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Introduction
Toxic industrial waste constitutes a significant part of our natural environment. Picturesque in former times lakes

and rivers became unusable not only for economic activities or rest but also are hazardous to the environment; toxic com-
ponents are migrating together with ground water and aerosols. Various options to limit the migration under natural condi-
tions are but half-measures. The most reliable route to provide the long-term ecologic safety involves removal of toxicants
from natural objects, re-use or, if recycle to industry is not possible processing, reliable solidification and disposal in spe-
cialized disposal facilities.At sites of large-scale industrial plants there are various versions of ponds-settlers, sludge col-
lectors or similar objects containing substantial amounts of sludge comprising toxic (chromium, vanadium..) or radioactive
substances. Open reservoirs -storage facilities are particularly hazardous . The activities now in progress to seal and shut
down reservoirs which would eliminate the radionuclide transport by wind fail to provide the long-term immobilization of
toxicants. They have to be extracted followed by utilization or solidification and safe storage or disposal under conditions
of their isolation from ground water. With a view of processing toxic and radioactive sludges available in reservoirs a proc-
ess flow sheet is suggested that comprises the operations of sludge concentration , dehydration and granulation (1,2). De-
pending on the composition and physicochemical properties of a particular sediment different versions may be used to put
the technology into practice; they are discussed in this paper.

1. Flocculation of Sludge
Sludges are water saturated suspensions having the moisture content ~ 98-99%. . Flocculation is an operation re-

quired to concentrate a solid phase. Some extra opportunities are offered by applying complexing flocculants containing
different functional groups. Flocculants of this kind bind both dissolved toxic metals and radionuclides. The specific type
flocculant is chosen based on the results of the tests.

Fig. 1 shows the influence exerted by polyacrylamide (PAA) that is a standard flocculant used in the process of water
conditioning as well as by hydrolyzed PAA on the sedimentation of a sludge suspension containing hydroxides of iron ,
aluminium.manganese, silicon and some other elements. This composition is typical of sludges available in ponds -storage
facilities of radioactive waste (RAW). Hydrolyzed polyacrylamide (HPAA) is less effective , it features the formation of
larger-size floes and higher amounts of settled pulp. The rate of particle settling increases witch pH of the system while the
specific of the concentration is correspondingly reduced.

At the PAA concentration of 4mg/g solid the essentially maximal rate of suspension settling is achieved and it is not
reasonable to further raise the concentration of PAA. The substantial influence on the rate of concentrating by sedimenta-
tion is effected by the solid phase concentration. With the solid phase concentration in the suspension louvered down by a
factor of ~3 the rate of the 50 % sedimentation in presence PAA increases by ~ 30 times.
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Fig.l Sedimentation rate of suspension as a function of PAA and hydrolyzed PAA concentrations (pH=8.7)
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2. Use of Flotation to Concentrate Sludges
Various classes of SAA can be used as flotation agents. As far as the above described sludge hydroxides, the best re-

sults were acquired via the application of long-chain carboxylic acids , specifically, oleic acid. The influence of the oleic
acid concentration on the flotation effectiveness is demonstrated in fig.2.
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Fig.2 Influence of oleic acid concentration on sludge flotation
The full extraction of the whole solid phase of sludges is not achievable via a single flotation cycle; the tails con-

taining up to 20 % of unflotable suspension. The implemented investigations evidence that to completely extract all sludge
fractions the process of concentrating via flotation is to be carried out in two stages. The first flotation cycle within pH ~
7.5-9.5 results in the effective flotation of ~ 80 % of particles. After the pH adjustment to ~ 3.5-6.0 the remaining hydroxide
fractions are extracted in the second flotation cycle. The concentration of flotation reagents is of the order 0.5-2.0 g/l of
processed sludges. The introduction of complexing flotation reagents allows an effective removal of dissolved radionu-
clides (3).

3. Filtration
Sludge filtration is one of the most challenging operations. Breakthrough of toxic metals and radionuclides necessi-

tates the deep cleaning of a filtrate on granular filters that ensure the needed condition in terms of the environment. The
application of high molecular SAA improves the filtration effectiveness and reduces the moisture content of a resultant
cake

Fig.3 shows the influence of PAA and HPAA7 on the parameters of hydroxide sludge filtration. During filtration the
optimized PAA concentration is ~ 8 mg/g solid. The filtration proceeds via the mechanism of forming a deposit. The mois-
ture content of the resultant deposits is ~ 80 %.
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Fig 3 Deposit resistivity vs specific consumption PAA
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4. Sludge Leaching
Leaching is most efficient for macrocomponents of some industrial sludges and is highly advisable for recycling

metals (vanadium, chromium, nickel).
During leaching polyvalent cations of iron , manganese and other metals compete with the target component. In

some instances it is feasible to extract metal concentrates for metallurgical conversion (iron-chromium, iron-nickel, iron-
vanadium and other concentrates).

For microcomponent leaching selective complexing agents need be used. As far as transuranic elements, the choice
of selective complexing agents remains an unresolvable problem. Oxycarboxylic (citric etc) and aminopolyacetic acids
efficiently interact with ions of both actinides and iron and interfering cations, that is why, the target metals fail to get into
solutions in adequate quantities ,see table 1.Sludge is completely dissolved and actinides in total are effectively transferred
into solution if nitric acid solutions with fluorine ion additives are used , see table 2. For the save of comparison , the solu-
tion composition is given when sludge is completely dissolved with aqua regia.

Table 1. Assessed Effectiveness of U and Th Leaching with Complexons (S:L=l:10., t=80 °C, T=20 h.)

l

2

3

4

Composition of leaching solution

20 g/1 citric acid

20 g/1 trilon B

20 g/1 #TPA (p H= 4)

20 g/1 sodium hexametaphosphate

% leached

U

67

2.5

1.7

1.3

Th

22.7

0.61

17.2

0.43

Table 2. Sludge Dissolution with HNO3 Solutions (S:L=l:10, t=80 °C, x=0,5 h, [HNO3]init. =3.2 mole/1)

Composition of leaching solution

HNO3 (83%) and HC1 (17%)

[HNO3] eq. = 1 mole/1 + 0.1 mole/1 NaF

Degree of metal leaching, %

U

99.9

Th

99.9

Al

99.9

Fe

99.9

Mn

99.9

Solution composition after leaching, g/1

0.15

99.9

0.016

99

7.6

99

20.0

15

0.92

99

Solution composition after leaching, g/1

0.15 0.016 7.6 3.0 0.92

5. Granulation of Sludge
The application of leaching is not efficient for the most part of sludges. To provide the environmental safety

sludges have to be solidified to produce an adequately reliable matrix for toxic component incorporation and be disposed
of. This procedure is also important for leaching since the residual content of toxicants in the quantity of 0.1 - 1.0 % neces-
sitates their isolation from the biosphere.

Cake resulting from the filtration of sludge has poor technological properties, namely, it is subject to consolidation
and forms dust when dried up. In view of this , it is advisable to produce a granular material that is described by a proper
technologic performance.

Hydrogranulation using hydrophobizating flocculants may be implemented immediately after sludge concentra-
tion. In this instance filtration on cloth filters is not needed. Granules are separated from a mother liquor on screen filters;
the fine fraction of granules is recycled while the entrained suspension is separated on a granular filter.

The other granulation version involves the sol-gel process used to incorporate sludge into a ceramic (aluminum
oxide - A12O3) matrix.

This process contemplates blending a concentrated sludge paste and an aqueous sol of aluminum hydroxide at the
ratio between the total oxides in the sludge and aluminum oxide equaling -0.2 - 0.3 : 0.8 - 0.7 followed by operations of a
drop dispersion of the resultant blend into an aqueous solution of ammonia, washing solidified gel particles, drying and
calcining in air.
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As a result, ceramic granules were prepared that had an essentially ideal spherical shape ~1.0 - 1.5 mm in size and
adequately high properties, namely, the hulk density of ( 0.5 - 0.7 g/cm3) and crushing strength of 250 kg/cm2 (600 ° C)
and 750 kg/cm2 (1150° C). Fig.4 illustrates ceramic granules treated at different temperatures.
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Fig.4. Ceramic granules prepared by sol-gel method at different temperatures of treatment and content of RAW oxides : a)
as calcined at 1150 °C, the content of RAW oxides - 20 %; b) as dried at 120 °C, the content of RAW oxides - 30 %; c) as
calcined at 600 °C, the content of RAW oxides - 30 %.

Conclusion
The operations described in the paper have been put into practice via the process flow sheet of compaction of

sludge contained in RAW storage ponds to produce mineral-like granules to be subsequently incorporated into compounds.
The granulated mineral-like structure of the material incorporating RAW is an extra barrier against migration of toxic and
radioactive metals. Depending on the sludge composition the operations of chemical and heat treatment of granules opti-
mize the composition and structure of a matrix material that provides for the reliable long-term immobilization of toxic
components.

The combined physico-chemical methods involving sedimentation, filtration, granulation and heat treatment allow
the conversion of radioactive sludge to a solidified material at a factor of 30 - 50 reduction of RAW amounts.
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