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An experimental device for plasma treatment of low and intermediate level radioactive waste
was built and tested in several design variations. The laboratory device is designed with the in-
tention to study the general effects and difficulties in a plasma incineration set-up for the fur-
ther future development of a larger scale pilot plant. The key part of the device consists of a
novel microwave plasma torch driven by 200 W electric power, and operating at atmospheric
pressure. It is a specific design characteristic of the torch that a high peak temperature can be
reached with a low power input compared to other plasma torches. Experiments have been car-
ried out to analyze the effect of the plasma on materials typical for operational low-level wastes.

In some preliminary cold tests the behavior of stable volatile species e. g., caesium was investi-
gated by TXRF measurements of material collected from the oven walls and the filtered off-gas.

The results help in improving and scaling up the existing design and in understanding the ef-

fects for a pilot plant, especially for the off-gas collection and treatment.
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INTRODUCTION

Radioactive waste from nuclear power plants
has to be stored and isolated from the environment in
adequate repositories as long as the radioactivity is
above acceptable levels. Appropriate long-term stor-
age has to provide a high degree ofisolation and reten-
tion of the radioactive wastes, ideally without further
maintenance. To reach that goal, the waste has to be
conditioned, processed and packaged in an appropri-
ate way for easy and reliable handling. The volume of
the radioactive wastes and therefore the storage casks,
must be as low as possible due to limited space in the
repositories. There should be no leaching of radioac-
tive substances from the final packed containers.

Conditioning of the waste is usually done after
sorting according to the properties of the waste com-
ponents. The aim is to minimize the volume of the final
product while meeting the regulatory limits on the spe-
cific activity per cask.

A comprehensive alternative to conventional
low and intermediate level radioactive waste treatment
strategies would be plasma treatment, which can be
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applied to all kinds of materials and results in a volume
reduced and stable final product [1].

BACKGROUND

All waste produced during operation of nuclear
power plants is usually declared as radioactive and has
to be handled specifically. This includes mainly con-
taminated materials from the working environment,
e. g., clothes, gloves, packaging foil etc.

When applying plasma to wastes, the waste com-
ponents are decomposed. Combustible parts are inciner-
ated. The molecular structures of noncombustible com-
ponents are broken apart. Metallic solids are molten. The
peak temperature of the plasma is high enough to decom-
pose any material [2]. The intended effects when treating
mixed radioactive operational waste from nuclear power
plants are volume reduction and solidification of the re-
sidual material. The motivation is to treat all the material
in a mixture as produced.

Plasma as thermal treatment technology is ap-
plied in various fields for treatment of different haz-
ardous waste materials. Plasma treatment of low level
radioactive material is performed in prototype plants,
but cannot yet be regarded as an established method
(3, 4].
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Some functionalities of plasma treatment are
possible to observe in small scale experiments. An ex-
perimental device was set-up at the FH Aachen Cam-
pus Julich, Germany, for testing of design features and
plasma specific properties related to radioactive waste
treatment. The main aim is to verify the known advan-
tages of plasma technology on a small scale and in ad-
dition, to identify the problems and the properties that
can influence the design of a full scale device.

LABORATORY SET-UP

A newly developed microwave plasma torch and
a high frequency generator by HHFT was used in our
studies [5, 6]. Major advantages of this specific appli-
cation to common plasma torches, are: the torch pro-
vides a high thermal efficiency and is free of mainte-
nance. In addition, a process gas of choice can be
applied to allow e. g., combustion in air. The torch is
driven by a 2.45 GHz microwave signal. The input
power can be regulated up to 200 W. The torch is
built up with a hollow copper cannula as an electrode.
The length of the copper electrode is 4/2, with A =
=12.23 cm being the wavelength of the signal. The
plasma gas flows through the cannula and is ignited at
the tip where it gets ionized by the high electric field
power. The ignition frequency of the torch utilized is
2.40 GHz and the operating frequency is 2.44 GHz as
found by calibration. The plasma gas flow has to ex-
ceed 0.2 L/min. Welding protective gas (argon) can be
used or an argon 98%/hydrogen 2% mixture. In the ex-
periments described in this report the latter was used.
A second gas is cooling the cannula and helps focusing
the plasma flame. Compressed air was used with a
high flow above 2 L/min for this purpose [7].

The thermal power needed for complete treat-
ment of the waste material would then be induced by
conventional heating in an induction oven or, in the
case of this laboratory device, by a gas burner.

Figure 1. The assembled oven with conventional and
plasma burning chambers

The laboratory set-up was planned with the idea
of a simplistic and versatile model. The aim was that
the setup would be easily amendable to adapt to any
new experimental results. The main modifications are
an inlet for the plasma torch, one optional inlet for a
gas burner, an off gas tube and an inlet for the speci-
men. Figure 1 depicts the fully assembled oven. The
device has been designed as a modular oven with dif-
ferent burning chambers in order to compare the out-
come for plasma treatment, conventional burning and
combinations of both. For the oven piece a cylindrical
piece of a steel tube was used (fig. 2). An aluminum
foil bed was added for holding the specimen. The torch
power is low enough not to melt down parts of the
oven. The effect of the plasma on the material to be
treated was of interest. The choice of materials was
governed by a detailed study on the composition of op-
erational wastes of nuclear power plants in Europe [8].

Figure 2. Plasma torch in operation inside metallic
oven piece

EXPERIMENTS

The aim of these experiments is to prove the cor-
rectness of the claim that — in general — all material is
treatable and the treatment effects observable espe-
cially on this low scale. In addition, the role of the
specimen size on the treatment time and outcome was
investigated. The assumption should be confirmed,
that the required treatment time and energy decreases
with higher fragmentation of the specimen. Some ex-
periments involving glass particles were done to find
out if any vitrification occurs.

Table 1 lists the experiments of short time plasma
treatment of various materials with the specimen mass
and treatment time and short remarkable observations.

Activated charcoal was expected to burn away.
In addition, some bubble forming on the surface of the
charcoal was observable, as shown in fig. 3. Besides
evaporation of volatile species formed in the produc-
tion of charcoal, the peak temperature in the plasma
may have been so high, that not only (chemical) burn-
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Table 1. Short time plasma treatment of various materials — experiments

Material Mass [g] Time [s] Observations and remarks
Activated charcoal 0.2 120 Completely vanishes, Melting was observable
Paper 0.2 60 No residue
Quartz wool 0.15 60 Volume reduction
Tin plates 0.4 300 No effect
Latex gloves 0.15 60 Glued to oven walls, a lot of smoke production, no residue
Glass particles 0.7 30 Melts together to a single droplet
Brazen chipping 0.3 300 Melts together
PE 0.2 90 Ash, smoke
Textiles 0.2 60 High flame, no residue
Cable 0.3 60 Isolation burned, metal melt where flame touched
Wood 0.3 120 Burns down, orange flame
Mixture 0.5 300 Burns down
Mixture + Glass 0.7 600 Combustibles partially melt together in glass droplet
Brazen chipping + Glass 0.75 460 Melt together to brown, grainy particle
Aluminium chipping 0.33 20 Partially molten
Iron chipping 0.25 50 Sparks, partially molten
Stainless steel chipping 0.67 80 Sparks, partially molten
PVC 0.15 120 Lots of dark smoke, residue on walls
Acrylic glass 0.16 10 Melts away
Stone salt 0.2 30 Breaking of structure, melting
Tungsten wir - 40 Exp. in air, flame on a spot, wire melts down on that spot
Ceramic tile - 30 Exp. in air, where the flame touches the ceramic melts

Burning chamber

T Activated charcoal

Plasma torch Chamotte stone

Figure 3. Plasma treatment of activated charcoal
observed through a cobalt-glass

ing but physical melting and gasification occurred
(melting point: 3550 °C, gasification point: 4027 °C).
Some materials that are combustible, but are sorted to
the non-combustible waste like PE, PVC, and acrylic
glass have been treated with plasma and have burned
away. Under unfavorable conditions these materials
may form toxic compounds in the flue gas. Hence, de-
tailed investigations and analysis of the flue gas should
be performed to establish conditions avoiding their
formation.

The various metal chippings showed an effect
where the plasma flame touched the material: a spheri-
cal melting point was visible at these spots. Some par-
ticles were also sintered.

Glass melts down while keeping its volume and
mass. The effect of the grain size of glass particles was
examined. For this experiment, some glass was
crushed and sorted by size. It could be observed that
the melting proceeds faster when the particle size is
smaller.

The so called “Mixture” in tab. 1 is a typical
scaled down composition of combustible material
from nuclear power plant operation. In detail the mix-
ture used in this experiment consisted of 0.1 g textiles,
0.17 g PVC and 0.08 g latex glove (synthetics), and
0.12 g charcoal (other). In a subsequent experiment
0.23 g glass (incombustibles) was added. The mixture
was easily treatable. In the experiment with addition of
glass some dark spots could be found on the molten
glass droplet indicating a partial vitrification of the
combustibles (see fig. 4).

When treating a mixture (50:50) of brass grains
and glass particles, one observed a large grainy, brown
droplethad formed besides some residual brass grains.

Tungsten wire was examined to see if the effec-
tive temperature is high enough to melt even high tem-
perature resistant material (melting point: 3422 °C).
When treating a wire fixated in front of the plasma

Figure 4. Plasma treatment of a waste mixture + glass
particles melt together
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torch, it was observed to break after ~40 s of treatment.
A very bright glare was seen through a cobalt glass
used to protect the eyes.

In treatment of ceramic tiles only a local effect
around the plasma focus was observed: the surface
melts with an appearance similar to molten glass.

We found materials to behave differently in
plasma incineration, plasma aided incineration and
conventional combustion. The most remarkable effect
could be seen when treating quartz wool (see fig. 5).
Whereas with conventional burning no visible effect
could be observed, the plasma flame burned the quartz
wool down. The material shrank significantly where
touched by the plasma flame and its volume was
highly reduced.

The power required for complete treatment is
mass-dependent and necessitates an up-scaling of the
plasma torch and its electric power supply. At the cur-
rent power level the plasma torch is not suitable for
treatment of massive materials. For future applications
an upgrade of the torch for power inputs of several kKW
is foreseen.

Caesium-137 is aradionuclide with a half-life of
30.1 years volatilizing at 671 °C. '¥’Cs is a leading nu-
clide for all radioactive waste material. Due to its low
gasification point, it is a special threat in heat treat-
ment. The aim of this experiment is to find out the ef-
fect of the plasma on caesium and analyze the distribu-
tion of the caesium in different parts of the oven after
treatment. Filter papers were impregnated with low
concentrations of Cs salts and plasma treated. Cae-
sium was washed from the oven piece and the off-gas
tube by demineralized water. The resulting solutions
were analyzed for Cs by TXRF system.

It was found that >97% of the Cs was recovered
from cold surface areas of the assembly as expected.
Only <3% could not be recovered. That may be lost in
the off-gas or through leakages or by the dissolution
process. The well-known behavior of Cs is therefore

v

Figure 5. Comparison of plasma treated (left) and
conventionally thermal treated (right) quartz wool

confirmed and reproduced for high temperature
plasma combustion. In a set-up with a high tempera-
ture in a larger volume, such as an industrial oven, one
should foresee a zone to collect the volatile Cs, e. g., at
the first cold surface in the off-gas stream or by chemi-
cal absorbers.

About two thirds of the total Cs was found to de-
posit locally in the burning chamber and 1/3 to travel
with the off-gas stream to the region of the off-gas
tube. This distribution, however, seems more to be a
characteristic of this specific oven setup and not for
plasma incineration in general. The deposition of cae-
sium in different oven designs will be investigated in
further experiments.

CONCLUSIONS

Several conclusions can be drawn for up-scaling
of the effects and development of a full scale plasma
treatment device for radioactive wastes from the ex-
periments described.

Itis indeed possible to treat all kinds of materials
by applying plasma. In principle, the temperature is
high enough to incinerate and melt even a material of
high temperature resistance, such as iron, tungsten and
ceramics.

The thermal power output of the torch is an im-
portant factor to consider. In our experiments it was
not possible to melt down larger specimens due to the
low power of the plasma torch (200 W) applied. In ad-
dition to increasing the power, it is helpful to also de-
crease the size of the material to be treated, by con-
trolled crushing or milling.

Plasma, as a thermal treatment technology, has
some clear advantages compared to conventional
combustion. Not only can all materials be treated due
to the very high plasma temperature, but also the com-
bustion process is faster and more effective.

Caesium volatilizes under the influence of
plasma. In our experiments it was found locally close
to the treatment zone deposited on cold surfaces. Only
a small fraction of the total caesium amount could not
be recovered. When regarding a full scale plasma
treatment plant, one has to account for a caesium col-
lection device in the flue gas stream to prevent con-
tamination by radioactive caesium. It is hoped that ac-
cumulation in the oven resulting in dose build-up can
be avoided by improved design of the combustion
chamber.
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®peaepuxk HAXTPO/, Boagranr TUY, Jomumujano MOCTA'RU, Yiapux B. LIEPEP

INOCTAB/bAILE U MIPBO IIYHNTABE Y PA IINTIABMA IIERHUIE 3A
PYKOBAILE PAJIMOAKTUBHUM OTIHAJOM HUCKOI' HUBOA

ExcnepumenTannu ypebaj 3a TpeTupame mia3MoM paguoaKTUBHOL OTIA[a HUCKOT U CPEfber
HUBOA HANpPaBIbEH je W TECTHpPaH y HEKOJWKO BapujaHTH. JlaGopatopujcku ypebaj auzajHupan je ca
HAMEPOM Jia Ce U3yye ONIITH epeKTH U NOTeIIKohe KOJl Cra/buBakba MIasMoM y by Oynyher passoja
Beher munoT nocrpojera. Kibyunn neo ypebhaja je HoBu MUKpoTanacHu FOPHOHUK MiazMe Kojer nokpehe
enexkTpuuHa cHara off 200 W u xoju pajpu npu armocepckoM nputucky. Cnenudpuina KapakTepUCTHKA
[n3ajHa TOPHOHNKA OMOryhyje IIOCTH3ame BUCOKE TEMIIEpaType ca HICKOM CHAaroM y mopebemy ca ipyrum
FOpUOHUIIMMA TI1a3Me. EKcliepuMeHTH ¢y CIPOBECHH Ha MaTepHjaiuMa KOjU ce TUIIMYHO T10jaBJbyjy Kao
OTHaJ HUCKOT HHMBOA. Y NPEIUMHHAPHUM XJIAJHUM TECTOBUMA MCIMTUBAHO j€ IOHAIIalke CTATHUX
UCMapJbUBUX BPCTA, Ha MIpUMeEp, 1ie3ujyma, kopuctehu TCRF Mepemwa Matepujana cakylybeHUX ca 3UI0Ba
nehnuue u unTpupasor raca. Pesynararu gajy gonpuHoc no0osbllIaky U CKanupawy nocrojeher ausajza,
Kao Uy pasyMeBamy edeKaTa Koj IUI0T IOCTPOjeha, HAPOUUTO 32 TPETUPAE U CaKyIJbake raca.

Kmwyune pequ: ottitiad HUCKOZ HUB0A, HAA3MA THEXHOA0ZUJA, PYKOBAHE PAOUOAKTUUBHUM OTUHAOOM



