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'Abstraet-
Results are discussed of exploitation of a pilot-plant

installation for bituminization of radioactive sludges of
an efficiency of 25 l/h. In a time period of 20 month 120
cycles were carried out in which 60 m3 of 2-4 % sludges
from treatment of low-level waste by the phosphate-ferro-
cyanide method were solidified. The P-60 asphalt was
used for bituminization. The bituminization products con-
tained 5-13.5 % of mineral substances. Their activity was
in the range 5x10"^ - 5x10~3 uCi/g for alpha emitters and
1.2 - 3.8x10-2 uCi/g for beta emitters. / .'

Streszczenie
W pracy omówiono wyniki'działania pół technicznej in-

stalacji do asfaltowania szlamów promieniotwórczych o wy-
dajności 25 l/h odparowanej wody. W okresie 20 miesięcy
wykonano około 120 cykli zestalając 60 m3 2-й %-wych
szlamów, pochodzących z przerobu niskoaktywnychścieków
metodą fosforanowe-żelazocyjankową. Do zestalenia stoso-
wano asfalt P-60. Produkty zestalania zawierały 5 - 13,5 %
substancji mineralnych i posiadały aktywność rzędu 5x10-4
- 5x10-3 uCi/g (dla radionuklidów alfa promieniotwórczych)
i 1,2 - 3,3x10-2 uCi/g (dla radionuklidów beta promienio-
twórczych) .

Резюме

В настоящем докладе представлены результаты ра-
боты полу-промышленной установки для асфальтирова-
ния радиоактивных отходов, имеющей производитель-
ность 25 л/час испаряемой водн. В течение 20 меся-
цев было проведено 120 циклов и отвергдено 60 м-*
2-4 £ шлаков, возникающих при переработке низкоак-
тивных отходов фосфатно-цианоферроатннм методом.
Для отверждения применялся асфальт Р-бО. Продукты
отверждения содержали 5-13,5 % минеральных веществ
и имели активность порядка 5.10-4-5.10-3 мкюри/г.
(для о(-активных радионуклидов) и 1,2-3 8«10-2мкюри/Г
(для/3-активных радионуклидов).
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1. INTRODUCTION

In recent years the method of bituminization has found wider and
wider application for solidification of radioactive waste, particularly
of post-precipitation sludges and post-evaporation concentrates.

In the year 1965 the first'industrial installation for bituminiza-
tion was set into operation in Belgium [1] . Nowadays industrial
installations operate in France E2] , Great Britain [3] , Federal Re-
public of Germany [4] and USA C5] . Many pilot-plant installations
have been constructed in a number of larger atomic centres £ 6-123.

The wide use of the bituminization techniques is due to the
advantages of bitumen as binder for solidification of radioactive
waste. The most important advantages of this materials are:

- relatively low price
- common availability
- high resistance to water and agressive agents
- relatively high resistance to ionizing radiation.

The bituminization products show the following advantages as
compared to the products obtained by the commonly used method of
incorporation of waste into cement:

- smaller bulk
- lower rate of leaching radionuclides during storage, larger

content of mineral substances.

From the view-point of technology two bituminization t«chniques
can be distinguished:

The Belgian "hot" method using solid non-emulsified bitumen. The
liquid or solid wastes are mixed with molten bitumen of a tempera-
ture l6O-23O°C, with simultaneous evaporation of water. Under
these conditions radionuclides together with mineral components are
covered with bitumen. The basic equipment consists of a mixing
oven and an installation for purification of waste gases.

This method has die following disadvantages:

- due to the low thermal conductivity of the bitumen large heating
surfaces are necessary;

- long heating time results in hardening of the binder, increased
viscosity of the mixture, thermal decomposition of the bitumen,
etc.
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- the process must be carried within, a narrow range of
temperatures

- batch operation.

The advantages of the method are a simple apparatus and a
relatively low cost.

The American method consist in" mixing waste with emulsified
bitumen at ambient temperature. -Evaporation of water is carried
out at elevated temperature. Examples of installations of this type
are the filtr.-evaporator in Oak Ridge (USA) and the apparatus
of the "Luwa" type in France [13] .

This method shows the following advantages:

- since the emulsified bitumen is liquid at ambient tempera-
ture heating during mixing' is not necessary .

- evaporation .of water takes place at relatively low tempera-
ture, thermal decomposition of bitumen is minimum

- the process can be carried out continuously.

The method shows the following disadvantages as compared to
the "hot" method [I3j :

- the method can be applied only to some types of waste,
- relatively high price of emulsified bitumen
- high cost of the apparatus
- lower quality of bituminization products.

The method elaborated at Marcoule [14} is a modification of
the American method. The emulsion is formed during mixing bitu-
men with waste at a temperature of 90°C upon addition of surface
active agents. The emulsion is destroyed mechanically. During
this process separation of a greater part of water takes place.
The residual water is removed from the mixture at a temperature
of 130°C. The last two processes are carried out in an equipment
of the extruder-evaporator type. The method shows the following
advantages:

- sludges of various water content (£0-90%) and various
composition (solid, colloidal) can be bituminized

- owing to the low temperature (90°C) the power consump-
tion at the first stage is low

- the process can be carried out continuously.
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The disadvantage of the method consists in the use of surface
ac'.ive agents what results in increased leaching rate of radio-
nuclides from the bituminization products.

The last method, after some improvements was used for
treatment of higher level waste (up to lO^Ci/m**) [14-, 15 J .
An apparatus of the extruder-evaporator type was employed [14, IS].
The principal components of the apparatus are two screws rotating,
in the same direction for transportation and homogenization of the
mixture. Heating to 15O°C is performed with the aid of vapour. The
mixing and evaporation processes are carried out in the same ins-
tallation what facilitates automation and continuous operation. The
bitummization product contains up to 60% of mineral substances.

The process can be completed in a short time of 100 sec. The
disadvantage of the method is the high cost of the apparatus.

.2. DESCRIPTION OF THE INSTALLATION

2.1. Initial state of the installation

The apparatus for bituminization supplied by the Belgo-nucleaire
Company was installed at the Institute of Nuclear Research, Świerk
in the years 1969-1971, and set into operation in Autumn 1971.
After preliminary experiments carried out on inactive sludges it
was put into service as a pilot plant installation in the middle of
1972.

Nowadays the installation is used for solidification of sludges
produced from low-level waste by the chemical method.

The scheme of the installation is shown in Fig.l. The principal
component of the installation is the mixing oven a capacity of 3201
[ 5 ] , heated electrically by means of heating elements located out-
side the mixer in a thermally insulated housing.

The heating elements involve two zones: the upper zone of a
power of 5 KW and a maximum temperature 600°C and the lower
zone of a power of 25 KW and a maximum temperature of 900°C.

The bitumen is mixed by means of a target agitator with im-
mobile paddles. The nominal optimum speed range of the, agitator
is 900-1400 rpm.

The system for cooling and purification of vapours comprises
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an entraiment separator ( 7 ) , a jacket-condenser (9) with a
cooling surface of 3 n»2̂  a scrubber (11) filled with Rashig rings
of a volume of 0.07 m3 and an electrostatic filter (13) . The
under-pressure in the system is provided by a fan (14) of an
efficiency of 200 m /̂h located at the end of the installation.

The sludge is fed to the mixer by means of a peristaltic pump,
the molten bitumen from tha preh'eater (4) by means of a gear
pump. The preheater is treated by means of heating elements of a
power of 10 MW.

2.2. Changes in-the installation

In order to improve the operation of the installation the fol-
lowing changes were introduced:

- an additional jacket-condenser of a cooling surface of 0.3 m^
was mounted on the vapour outlet pipe of the mixer

- another entrainment separator was inserted into the lower
part of the new condenser for catching bitumen drops
entrained by the stream of vapours

- electrostatic filter was dismantled and its housing was
filled with plastic gauze of a total surface of £ m2

- the lower part of the gas outlet pipe (to the atmosphere)
and the fan-housing was connected by means of special pipes
with tank No 15 for drainage of the mixture of water distil-
late and oily asphalt fractions, condensed at the end of the
installation,

- the rotor of the fan made of plastic was replaced by one
made of aluminium

- for feeding 3-4- % sludges the peristaltic pump was replaced .
by a gear pump

- on additional heating was provided to the drain pipe for
draining the bitumen from the mixer to the barrel.

2.3. Measuring and control apparatus

The course of the bituminization process is controled by means
of an apparatus mounted on a control panel. A remote control in-
volves measurement of:

a) under-pressure at the following points:
- in the mixer
- in the pipe for feeding vapours to the condenser



' - in the pipe between the condenser and scrubber
- in the pipe before the fan,

Ъ) temperature, by means of thermocouples, of

- bitumen in the preheater
- upper heating zone of the mixer
- lower heating zone of the mixer
- mixture of bitumen and sludge in the mixer.
Periodical temperature measurements ( by means of thermo-

meters) are carried out of
- vapours leaving the mixer
- vapours fed to the condenser
- vapours between the condenser and scrubber
- water fed to the condenser
- water leaving the condenser.
The control system provides automatic switching on and off

of the following elements:
- heating elements of the mixing-oven in the temperature

ranges set by the temperature indicators
- sludge feeding pump in dependence on the temperature of

the bitumen in the mixer.

3. THE TECHNOLOGICAL PROCESS

3.1. Materials

Treatment of low level waste is carried out batchwice in a
tank of a volume of 300 m3. In this tank preliminary decantation
of the precipitate ( formed in an amount of 3-5 % with regard to
waste volume ) is also carried out. Then the dccantate is aspi-
rated by means of a pump and removed to the sanitary system, .
its activity being continuously monitored. The sludge is pumped
over to a cistern and transported to decantation tanks, where it
undergoes further concentration for approx. two weeks.

The chemical composition and the activity of the wastes are
given in Tables 1 and 2. The chemical composition of the
sludges is shown in Table 3, and in Table 4- properties of as-
phalt P-60.
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3.2. Technological parameters

•In Table 5 are given the preliminary technological parameters
established on the basis of laboratory studies and experiments
carried out during the starting periode of the apparatus. These
parameters made a basis for carrying out pilot-plant tests the
purpose of which was to establish the optimum conditions for
sludge bituminization.

3.3. The course of the solidification process

The process of sludge bituminization is of periodical character.
However in view of a considerable thermal inertia of the appara-
tus, particularly of the preheater and mixing-oven, the installation
operates continuously. The multi-shift system permitted to increase
the efficiency 5 times as compared to the single-shift system.

The first stage of the technological process involves melting
of the bitumen. This is done by placing 150 kg of bitumen ( together
with the barrel) in the preheater. Melting and heating of the
bitumen up to a temperature l80°C takes several hours. The bitumen
is then pumped over to the mixing-over ( in approx. 10 minutes) by
means of a gear pump. The pumping-over system is heated electri-
cally and heat insulated. After measurement of the amount of the
bitumen in the mixer, the agitator is switched on and the bitumen is
heated up to 220 - 230°C. The temperature has been reached sludge
feeding starts. An anti-foaming agent i . e . 200 ml 40% solution of
silicone oil in carbon tetrachloride is added before sludge feeding.
After a few feeding cycles, the temperature of the bitumen is raised
to 240 -245°C. (The duration of a single feeding cycle is therefore
extended) . The sludges are fed until the temperature of bitumen
attains 210°C. The pump is then switched off automatically. The
feeding pump is switched on again, after the bitumen has attained a
temperature of 240 - 245°C. In this way the real time of sludge
feeding is 30 - 552S of the total time ( 19-26 hours batch processing.
The differences in the real time of sludge feeding occuring in indi-
vidual batches are due to the various concentration of the sludges
( 2-4 %) and various efficiency of the feeding pump.

The solidification process terminates after the present time of
batch processing has elapsed. Before draining the mixture to a
200 ml barrel the bitumen in the mixer is cooled to l80°C.
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Evacuation of the mixar takes several minutes. The barrel is then
cooled to ambient temperature and transferred to the storage site.
The barrels containing bituminized waste are stored in ope",
trenches at the Central Storage Site.

The efficiency of the apparatus with respect to water evaporated
Irom the mixing-oven is determined by measuring the volume of the
sludges fed to the mixer and the amount of the distillate (collected
in tank 12 ) . The concentration of mineral substances in the bitumen
is determined gravimetrically.

4. DISCUSSION OF THE RESULTS OF EXPLOITATION
OF THE INSTALLATION

In the time period of 20 months 120 cycles were performed in
which 60 m3 of sludges were solidified and 20 m3 of bituminization
products were obtained. The average efficiency amounted to 2&. 5 1 /h
of evaporated water. The bituminization products contained on the
average 8.9 % of mineral substances. The average time of perfor-
mance of a single cycle was 22.5 h.

The detailed working parameters of the installation are presented
in Table 6. They were established on the basis of the results ob-
tained in 21 solidification cycles. As follows from the data presented
in Table 6 the present parameters ( see Table 5 ) were attained in
practice.

In Table 7 are shown the properties of bituminization products
in dependence on the content of mineral substances in the starting
sludge. Some differences in the content of mineral substances are
due to various performance time of the solidification cycles. (21-26 h).
Other properties of bituminization products are dependent on the
amount of sludges incorporated to the bitumen as well.

The results of radiometrie control of final by-products .of the
solidification process i . e . of the activity of the distillate and waste
gases discharged to the environment indicate that the vapour purifi-
cation system is satisfactory. The activity of the distillate was
lower than 10"" Ci/m3, and that of waste gases was in the range
( 1 . 0 - 2.8)xlO-9Ci/m3 for gamma emitters and (0.8 - 1.4)xl0-9
Ci/m3 for beta emitters.

The dose rate at the surface of the barrel containing the bitumi-
nization'products did not exceed 10 mR/h.
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On the basis of more - than year and a half time period of
exploitation it can be stated that the apparatus attains the preset
parameters and can be used for solidification of sludges of low
content of mineral substances (2-L%). Some difficulties arose
during the first experiments: •

- some amounts of the bitumen were entrained by the stream
of vapours, and condensed in various parts of the cooling
system,

- considerable amounts of light asphalt fractions distilled with
the water vapour. As a result, the under-pressure in the
apparatus diminished, due to deterioration of permeability
of the pipes and a decrease in the fan efficiency caused by
accumulation of oily distillate in pipes and fan-housing

- when feeding sludges of concentrations higher than 3 % by
means of the peristaltic pump it was difficult to mantain a
constant feeding rate

- some difficulties were encountered in the drainage of the
final product from the mixing-oven.

Owing to the above discussed (p . 2 .2) changes in the installation
all the technological difficulties were surmounted.

On the other hand any disadvantages discussed in previous pub-
lications concerned with bituminization installations of a similar
design were not observed. This refers to the following:

- Only insignificant amounts of the bitumen underwent carboniza-
tion in the mixing-oven particularly in its upper part, where
the level of the mixture rose ocassionally. For proper opera-
tion of the mixing-oven it was only necessary to clean it
after every 20 solidification cycles. The amount of the decom-
posed bitumen was approx. 0 , 5 1

- Significant foaming did not occur, even without anti-foaming
agents,

- The amount of light fractions of bitumen distilling with water
vapour did not exceed 1-2 %.

- The viscosity of the solidification products did not signifi-
cantly increase at the end of the process: even in cycles of
a duration of 25 h. No difficulties were encountered in
pumping of the molten bitumen,

- The control-measuring apparatus as well as control system of
the mixing-oven heating worked satisfactorily.
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In the next year we expect to increase the efficiency of the
apparatus by concentrating the sludges by centrifuging and filtration
with the aid of a rotary vacuum filter. This will result in increas-
ing the content of mineral substances in the sludge up to 15-20 %
and in bitumen up to 25-30 %.

It should be mentioned that the bituminization technique even if
applied to sludges containing 2 and l+% of mineral substances is
twice cheaper than the method of incorporation into cement. The
cost of incorporation of the sludge produced from 1 m3 of waste
into bitumen is 84 zl while into cement 175 zł. The cost of solidifi-
cation comprises labour, materials, transportation and storage [17] ,
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TABLE 1. Chemical composition of radioactive waste.

Element

Mn

Fe
Cu

Pb

Ca

Cr

Sr

Co

Na

К

Cs

NO 3

Cl

SiO2

SO/,

РОЛ

*

Concentration
mfi/1

Э.60
64.0

22.4

0.05
60.0
0.81

12.3
<1.0
60.0

15.0

^4.0

0.32

100

41.2

449.3 '
34.8
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TABLE 2. Composition of low-level radioactive waste.

Specification

Alfa-activity

Beta-activity

Gamma-activity

Salt concentration

PH

. 1

2

1

.0

.8

.2

V a

x 10" 7

x 10" 6

x 10"5

0.35

2.2

l u e

- 1.

- 3.

- б;.

- 1

- 5

5

4
6

.0

.0

x 10"5

xlCT*

x 10"3

8/1

Ci/m3

Ci/m3

Ci/m3



TABLE 3- Composition of post - precipitation sludges.

Component

Solids

Residue after baking
Mn

Fe

Cu

Ca

Cr

S r

Co '

Na

К
Cs

NO 3

Cl

SiO2 '
NH3

so A

PC*

CN

Zn

Concentration g/1

40.5
7.0

0.04
3.5

1.75
1.96
0.25
0.3
0.003
0.18
0.30

< 0.1
0.004
0.1

1.0

0.04
1.1

10.6
1.55

0.79
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TABLE U. Properties of asphalt P-60.

Specification

Softening point, С

Penetration (25°C), °P
*•*»-

о
Ignition point, С
Density (25°C), g/cm3

Weight loss on heating for 32 h
at 200°C, %

Solubility in benzene, %

Ductility (25°C), cm>

Value

6 0 - 6 9

15 -~40

220

1.01

0.5

99

3
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TABLE 5. Assumed working conditions of bituminization
installation.

Specification

Batch time

Amount of bitumen

Amount of sludge

Sludge concentration

Average efficiency
of water evaporation

Temperature of bitumen
in the mixer during sludge
feeding

Temperature of mixer
heating elements

.. upper

lower

Under-pressure in apparatus

Consumption of cooling water

Revolution rate of agitator

Unit

h

kg

1

%

1/h

°C

°C

mm H£O

m3/h

грта

Value

20

150
600

2 - 3

25

210 - 240

max. 290
max. 400

70 -120

0.5 - 3
800 - 1000



TABLE 6. Working parameters of *h<» installation for bituminization.

Parameter

Batch time

Time of sludge feeding

Amount of sludge added

Efficiency of feeding pump

Sludge concentration
(content of solids)

Evaporation efficiency

Consumption of cold water

Temperature of bitumen
during sludge feeding

initial
final

Temperature of mixer
heating elements

upper
lower

Vapour temperature
at mixer outlet
at condenser outlet

Under-pressure in mixer
minimum
maximum

Before the ventillator
minimum
maximum

Unit

. h

h

1

1/h

%

1/h

m3/h

°C

°C

°c

mm H2O

Value limits

19 - 26
5.5 - 14
430 - 710
45 - 90

3.6 - 4.3
19 - 31
2 - 3

220 - 250
210

250 - 285
300 - 240

112 - 136
24 - 38

30 - 70
50 - 100

100 - 120
115 - 130

Average

22.5
9.8

55.5
-

4 . 0

24.5
2.3

240
210

270
390

-

47
47

105
122

* ) Average results were calculated on the basis of
21 batches performed in the period January - July 1973.
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TABLE 7. Properties -.Г the bituroinization products.

Batch

No

U
24

33
, 27

39
49

36
42

45

Concen-
tration

%

3.6
3.6

3.8
3.9

4.0
4.0

4.1
4.1

4.2

Concen-
tration
of mine-
ral sub-
stance %

5.0
8.2

10.1
8.8 •

8.0
10.8

11.0
11.3

13.5

Density

g/cm3

1.046

1.076

1.086

1.078

1.069

1.089

1.099
1.109

1.116

Activity
alpha

pCi/g

6 x 1O-A

8 x 10-4 .

4.2 x 10-3
9 x 10-4

5 x 10-4
1.2 x 10-3

5 x lO-3

2.6 x 10-3

2.8 x 10-3

beta

1.2 x 10'2

1.8 x 10-2

3.6 x 10-2
1.5 x Ю-2

2.7 x 10-2
2.1 x lO-2

3.8 x 10-2
3.0 x 10-2

2.6 x Ю-2

Soften-
ing point

°C

113
105

108

136

104
108

109
100

118

Pene-
tration

°P

10.0
7.5

7.2
7.6 '

9 0
8.0

6.9
6.8

5.5



FIG. I. FLOW-SHEET OF PILOT INSTALLATION FOR B1TUMINIZATION
OF RADIOACTIVE SLUDCES.

I - decanter and over-flow tanks; 2 • sludge feed tank (1-2%); 3 • sludge
feed tank (3>4&); С • preheoter of bitumen; 5 • mlxlng-oven; 6 • drum
(2001) ; 7'- splash head; 8 - separator; 9 - condenser; 10 - rotameter;
II • scrubber (with Rashig rings); !? - collecting tank; 13 • gauze filter;
К • fan; 15 - barrel for oil constituents: Л • sludge feed (1-2%), В - bi-
tumen; С - water outlet to the sanitary:sewage ayatem; D - inlet ol'cooltng
waters E - drain to the sewerage or to «treatment installation; F - to the

' ventitlatlon system; G - to the atmosphere.


