, i.e.,
short-ranged phenomena associated with the solvation of species, and long-ranged phenomena
associated with the compressibility of the medium (Chiavo and Cummings, 1994). Unlessthese
phenomena are taken explicitly into account, any resulting modeling effort will be hindered by
the presence of potentiadly divergent quantities that obscure the solvation behavior of speciesin
the compressible environment (solvent).

For that purpose we targeted the unambiguous characterization of the solvation process by
making rigorous connections between the solvation driving-force, the solvent microgtructura
changes around species, and the relevant macroscopic properties. This characterization has been
donein severd equivaent ways by interpreting the driving force of the solvation process, in

terms of the finite perturbation of the structure of the solvent when a solvent molecule is replaced
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Figure 1. Density/temperature dependence for the regression quantity Duv of two aqueous solutionsof cesium
salts. A comparison between experimental data of Gruszkiewicz and Wood (1997) and integral equation
calculations (Chialvo, Kusalik et al., 2001).
by a solute species (Chialvo, Kusdik et a., 2000). This perturbation has been rigoroudy linked
to meaningful macroscopic quantities, such astherate of change of pressure upon the addition of
a solute species at constant temperature and dengty (which becomes Kritchevskii’s parameter at
solvent criticdlity), or an unambiguous definition of solvation number that does not depend on
any choice of solvation shell radius (Chidvo, Kusdik et a., 2001). All these quantities are
rigoroudy related to one another, such that the knowledge of one of them alows usto
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empirica way to cance the potentid divergencein CGé , and thus, to facilitate the regresson of
experimentd data (Gruszkiewicz and Wood, 1997). The interesting fegture of this quantity isthe
unexpected lack of temperature dependence for supercritical conditions, abehavior confirmed by
our integral equation caculations, and microscopicaly interpreted through the solveation
formdism (Chidvo, Cummings et d., 2000; Chidvo, Kusdik et al., 2000; 2001).

Figure 2. Comparison between experimental data
(references as listed) and simulation results for three HCI
models at a near-critical condition (Chialvo et al., 2000).

The second god of our investigation of hydrotherma systems has encompassed the molecular-
based determination of the ion-pair association congtant via potentia of mean force caculations,
the interpretation of the properties based on microstructura details, the direct comparison
between the smulation results and the corresponding experimental data. After our exploratory
studies on NaCl aqueous solutions (Chiavo, Cummings et a., 1996) we focused on the
dissociation of HCl, a crucidly important hydrotherma system whose properties a high
temperatures and low dendtiesare
gill the matter of debate (Chidvo,
Cummingset d., 2000). For this
purpose we have developed a
gpecid implementation of
congtrained molecular dynamics,
based on the *blue moon ensemble
and its ‘ congraint-force

equivaent counterpart.
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In Figure 2 we display a
comparison between our own
conductance experimental data and
the corresponding smulation
results. Our Smulation results
indicated that the Gertner-Hynes
(Gertner and Hynes, 1998) HCI
modd predicted the association
congtant within the combined uncertainties of the most reliable experimenta data (Franck, 1956;
Tagirov, Zotov et d., 1997; Ho, PAmer et d., 2000). Additiond smulations (Figure 3) clearly
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Figure 3. Comparison between experimental data (Ho, Palmer
et al., 2001) and simulation results for the association constant

of agueous HCl at high temperature (Chialvo, Ho et a., 2001).



showed that the Gertner-Hynes modd was able to predict rather accurately the association
constant a near critica conditions, i.e., a conditions where experiments are more chalenging to
perform (Chiavo, Ho et a., 2001). However, a higher dengties the smulations gradudly

overpredict the association constant.

It is clear from these studies that molecular- based approaches hold promise for developing
reliable descriptions of solution properties across wide ranges of temperature, particularly in the
near-critical region where properties show large and rapid changes with changes in temperature
and pressure. Further work in this arealisin progressin a number of research groups, both in
extending these gpproaches to solutions of finite concentration and in gpplying the guiddines
edtablished through the solvation formalism to the development of parametric models for

solution properties.

Volumetric Properties of C-O-H-N Fluids

In addition to dectrolyte solutes as discussed above, HTO process sreams will contain a various
points significant concentrations of “noncondensible’ gases. If ar is used asthe oxidizer in the
process the predominant gases will be oxygen and nitrogen; as the oxidation of organic
condgtituents of the waste proceeds to completion at high temperatures significant concentrations
of CO, will be present in thefluid. The formation of two fluid phases (ges + liquid) & high

temperatures can sgnificantly affect both mass
and heat trangfer during HTO processing
(Kochan and Oh, 1993), and accurate
representation of process conditions requires
that the fluid density and phase relationships be
known accuratdy at high temperatures. In this
project aunique, high pressure vibrating-tube
densmeter was used to determine the dengties,
excess molar volumes, and liquid-vapor phase
relationsin the sysem (CO, + N, + H,0) at
closdly spaced intervas of pressure (P) and
mole fraction (X) at temperatures from 300 to
400°C and pressures to 1000 bars. The new
experimenta results from these studies,
coupled with precise representation of the
results based on literature data for the pure
fluids (Seitz and Blencoe, 1999; Blencoe et d.,
1999; Blencoe et d., 2000), hasresulted in a
much better knowledge of the phase behavior
and volumetric properties of these systems
than has previoudy been available.

The experimentd results are characterized by
varying ranges of fluid immisaibility and wide
vaiation in vaues of the excess molar volume;
i.e, the nonidedlity of the fluid mixture. At
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Figure 4. Excessmolar volumesfor { H,O + CO,} at
400°C (Seitz and Blencoe, 1999; Blencoe et a., 1999).

supercritical temperatures (e.g., 400°C) the fluids are miscible over the full range of mole
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mixtures at 300°C and 74 (bottom), 99 (top) and mixtures at pressures from 599 to 999 bars (top
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could be made at pressures from 86 to 565 bars.
Neverthdess, the following characterigtics of the
data are evident. At low pressures, fluid dendty
increases dowly and continuously from Xco, = 0 to

Xco, = 1. Densty vs. Xco, isnearly linear a 74-199
bars (lowest three curves of figure 5), but distinctly

concave upward a higher pressures. At 74 bars,
excess molar volume (V) vs. Xco, (figure 6) is

Figure 5. Measured densities for H,O-CO; nearly symmetric, with a peak vaue of ~20 cn’/mol
mixtures at 300°C. Pressuresrange from 74 at Xco, = 0.5. With increasing pressure from 74 to

bars (bottom curve) to 1000 bars (top curve). 99 bars, V& vs. XC02 | es highly asymmetric
toward H,0, with a pesk excess molar volume of ~270 cm*/mal & Xco, =0.1. Thisvdueis

about 80% of the molar volume of the mixture, indicating extreme nonidedlity of thefluid. At
higher pressures (figure 7) the excess volumes are smdler, and show both positive and negative
departures from ideal mixing depending on fluid compostion.

For N2-H,O fluids a this temperature the field of liquid-vapor sability (two- phase mixture) is
much more extengive than it isin the CO,-H,O system, widening with increasing pressure up to
>100 MPa. The results dso indicate that, at a given pressure, the effects of composition on
density are more linear for N2-rich N2-H2O mixtures than for CO,-rich CO»-H,O fluids. Excess
molar volumes for homogeneous N2-H,O mixtures at 300°C, 74-999 bars, are similar in
magnitude and composition dependence to those determined for CO»-H»O fluids.

Sudies of Neutralizer Solubilities and Solids Deposition

Most DOE agueous wastes that could be treated using HTO technology contain inorganic
materias (e.g., oxides or sdts). In addition, corrosion problems may arise from oxidation of
organic waste components containing heteroatoms (e.g., sulfur or chlorine). Each of these issues
makes it important to consider the solubility of inorganic materids as functions of temperature
under HTO process conditions. In thefirst case, inorganic materias present in the origina waste



may precipitate as the process temperature changes, leading potentidly to deposition and fouling
of reactor components (Styrikovich, 1976). Precipitation of common sdts under HTO process
conditions have been studied in some detail (cf. Armdlini and Tester, 1991). However, the
anticipated presence of actinides in some DOE wastes raises questions as to the fate of these
materias under HTO process conditions. Given the oxidizing conditions anticipated in HTO
processing we focused our investigations on the solubility of uranium VI compounds & elevated
temperatures.

A number of techniques were gpplied to these solubility studies. In argpid-quench method, solid
samples were equilibrated with solutions at temperature in seded quartz tubes. After rapid
cooling to room temperature liquid samples were removed from the tubes and anayzed for tota
uranium concentration. It was found that this method gave inconsstent results due to relatively
rapid dissolution of the quenched solid in the solution and to difficultiesin quantitetive

segregation of al solid materid from the liquid sample. Gold-bag experiments, where solids are
equilibrated with solution inside aflexible (gold foil) container within an autoclave a high
temperature, were hindered by the same

problems of solid separation even when fine 1.5

frits were used in the sample lines. Best results 8

were obtained with an in situ spectroscopic g 1.0

method, in which uranium concentrationsin B e

solution were monitored continuoudy a -

temperature by optical spectroscopy. 0

However, the rdatively low sengtivity of this | I ! s
method made it impossible to carry out 400 500 600

quantitative measurements a higher Wavelength (nm)

temperatures W_here tOt_d uranium Figure 8. Absorbance spectra from equilibrations
concentrations in solution dropped below of Na,UO,(COs); with aqueous (carbonate +
detection limits. bicarbonate) buffer solutions.

Solubility experiments were carried out in (carbonate + bicarbonate) aqueous buffer media,
reflecting the likely presence of carbonates in the process stream arising from reactions of CO,
with basc aqueous solutions. Experiments began with well- characterized uranium oxide (UOs,
cr). Reproducible results obtained to 100°C indicated decreasing solubility of UO3 with
increasing temperature. At higher temperatures it was clear that conversion of the solid materid
to amore stable crystaline form occurred, based on observed variations in uranium
concentration in solution as a function of time a temperature. Assuming that the new solid
phase was a uranyl carbonate, crystaline samples of UO,CO3; and Na;UO»(COs)3 (sodium
uranate) were synthesized and characterized by Fourier transform infrared spectroscopy (FTIR)
and X-ray diffraction. Good results on the solubility of NayUO,(COs3)3 were obtained at
temperatures to ~100°C as indicated by the absorbance spectra shown in figure 8. Again with
this sdt at higher temperatures, conversion to a second solid phase was indicated by both the
trendsin total uranium concentration as a function of time and by post-equilibration analyss of
recovered solid by FTIR spectroscopy.

While definitive results for the solubility of uranium oxide and carbonate solids were difficult to
obtain at elevated temperatures due to solids interconversion on relatively long (to 1.5 months)



time scaes, it is clear from our measurements that the solubility of uranium in these solutions

was decreasing with increasing temperature. Further careful studies including the effects of
precipitation kinetics will be required to give full confidence that uranium-bearing solids would
not precipitate in localized depositsin operating HTO systems as temperature is increased during
waste processing.

The second issue concerning solid solubilities under HTO conditions involves compounds that
may be added to inhibit corrosion by acids formed on oxidation. In generd, the direct addition
of caudtic (sodium hydroxide) causes sgnificant problemsin HTO operation due to caudtic
corrosion at high temperatures, and other neutrdizers are desirable. The akai metd and
dkdine earth carbonates are attractive for this gpplication, in that reactions of these treatment
chemicadswith CO, produced in the oxidation of
organic wastes results in a buffered solution of

20 ; — carbonate and bicarbonate in a desirable range of pH.
- Sy However, sodium carbonate shows a sharp increasein
18] 7~ ' solubility between 25 and ca. 100°C, then steadily
=1 i _' decreases in solubility, with rlatively low solubility
7l | A _ above 300°C where corrosion protection is most
3l §* | needed. The solubility of potassium carbonate was
T 0 A - investigated as a potential replacement for the sodium
A p 1 st in HTO neutrdizer applications.
’| ﬁp’f . These measurements were carried out using the
8{°% N synthetic method with visud detection of the

300 350 400 450 500 S50 temperature at which dl solid K,COj3 disappeared from
thecell. 1t was not possible to reverse these

Figure 9. Solubility of K,CO; in water measurements (i.e., goproach equilibrium from
asafunction of temperature (Moore et supersaturation) due to extensive supersaturation of
d., 1997). these solutions followed by immediate crystallization of

alarge mass of solid. In addition, caugtic atack of the sgpphire windows used in the visualy-
ble cdl made it impossible to extend these measurements above ~250°C. However, it is
clear from figure 9 that the solubility of KoCO3 continues to increase a high temperatures,
meaking this sat a good candidate for further sudies as an in Stu neutrdizers under HTO process
conditions. Further work at high temperatures dong the lines described by Armdlini and Tester
(1991) is needed to assess the practicdity of this neutralization method in operating HTO
systems.

Relevance, Impact, and Technology Transfer

The scientific focus of this program has centered on the mitigation of DOE aqueous hazardous
and mixed waste through understanding and improving the applicability of hydrothermd
oxidation technology for treating these wastes. While the ultimate gpplication of these results to
DOE waste remediation technologies depends on future deployment decisions, thiswork is
supportive of the future option for HTO. In particular, if it is determined that HTO isadesrable
dternative to incineration in Stuations where it may not be desrable to use incineration to meet



DOE compliance requirements (e.g., INEEL ), work such as that reported here will contribute to
the selection process for dternative technologies.

Hydrotherma oxidation technology is not scheduled for immediate deployment to address major
DOE waste management issues. The scope of thiswork was designed to bridge the gap between
fundamental studies of the properties of aqueous systems a high temperatures and pressures and
the actual process conditions anticipated in a future deployment of HTO technology. These
results will be used by investigators with specific interests in HTO gpplications, and in broader
applications of DOE environmenta technology including actinide speciation and migration and
issues of carbon management in power cycles. While additiond effortsin this area are clearly
desirable in support of the option of future HTO deployment, large-scae or intensfied effortsin
the near future will depend on the process of selecting gppropriate dterndives to incineration.

Through this project significant advances have been made in our understanding of molecular-
level processes driving the remarkable behavior of agqueous fluid mixtures and solutions a high
temperatures. We have aso made steps toward understanding the complex phase behavior of
uranium salts and oxides at el evated temperatures, and have ddineated with high precison the
high-temperature phase boundaries and volumetric properties of agueous fluid mixtures.
Spectroscopic techniques for phase behavior at eevated temperature devel oped in this project
show promise for future studies of the solubility of complex solids. The new formaism for near-
critical properties of agueous solutionswill contribute to future developments of more accurate
representations of solution properties under conditions where earlier models have severe
limitations. These advances have contributed to our broader understanding of solution properties
at high temperatures and have opened new avenues for future research contributions from project
collaborators and other scientistss working in the fidd of solution chemistry under extreme
conditions.

Fundamentally, the application of the results of this project to DOE Environmenta Manegement
problems depends on a decision to further develop or deploy HTO technology to treat agueous
mixed wastes. Further studies of the phase behavior and thermodynamic properties of specific
materids within candidate wastes will be required; the scope of these future studies will depend
on the composition of the wastes identified for trestment by thistechnology. In the near term,
the U.S. Army is moving toward deployment of HTO technology for the destruction of chemica
agent stockpiles and other applications. The Pl for this project was invited by Dr. Robert Shaw
of the Army Research Office to participate in aworkshop specificaly targeted to issues of phase
behavior under HTO process conditions (see Publications, below).

Project Productivity

The overd| scientific productivity of this project is reflected in the listing of publications and
presentations given below, with sixteen papers published in the refereed literature. 1n addition, a
number of presentations and published proceedings resulted from the project, and additiona
publications of research results are anticipated. Two areas of the anticipated experimenta work
did not proceed as rapidly as anticipated and remain of interest for future studies. The dow
kinetics of dissolution and precipitation of uranyl sats, coupled with their low solubility &



elevated temperature, precluded rapid progress in that work. Corrosion problemsin delivering
fluids with high oxygen fugacity caused usto focus effortsin PV T studies on non-oxygenated
mixtures, and complementary work with added oxygen remains to be carried out for amore
complete description of high-temperature fluid properties.
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J. M. Smonson ORNL Scientific Saff

R. E. Mesmer ORNL Scientific Saff
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J. Singh ORNL Postdoctoral fellow
A. A. Chidvo ORNL/UT* Collaborating Scientist
P. T. Cummings UT/ORNL** Didinguished Scientist

*Collaborating Scientist in the Chemical and Andytica Sciences Divison of Oak Ridge
Nationd Laboratory and the Department of Chemicad Engineering, Univerdty of Tennessee

**Didinguished Professor of Chemica Engineering, University of Tennessee, and Digtinguished
Scientist, Chemica Technology Divison, Oak Ridge Nationd Laboratory
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I nter actions

Participation of project personne in meetings and other interactions has been detailed above. In
addition, the project PI participated with detailed posters describing project results at two EMSP
workshops (Chicago, 1998; Atlanta, 2000). Expertise arising from this program and from
projects at Oak Ridge Nationa Laboratory sponsored by the DOE BES Division of Chemical
Sciences, Geosciences and Biosciences led to and invitation for the project Pl to participatein
the workshop Guide-lines for Phase Separations in High Temperature and Supercritical Water
Solutions, sponsored by the Army Research Office a Forschungzentrum Karlsruhe, Germary, 7-
10 July 1999. The purpose of this workshop was to address operating guidelines for operating
conditions for HTO systems expected to be gpplied to U.S. Army demilitarization applications.

In addition, results from this program were communicated to the wider scientific community in

an invited presentation at the American Chemica Society Nationa Meeting in Ddlas, TX, in
March 1998.

Trangtions

The primary trangition to date of project results with direct application to HTO waste
remediation technology occurred through participation in the guiddine-establishing Army
Research Office workshop detailed above.

Patents

Asthe primary god of this project was to provide needed scientific information in support of
future technology deployment decisons, no inventions or patent disclosures resulted from the
work.

Future Work

The scope of future work in this area will depend to some extent on the identification of DOE

wadtes to be trested by hydrotherma oxidation. While significant advances in understanding
aqueous fluids and phase behavior under anticipated process conditions have been made in this
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work, additiona studies and pilot-scae testing will be required for actud wastes to be treated. In
particular, further information is needed on the phase behavior of agqueous fluid mixtures
containing oxygen or other oxidizers, to reflect pre-reaction process fluid compositions, and on
the solubilities of inorganic solids (particularly actinide oxides and related materias) a eevated
temperature in solutions which reflect the chemical compostion of the aqueous waste to be
treated.
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