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In the most concepts for the disposal of low- and intermediate-level nuclear wastes (L-

ÏLW), cement and concrete have played a major role as a physical and chemical barrier

against the migration of radionuclides into the far field. In order to predict the transport of

radionuclides in cementitious materials, evaluation of the sorption of multivalent ions on

those materials is important. Because the cement pastes are multiphasic, containing both

anhydrous phases as well as newly formed hydrates, it was necessary to identify the main

phase or phases responsible for the incorporation of ions to simplify the system. It also

contributes to an easier modelling of the retention on cement matrices. Therefore, the

objective of this paper is to study the retention of Pu, Cs, Cl, U, Co, I onto the three phases of

a cement paste: Calcium Silicate Hydrates or C-S-H (Ca/Si=1.65), portlandite (Ca(OH)2) and

ettringite (Ca6Al2S3O21.32H2O).

C-S-H of Ca/Si molar ratio of 1.65 and ettringite were prepared in suspension, while

portlandite was provided by an industrial laboratory. The sorptive power for each ion was

determined by a batch method at 20°C. The uptake of ions onto the phases has been obtained

by introducing a very small volume of radioactive Cs, Co, Cl, I, U and Pu solution in each

batch. Aliquots of solution were periodically removed for analysis.



The results showed that there are two kinds of ions whatever the solid phase: those

which are poorly sorbed Cs, Cl, I and Co, U and Pu which are strongly sorbed (by a factor 100

to 10 000). This is in good agreement with literature [1,2]. That trend can be partly explained

by the fact that sorption depends on the ion solution chemistry. Cs, Cl, I are soluble and don't

form complex in solution. On the other hand, Pu, U, Co form many complexes in alkaline

solution which can be in interaction with the sorbent [3,4].

Elsewhere, the comparison between the sorptive power of each phase reveals that C-S-

H develops a significant sorption potential for plurivalent ions (Pu, U, Co) as well as for Cl.

The retention capacity of portlandite mainly towards plurivalent cations is one or two orders

magnitude weaker than C-S-H capacity. Ettringite only plays a sorptive role relatively to Cs

and, to a lower extent, Cl. However, iodine doesn't have a strong affinity for any solid at all.

The behaviour of those tiiree solids can be partly explained by the differences between the

specific surface areas: 200-350 m2/g (measured by water adsorption) [5 , 6], 13-22 m2/g [7]

and 20-80 m2/g [6] for C-S-H, portlandite and ettringite respectively. C-S-H which are

amorphous, present a complex porosity extending to microporous regimes that can enhance

sorption, although portlandite and ettringite are crystallised.

It can be noticed that portlandite has a notable sorption with respect to cobalt. It can suggest

an exchange mechanism between calcium in portlandite and cobalt in solution. Also, the

crystal structure of ettringite is known to contain open channels which can receive a large

range of negatively charged particles [8]. This can explain its affinity for chloride.

The data allow us to calculate a global sorption coefficient (Kd) of the cement paste

for each ion. Assuming that the proportion of C-S-H, portlandite, ettringite is respectively

65%, 15% and 5% in a Portland cement, the global sorption coefficient is in good agreement

with literature [3, 9-11] regarding on U, Cs, I and Cl. The differences noticed concerning Pu,

Co and partially U are essentially due to experiment conditions.

Cementitious materials appear to be an interesting chemical barrier that can limit the

diffusion of plurivalent cations. As C-S-H represent from 60% to 75% of the cement paste,

this study leads to underline that C-S-H is mainly responsible for the retention capacity of

cementitious materials specially towards U, Pu, Co, Cl although its sorption power is limited

concerning soluble ions Cs, I and Cl. However, in order to model the sorption, it is necessary

to carry on new studies since sorption mechanisms are still not well understood. Thus,



sorption measurements of C-S-H in interaction with aqueous solutions of CsCl of variable

concentration are in progress to model the retention by an ion-exchange mechanism.
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