
American Mineralogist, Volume 99, pages 696–703, 2014

0003-004X/14/0004–696$05.00/DOI: http://dx.doi.org/10.2138/am.2014.4665      696 

* E-mail: alba@icmse.csic.es

Effect of clays and metal containers in retaining Sm3+ and ZrO2+ and the process of 
reversibility 

Said El MrabEt1, MiguEl a. CaStro1, Santiago Hurtado2, M. Mar orta1, 
M. Carolina PazoS3, María Villa-alfagEME4 and María d. alba1,*

1Instituto Ciencia de Materiales de Sevilla, CSIC-Universidad de Sevilla, Avda. Américo Vespucio, 49. 41092 Sevilla, Spain
2Servicio de Radioisótopo del CITIUS, Universidad de Sevilla, Avda. Reina Mercedes, 4. 41012 Sevilla, Spain

3Escuela de Ciencias Químicas, Universidad Pedagógica y, Tecnológica de Colombia UPTC, Avda. Central del Norte, Vía Paipa, Tunja, Boyacá, Colombia
4Department Física Aplicada II, Universidad de Sevilla, Avda. Reina Mercedes, s/n. 41012 Sevilla, Spain

abStraCt

Knowledge and understanding about radionuclides retention processes on the materials composing 
the engineered barrier (clay mineral and metallic container waste) are required to ensure the safety 
and the long-term performance of radioactive waste disposal. Therefore, the present study focuses on 
the competitiveness of clay and the metallic container in the process of adsorption/desorption of the 
radionuclides simulators of Am3+ and UO2

2+. For this purpose, a comparative study of the interaction 
of samarium (chosen as chemical analog for trivalent americium) and zirconyl (as simulator of uranyl 
and tetravalent actinides) with both FEBEX bentonite and metallic container, under subcritical condi-
tions, was carried out. The results revealed that the AISI-316L steel container, chemical composition 
detailed in Table 1, immobilized the high-radioactive waste (HRW), even during the corrosion process. 
The ZrO2+ was irreversibly adsorbed on the minireactor surface. In the case of samarium SEM/EDX 
analysis revealed the formation of an insoluble phase of samarium silicate on the container surface. 
There was no evidence of samarium diffusion through the metallic container. Samarium remained 
adsorbed by the container also after desorption experiment with water. Therefore, steel canister is 
actively involved in the HRW immobilization.
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introduCtion

The safe disposal of radioactive wastes and specifically the 
need to protect humans and the environment in the far future 
is given particular attention in all countries engaged in nuclear 
power generation. Nowadays, disposal of these wastes in deep 
geological repositories has been established as the safest and 
the most environmentally appropriate solution (Alba and Chain 
2005, 2009; Duro et al. 2008). Repositories are generally de-
signed on the basis of a multiple barrier system, which consists 
mainly of natural and engineered barriers to isolate the hazardous 
radionuclides from the accessible environment (McCombie et 
al. 2000; Astudillo 2001; Chapman 2006). The engineered bar-
rier system (EBS) comprises the respective metallic containers 
filled with radioactive waste and a backfill clay material, mostly 
smectite standing between container and host rock to avoid the 
access of groundwater to the high-radioactive waste (HRW) as 
well as its subsequent migration out of repository (Malekifarsani 
et al. 2009). However, it is impossible to guarantee the long-
term stability and integrity of the engineered barrier system. 
Once the overpack comes into contact with groundwater higher 
concentrations of CO3

2– ions (Ishidera et al. 2008), it will begin 
to corrode and, therefore, smectite could interact with dissolved 

iron, hydrogen gas and other corrosion products of the steel 
overpack such as magnetite (Fe3O4), goethite [FeO(OH)] (Smart 
et al. 2002; Carlson et al. 2007), or siderite.

Therefore, the corrosion of candidate metals for the con-
tainer as well as the effect of their corrosion products with clay 
minerals were the subject of many experimental investigations 
and geochemical modeling (Guillaume et al. 2003; Papillon et 
al. 2003; Perronnet 2004; Wilson et al. 2006b; Bildstein et al. 
2006). Studies of iron-clay interactions have shown the system-
atic destabilization of the initial clay mineral and the subsequent 
crystallization of reaction products (Guillaume et al. 2003, 2004; 
Lantenois et al. 2005). Lantenois et al. (2005) has investigated 
the interactions between Fe and various natural and synthetic 
smectite samples with the aim of determining the effect of 
crystallo-chemical features on the smectite/iron interactions. 
At 80 °C, the results indicated that oxidation of the container 
by smectites occurs only for dioctahedral smectites under basic 
pH conditions, whereas the container corrodes by precipitating 
magnetite, but without smectite alteration at pHs ranging from 
slightly acid to neutral. Likewise, Wilson et al. (2006a, 2006b) 
has investigated the stability of Na-montmorillonite between 
80 and 250 °C and observed that Fe-rich smectite was formed 
and they exhibited lower swelling properties than the Na-
montmorillonite. Moreover, at 250 °C, berthierine was formed.

All these previous studies showed that the effect of container 


