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ABSTRACT

The results of lab-scale experiments on the chemical treatment
of radioactive liquid waste collected at the Boris Kidric Insti-
tute are presented. The radioactive waste was treated by cobalt
hexacyanoferrate precipitation followed by flocculation with
polyelectrclyte flocculating agents. The- main parameters inves-
tigated were standing time, pH and ratio of reagents. The floc-
culating agents were tested by filtration test and floccule sta-
bility test. Satisfactory decontamination factors by precipita-
tion at pH 10 and good separation of solid and liquid phase by
applying Praestol polyelectrolytes were obtained.
Keywords: Waste Management, Precipitation, Flocculation.

INTRODUCTION

The liquid radioactive waste collected at Vinca is composed of
waste streams from different origins:research reactor,radioche-
mical laboratories,hospitals and industrial users of radioacti-
ve isotopes. Chemical and radiochemical composition of waste
streams is variable but total collected waste is medium level
radioactive solution with high content of salt, low pH and some
quantity of complexing agents (EDTA).

Regarding radiation and toxic effect, the most hazardous
pollutants identified in the waste solution are ^^Co and ''STcs.
The objective of the treatment is to separate cobalt, cesium
and other isotopes concentrated into a small volume of solid
phase suitable for conditioning and a large volume of liquid
phase with radioactivity bellow maximal permissible level for
releasing into environment. Due to high salt content and impu-
rities in the waste, chemical precipitation is the most adequa-
te way of treatment.

The plant for radioactive liquid waste treatment based on
precipitation-flocculation procedure is under construction at
Vin5a.

In this paper the main parameters of interest for chemical
treatment are analyzed on the lab-scale level.

The method of treatment is based on the precipitation of
cobalt hexacyanoferrate followed by flocculation with polyelec-
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trolytes. , +

Due to complex state of Co in the waste,the precipitation
must be proceeded by destroying cobalt-EDTA complexes.

EXPERIMENTAL

1. Analysis of radioactive liquid waste

Chemical composition of radioactive waste solution was determi-
ned by standard analytical methods (1).

Gamma spectral analysis was performed on multichannel ana-
lyzer Canberra Series 90 with NaJ detector.

Total beta activity was measured by liquid scintillation
method using LKB 1219 spectral beta counter.

Determination of total alpha activity was performed by
ALPHA/BETA SYSTEM MODEL 2400.

2. Treatment procedure

Complexes of cobalt have been destroyed by Co reduction into
more stable Co2+. it was carried out using iron pad which was
previously treated with HC1. TOg of iron pad was added into 11
of waste solution. After 36 hours, solution was decanted and
treated by precipitation procedure.

Precipitation of radionuclides from solution was performed
by adding equal volumes (1 ml) of CoClg and K^FeCClOs into 88ml
of the waste solution. pH then was adjusted by solution of KOH
(cone.2 mol/l) to the desired value.

Reagent concentrations were 0.4 mol/l. In some experiments
higher concentrations were used in order to study their effect
on radionuclides removal. Suspension was stirred with magnetic
stirrer (diameter d=3-5 cm,rotational speed 300 rpm). The radio-
huclides uptake from solution was followed by solution analysis
in defined time intervals. Optimal conditions for radionuclides
uptake were determined by systematic study of precipitation con-
ditions (pH, reagent ratio, standing time).

Flocculation of suspension was carried out using polyelec-
trolytes Praestol/Stockhausen. Series of polyelectrolytes was
tested on simulated and original radioactive suspension. The
concentration of polyelectrolyte solution was varied in the
interval (0.05-0.10)$ and quantity of polyelectrolytes added in
the waste suspension was in the range (25-75) g/m3. Selection
of flocculating agents was made by applying two short tests:

a) Filtration test
The test is based on comparison of filtration time of suspen-
sion before and after adding of polyelectrolyte. 50 ml of sus-
pension was used in experiments. Flocculation was performed by
adding determined volume of polyelectrolyte solution into sus-
pension under conditions of intensive stirring (500rpm) during
first 10s and slow stirring (100rpm) during the next 10 min.
The suspension was filtrated through black filter paper. Poly-
electrolytes providing good agglomeration of particles and mi-
nimal filtration time were selected.

b) Floccule stability test
The test is used as indication of maximal time which floccules
sustain under intensive hydrodynamical conditions without brea-
kage. The floccule stability is investigated by visual and mic-
roscopic observing of floccule breakage and appearance of solu-
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tion turbidity in time, under conditions of intensive stirring
(1000 rpm). The polyelectrolyte is considered applicable for
large scale treatment if solution is optically clear during the
time larger than decantation time in centrifuge.

RESULTS AND DISCUSSION

1. Composition of waste
The results of chemical and radiochemical analysis are shown in
Table 1.

Table 1. Composition of liquid radioactive waste at VinSa
Component

Al 3 +

Ni 2 +

Mg2 +

Fe 3 +

Ca2 +

Na+

PO

CrS2"
NO"

Organic acids,

Dry content

Concentration
(g/D

0.012

0.003

0.010

0.011

0.06

0.290

2 .7

2.2

1 .6

, EDTA 1

10

2. Precipitation procedure

2.1. Standing time

Component

Gamma activity
6 0Co

1 3 7Cs
5 4Mn

Total beta ac-
tivity

Total alpha ac-
tivity

Specific
radioactivity

(Bq/m3)

1.6 x 10 9

8.0 x 10 7

4.0 x 10 7

Q
7 x 10 3

8

2 x 1 0

The uptake of radionuclides versus time was measured during 24
hours. Equilibrium was reached after 2 h. Aging of solid phase
had no considerable influence on radionuclides distribution.

2.2. Effect of pH
The effect of pH was studied at two different initial cobalt/fe-
rrocyanide ratios at the pH range 7-11. Typical results are
shown in Fig.1. A sharp increase in the uptake of all radionuc-
lides can be noticed in the pH range of 7-10. Beyond pH 10, the
uptake of cobalt and manganese remains almost unchanged while
cesium uptake decreases. Such behavior can be explained in terms
of instability of cobalt hexacyanoferrate in alkaline medium.
It ̂ s known that Co 2 + undergoes hydrolyses in alkaline medium,
and' pH>10 precipitation of Co(0H) 2 occurs(2). This is followed
by sorption of °0co and 54jjn on more stable hydroxide. At the
same time desorption of 137cs occurs due to dissolution of co-
balt hexacyanoferrate.

2.3- Effect of reagent ratio
The concentration of K4(Fe(CN)g) was kept constant while the
amount of CoCl2 was changed varying initial ratio of Co/Fe(CN)g
from 1 to 2.
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Higher concentration of cobalt increased the uptake of all
radionuclides(Table 2). Obtained results could be connected
with essential influence of the reagent ratio on chemical com-
position of formed cobalt hexacyanoferrate with general formula
CoxKy.(Fe(CN)J. At higher Co/Fe(CN), ratio, the salt with higher
cobalt content is formed and uptake of °°Co increases. Possible
explanation for higher sorption of 137cs and 54fin might be in
lower solubility of the formed solid phase as well as the inf-
luence of chemical composition of the waste.

0,2-)

PH

Effect of pH on the relative concentrations remained
at solution after precipitation. Concentration of
K4(Fe(CN)6)=4x10-3mol/l, Co/Fe(CN)6=2. V

 1 3 7Cs; o 6oCo,
54

Figure 1

Due to complex chemical composition of liquid'waste,sorption
on cobalt hexacyanoferrate is not the only reaction responsible
for radionuclides uptake. Sorption on other sparingly salts(e.g.
phosphates) or hydroxides formed after alkalization also take a
part at radionuclides uptake from solution. Nevertheless, it is
obvious that adjusting of the precipitation conditions of cobalt
hexacyanoferrate is reliable way for process optimization.

Table 2. Effect of the initial Co/Fe(CN)g ratio on the relative
radionuclide concentration remained in solution

Concentration
Nuclide

60.
XM 0

54Sn

of K4/Fe(CN x 10-3 mol/1, pH = 10

0.
0.
0,

Co/Fe(CN)6
1

C/Co

.004

.004

.003

0
0
0

2

.0005

.0007

.0004

The best res.ults are obtained at pH 10 and Co/Fe(CN)5=2
(Table 3). The concentrations of isotopes of cobalt,cesium,man-
ganese and total alpha acitvity are reduced to the level reques-
ted by Yugoslav regulation(Sl.list N40,1986,p.1194). Beta acti-
vity after treatment remains at the level above permissible li-
mits. The analysis of beta spectrum has shown that tritium is
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the only isotope remained in the solution. Due to aqueous natu-
re of tritium, management of tritium contaminated solution must
be performed by other methods (based on appropriate dilution
rather then tritium separation, enrichment and conditioning).

Table 3. Radiochemical composition of the solution after
treatment with cobalt hexacyanoferrate at pH 10

Radionuclide Specific radioactivity
(Bq/mQ

~^o cTTTo1

'l7
hCs <105
5 Mn 1 x 10^

Total beta activity 3 x 10y

Total alpha activity 5

3. Flocculation procedure

The best flocculation effect was obtained with cationic poly-
electrolytes 511K, 522K and 533K. Results are presented in
Table 4. By using polyelectrolite 522K the filtration time was
decreased up to 30 times.

Table 4. Effect

Volume of waste

Flocculating
ag.ent

-
511K

522K

533K

of flocculating agents on the
of waste suspension

suspension-50ml,, concentration
lite solutions-0,1#

Added quantity
of polyelectrolyte

(g/mO

-
25
50
75
25
50
75
25
50
75

filtration time

of polyelectro-

Filtration time
of 40 ml of clear

solution
(min)
12
1 .5
1 .5
2.2
1 .2
0.4
0.5
2.4 -
2.2
1.8

The floccule stability test was applied on the suspension
previously treated with selected polyelectrolytes. The floccule
were stable during 3 minutes of intensive stirring. After that
time only small floccules(0.2 mm) remained in solution(Fig.2) .

The obtained results indicate that under large-scale condi-
tions of centrifugation,liquid-solid phase separation must be
carried out during the time less than 3 min to prevent floccule
breakage and turbidity appearance.

CONCLUSION

The obtained results have shown that method based on cobalt he-
xacyanof errate precipitation and flocculation with polyelectro-
lytes is adequate for treatment of liquid radioactive waste at
VinSa. Applied procedure provides removal of all radioactive
contaminants except tritium. Regarding the fact that effluent
from treatment plant will not be discharged directly into envi-
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size of floes

laroe _
1-6 mm

middle _
0.2-1 mfn

fine
- 0.2 mfn

clear solution

none clear
solution

start 1 3

stirring time (mini

— 522K

Figure 2. Change of average floccule size during floccule
stability test

ronment but into underground stainless steel basins where it
can be hold for necessary delaying time or diluted, obtained
decontamination could be considered as satisfactory.
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