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Synthesis and characterization of saponite clays: Part 2. Thermal stability
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ABSTRACT
Synthetic saponites prepared at atmospheric pressure and at 90 °C within 20 hours with Mg2+, Zn2+,
Ni2+, Cu2+, and/or Co2+ in the octahedral sheets have been thermally treated under reducing and nonreducing conditions with or without the presence of steam. The thermal stability of saponite in air is
investigated at temperatures up to 900 °C. The nature of the octahedral cation largely determines the
thermal stability of the saponite, which increases in the order Zn2+, Co2+, Mg2+, to Ni2+ from 450 to
800 °C. The stability against reduction of the octahedral cations increases in the order Cu2+, Ni2+, to
Co2+ from 150 to 600 °C. The recrystallization of saponite at high temperatures is usually topotactic,
resulting in the formation of either pyroxene or olivine types of minerals. The reduction of saponites
also depends on the nature of the octahedral cation. Cu2+-containing saponites are most easily reduced,
followed by Ni2+-containing saponites. The difÞcult reduction of Co-saponites is possibly related to the
thermal breakdown of the saponite structure. Mg- and Zn-saponites do not show any reduction up to
800 °C. Incorporation of Mg2+ in Co2+- or Ni2+-containing saponites enhances the resistance to reduction. A fully reduced Ni-saponite shows a high dispersion of small Ni particles (10 nm) throughout the
sample, whereas a fully reduced NiMg-saponite consists of large Ni particles (up to 60 nm) clustered
together. The inßuence of steam on Mg-saponite is small, although incorporation of Zn2+ corresponding
to an Mg/Zn ratio of 2 into the octahedral sheets results in a decrease of the hydrothermal stability.
The drop in the stability is evidenced by a decrease in crystallinity and in a movement of Al atoms
from sites within the saponite structure to non-framework positions.

INTRODUCTION
Prior to the application in acid-catalyzed reactions in both liquid- and gas-phase processes solid acid catalysts must generally
be fully dehydrated to prevent the blocking of acid sites by water. Furthermore, many cracking and isomerization reactions are
executed at high temperatures, often in reducing environments.
Last but not least, deactivated catalysts are usually regenerated
by burning off coke, possibly in the presence of steam. The above
thermal treatments require catalysts which will maintain their
structure and texture under severe conditions. A high (hydro-)
thermal stability of clay minerals is therefore a very important
prerequisite for their application as catalysts.
Most investigations concerning the thermal behavior of clay
minerals deal with reactions at elevated temperatures in air or in
an inert atmosphere (Brindley and Lemaitre 1987). In general
the following pattern is observed. At temperatures below 400 °C,
dehydration of the external surface and the interlayer space occurs. Between 400 and 750 °C dehydroxylation of the octahedral
sheets, often accompanied by the formation of a quasi-stable
dehydroxylated phase (Brindley and Lemaitre 1987), takes place.
Temperatures beyond about 750 °C result in recrystallization re* E-mail: t.kloprogge@qut.edu.au
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actions, frequently topotactic in nature (Nakahira and Kato 1964).
The hydrothermal stability of (natural) clays has frequently been
studied in closed systems at high pressures (≥1 kbar) (Iiyama and
Roy 1963; Whitney 1983), but only rarely under mild conditions
(Cuevas et al. 1994). The presence of water results in a lowering
of the recrystallization temperatures of saponites as compared
to thermal treatment in dry air (Whitney 1983).
Until now there have been a limited number of studies dealing
with the reducibility of clay minerals and related compounds,
concerning almost exclusively Ni2+-containing serpentines and
talcs (Lemaitre and Gerard 1981) and nickel-hydroxy montmorillonites (Ghesquiere et al. 1982). Occasionally, experiments on the
reduction of Fe3+ in smectites have been performed (Rozenson
and Heller-Kallai 1976; Komadel et al. 1995). Recently, Carriat
et al. (1994) studied the inßuence of the order-disorder parameters on the reducibility of synthetic Ni- and Cu-containing talc
and chrysocolla.
The purpose of our study was to investigate the inßuence of
the chemical composition of synthetic saponites, particularly the
inßuence of the metal ions present within the octahedral sheet,
on the thermal stability. The thermal stability was investigated
under both reducing and non-reducing conditions, the latter with
or without the presence of water. The term “thermal stability”

