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STUDY OF OPTIMAL TRANSFORMATION OF LIQUID EFFLUENTS RESULTING
FROM THE DESTRUCTION OF RADIOACTIVE SODIUM BY WATER INTO ULTIMATE
SOLID WASTES.
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Abstract
In the framework of sodium waste processing, it has been proposed to retain only processes that treat the sodium using water,
thus generating the same by-products: hydrogen and sodium hydroxide.
As the objective is to minimise radioactive liquid releases and as, moreover, the authorizations with respect to sodium salt
releases are highly restrictive, several solutions have been envisaged for transforming the active sodium hydroxide coming
from sodium destruction processes into ultimate solid wastes that can be stored on the surface in a storage site approved by
the ANDRA (National Radioactive Waste Management Agency): the Aube Storage Site (CSA).
Two processes have been considered and compared: immobilisation in concrete (cementation) and immobilisation in ceramic
(ceramisation). These two processes are evaluated according to several criteria: the state of advancement of the process, the
quantity of sodium hydroxide (and therefore of sodium) that can be treated per package.

1. INTRODUCTION

The methods developed for treatment of sodium wastes or the cleaning of components of Fast Breeder
Reactors (FBR) must be accompanied by a method for the management of effluents created by this
treatment process. The proposition of a single sodium treatment method (the use of demineralised
water) has the advantage of creating the same by-products for all processes used : aqueous soda
(sodium hydroxide) and gaseous hydrogen.
Hydrogen, being a volatile gas, is diluted, dried and released into the atmosphere in concentrations
which are sufficiently low as to be far below the lower explosibility limit (Limite Inferieure
d'Explosivite, L.I.E.), which is 4 % in air. The normal concentration released is maximum 1 %.
Management of sodium hydroxide as a liquid effluent differs depending on the origin of the aqueous
soda. The aim of this paper is to show the different ways of treatment of this effluent, depending on
the situations encountered.

2. ORIGIN OF THE AQUEOUS SODA

It is necessary to distinguish two different origins of aqueous soda : soda coming from a cleaning
process, and soda coming from sodium wastes treatment processes.
hi the first case, the cleaning process being defined as a very low efficient process, in order to limit
the reaction, the soda produced is highly diluted. Moreover liquid effluents of cleaning phases are
mixed with the liquid effluents coming from the rinsing of the component, and the water which is
used for immersion, when immersion took place. Thus, one can say that a cleaning process will
generate large volumes of liquid effluents of which the sodium concentration, in the form of sodium
hydroxide (NaOH), or sodium bicarbonate (NaHCO3), is low. For example, cleaning of an
intermediate heat exchanger from PHENTX plant generates approximately 30 m3 of liquid effluents
with a sodium concentration of approximately 31 mg/L [1].
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The salt concentration of this effluent does not therefore entail a specific treatment process. The
aqueous soda produced will therefore follow the conventional treatment system used by the site's
STEL (Station de Traitement des Effluents Liquides) liquid effluent treatment station.

When a sodium waste treatment process is used, as is the case, for example, to treat and eliminate the
sodium of a Fast Breeder Reactor, the reference process used in France (NOAH process) generates a
very specific liquid effluent: 10 mol/L (400 g/L) of concentrated aqueous soda. Thus, the elimination
of 37 tons of primary sodium from the French RAPSODEE reactor in 1994 generated 150 m3 aqueous
soda with a concentration of 10 N [2] [3].

In this case, such a volume of liquid effluents, of such a high concentration, cannot normally be
accepted within the standard functioning of a treatment station. It is therefore necessary to provide a
specific treatment process.

3. PAST AND FUTURE METHODS FOR MANAGEMENT OF AQUEOUS SODA

In 1994, the 150 m3 of 10 N soda produced by the destruction of primary sodium of RAPSODDE
reactor were sent to the reprocessing plant at La Hague, France for the neutralisation of radioactive
acid liquid effluents [4]. However, even if this solution appears to be highly advantageous from all
points of view, it is only used on a selective basis and cannot in any circumstances become a reference
solution for the treatment of all sodium wastes produced, whatever their level, type of activity, or
quantity.

The reference solution proposed for the treatment of concentrated soda arising from treatment of
active sodium wastes is therefore the transformation of this aqueous soda into an ultimate solid waste,
which can be stored on surface at the C.S.A. (Centre de Stockage de l'Aube) Aube Department storage
centre. This choice is justified by the fact that, whatever the activity level of this soda produced, there
is no existing outlet on the site of sodium destruction for such a salt concentration. Since dilution
cannot be considered, it must therefore be considered that the aqueous soda cannot be treated as an
ultimate waste. The transformation of sodium into sodium hydroxide is only one step allowing the
sodium to loose its metallic character. This sodium hydroxide still has to be transformed into a solid
and stable waste in order that the sodium elimination cycle is for this method achieved.
Two processes have therefore, at present, been studied and compared: ceramisation and cementation
processes. These two processes have been evaluated according to several criteria: their state of
advancement, the quantity of soda (and consequently, of sodium) which could be incorporated in a
package and the state of advancement of the approvals of the final constituted package destined for
the C.S.A.

4. THE CEMENTATION PROCESS

4.1. Description of the process

Direct cementation of soda had never been envisioned with the field of radioactive waste treatment,
and was subject to preliminary tests. This cementation is carried out using a cement which is rich in
slag. The mixture obtained is highly viscous and difficult to pour. However, after hardening, the
mechanical strengths appear to be good. This formulation would therefore necessitate a
supplementary Research and Development programme in order to obtain an industrially usable
mixture.
However, what has been considered in this case is the use of a reference process without recourse to
supplementary research and development studies, that is to say processes used in STEL of C.E.A.
centres.



4.2. Process performances

The degree of sodium incorporation is 81 g of Na/L cement coating. The rate of mass incorporation in
sodium is 3.84 %.

For a classic 400 L drum, cementation therefore allows stabilisation of the equivalent of 32.4 kg of
eliminated sodium.

4.3. State of advancement of the process

The cementation process is a validated and qualified process. It is used in various STEL research sites
at the C.E.A. If a supplementary R&D program is still necessary to optimise formulations in the case
of aqueous soda effluents, industrial technology to use should be an adaptation of the existing
facilities.

5. THE CERAMISATION PROCESS

This process can be considered as an advanced stabilisation process.

5.1. Principle of the process

The principle of ceramisation is to transform by a thermic treatment with mineral additives, sodium
hydroxide into a stable ceramic : Nephelin, of chemical composition NaAlSiC>4. This transformation is
realised in several steps. This mineral of low solubility is constituted from the main non active
chemical elements of the waste (sodium ion : Na+), and therefore allows an interesting volume
reduction. The specific case of treating an effluent exclusively made of sodium hydroxide is an ideal
case for an immobilisation an ceramic form.

In a first step, aluminium oxide (AI2O3) and silicium oxide (SiO?) are mixed to sodium hydroxide
solution.

At this step, two procedural options are possible.

OPTION A : Drying/calcination

- Drying by atomisation
The atomisation/drying allows a granulated powder with good flow properties to be obtained.
During this treatment, the water is eliminated, as well as the excess mineral additives.

- Calcination
It takes place between 600 and 800 °C.

A mixture of mainly amorphous oxides is obtained. Crystallisation of this Nephelin composition
occurs around 850 °C in a subsequent step.

OPTION B : Isoflash process
The two steps described in option A can be performed as one in an ISOFLASH facility.
This facility allows pulverisation of a mixture in a flame and its transformation in a short time
(flash effect) to a dry or calcinated residue. Morphology of the obtained powder is strongly
different from products obtained by atomisation/calcination (option A).



- Pressing
The powders resulting from A or B process are then compacted by uniaxial pressing at a pressure in
the order of 1,000 bar. Pellets or slabs are thus produced.

- Sintering
The term "sintering" denotes the whole of the diffusion phenomena which takes place at a high
temperature and which transforms a compacted powder into a dense solid by elimination of the
porosity. The final ceramic obtained is a dense product, composed of small crystals and is of low
porosity.

The ceramisation thus produces Nephelin pellets.

5.2. Process performances

Starting with a 400 g/L soda solution, it is transformed to Nephelin with a 2.5 density. Since the
ceramics are obtained in the form of pellets, it is supposed that there is a void fraction of 30 % in the
drum receiving these loose pellets. The apparent density is therefore 1.75. The sodium incorporation
rate in the ceramic coating is therefore 283 g of Na/L Of coating- The mass sodium incorporation rate is
16.2 %.
For a classic 400 L drum, ceramisation therefore enables stabilisation of the equivalent of 113.2 kg of
eliminated sodium.
All the R&D studies done at the present time, were made on sodic effluents from STEL constituted of
nitrates, sulphates and sodium phosphates. It allows to demonstrate on laboratory the feasibility of
stabilisation in ceramic.

5.3. State of advancement of the process

All specific key steps have been tested, whether for A or B option. The process is considered as an
advanced process insofar as it has never been implemented on an industrial scale in a STEL of a
C.E.A. centre.

6. COMPARISON OF THE TWO PROCESSES

The ceramisation process is of interest insofar as the mass incorporation rate is 3.5 times higher than
for cement. Nephelin also possesses a good resistance to alteration. At 25°C and at pH = 7, the initial
sodium dissolution rate is 0.03 g/m2/day.

However, the ceramisation process has, at this time, certain disadvantages.
- A study conducted jointly by the C.E.A. and ANDRA (Agence Nationale de gestion des dechets
radioactifs) the French national radioactive waste control agency, is underway, in order to establish
a package allowing the disposal of non monolithic wastes.
- There remains one finalisation phase of the ceramisation process in order to attain complete
qualification of the different steps and their results connection.

For the two processes (cement and ceramic), in order to simplify test agreement, it can be proposed to
use an over-container of CBFC-2K type (standard container used by C.E.A.). Nonetheless, this
solution is economically disadvantageous.



Advantages of each process are :

- for ceramisation, important volume reduction and good performances to the lixiviation test,

- for cementation, a well known process needing only minor studies to adapt it to sodium
hydroxide stabilisation.

7. CONCLUSIONS

The choice of one or other of the processes presented should be made on the basis of technical-
economic criteria, depending on the volume and activity of the sodium to be treated and the expiry
date for treatment of this sodium.
This paper permits to have a general overview of advantages and drawbacks of this two processes at
the present time.

It should be noted that a modification of the vitrification process to adapt it to an optimal coating
specific to concentrated soda is currently the subject of a feasibility study. The results are not yet far
enough advanced to be included in this paper. It can also be considered as an advanced process such
as ceramisation.
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