
American Mineralogist, Volume 94, pages 1187–1197, 2009

0003-004X/09/0809–1187$05.00/DOI: 10.2138/am.2009.3164	     1187 

Mineralogical stability of phyllosilicates in hyperalkaline fluids: Influence of layer nature, 
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Abstract

Mineralogical changes in a set of phyllosilicates, differing in their layer nature, chemical composi-
tion, octahedral character, and Al content of the tetrahedral sheet, were analyzed after hydrothermal 
reaction in an alkaline solution. The composition of the alkaline solution was selected to simulate the 
first stage of cement degradation [NaOH-KOH-Ca(OH)2]. The reaction products have been analyzed 
by XRD, 29Si and 27Al MAS NMR spectroscopy, SEM/EDX, and TEM. The results indicate that the 
main factor influencing the stability of the clays is the occupation of the octahedral sheet such that all 
trioctahedral members withstand the alkaline attack, whereas most of the dioctahedral clays suffer a 
complete dissolution and crystallization of new phases. Second, clays with Al in the tetrahedral sheet 
of their layers are shown to be less stable than those with a pure Si tetrahedral sheet.
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Introduction

Bentonite is included in buffer and backfill materials in 
most high-level waste (HLW) repository concepts. Its low 
hydraulic conductivity, microporous structure, good sorption 
properties, and plasticity make this material an effective bar-
rier, protecting the canister and restricting the movement of 
radionuclides released from the waste packages after canister 
failure. However, favorable properties could potentially be lost 
by thermally induced effects that occur as a result of the decay 
heat released from the waste (Wersin et al. 2007). In addition, 
clay barrier properties could be seriously altered by an alkaline 
plume generated as a consequence of degradation of cement and 
concrete, used as structural support and backfill materials in the 
HLW repository. The release of this alkaline, high-pH plume to 
the surrounding media has been modeled (Reardon 1990; Vieil-
lard and Rassineux 1992) showing first a period of NaOH and 
KOH release (pH > 13.5), followed by a solution composition 
controlled by portlandite [Ca(OH)2, pH = 12.5] and finally a 
solution composition controlled by Ca-silicate-hydrate (CSH) 
gels (pH = 9–10). 

Numerous studies have been conducted on the reactions 
between clay minerals and alkaline solutions. They consistently 
show that some clay species are dissolved and that other silicate 
phases are formed. Chermack (1992, 1993) showed that Opalinus 
clay is deeply altered by high-pH solutions that dissolved sili-
cates and particularly phyllosilicates. New mineral phases were 
formed such as zeolites, rectorite, and K-feldspars. Rassineux 
(2001) showed that montmorillonite is partly transformed into 
beidellite. Claret et al. (2002) showed that the fluid resulting from 
the initial stages of cement alteration dissolves the smectite-rich 
phases, while a new randomly interstratified illite-expandable 
mineral is formed. Other authors have reported the alkaline dis-
solution of montmorillonite and the formation of Na/K-zeolites 

and trioctahedral Mg smectite (Vigil et al. 2001; Ramírez et al. 
2005; Sánchez et al. 2006). Nakayama et al. (2004) have shown 
an increase of porosity and permeability in compacted bentonite, 
in contact with a highly alkaline (NaOH, pH = 14) solution tank, 
due to montmorillonite dissolution. More recently, Fernández 
et al. (2006) used transport NaOH cell tests and compacted 
bentonite columns to demonstrate that, at 120 °C, mineralogi-
cal alteration affects the whole column, with the crystallization 
of tobermorite, Mg-saponite, and analcime. It is clear that such 
mineral reactions will likely modify the natural radioactive ele-
ment retardation capacity of geological barriers.

In general, studies of the alteration of clays by alkaline 
solutions have shown that the degree of alteration is sensitive 
to several factors, such as the precise rate and mechanism of 
montmorillonite dissolution close to equilibrium, the variation 
of bentonite transport properties (porosity, permeability) with 
time, the composition of cement pore fluids and the crystallinity 
and types of secondary minerals (Savage et al. 2007). However, 
structural factors of the clay itself, such as the chemical composi-
tion of the material, the degree of occupation of the octahedral 
sheet, number of sheets forming the layers, and presence or 
absence of Al in the tetrahedral sheet have not been, to our 
knowledge, systematically analyzed in the related literature. 
The goal of this investigation was to study the influence of these 
factors on the mineralogical stability of a set of different layered 
silicates submitted to hydrothermal treatment in an alkaline 
solution resembling the first stage of cement degradation. The 
solids obtained from the treatments are fully characterized and 
a complete discussion of factors that influence the stability of 
materials under alkaline conditions is presented. 

Experimental methods

Starting materials
To analyze the influence of structural and compositional factors on the sta-

bility of clays in alkaline conditions, we have selected seven well-characterized * E-mail: anieto@icmse.csic.es


