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Volume reduction is a cost saving method for the final disposal of radioactive waste. On
one hand, arc plasma heating can provide sufficient heat independent of the chemical
and physical properties of waste, therefore enabling stable heating at high treatment
rates. CRIEPI focused on the advantages of arc plasma heating, and has clarified that
arc plasma heating can be used in a simultaneous melting treatment process for
low-level miscellaneous mixed solid waste, generated from nuclear power plants for
volume reduction, and in the stabilization of radionuclides.

INTRODUCTION

Electric utilities are obliged by law to solidify radioactive waste before final disposal. Volume
reduction is a cost saving method of treating waste prior to disposal. As a general rule, waste
should be separated, for example, into metallic, incombustible and combustible materials,
depending on the method of treatment, then an appropriate method should be selected for
volume reduction and solidification. However, the low-level miscellaneous mixed solid waste
(LLMSW) category includes all sorts of waste, some of which are difficult to separate out. This
kind of waste is generated during the commercial operation of nuclear power plants, and will
be generated when such plants are dismantled. Therefore, we have proposed a
simultaneous melting treatment for LLMSW by arc plasma heating, which can generate high
temperatures easily, and have concluded that this method can be applied to LLMSW[1].
Points to remember, when assessing the applicability of arc plasma heating, are the material
properties of solidified products, and the migration behavior of cold tracers simulating
radionuclides during melting.

The results of our research and development program show that arc plasma heating
technology can provide a new solution to the responsible treatment of radioactive waste.
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ARC PLASMA HEATING
The temperature of arc discharge may be as high as 5,000 to 10.000K. The thermal
pinch effect, caused by the constriction by a nozzle and gas flow surrounding the arc
plasma, raises the temperature and gives the arc plasma a straighter form. Arc
plasma heating has the following advantages. Firstly, it can generate high
temperatures easily. Secondly, the density of energy is extremely high. Thirdly,
heating energy is independent of any chemical reactions in progress in the heating
fields. Fourthly, effluent gases from
the process are of much lower
volumes than those generated by
fuel burners. Fifthly, management
of heating energy is very easily
achieved. Finally, arc plasma
heating allows clean heating.
Large-scale industrial applications
making use of these advantages
have resulted in successful
operations in metallurgical fields
such as molten steel heating in
tundish of a continuous
steel-casting process and plasma
fired cupola, in the material
synthesis fields, such as in
ultra-fine particle generation, and in
the environmental field of
hazardous-waste treatment[2][3].
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Fig. 1 100kW class plasma melting system.

EXPERIMENTAL PROCEDURE
Metallic (e.g. carbon steel, stainless
steel), incombustible (e.g. concrete, fly
ash, heat insulating materials, asbestos)
and combustible (wood and rubber)
materials simulating LLMSW were
treated simultaneously in our 100kW
class plasma melting system [4] shown in
Fig. 1, by changing the composition of
the waste[5] under inert, oxidative or
reductive gas in chamber[6]. We selected
the non-radioactive elements Co, Ni, Sr, F i9-2 F|V A s h M e l t i n9 i n o u r Laboratory.
Nb, Cs, Ce and Re, as cold tracer references for radionuclides, the radioactivity's of
which must be reported before the final disposal of solidified liquid waste in Japan.
Ce simulates alpha radionuclides and Re simulates Tc. Fig. 2 shows an example of
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waste treatment by plasma melting in our laboratory.
Solidified products consist of two layers, namely an upper layer of slag (metallic
oxides) and a lower layer of metal, depending on the specific gravities. The migration
behavior of cold tracers is evaluated based on the chemical analysis of both layers
and dust entrained in the off-gas. In order to evaluate the material properties of
solidified products, we clarified the uni-axial compressive strength of brittle slag, the
distribution of specific gravity and cold tracer concentrations in both layers, and the
leaching rates in deionized water. The conditions of the static leaching tests are
shown in Table 1. The normalized elemental mass loss (NLj) is calculated using the
following equation:

fxSA (1)

where ms; = mass of element i in the leachate (g), mb] = mass of element i in the
blank leachate (g), f\ = mass fraction of element i in the unleached specimen
(unitless), SA = specimen surface area (cm2).

Parameter

Shape of the Specimen

Test Temoerature (°C)
SA/Vfcm-Vi
Leachant
Leaching Period (dav)

Test Conditions
Ground Powder of 55-125 mm in Diameter (Slag Layer),
Cube ( 7x7x7 mm3) (Metallic Laver)
10
100 fSlaa Laver). 0.03 (Metallic Laver)
Deionized Water
3,7,14,28.56.91, 182.364

*1 : SA/V = (specimen surface area) / (leachant volume)

Table 1 Leaching Conditions.

RESULTS
Migration behavior of

radionuclides during melting
The general migration behavior of an
element during melting can be explained
from its thermodynamic properties, such
as the standard free energy for oxide
formation and the saturated vapor
pressure. We confirmed via experiment
that Co, Ni and Re, of which the
standard free energy values[7] are
larger than that of the iron forming a
main component of the metallic layer,
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migrated into the metallic layer in a stable manner, and that Sr, Nb and Ce, of which
the standard free energy values are lower than that of iron, migrated into the slag
layer, also in a stable manner. Even in the case of Cs with a low boiling temperature,
which is the key nucide of the Scaling Factor (SF) method, more than 50% remained,
as shown in Fig. 3. This level is satisfactory for practical use. However the migration
ratio of Cs into slag layer decreased under the reductive atmosphere, therefore we
recommend that inert or oxidative gas is used in the plasma furnace. Here, the SF
method is one method for evaluating radioactivity in waste forms. Radioactivity of
60Co and 137Cs were measured for waste forms, then the radioactivity of other
nuclides estimated using appropriate factors.

Material properties of solidified products
The material properties are summarized in Table 2.
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Experimental Parameters

Evaluation
Terms

Compressive
Strength of
Slag Layer

Homogeneity
of Metallic and

Slag Layers

Stabilization
of

Radionuclides
(Leaching)

Evaluation Criteria \

Compressive strength
of cement composite
used final disposal

(200-500kgf/cm2)

Coefficient of
variation is
less than 10%.

»Specific Gravity
» C o concentration

(Metallic layer)
» C s concentration

(Slag layer)

Comparison was
carried out
between our results
and that of
other melting methods.

Effects of the Kind of
Gases in the Chamber

Reductive
(CO and N2)

Inert
(Aror

N2)

Oxidative
(Air)

Waste: Carbon Steel
and Ash or Wood

Small voids formed in
slag layer * 1 .

O

Tests were
not carried
out
because
of small
migration
ratio of Cs
into slag.

0

0

0

Effects of
Waste Composition

Carbon Steel
and

Incombustible
Materials

Carbon
Steel, Ash
and Wood
or Rubber

Atmospheric Gas: Air

0

0

0

0

»Leaching rates from metallic layers are less than
10"4g/cm2/day, which is smaller than
corrosion rates of iron in water.

»Leaching rates from slag layers are less than
10"7g/cm2/day, which is compare
favorably with the results of other melting
method and solidification method.

O: Satisfied the criteria
* 1 : High solidification rate caused void formation because of small experimental facilities. Fine

slag will form in larger scale industrial plants.

Table 2 Material Properties of Solidified Products.

The main results are given below. Firstly, even the brittle slag has greater
compressive strength than that of the cement composite already used in the final
disposal of liquid waste. Secondly, the cold tracers are distributed homogeneously in
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Melting Materials: Carbon Steel and Ash
Atmospheric Gas: Air
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Fig. 4 Distributions of cold tracers' concentrations and specific gravities
in the solidified product.

both the metallic and slag layers. Also, the specific gravities of both layers are almost
uniform. These results indicate that it will be easy to measure the total radioactivity of
the waste forms before
final disposal. An example
is shown in Fig. 4 in case
of carbon steel and ash
melted in air. Finally, the
results of leaching tests
show that the solidified
products perform well
enough to stabilize the
radionuclides. In particular,
it is found that the
logarithm of normalized
elemental mass loss from
the slag is proportional to
the basicity represented
by mole fractions of main
structural oxides of the
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slag, such as SiO2, AI2O3, CaO, FeO and MgO[8]. Fig. 5 shows the basicity
dependence of normalized elemental mass loss of Sr for a leaching period of 91 days.

Thus we conclude that arc plasma heating can produce solidified products suitable
for final disposal.

Melting method of ceramic filter (C/F) elements
Most metallic, incombustible and combustible waste were easily treated
simultaneously and high volume reduction can be achieved via our melting tests.
Some kinds of waste however were difficult to melt. C/F element is one such waste,
and is one item with a high melting temperature used in the filtering systems of
incinerators in nuclear power plants. The main ingredient of C/F elements is SiC
which is likely to be volatilized at about 2,200°C. We confirmed that most C/F
elements were decomposed and melted into the metallic layer of Si and slag layer of
SiO2 while keeping oxygen concentration at the proper value in the plasma
furnace[9].

CONCLUSION
We conclude that the plasma melting technology can be applied to treat
simultaneously metallic, incombustible and combustible waste under an inert or
oxidative atmosphere in the plasma furnace. The key results above contributed to
progress in the commercialization of plasma melting technology for the simultaneous
treatment of low-level miscellaneous mixed solid waste.
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