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Inorganic sorbents possess many properties which make them very

important material for treatment of waste solutions for removal of

harmful metals. Specially, inorganic sorbents are useful for removing

of radionuclides from liquid radioactive wastes and in some case

appear to be more suitable then organic ion exchangers.

The main advantages of inorganic sorbents are their radiation

stability, high selectivity and possible implementation into currently

used fixation processes of radionuclides like cementation.

There are many types of inorganic sorbents studied in literature

and some of them are practically used for technological purpose. Very

popular are natural and synthetic zeolites and cyanoferrates for

cesium removal.

The aim of this presentation is to inform on the work done in our

department concerning the sorption of radionuclides on inorganic

sorbents of different types.

Natural zeolites and clay minerals.

The sorption of cesium and strontium from water solution on

natural zeolite from Nizny Hrabovec Slovakia, containing 60% of

klinoptilolite was studied. It was found that sorption of cesium and

strontium obeys Freundlich isotherm. The presence of potassium

magnesium and calcium ions decrease of distribution coefficient. The

decrease becomes dramatic at the ratio of K/Cs or Mg/Sr above 1 and

Na/Cs above 10.

The disadvantage of natural zeolites are low abrasion resistance,

tendency to peptize and formation of colloids. Usually they are not

suitable for column application due to tendency of clogging. On the

other hand, their presence in cement matrix increase leaching

stability by factor for about 2 and they are resistant to gamma

irradiation up to 1 MGy as was proved by comparative pressure

measurement.

Clay minerals, which are part of soils are important from the

point of fixation of radionuclides as natural or artificial barriers.
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We have studied monmorillonit illite and glauconit for cesium

fixation. Montmorillonit from Jelsov potok has high capacity for

cesium sorption. It was find that CEC for cesium for different types

of monmorillonit were in the range of 700 - 900 mmol.kg . The

influence of other cations is similar and low selectivity for

montomorillonit was found. The distribution coefficient varied with Cs

concentration and the concentration of other cations present in a

solution. The sorption obeys Langmuir isotherm. Similar results were

obtained for glauconit but CEC for ceasium was lower about 266

mmol.kg

It was was found in the literature that illite is very selective for

low concentration of cesium and the distribution coefficients are high

for trace cesium as would be in the case of radionuclide

contamination. The selectivity is connected to frayed edge which are

present in very low concentration and due to this fact the capacity of

selective part of illite is low. We choose different types of illite

according to their origin and forms. Two of the Le Puy ant Muloorina

were barrel shape and with high portion of frayed edge and third one

was with low ratio of frayed edge. The results confirm that types with

higher quantity of frayed edge are selective and that distribution

coefficient is higher too for illite with such properties. Total

capacity of cesium sorption is connected with expandable interlayer

and appears to be linear with their quantity as was proved by X-ray

diffraction.

Synthetic zeolites.

Synthetic zeolites are commercially available in big quantity and

they are used for many applications. Contrary to natural zeolites,

they posses improved stability and higher exchange capacity for

cations. We studied synthetic zeolites Nalsit 4A and Y-sit produced in

VURUP Bratislava.

The problem of representative characterization of sorbents was

overcome by using of standard test method for inorganic sorbets which

was introduced by the Novel Absorber Evaluation Club, England. This

method provides a fair and meaningful comparison between different

sorbents.

All sorption experiments were done in 0.05 mol-dm" NaNO to

reduce peptisation of sorbents, sorbents were aqually conditioned and

the batch experiments were done by standard way as well. The 50 ml
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volume of solution and 1 ml of sorbents was used for all experiments

with synthetic zeolites.

We studied sorption of cesium, strontium, plutonium and americium

from alkaline solution for both synthetic sorbents by static sorpion

and by dynamic sorption in column. It was found by static experiments

that sorption after 6 hr is close to equilibrium and decontamination

factor DF for Y-sit and Cs was under the condition used in our

experiment about 10 for Nalsit and 23 for Y-sit after 24 hr. The

sorption of strontium appeared to be more effective and DF for Nalsit

was more then 150 and 32 for Y-sit for 4 hr sorption time. The results

of sorption of mixed plutonium and americium were not very effective (

DF for Nalsit 22 and for Y-sit about 10 ) but blank experiments proved

sorption on the glass walls for alfa nuclides even without any sorbent

in alkaline solutions. Similar results could be found in literature.

The same experiments but with synthetic zeolites irradiated by

the dose 1.10 Gy proved no change in sorption properties what could

be expected from literature data.

Dynamic column sorption experiments were used for determination

of capacity in which 10% break trough was observed. The results are

shown in tab.1

Tab.l

Sorption capacity - 10% breakthrough in mmol.g

Sr

Cs

Nalsit

0.48

0.80

Nalsit
Irradiated

0.88

1.00

Y-sit

0

0.88

Y-sit
Irradiated

0.16

0.88

The capacity for cesium for both zeolites is high, but Y-sit appears

to have no or very low capacity and it is not suitable for strontium

removal from real wastes.

The sorption properties of both sorbents were tested on a real

radioactive waste stream from Jaslovske Bohunice Nuclear power plant

and proved to have the same parameters as were found using model

solutions.

Ferrocvanides in silica gel matrix.

Ferrocyanide solids have an important application to the removal of

cesium from nuclear waste solutions. This materials are prepared by
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mixing of ferrocyanide with different M metals. The preparation of

ferrocyanides in silica matrix was chosen due to better propriety of

materials for column application.

SI - K-NiFe(CN),, S2 - KNi, cFe(CNK, S3 - NioFe(CN)£ were prepared by

mixing of 0.2 mol-dnf3 solution of K.Fe(CN), or Na.Fe(CN),.10H-0 in
4 fc> 4 D £

the case of NioFe(CNK. The concentration of Ni(N0_)o.6Ho0 were chosen

in stoicheiometric ratious. After washing with distilled water, the

solid deposits were dried at room temperature. Ferrocyanides in silica

gel matrix were prepared by pouring of fresh ferrocyanide precipitate

into sodium silicate and coagulated to a gel, dried at 105 C and

crushed to small particles.

The samples were characterized by determination of K, Ni, Fe by

ICP-AAS (Kontron) after solubilization of samples in sulfuric acid. C

and N were determined by elemental analysis. It was found that the

ratio of Fe:Ni was 1:1.1 for SI, 1:1.46 for S2 and 1:1.84 for S3 . In

the case of ferrocyanides in silica matrix the Fe:Ni ratios were

between 1:1.19 and 1:1.3 except the sample IX. All samples were

measured by Mossbauer spectrometry and it was found that the method is

suitable for determination of oxidation state of iron in

ferrocyanides.

Conversion of the S1-S3 samples to cesium form was done by ion

exchange sorption from 0.1 mol-dm CsCl solutions. After washing with

distilled, water samples were dried at room temperature.

Ferrocynides in silica matrix were characterized by sorption

capability for cesium and capacity were calculated from sorption

isotherms ( VIIIA - 0.11 mmol.g"1; X - 0.30 mmol.g"1; XI - 0.57

mmol.g ).
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