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Resear ch Objective

The objective of this work is to demonsrate a practica, atmospheric pressure
plasma tool for the surface decontamination of nuclear waste.  Decontamination of
radioactive materids that have accumulated on the surfaces of equipment and dructures
is a chdlenging and codly undeteking for the U.S. Depatment of Energy. Our
technology shows great promise for mitigating the cost of this clean up effort.

Resear ch Progressand I mplications

This report summarizes the work accomplished during the firg sx months of a
three-year project. A low temperature, atmospheric pressure plasma has been developed
with initid support from the Depatment of Energy, Environmentd Management
Sciences Program (see references in Information Access). Now the god is to
demongrate this technology on actua contaminated structures within the DOE complex.
The group a UCLA, headed by Dr. Hicks is invedtigating the remova of fisson
products from surfaces. If successful, a decontamination and decommissioning (D & D)
goplication will be atempted a INEEL. The fisson products examined initidly are
zirconium and cesum deposited on sted coupons (SIMCON I samples). The group a
LANL, headed by Dr. Herrmann, is sudying plutonium D & D in facilities located at that
[aboratory.

At UCLA, it has been found that zirconium @n be rapidly stripped from surfaces
usng a chlorine plasma Rates up to 6.7 mm/min have been observed. Cesum was
removed from the surface, but at a dower rate. Figure 1 shows the dependence of the
etching rate and afterglow temperature on the RF power. The plasma was operated at
100 mi/min Ch, 48 L/min He, 3 mm sample-to-nozzle digance, and an active etching
area of 0.8 cn?. Mone electrodes were used to prevent corrosion of the device. The
plasma jet was run a RF powers ranging from 400 to 900 W. Above 900 W, the
temperature exceeded 300 °C, causing copper to be etched out of the monel eectrodes. It
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was observed that the etching rate increased from 0.6 mm/min at 400 W to 4.5 nm/min a
900 W.

The dependence of the zirconium etching rate on the chlorine flow rate is shown
in Figure 2. The conditions were 48 L/min He, 270 °C, 3 mm sample-to-nozzle distance
and 800 W RF power. The etching rate increased sharply with chlorine flow rate, to a
maximum of 6.7 nm/min a 250 mi/min Ch. Above thisvaue, arcing was observed.
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Figure 1. Etch rate of zrconium and Figure 2. Etch rate of zirconium as a
afterglow temperature as a function of function of chlorine flow rate.
RF power.

With the Ch plasma source, eching of dmulated contaminaion samples
(SIMCON 1) was investigated. These samples were sted coupons containing a coating
of cesum and zirconium oxide. Metad nitrates were deposited on the sted and converted
to metd oxides by heating in an oven to 700 °C for 24 hrs Demmer, Development of
Smulated Contaminants (SMCON), WINCO external report #118 (1994)). Opticd
microscopy images revedled that the sted surfaces were covered by smdl oxide crystals

ranging from 10 to 30 nm in diameter.



In figure 3, x-ray photoemisson spectra (XPS) are presented of SIMCON |l
samples before and after etching for 10 and 25 min. The reaction conditions were 200
ml/min Ch, 48 L/min He, 270 °C, 800 W RF power, and 3 mm sample-to-nozzle
distance. The intengties of the Zr pesks decreased sharply following trestment, whereas
the intendty of the iron pesks increased. After plasma etching for 25 min, the Zr
contamination was eiminated. A closer examination of the cesum 3d pesks, as shown in
Figure 4, indicates tha mogt of the cesum was removed as wdl. In summay, the
atmospheric pressure chlorine plasma gppears to be an effective tool for dry stripping

fisson products from nuclear waste.
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Figure 3. XPSof SIMCON Il samples before and after etching.
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Figure4. XPSof SSIMCON Il samples before and after etching.

At LANL, the etching of tantdum, a surrogate for plutonium, was examined with
the Atmospheric Pressure Plasma Jet (APPJ). In this case, a mixture of carbon
tetrafluoride, oxygen and helium is fed to the gas discharge. Further process optimization
has dlowed us to achieve etch rates more than double the previous record. This has been
achieved primarily through increased RF power stability limits. Work is underway on the
desgn of the APPJ system that will be placed indgde a glove box for plutonium etching.
We have a0 succeeded in developing a stable discharge in ambient air, without helium,
and have been diagnosing this plasma to determine its suitability for D & D applications.

Planned Activities

We plan to replace the mond eectrodes with a more resstant materid in order to
run the plasma a higher power. Higher radio frequencies will be used to prevent arcing
a chlorine flow rates above 250 mi/min.  Zirconium foils and SSIMCON |l samples will
be etched with plasmas containing mixtures of chlorine, oxygen, carbon tetrafluoride and

agon. We dso plan to combine plasma etching with water rinang to completely remove



the cesum. Once an effective decontamination procedure has been developed, we will
explore the possibility of demondrating the technology at the INEEL ste.

At LANL, an APPJ system will be built for insartion into a Pu-contaminated
glove box. This device will be deployed and tested in fiscal year 2002. We will aso

continue to look for ways to improve the decontamination process as wel as make it

cheaper.
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