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Abstract

A variety of methods was used to investigate the surface of stainless steel as
delivered or treated (electrochemically polished, machine ground). Micro X-ray
spectral analysis evidenced a uniform distribution of alloying elements. Auger
spectroscopy revealed the layer-by-layer composition by elements and the thickness of
the superficial oxide film. The distribution of heterogeneous uranium dioxide
powders on the stainless steel surface was examined by microprobe analysis (using
Comebax). In the order of increasing contamination by uranium dioxide, the surfaces
can be arranged as: untreated - polished - ground. The behaviour of hydrogen
peroxide in alkaline solutions was studied by spectrophotometry and laser analysis.
Decontamination of stainless steel surfaces from UO2 by microgaseous emulsions in
alkaline media with surfactants present was tested. The decontamination factor was
determined as a function of the size and volume of gas bubbles. It was shown to rise
with increasing gas content.

1. INTRODUCTION

Operational radiochemical equipment exposed to radioactive solutions is
contaminated deep inside. Radioactive matter penetrates into superficial oxide films,
cracks and pores, by diffusion or chemosorption. Solid U and Pu as well as Sr and Ce
used for manufacturing fuel elements and radiation sources or isotopic power
generators are also contamination contributors. The finest particles of high level
contaminants interact with stainless steel to become firmly attached to its surface by
chemoadhesion. For decontamination to be powerful, the oxide film and underlying
thin metal layer should be dissolved. Although, dissolution prevents fresh surfaces
from radionuclide re-sorption. Structural materials used in the nuclear industry and
contaminated with radioactive material are the subject of this research.

2. EXAMINATION OF STAINLESS STEEL SURFACES PRIOR TO
CONTAMINATION

The stainless steel surface in as-delivered, polished or ground state was
examined by interferometry. The surface irregularities were found to depend upon the
treatment type. Micro X-ray spectral analysis by means of Comebax evidenced
uniform distribution of alloying elements on the stainless steel surface. The
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morphology of all surface types prior to contamination was studied by scanning
electron microscopy. Auger spectroscopy was used to examine the layer-by-layer
composition by elements and the oxide film thickness. As-delivered stainless steel
was found to be covered with a thin hydrocarbon film about 10 A thick. The film
contained sulfur, oxygen and chlorine and no stainless steel components. The organic
film was underlined by an oxide film as thick as 20 A. Ground stainless steel revealed
a two-layer oxide film with a total thickness of about 60 A: the outer layer was rich in
iron while the inner one contained chromium. Upon etching, the stainless steel
surface showed no impurities. Electropolished stainless steel demonstrated a high
iron oxide film ~ 30 A thick. The film also contained nickel, chromium and traces of
phosphorus, chlorine and sulfur. The traces can be attributed to electropolishing
mixtures of sulfuric and phosphoric acids. Upon etching, none of these elements was
detected.

IR-spectroscopy evidenced an oxide film of a-FeO, (5-FeOH, 5-FeOH and y-
Fe2C>3 produced on an untreated non-contaminated stainless steel surface. On ground
and polished surfaces, similar iron oxides and hydroxides were not detected.

3. UO2-PARTICLE DISTRIBUTION OVER STAINLESS STEEL SURFACES

The dependence of contamination by uranium dioxide heterogeneous powders
on the stainless steel surface treatment was evaluated in terms of the adhesion number
gF. The gF value was calculated from variations in the weight of powder scattered
over the stainless steel surface.

With as-delivered stainless steel, the powder scattering resulted in low
contamination. A hundred fields 200x200 mm in size were measured. The maximum
amount of powder particles over this area was no more than 20, the maximum particle
size being 25-35 mem. No preferential contamination of recesses was observed.
Great wavy contamination was typical of the ground stainless steel surface which was
covered with large agglomerates about 50 mem in maximum size. The polished
surfaces were characterized by moderate wavy contamination. Large agglomerates
30-50 mem in size separated by uniformly distributed fine powder particles were
observed.

An investigation into decontamination of stainless steel surfaces by
heterogeneous colloid foams - microgaseous emulsions - called for data on the
oxygen release during hydrogen peroxide decomposition in alkaline media and on the
size of oxygen bubbles involved. For this purpose, a laser size analyzer was
developed.

4. HYDROGEN PEROXIDE BEHAVIOUR IN ALKALINE MEDIA

In alkaline media, hydrogen peroxide decomposes on the stainless steel surface
to saturate and oversaturate the aqueous solution by oxygen bubbles. Upon
nucleation, these bubbles tend to grow and break away from the surface. The
saturation by oxygen, using 5% OEDPA + 5% H2O2 + n% NaOH as a
decontaminating solution, was studied by spectrophotometry, where n is 0.64; 3.2;
4.0; 4.8; 5.6; 6.4; 8.8%. Spectrophotometric measurements showed that:
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- hydrogen peroxide decomposition accompanied by oxygen release increased
considerably with rise in the alkali concentration; with n varying from 3.5 to 8.8%,
the optical density increased from 0.18 to 1.3 at a wave length of 340 nm;

- no colloid systems formed, or variations in the molecule aggregation or other
heterogenities were observed.

Thus, the hydrogen peroxide decomposition produces oxygen bubbles which
nucleate at the stainless steel surface within the decontaminating solution bulk and
grow due to sorption and coagulation of the gas evolved.

5. UO2 REMOVAL FROM METALLIC SURFACES BY MICROGASEOUS
EMULSIONS

The decontamination efficiency for as-delivered, polished or ground stainless
steel contaminated by UO2 (40% U-235) rubbed in the surface was tested using
microgaseous emulsions ( colloid foams). The starting contamination varied from 20
to 50 Bq/cm2 . The decontaminating formulations used were as follows:

1. 3.5% NaOH + 4% H2 O2 + 0.2% oxyphos KD-6;
2. 5.0% NaOH +5%H2O2 + 5.0% OEDPA + 0.2% oxyphos;
3. 4.0% Na2CO3 + 2% H2O2 + 0.2% oxyphos;

With formulation 1, the average decontamination factor (DF) at a 20°C- treatment was
3.4 for as-delivered surfaces, 3.9 for polished ones and 4.3 for ground surfaces. The
second decontamination cycle, performed at 80°C, increased the DF value by 1.5, 1.2
and 1.1 times, respectively, up to 5.1; 4.7 and 4.7. Formulations 2 and 3 enabled all
types of surfaces to be decontaminated completely at 20°C within 30 s.

The data show a considerable dependence of the DF value upon the
decontaminating formulation. Electron microscopy evidences that as much as 80% of
decontamination by the formulations mentioned could be attributed to a physical
process of breaking away uranium dioxide particles above 1 mem in size from
stainless steel surfaces along with oxygen bubbles evolved.

A complexing agent (OEDPA, Na2CO3) added, contributed to a complete
removal of uranium dioxide even at room temperature. In its presence U(FV) oxidises
to U(VI) to form readily soluble compounds. Relying on the laser analyzer
measurements, the size of bubbles evolved from the formulation containing OEDPA
nitrate does not exceed 5 mem. The experimental data indicate the dependence of
efficient decontamination on the gas content of a decontaminating agent, or more
precisely, on the oxygen evolution rate. It suggests a kind of near-surface gas-
hydrodynamic quasi-liquefaction mechanism which promotes the dissolution and
removal of uranium dioxide from stainless steel surfaces. As follows from IR-
spectroscopy, major products of stainless steel surface oxidation are iron hydroxides
and oxides as well as chromium and nickel oxides.
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