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Uranium Extraction in Ultrasound Field from Contaminated Soils
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A study of uranium anion complexes extraction, from radioactively contaminated soils, under the influence
of ultrasonic field is presented. The dynamics of uranium extraction has been studied for four soil types
characterized in terms of particle size, structure and chemical composition using three extraction reagent
types: a) water, b) 0.1 M sulfuric acid solution, and c) chloro-sodium solution - 100 g / L sodium chloride + 10
g / L sodium carbonate,  mass ratio solid/liquid 1:2, for 30 min, temperature 20° ± 2°C, in ultrasound field,
frequency 24 kHz and power 400 W. If in case of decontamination in normal conditions the higher
decontamination degree was approx. 80%; using ultrasound field led to a decontamination degree of almost
100%. Using ultrasound led to values of   comparable or higher degree of soils decontamination with approx.
15-20% compared to classical decontamination by chemical cleaning. From economical point of view,
decontamination using ultrasound of radioactive contaminated soils, compared to chemical cleaning in
normal conditions, is an expensive method. This method can be used when is required a fast, and a more
efficient decontamination,
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Global concern for environmental protection and
reintroduction of radioactive contaminated soils in
rehabilitated land circuit is an important and perpetual task.
The aim of this paper is to develop an intensification method
for soil decontamination.

Remediation of accidentally polluted soils with heavy
metals is one of the biggest challenges for environmental
protection The techniques which are most frequently used
for soil remediation are expensive (a medium cost for these
technologies is 600 $/t) and, in recent years, there is an
increased interest in finding new and innovative solutions
for efficient removal of contaminants, in order to save
groundwater and soil. [1]

Intensification of mass transfer processes in soil
decontamination by applying ultrasound is a new
technology, which produces a mechanical, biological and
sonochemical effects. Studies of ultrasound applications
in soil science are few and only at the conceptual level [2].

Conventional chemical reactions are accelerated under
the action of ultrasound or are oriented towards achieving
quite different products [3].

 Many conventional techniques for soil washing are
based on the principle of adsorption of pollutants on soil
fine particles such as mud, clay and humic material. These
tend to adsorb sand and gravel particles on largely grain
size particles [4].

The primary goal is to disloge soil wash and separate
the fine components from large mass of soil. If polluting
materials can be removed from the most soil, is obtaining
a “concentrate” volume of polluted soil. Any optimizations
of penetration of the reagent into the de-polluted material
results in an increase in the removal of soluble substances
which are trapped within the solid particles.

A method that has worked well is the intensification of
extraction of contaminants with ultrasounds [5-6]. Using
ultrasound as a mean of enhancing the process of mass
and heat transfer is reported in the literature since the 1970s
[7] applied to dissolution, adsorption, and desorption
operations [8].

Under the influence of the ultrasound occurs an
extraction of contaminants, and a number of factors
contribute to increasing of the process efficiency. These
factors are asymmetric collapse of the cavitations bubbles
(in the vicinity of solid surface), which lead to a high-speed
microjet, directed towards the solid surface; this microjet
can improve the speed of transport and increase the surface
area by dividing it;  cavitation collapse will generate shock
waves that cause particle breakage of extraction agent,
which after that can penetrate inside the particle by
capillary; particle fragmentation by collision will increase
the surface area; generating sound to disturb the diffusion
layer on the surface; diffusion through the pores until the
reaction will be enhanced by ultrasonic capillary effect
[9].

There are several studies about washing method of
heavy metals soil [10-12], or organic pollutants [13, 14].

The power of ultrasound has been used for soil release
and removal of metals and metal compounds from the
surface of soil particles instead of attrition technique.

Soil diluted with water was treated using 22 kHz
ultrasound with power from 100 to 500 W. Ultrasound
increasing the efficiency of soil remediation processes by
30% [15].

A new method for soils remediation is based on
extraction with citrate under ultrasound conditions [16].
Citrate is an extracting substance that does not alter the
environment and is successfully used to decontaminate
soils with lead (Pb), zinc (Zn), cadmium (Cd) and copper
(Cu). Application of ultrasound intensifies extraction of
these metals after exposure for 30 min. at a frequency of
19.5 kHz, equivalent to a normal wash for 24 h.

Liu [17] and Mukherjee [18] showed that ultrasonic can
dislodge organic matter adsorbed on a specific area of
aquatic sediments and, therefore, significantly increase the
bio-availability of sorbent.

Newman [19] conducted similar studies on granular
pieces of brick impregnated with copper oxide as a model
for the decontamination of polluted soils. He noted a 40%
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reduction of the copper content by washing the
impregnated pellets with a stream of water in a tank at an
ultrasonic frequency of 20 kHz.

These studies suggest that ultrasonic radiation can be
an effective way to improve the extraction of ionic species
in polluted soils [20-23].

The aim of the research presented in this paper was to
determine how ultrasound helps to improve the extraction
of uranium from radioactive contaminated soils.

Experimental part
Laboratory tests were performed on four soil types

characterized in terms of particle size, texture and
chemical composition; these are the key factors in
determining the performance and limits of the used
decontamination process. These characteristics of the four
soil types are presented in the next paragraph. The soils
have been previously artificially contaminated in the same
conditions with uranium (0.385g/L uranium content, pH =
9) from mine water.

Decontamination kinetics was analyzed for each type
of soil using three different reagents for decontamination
of soil polluted with uranium: water, a 0.1 M solution of
sulfuric acid (H2SO4), and a chlorine solution 100 g/L sodium
chloride (NaCl) + 10 g/L sodium carbonate (Na2CO3) in
water.

Soils particle size distributions were obtained by sieve
analysis method, using Retsch Vibratory Sieve Shaker AS
200 with the following grain size: 0.056; 0.075; 0.1; 0.16;
0.2; 0.25; 0.5; 1; 2; 2.5 mm.

For decontamination tests in ultrasonic field was used
an ultrasonic generator, type UP400S Hielscher, at a
frequency of 24 kHz, and a power of 400 W. The
experimental conditions were: the mass ratio solid:liquid
1:2,  the operating time 30 min., and the  temperature  20
° C (± 2).

In order to maintain the temperature of the reaction, the
vessel is equipped with a mantle through which water
circulates in a bath thermostat-type B12 (fig. 1).

Soils texture was made using a validated method
(simplified Pipette method), obtaining the relative
distribution of soil particles in three classes: sand (2.0 -
0.05 mm), silt (0.05 to 0.002 mm) and clay (<0.002 mm).
The method to establish the soils composition consists in
the treatment of a soil sample dried at 105oC, with 150-
200 mLwater and 20 mL solution 5% sodium hexameta-
phosphate; the mixture has been homogenized for 2 h.
Then, the sample was sieved using a sieve of 0.053 mm, in
order to collect sand fractions. The rest of the sample
consisting of water, silt and clay was collected in a 600-
800 mL glass beaker. After the settlement time has expired,
the fraction containing clay settled and the silt particles
within the sediment was dried at 105oC.  Sand and silt
fractions were directly calculated and expressed as the
ratio between sand, respectively silt mass, and sample
mass.  Clay fraction was calculated as the difference to
one of sand fraction and silt fraction.

Organic content of the soils is important, because
uranium and a series of other pollutants have a certain
affinity to bind to the organic substances, either by

adsorption to complex formation, or through redox
processes. The main organic components are humic
substances; their concentration was established by dry
combustion method [25]. Their determination was made
by dry combustion method. This method involves heating
the soil at 400oC, when the organic matter content is
oxidized to carbon dioxide (CO2) and water (H2O) and the
most of minerals in the soil remain intact. The organic
substances are removed in the form of gas; mass loss can
be used to estimate organic matter content.

The soil samples were chemically characterized, in
terms of the content of uranium, total iron oxide (Fe2O3
total), ferric oxide (Fe2O3), and ferrous oxide (FeO) before
contamination. It is important to know the content of iron
as Fe3 + and Fe2 + ions because they participate in uranium
dissolution kinetics in the acidic environment.

Analytical method for the determination of tetravalent
uranium from samples containing uranium dioxide up to 2
g/L (liquid samples), or less than 0.5% (solid samples) was
a spectrophotometric method (molecular absorption
spectrometry) using a spectrophotometer type UV - Vis
CECIL 1100. For solid samples, regardless of their content,
gamma spectrometric method analysis with multichannel
analyzer with pure Ge detector for γ radiation (0-3MeV)-
ORTEC was used.

Results and discussions
An important criterion for application of wet soil

processing is content of small particles and of organic
matter. Therefore, it is important the characterization of
soil which will be treated.

Particle size distribution of soils has a great importance
to establish the applicability of the selected process.  A soil
with 25-30% content of small particles (less than 20μm)
corresponds to the upper limit for soil washing method. On
the other hand, soil with a high content of large-sized
particles can be easily decontaminated. Experimental
results for the four soil types, highlighting the size
composition are shown in table 1.

Fig. 1. Experimental installation

Table 1
PARTICLE SIZE DISTRIBUTION
OF SOILS (%) DEPENDING ON

THE MESH SIZE SIEVE
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As seen, in the samples soil 1, 3 and 4 prevail classes <
0.056 mm, and in sample of soil 2, classes > 0.25 mm.
These indicate that the sample of soil 2 will be
decontaminated relatively easily, while the samples of soils
1, 3, and 4, with a large amount of fine fraction, will be
decontaminated more difficult

The experimental results on the structure of the four
types of soils are shown in table 2.

It can be seen that the sample of soil 3 has the highest
clay content, indicating a soil hard to be decontaminated.
Soils 1 and 4 have the clay content at the upper limit (30%)
are in the terms of a potential remediation by washing.
Sample of soil 2 has a low clay content, being suitable for
this remediation method.

 The experimental results for organic matter content of
soil samples, determined by dry combustion method, are
shown in table 3.

the concentration of Fe3+ ions adsorbed on the particles
surface  determines the value of the reaction rate.

Divalent iron resulting from oxidation and dissolution of
uranium is capable, in the presence of oxygen in the air, to
be oxidized to Fe3+ again, and the process is repeated
according to the same scheme.

For the initiation of the dissolution of uranium, it is
generally considered suitable a Fe3+ concentration of about
1-2 g/L.

 Decontamination of soils in the presence of ultrasound
revealed the experimental results shown in figures 3 and
4.

Table 3
ORGANIC MATTER CONTENT OF SOIL SAMPLES

Table 2
SOIL SAMPLES STRUCTURE

Fig. 2. Soil samples

It can be seen that the soil sample 3 has the highest
content of organic matter, which is also confirmed by the
color of this soil sample (fig. 2).

The results concerning the chemical composition of soil
samples are shown in table 4.

As shown uranium content of the soil samples are at
the level of ppm (g/t), and the rate of dissolution of uranium
in the acid is determined by the ratio Fe3+/ Fe2 +. Hexavalent
uranium is slightly soluble in sulfuric acid (one of extraction
reagents used), but in the form tetravalent uranium must
be oxidized in order to be dissolved. Oxidizing agents act
indirectly by conversion of ferrous sulfate to ferric sulfate.

Iron ion in valence state III oxidizes the tetravalent
uranium through an electrochemical mechanism in which

Table 4
CHEMICAL COMPOSITION OF SOIL SAMPLES

Fig. 3.  Decontamination degrees of soils under ultrasound

Fig. 4.  Residual uranium content in decontaminated soils under
ultrasound influence

Washing with pure water does not lead to a satisfactory
soils decontamination. Soils 1, 3 and 4 have a higher residual
content of 100 mg/kg, but in case of soil 2 it was realized
an effective decontamination. Instead, usage of sulfuric
acid and chloro-sodium solution leads for soils 1, 3 and 4 to
a decontamination degree of 64-96% and for soil 2 to a
practical total decontamination.

As expected, the higher decontamination degree was
achieved for soil 2, which contains 96% sand and has an
organic content of 0.19%; so all three reagents are effective
for decontamination.

      Soil 1           Soil 2          Soil 3         Soil 4
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Comparing the results obtained in the same conditions
without ultrasonic action [26] (figs. 5, 6 and 7) and those
obtained by the action of ultrasonic field,  it was obtained
comparable or greater values for the decontamination
degree in the case of the use of the ultrasonic field; using
ultrasounds the process takes place in 30 min, instead of 2
h in normal conditions.

This effect is found especially in case of difficult soils to
decontaminate (soils 1, 3 and 4) which shows the role of
cavitations in the uranium extraction from the fine fraction
of the soil. These cavitations cause micro turbulence within
the particle and solid-fluid interface, improving the speed
of uranium diffusion.

Conclusions
Experimental investigations of uranium soils

decontamination with an ultrasonic field indicate how the
four soil types studied responded to the action of extraction
reagent.

The main factors in establishing of the performances of
the remediation process are particle size distribution,
texture and chemical composition of the soil, and organic
matter content.

Particle size distribution indicates that in the samples
soil 1, 3 and 4 prevail classes < 0.056 mm, and in sample
of soil 2 classes > 0.25 mm. These indicate that the sample
of soil 2 will be decontaminated relatively easily, while the
samples of soils 1, 3, and 4, with a large amount of fine
fraction, will be decontaminated more difficult.

Soil structure revealed three major classes namely
granular sand (2.0 - 0.05 mm), silt (0.05 - 0.002 mm) and
clay (<0.002 mm). It was found that the soil sample 3 has
the highest content of clay, which indicates a soil hard to
decontaminate.

Organic content (humic substances) is a very important
factor because uranium and other pollutants have an
affinity to bind them. Soil 3 has the highest content of
organic matter (5.181%) which makes it most difficult to
be decontaminated.

 The ions Fe (III) - Fe (II) are involved in the kinetics of
the uranium extraction in an acid medium; therefore it is
important to know the original content of the soil in these
components.

Decontamination tests using an ultrasonic field have
revealed comparable levels or higher decontamination
degree compared to classical decontamination by
chemical cleaning. For soils 1, 3 and 4 the decontamination
degree (acid extraction reagent) can reach values   of 80%
and about 100% for soil 2, an increase of approx. 20%
compared to classic decontamination for a reaction time
less than four times.

The economic effects of applying ultrasound to
decontaminate radioactive soils are found in lowering
operating life, in increasing of decontamination degree,
and in the result of a clean soil. Decontamination of polluted
soils using  ultrasonic field can be a promising alternative
to other methods.

 The use of the ultrasound field for radioactive soils
decontamination is an expensive method, compared to
chemical cleaning method, but this method can be used
when it is required a fast decontamination. In the future
we will consider cheaper methods to obtain comparable
or even better results.
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