
SILICOTITANATES FOR STRONTIUM REMOVAL IN A                 

CONTINUOUS PROCESS 

Nuclear fuel reprocessing generates contaminated 
aqueous outflows after liquid-liquid extraction of ura-
nium and plutonium through Purex process. These out-
flows contain a wide range of minor actinides and fis-
sion products and must be treated. Most of these radi-
onuclides are separated from aqueous medium thanks 
to a precipitation in alkaline medium but some of them 
remain in solution, just like 137Cs and 90Sr. While treat-
ment solutions exist in the case of Cs, others must be 
implemented in the case of Sr. Crystalline silicotitan-
ates such as Sitinakite are promising materials due to 
the selective capture of Sr with regard to Ca. Sitinakite 
is an ionic exchanger with mobile sodium acting as 
charge compensator in the structure (Fig. 1-left). 

This crystalline phase is obtained via hydrothermal re-
action. During this synthesis, the variation of the Ti/Si 
ratio leads to a structural change of the species formed. 
For high values of Ti/Si (around 2), it is the sodium 
nonatitanate phase that is preferentially formed (Fig1-
right). Although this phase is also known to capture 
Strontium, it does not show any selectivity towards Cal-
cium. For Ti/Si ratios below 1.5, sitinakite is preferen-
tially formed. As shown in Fig1-right, the lower the 
Ti/Si ratio, the less crystalline the sitinakite becomes, 
with smaller grain sizes resulting in higher and higher 
exchange rates between Strontium and sodium1. 

 

 

 

Figure 1. Left: Sitinakite crystalline structure (Na2Ti2O3SiO4·2H2O). Right:Effect of Ti/Si ratio used 
during synthesis on the structure of the crystalline phase and on the Strontium uptake. 

After exploring the synthesis of sitinakite powders 
from liquid Si and Ti precursors such as TEOS or TTIP, 
our team developed an alternative synthesis route 
using solid precursors such as TiO2 or SiO2. This route 
has led to the formation of sitinakite powders, which 
are cheaper to synthesize and more feasible on an 
industrial scale. This work was the subject of a pa-
tent2 and served as the basis for the next step, which 
concerns the formulation of porous materials that al-
low for column treatment of strontium-contami-
nated outflows. The aim is to transform preformed 
porous objects from TiO2 into sitinakite while pre-
serving the shape of the initial object. It has been 

demonstrated that it is possible to carry out this 
pseudomorphic transformation on macroporous TiO2 
monolith foams or on extruded TiO2 pellets produced 
industrially by the company CTI, Céramiques Tech-
niques Industrielles (Fig. 2). The diffractogram indi-
cates that the transformation to sitinakite is not 
complete and that approximately 10%wt of TiO2 re-
mains at the end of the reaction. This work is cur-
rently in the process of being patented3 and the pro-
spects for development concern the improvement of 
the conversion yield and the increase in the specific 
surface area of the transformed objects. 

 

 

Figure 2. Pseudomorphic transformation of TiO2 monoliths and pellets into sitinakite. XRD of the 
pellets before and after transformation 
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