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Introduction

Liquid waste

+
Solid waste

Suitable matrix

Objectives

 Reduction of secondary effluent volume by 
concentrating radionuclides in a solid form

 Find a robust and durable conditioning of 
these specific radioactive residues
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Hydroxide precipitation protocol

Conclusion 
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3. Characterisation

During maintenance and decommissioning operations, nuclear power plants generate a
significant amount of metallic waste[1], mainly from steam generators. These wastes can
be treated by chemical dissolution of the oxidized surface containing the radionuclides.

CORD (Chemical Oxidation Reduction Decontamination)[2] process is widely used in France
for decontamination during maintenance. It is very efficient but generates a large amount
of radioactive effluent that needs to be treated before geological disposal.

As the volume of these effluents can be large, it is necessary to isolate the radioactive
metal part in solid form[3] so that the liquid part can be treated as standard chemical
waste reducing the use of specific resins which can be very costly which reduces volumes
for final geological disposal.
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2. Test on synthetic sample

1. Optimisation

The protocol must be cheap, fast and 
applicable on a large scale! Figure 1 : Main objectives

Figure 2 : Protocol for the precipitation of metal 
hydroxides following by ICP-MS

The current metal hydroxide precipitation protocol uses the effluent generated during the
CORD process as the initial sample. The latter is in the form of an acidic solution (pH 2)
and contains several metals in ionic form (Mn2+ / Ni2+ / Fe3+ / Co2+ / Cr3+ / Zn2+ / Ce3+).

A first addition of sodium hydroxide (NaOH 1M) is made under stirring until a pH of 8.5 is
obtained. The solution is kept under agitation for 2 hours and then filtered.

A second precipitation is then carried out by adding NaOH until a pH of 12 is obtained. The
solution is stirred for 1 hour before being filtered.

The final solution is analysed by ICP-MS to check the quantity of metals remaining while
the precipitates are dried in an oven at 50°C for 2 days.

Figure 3 : Phreeqc modelling the solubility of 
several metal hydroxides as a function of pH

Figure 4 : Concentration of metals in solution as a function 
of stirring time after the first precipitation (pH 8.5)

The stirring time during the first
precipitation was studied in order to
precipitate a maximum of metals.

Figure 4 shows that increasing the
time of agitation has very little
effect on the concentration of
precipitated metals.

In addition, a pH adjustment is
necessary when the contact time
increases in order to keep the
solution at pH 8.5.

→ 2h stirring time

Figure 5 : Testing the decontamination protocol on 
a synthetic sample

Tests were carried out on synthetic
samples, which were generated by
dissolving metal salts in an acid solution
at pH 2. The initial concentrations
correspond to those that can be found in
1g of Inconel 600[4] after CORD process.

Metal concentrations were measured at
each stage of the protocol to confirm the
values found by modelling and to
determine the removal efficiency.

→ First precipitation useful for the removal of Fe, Cr, Zn, Ce as expected

→ Second precipitation needed to remove Ni, Mn and Co

→ Final concentration between 0.05 and 50 ppm

Precipitate Mass of water (%)

1st precipitation

1 95.97%

2 95.96%

3 96.12%

4 95.98%

2nd precipitation
5 87.67%

6 87.97%

50 °C 3 days

Table 1 : Percentage of water in solid residues generated during the protocol

Figure 6 : Precipitate obtained after filtration of the 
solution at pH 8.5 (a) Before drying (b) After drying

(a)

(b)

Different conditioning matrices are being
investigated for the sludge generated during the
process (cementation, geopolymer and vitrification).

Initial tests have been carried out on the
composition of these sludges, in particular on their
water content to adapt its conditioning.

→ More than 95% of the
sludge mass is water for
the first precipitate

Perspectives 

• Precipitation tests on non-radioactive surrogate samples.

• ATG-DSC measurement on the generated precipitates to get a more accurate value of
the amount of water and to observe the behavior of the solids at high temperature.

• Testing of other methods of precipitation (electrocoagulation, sulphide precipitation).

• After optimisation, the precipitation process is effective on the synthetic sample in
removing a large proportion of the metals in solution (> 99.9%).

• The first precipitate generated contain a high proportion of water (> 95%), which could
be interesting for storage in a cementitious medium that also requires a lot of water.
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The solubility of metal hydroxides was
studied by modelling on PHREEQC
(Figure 3) in order to establish the
optimum precipitation pH for each
element.

According to these results, two pH
values were chosen in order to group a
maximum of metals :

→ pH 8.5 (Fe, Cr, Co, Zn, Ce)

→ pH 12 (Mn, Ni, Co, Zn)
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