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abstraCt

Kanemite belongs to the group of naturally occurring sodium silicate minerals that was first found 
in Kanem, at the edge of the Lake Chad, and has been synthesized in different ways from NaOH-SiO2 
mixtures and used as precursor for the design of microporous and mesoporous materials. The fluoride 
route to the synthesis of microporous materials is based on the substitution of OH– anions by fluoride 
anions, which may subsequently also play a mineralizing role, and gives rise to materials with higher 
hydrophobicity and thermal and hydrothermal stability. Moreover, F– plays an important role in the 
incorporation of framework heteroatoms, thereby affecting the activity of the final material. The aim 
of this study was to synthesize fluorokanemite using different synthetic routes and different F– source. 
The final product was characterized by a combination of methods that provided information regard-
ing the incorporation of fluorine into the framework and the short- and long-range structural order of 
the fluorosilicate. Kanemite with water content close to ideal was obtained in all cases. The washing 
process was found to have no effect in the long- or short-range structural order of the layer framework, 
although it did affect the structure of the cation in the interlayer space of kanemite. The mineralizing 
agent therefore appears to be the key to the synthesis. Furthermore, it governs the resulting kanemite 
structure by controlling the formation of hydrogen bonds in the framework, and therefore the degree 
of lamellar structure condensation.

Keywords: Kanemite, mesoporous, microporous, fluorosilicates, MAS NMR, DRX, mineralizing 
agent, FSM-16

IntroduCtIon

The fluoride route to the synthesis of microporous materials is 
based on the substitution of OH- anions by fluoride anions, which 
may subsequently play a mineralizing role. This procedure has 
been widely used for the synthesis of several zeolites, clathrasils, 
and phosphates (Guth et al. 1992; Kessler et al. 1994; Camblor et 
al. 1996, 1997b, 1997c), and has allowed the optimal incorpora-
tion of heteroatoms such as Al or B into them (Guth et al. 1986).

Kimura and Kuroda (2009) pointed out relevance of a syn-
thetic strategy of ordered mesoporous silica derived from layered 
silicates composed of single silicate sheets for synthesizing 
crystalline, ordered mesoporous silica, which has not yet been 
achieved. Moreover, the incorporation of various metal species 
in the starting layered silicates is also important for extending the 
catalytic applications of ordered mesoporous silica. In this way, 
zeolite b, when synthesized in a F– medium, exhibited a higher 
hydrophobic character than the material synthesized in a basic 
medium, and this has been shown to be beneficial for its catalytic 
activity and selectivity in reactions involving molecules with 
different polarities (Camblor et al. 1997a; Blasco et al. 1998). 
Pérez-Romo et al. (2003) have demonstrated that the presence of 
fluoride anions during the synthetic cation-exchange process that 

leads to FSM-16 gives rise to an increased wall thickness, thus 
explaining the greater thermal stability of this material (Pérez-
Romo et al. 2005). Fluoride ions are also known to influence the 
nature, activity and polymerization activity of silica precursors 
and a fluorinated silica surface is much more hydrophobic and 
more resistant to the attack of water molecules than a silanol 
silica surface (Brinker and Scherer 1990). More recently, Kim 
et al. (2001) have reported that the hydrothermal stability of 
MCM-48 can be improved by post-treatment in NaF solution.

Crystallization patterns and crystal morphologies are also 
influenced by the addition of fluoride salts, generally HF or 
NH4F, to the reaction mixture as a source of F- ions (Gabelica et 
al. 1992, 1993; Kessler et al. 1994). The NH4-containing system 
is the most effective for the incorporation of gallium into the 
MFI framework, whereas the Na- and Cs-containing systems 
have been shown to be the least effective. The influence of the 
cations may vary depending on either the induction rate or the 
crystal growth rate (Nigro et al. 1999). In this respect, kinetic 
data have shown that alkali-metal cations exert both electrostatic 
and specific effects during stabilization of the first nuclei and the 
tiny growing crystals. Furthermore, an evaluation of the thermal 
stability of BEA zeolites synthesized with and without NH4F has 
shown that the thermal stability of the former is relatively higher 
than that of the latter (Jon et al. 2006).* E-mail: alba@icmse.csic.es


