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RESEARCH OBJECTIVES:

1) Determine if photocatalytic or other clean oxidation chemigtry can be appli ed to the removal of organic
or inorganic cantaminants that are introduced nto supercritical cabondioxide duing itsuseasan
extraction and cleaning medium in DOE environmental and waste minimization gpplications. Thetargets
are those contaminants left in solution after the bulk of the solutes have been separated from the fluid phase
by changing pressire and/or temperature (but not evaporating the CO,). Thisisapgicable to devel oppment
of efficient separations of contaminants from the fluid stream and will strengthen pollution prevention
strategiesthat elminate hazardous sdvents and deaning agents.

2) Explore the use of supercritical carbon dioxide as a solvent for the photocatal ytic oxidation of organic
compounds and compareit to other types d oxidation chemistry. Thiswill add to the fundamental
understanding of photocatalytic oxidation chemistry of particulate semiconductors and provide new
knowledge about conditions that may have relevance to the chemical fixation of carbon dioxide under
photocatalytic conditions.

RESEARCH PROGRESS ANDIMPLICATI ONS:

Thisannud report covers progress diring the second year of the project, ending in May 1999. During the
first year a system was designed, constructed, and modified so tha the photocatalytic oxidation of organic
compounds could be carried out in supercritical carbon dioxide. Prior to thiswork there were no reports of
photocatalytic oxidation using titanium dioxide catalysts in supercritical fluids. The experimental system is
now being operated at temperatures from 25-30 C, pressues from 15-3000 s, and with gas, liquid, and
supercritical fluid phases. The concentration of organic solutes can be followed usingon-line gas
chromatography and UV-Vis spedroscopy. Experiments during the past year measured the rates of
oxidation of benzene, toluene, hexane, cyclohexane, and acetonein gas phase (80:20 N,:O, or CO,:0,) and
in supercritical CO, (SCCQ). Ratesarelower in sugrcritical CO, than inthe ggs phases. Thismay be
due toreduced diffusion rates in the supercritical phase, competitive CO, adsorption, or differencesin flow
rates in the supercritical phase experiments.

Thisreport summarizes work done during the first two years of the project. There have been more than
3000publi cations on photocatal ytic chemistry of titanium dioxide for removal of organic and inorganic
compounds from water and air or partial oxidation of organic compoundsin air or organic solvents but no
work hasbeen reported in sugrcritical fluids! The work reported here has demonstrated for the first time
that photocatalytic chemistry can dso be erried aut in supercritical carbon doxide. Wehave also
comparedthereactionin air and gas phase cabon dioxide with that in supercritical CO,. Theresiltswe
have obtained on the photocatalytic oxidation of selected organic compoundsin gas and supercriticd
phasesmust be cosideredpreliminary sncewe are gill working on achieving well-defined 1ow and light
exposure conditions in the experimental system. Never the less, the results establi sh that representative
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classes d organic compoundscan be reduced from about 20® ppmv to below detection in suprcritical
carbon dioxide by photocataltic oxidation. A preiminary communicaion is being prepared.?

A schematic diagram of the experimental system for carrying out the experiments is shown in Figure 1.
During an &periment the fluid phaseis recirculatedwithin the pat of the g/stem dosedin the Lexan box
and through the view cdl and the sanpling valve of the gas chromatograph, co-located with the UV-Visible

spectrometer.

Figure 1. Schematic diagram of the experimenta system.
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Representative reaction canditions are: initial concentration ofthe organic campound is approximately
2000ppm,; initial concentration of O, > 50 times stoi chiometric amount; the photocatalyst is Degussa P25
TiO, on 5nm glass beds; gas phase experiments weae performed at~10 psig and 25 C;supercritical phase
experimentswere performed a ~120 pdg; T~37 C; and the reaction vessl was ill uminated with a 100

watt spot lamp with output centered at 360 nm.

Reasllts ae shown in Figures 2through 5. Thereaults for hexane, toluene, cydohexane, aceone and
benzene oxidation in synthetic air are shown in Figure 2. Therate of oxidation of benzene is typically
lower than other hydrocarbons. There is evidencethat intermediate oxidation products (e.g. phenal,




catechals, and quinones) ae strongly adsabed on ittanium dioxide and the rateis determined ly the ime
requiredto axidize hese intermediate products and areate free sies for bazene® Comparison of the
oxidation of the same compoundsin acarbon dioxide/oxygen mixture yielded similar results asis shown in
Figure 3. Carbon dioxide had little effed on theratesin the gas phase reaction.

Figure 2. Oxidation of Organicsin N,/O, (80:20)
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Figure 3. Oxidation of Organicsin Gas Phase CO,/O,(80:20).
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Figure 4. Hexane Oxidation in Gas Phasg®} or CQ/O, and in Supercritical C£0,
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Figure 5.Benzene Oxidation in MO,, Gas Phase GflD, and Supercritical C&£0O,
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Figure 4 shows that the rate of oxidation of hexane ismoderately lower in supercritical CO, comparedto
the gas phase. For benzene, Figure 5, there islittle diff erence between the gas and supercritical phases. As
mentioned above, the photocatal ytic oxidation of benzene and other aromatic compoundsis limited by the
rate of oxidation of adsorbed, intermediate oxidation products to freesurface sites. Supercritical CO, is
apparently not sufficiently polar to dissolve the intermediate oxidation products and keep the surface open
for benzene oxidation.

PLANNED ACTIVITIES:

Work to date has establi shed that photocatalytic oxidation of organic compounds can be used to purify
supercritical carbon dioxide. This establishesthe technicd feasibility of the proposed approach. During
the final year of the project &fort will be dirededtoward oltaining quantitative data that can baisedto
better define the processfor representative organic compounds. Further contacts will be made with others
in the DOE complex that are pursuing appli cations for cleaning materias or parts with supercritical carbon
dioxide.
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