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INTRODUCTION

Saponite is a 2:1 type trioctahedral phyllosilicate of the 
smectite group of clay minerals. The saponite structure is com-
posed of a central octahedral sheet with essentially a brucite 
[Mg(OH)2] structure, in which four out of six OH- groups are 
replaced by oxygen atoms. These oxygen atoms are connected 
to two tetrahedral sheets consisting of Si4+ and O2� situated on 
both sites of the central octahedral sheet. A restricted amount of 
isomorphous substitution of Si4+ by Al3+ in the tetrahedral sheet 
results in a charge deÞ ciency, compensated by exchangeable 
interlayer cations. The ideal structural formula of saponite can 
be presented as 

Nx/z
z+[Mg6][Si8�xAlx]O20(OH)4⋅nH2O with n being the interlayer 

cation and a maximum value for x of approximately 1.2. Natural 
saponites are usually found in weathered volcanic rocks, although 
weathering of other Mg-containing rocks may also result in 
saponite formation. Saponites with nearly Mg-pure octahedral 
sheets have been found in Skye, Transvaal, California, and Min-
nesota (Schmidt and Heystek 1953; Mackenzie 1957; Whelan 
and Lepp 1961; Post 1984). Quakernaat (1970), Curtis (1976), 
and Cowking et al. (1983) described Þ brous or asbestos-like 
natural saponites. Although in natural systems the octahedral 
sheet is mainly composed of Mg2+, some minor incorporation 
of Fe2+, Fe3+, Al3+, Li+, Mn2+, Ni2+, and Ti4+ is possible together 
with the isomorphous substitution of Si4+ by Fe3+ in addition to 

Al3+ in the tetrahedral sheet. In addition to the �normal� sapo-
nites varieties with octahedral sheets strongly enriched in Fe3+ 
(grifÞ thite) or Zn2+ (sauconite) have been reported (Ross 1946; 
Vicente Rodriguez et al. 1994). 

For catalytic applications of saponite it is extremely important 
that the composition of the clay material can be adjusted, because 
the chemical composition largely determines the acidic properties 
of the clay. In addition, the saponite must be free of impurities, 
must contain a high speciÞ c surface area and pore volume that 
can be readily accessed from the bulk gas or liquid phase, and 
must be available in sufÞ cient quantities. Natural clay minerals 
do not fulÞ ll these requirements, although pillaring of saponites 
with inorganic oxide complexes can improve the textural and 
acidic properties to some extent (Malla and Komarneni 1993; 
Chevalier et al. 1994; Bergaoul et al. 1995). 

Synthesis of saponites may circumvent the above mentioned 
drawbacks. Saponite synthesis has not been executed very fre-
quently as compared to that of other smectite clay minerals. 
Most preparation attempts have aimed at the preparation of 
saponites with the sites within the octahedral sheet entirely oc-
cupied by Mg2+ (Kloprogge et al. 1999). Synthesis of saponites 
at temperatures below 100 °C and atmospheric pressures was 
performed by Farmer et al. (1991, 1994), Decarreau (1981, 
1983), and Brat and Rajan (1981). Farmer et al. (1991, 1994) 
were able to synthesize Mg-saponites in very dilute solutions 
containing AlCl3, MgCl2, and Si(OH)4 (≤1.5 mM) at 89 °C for 
8 to 12 weeks. Decarreau (1981, 1983, 1985a, 1985b) succeeded 
in the preparation of saponites with octahedral sheets containing * E-mail: t.kloprogge@qut.edu.au
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ABSTRACT

A new procedure has been developed for fast preparation of saponite clays under non-hydrothermal 
synthesis conditions of 90 °C and 1 atmosphere. Saponites were synthesized from a stoichiometric 
mixture containing Si/Al3+ gel, M2+-nitrate (M2+ = Mg, Zn, Ni, Co, or Cu), urea, and water within a 
few hours. The synthesis products were characterized with XRD, IR, TEM, XRF, N2-physisorption, 
Al-EXAFS, and 27Al- and 29Si-MAS-NMR. Incorporation of Mg, Zn, Co, Ni, or a combination of 
these cations in the octahedral sheet, as well as controlling the Si/Al ratio in the tetrahedral sheet in the 
range between 5.67 and 39.0, could easily be established. Pure Cu-saponite could not be synthesized 
due to the preferred formation of chrysocolla, but a combination of Mg2+ and Cu2+ resulted in saponite 
formation. The chemical composition strongly inß uences the textural properties of the saponites. It is 
possible to prepare saponite samples of a speciÞ c surface area and pore volume of 100 to 750 m2/g and 
0.15 to 1.05 mL/g, respectively. The lateral size and the amount of stacking of the saponite platelets 
could be inß uenced by the composition, synthesis duration, and amount of urea. The new synthesis 
procedure provides an easy way to prepare large quantities of saponites with far-reaching control on 
the texture as well as the composition.


