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Abstract

The experience on mitigation of the consequences of the Chernobyl's nuclear power station accident
proves that the treatment of large amounts of organic and mixed wastes containing radionuclides is a very
urgent scientific and technical problem. In this connection a search for new ideas and development of highly
efficient and ecologically safe technologies for treatment of organic radioactive wastes has been undertaken.
This study is based on use of physico-mechanical properties of various organic materials (wood, rubber-
containing composites, plastics, biomass) subjected to thermal decomposition in the overheated water steam
medium. Under such conditions, there is a possibility, under relatively low temperatures (400 - 500°C), to
realize thermal decomposition and considerably (in 8 - 50 times) to reduce the amount of wastes, to obtain
the main concentration of radionuclides in the solid residue and to prevent releases of gaseous products
containing radionuclides to the environment.

1. MODIFICATION OF THE LAB-SCALE FACILITY FOR CARRYING OUT THE STUDIES
ON THE TREATMENT OF ORGANIC WASTE BY OVERHEATED STEAM

A special installation was manufactured to carry out our research on the treatment of organic waste
by overheated steam. A general view of the installation is given in Fig.l. The installation is based on the
steam generator EDA-22 1(1), equipped with an automatic device to keep a required pressure of water steam
and to guarantee its expenditure at 26 kg/h under pressure of 0.6 MPa.

Steam overheating is realized by an electric with steam generator 2, which is presented in the
mounting state in Fig. 2. The overheating part consists of a pipe-line winded with an electrical heater. The
power of the heater is regulated by a rheostat 2. The pipe-line itself with the heater is placed into the thermal
insulating housing 3, filled in with the heat resistant material 4. The steam overheater allows to overheat the
steam from 135°C to 500°C with the steam consumption up to 26 kg/h.

A thermochamber, where the steam treatment of waste is realized, is shown in Fig. 3. In the upper
part of the housing a roof with the flange 3 and manometer 4 is mounted. In the lower part of the housing
there is a grid 5 and a undergrid chamber 6. The feeding of wastes in the steam overheater is realized with
a loading screw 7. Unloading of the solid residue is made by a delivery screw 8 into the container 9. The
temperature in the housing is controlled by a thermometer 10.

A cooler, where gaseous products of thermal decomposition are condensed represents a heat
exchanger with a tube bundle (see Fig. 4), which is composed of a housing 1, mounted on the supports 2.
The tube bundle 3 where the steam-gaseous mixture is condensed, is built into the housing. In the upper part
of the housing a lifting cover 4 is mounted and, when it is necessary, it may be taken off, to provide an access
to the tube bundle.

The separation of waste decomposition products from water is realized in the separator (see Fig. 5).
The separator is composed of a housing 1, valves 2, manometer 3, upper cover 4 and peephole 5.

This installation is operated as follows (see Fig. 1): highly saturated water steam from the steam
generator 1 is fed into the steam overheater 2, where it is overheated up to T ~ 500°C. Then overheated steam
is fed into the thermochamber 3, where the wastes are loaded using the loading screw. The inlet and outlet
temperatures of the steam are controlled by the thermometers.
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FIG. I. The installation for the steam treatment of organic wastes (I- steam generator, 2- overheater
3-thermochamber, 4- thermometer, 5~cooler, 6-tankfor water, 7-separator).

FIG.2. Steam overheater (1-pipeline, 2-rheostat, 3- vessel, 4-thermostable material).
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FIG. 3. Thermochamber (1- vessel, 2-supports, 3-flange, 4-manometer, 5-grid, 6-undergrid,
7-screw,8-delivery screw, 9-container, 10-thermometer)

FIG. 4. Cooler (1-vessel, 2-supports, 3-pipe bundle, 4-lid).
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FIG. 5. Separator (I-vessel, valve, 3-manometer, 4-lid, 5-window).

The steam-gas mixture formed in the thermochamber goes through the pipe-line and comes to the
heat exchanger 5, where it is cooled by water, feeding into the housing from the water's tank 6. The
condensate is discharged into the separator 7. The solid products of thermal disintegration with a help of the
delivery screw 8 are unloaded in the container 9. From the separator 7 the water comes back into the steam
generator 1 and liquid hydrocarbons - into the store.

2. DEVELOPMENT OF THE METHODS FOR ANALYSIS OF THE RESIDUES

Particular methods for carrying out experiments for thermal processing by steam were developed.
The temperature range of destruction (decomposition) of wastes depending of their kind (rubber, plastic,
biomass) was detemined using derivatographic methods. Then temperature limits and values of endothermal
and exothermal reactions for the waste treatment by overheaedt steam were determined. Using derivatograms,
the amount of off-gases was found as well as time of the release. On the basis of data, obtained by
derivatographic methods, the temperature tolerant intervals for treatment by steam were found in order to
obtain the maximum amount of the solid residue and maximum concentration of radionuclides in it.

A composition of products of thermal destruction of wastes was analyzed by special methods. In
the above-described installation the samples of organic wastes (rubber, plastic) were treated by the overheated
water steam. The experiments show that the decomposition products consist of:

35 - 40 % of mass - liquid hydrocarbons
5 - 6 % - gaseous products
6 -10 % - metal

53 - 45 % - solid residue

colour.
Liquid hydrocarbons are easily separated from the condensate and represent a liquor of dark-brown

The main properties of the liquid hydrocarbons are shown in Table 1.
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TABLE 1. THE MAIN PROPERTIES OF LIQUID HYDROCARBONS

No.

1

2

3

4

5

6

7

Properties

Fraction composition
-10 % are destillated under temperature
are destillated under temperature up to 250 C
are destillated under temperature up to 360 C

Viscosity under 50 C,
-kinematic

Temperature of solidification

Ash content

Fraction of total mass for mechanic impurities

Density under 20°C

Low heat value

Value

193°C
21%
76%

9.1mnv7s

+ 4°C

none

0.06 %

920kg/m3

41300 Id/kg

Gaseous products of destruction of rubber wastes are mainly composed of hydrocarbons and
hydrogen. The solid residue is a substance of black colour. The density of the sample is 1780 kg/m3. The
content of carbon is 89.5%, hydrogen -5,30%, sulphur -1.07%, ash -5.2%. The heat of combustion of solid
residue - 35.5 % MJ/kg. The treatment of solid residue was realized by catalytically burning within the range
of temperature 300 - 360°C with the decreased amount of off-gases. The major part of radionuclides is
concentrated in the ash which represents 5.2% of the solid residue. Thus the volume reduction of rubber
wastes contaminated with radionuclides represents 36-4.

Polyethylene was used as example of polymer waste. Off-gases from the thermal destruction of
polyethylene were collected after cooling and analyzed using chromatograph. The experiments were carried
out in the temperature range 290-480°C.

Analysis of the experimental results shows that releases of the gases that were not condensated under
the conventional conditions (P=l MPa, T=273°K) are 20-41 %. A condensated part of consists mainly of C9-
C20 with a boiling temperature of T=200-300°C. Paraffin hydrocarbons practically are not mixed with the
condensate and can be easily separated. Analysis of the condensate has shown that it practically does not
contain of hydrocarbons and because of that the condensate cannot be recycled for production of steam.

3. EXPERIMENTAL STUDIES ON DIFFERENT PROCESS PARAMETERS FOR THE
TREATMENT OF RUBBER, POLYMERS AND BIOMASS

The experiments have been carried out as follows. Prior to the placement of a sample into the
thermochamber it was heated to the required temperature which was selected in accordance to the objective
of the experiment. The heated thermochamber then was loaded with the sample of biomass, rubber or
polymers. The temperature of the cross-section of the sample, steam consumption and off-gases were
registered during the experiment.

The steam-gas mixture coming out from the thermochamber was cooled down for separation of
condensed and non-condensed gases. After the temperature has reached the given value the sample was
unloaded from the chamber and cooled. The amount of the resulted condensate was measured.

The cooled sample was weighed and the amount of gaseous non-condensed products was determined
as a difference of weights prior to and after thermal destruction taking into account the condensate amount.
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The cooled sample was weighed and the amount of gaseous non-condensed products was determined
as a difference of weights prior to and after thermal destruction taking into account the condensate amount.

It was found that the thermodestruction process of rubber waste starts at T~360°C and completed
at T=500°C. For keeping such a temperature there is a need to have a certain amount of overheated steam
in the chamber. This amount can be determined on the basis of the following considerations. There is a
endothermal reaction during the destruction of rubber. In order to obtain the required temperature 360-500°C
the rubber has to be heated to these temperatures (assuming the thermochamber has already been heated to
this temperature). If the mass of rubber waste is M and its thermal capacity is Cn then the amount of heat
needed to heat the waste up to the temperature T is determined as:

Q=Cr'M-AT (1)

Where AT=T - To: To is the ambient temperature.

Since the rubber waste is heated by overheated steam, the amount of the steam can be determined
from Eq (1):

M= e, C:M-AT

i (2)

where
is the specific isobar thermal capacity of the overheated steam; and
is the temperature of the overheated steam.

For convenience Eq. (2) can be expressed through the mass entalpy of the overheated steam, i.e.:

C-M-LT
Ms=

 r _ (3)

Using Eq. (3) and also the table data for specific thermal capacity of the rubber waste and specific
entalpy of the overheated steam the amount of steam needed to heat the waste up to 360-500°C. The specific
entalpy volumes for overheated stem are given below in table. As follows from the table the specific entalpy
equals at P=0.1013 MPa:

T(°C)

100
400
500

h(kJ/kg)

15.52
626.16
794.85

That means that for heating the rubber waste with overheated steam (with T=400°C) up to T=360°C
the following amount of the overheated steam is needed:

1.38 kJ/kg-°C(360°C-20°C)-Mw

1 6 _ 1 5 0
(4)
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1.38 kJ/kg*°C(500°C-20°C)'Mw— i_J!
(794.85-150.52) kJIkg

i.e. (MIt/Mw)-100%=103 wt%.

Thus from the above calculations follows that the maximum amount of overheated steam required
for heating of N^ up to T=360-500°C is M,t = (1-1 .03)-^ i.e. 100-103% of the mass of the waste to be
treated.

At the temperature 360-500°C thermal destruction of the rubber waste occurs. The gases from the
destruction together with water steam come to the cooler where condensation of steam and gaseous
destruction products take place. Non-condensed gases may be directed to a steam generator for incineration.

The amount of the gas needed for providing energy to the thermodestruction process can be obtained
as follows. Power needed for pyrolysis is determined by the energy needed for heating the waste from 20°C
to360°C,i.e.:

Qr=Cr'M-AT=l.3S kJ/kg°C'\000 kg (360°C-20°C)=269.2 MJ

The energy needed for production of steam:

n 469.2-106 y-2250-103 Jlkg . _ _ %jfr

(j =_—.»„ .—— =17oU MJ

2-103 J/kg-°C (400oC~100oC)

Taking into account 10% of thermal losses for the thermotreatment the expenditure of energy will be:

Q=\. 1-1760 M/=1936 MJ

The amount of gas needed to burn 11 of rubber waste will be:

=51 kg8 38 MJIkg

that represents 5.1% of the treated waste. The amount of off-gases produced by thermodestruction is 8%.
That means that the amount of the gases is sufficient for providing energy for the thermal destruction.
Condensed water and thermodestruction products are sent to a tank. The solid residue is removed to a
collector. This solid residue contains up to 98% of stontium and caesium.

Parameters of the process used for destruction of polymer waste have been studied using
polyethylene, polypropilene, and polystyrol. Stem heated the waste up to 400-500°C. By contacting with
the steam the waste are heated and melted. The melted substance penetrates dispersed material (such as sand)
forming a large specific surface for contacting with steam. Under heating the waste degraded and gases are
produced. Gaseous products of destruction are mixed with the water steam and transferred into a cooler.
Because of a different density of polymers, the upper layer consists of the polymer with a lower density.
Owing to the separation of polymers and a gradient of the temperature, the thermodestruction process is
intensified from the bottom to the top.
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From literature it is known that during heating biomass is destructed: volatile materials are separated
and the carbon-containing materials remain in a chamber. The process can be characterized as follows: the
mass of wood decreased to 15-20% at 400°C, then further heating without oxygen access leads to
insignificant (2-3%0 mass reduction. Above 400°C the amount of desublimated radionuclides increases that
is resulted in the contamination of wood with gaseous products of decomposition and the need in high
efficiency off-gas cleaning system. Taking into account the above the decomposition of wood should be done
in the range of 250-400°C. Energy expenditures for the decomposition of biomass includes the energy
required for heating from 20°C to 400°C, that is:

Qh=Cp-M-*T=\.9 kJIkg-K'l kg (400°C-20°Q=722 kj

The energy expenditure for production of gaseous decomposition products is:

Q =2.6 MJIm2'\ w3=2600 kJ

Taking into account 15% of thermal losses in the thermochamber the total energy expenditures will be:

e £ =(722 &/+2600 kJ)-\. 15=3820 kJIkg

This expenditure can be compensated by the heat released from catalytical incineration of the solid
residues, that is 20-26 MJ/kg. Thus the useful amount of heat that can be obtained in this process will be

Quse/ur(26000 MkgyO.20-3*20 AJ=1380 kj

per kg of the contaminated biomass. The heat can be used for drying of wet biomass prior to decomposition.

The composition of the thermodestruction process is as follws: 40 wt% of carbon residue, 32 wt%
of non-condensed gases (CO2, CO,CH4, Hj, CjHJ and 28 wt%of water. The condensate does not contain
toxic substances and has no harmful effects on the environment.

4. CONCLUSIONS

The results obtained indicate that the process can be applyied to treatment of organic waste
contaminated with radionuclides. Further research and development is needed for design and construction
of a pilot scale plant.

110


