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Hydrothermal synthesis of ammonium illite
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ABSTRACT

Synthetic gel and glass of illitic composition, natural kaolinite, and mixed-layer illite-
smectite were used as starting materials for hydrothermal synthesis of ammonium illite.
Ammonium illite was prepared from synthetic gel by hydrothermal treatment at 300 8C.
The onset of crystallization began within 3 h, and well-crystallized ammonium illite ap-
peared at 24 h. Increasing reaction time (up to four weeks) led to many illite layers per
crystal. In the presence of equivalent proportions of potassium and ammonium, the gel
was transformed to illite with equimolar contents of K and NH4. In contrast, synthesis
using glass under the same conditions resulted in a mixture of mixed-layer ammonium
illite-smectite with large expandability and discrete illite. Hydrothermal treatments of the
fine fractions of natural kaolinite and illite-smectite produced ammonium illite from ka-
olinite but the illite-smectite remained unchanged.

INTRODUCTION

Illite and interstratified illite-smectite are the most
common clay minerals in claystones, shales, and hydro-
thermally altered volcanoclastic rocks. Illite itself, as
well as the transformation of smectite to illite, has been
extensively studied since the early 1960s. The illitic in-
terlayer contains K as a fixed cation by definition but
illites from different environments also have ammonium
reported in the interlayers (Stevenson 1959 and other
citations below). The content of ammonium can vary
between several hundred parts per million to 100% for
pure ammonium illite, which is called tobelite. The am-
monium often comes from decomposition of organic
matter in diagenetic environments (Cooper and Abedin
1981; Williams and Ferrell 1991; Compton et al. 1992)
or from coal in anchimetamorphic environments (Juster
et al. 1987; Daniels and Altaner 1990; Šucha et al.
1994). The source of ammonium is unclear in hydro-
thermally altered volcanoclastic rocks (Kozác et al.
1977; Higashi 1982; Bobos et al. 1995). Variable geo-
logical environments and the effect of parameters such
as temperature, time, fluid, and solid composition on il-
lite and illite-smectite formation have been investigated
in many hydrothermal experiments (e.g., Eberl and
Hower 1977; Eberl 1978; Roberson and Lahann 1981;
Inoue 1983; Whitney and Northrop 1988; Güven and
Huang 1991; Huang 1992; Eberl et al. 1993), but we
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found only one paper that focused on experimental am-
monium illite formation (Shigorova et al. 1981).

This paper reports the results of hydrothermal synthesis
of ammonium illite from synthetic gel and glass using
different solid/fluid ratios. Also, natural kaolinite and il-
lite-smectite were used as a starting materials. These min-
erals are common constituents of rocks and are often re-
ported as ammonium illite precursors. Equivalent molar
proportion of K and ammonium were used to document
preferential incorporation into the illite structure.

MATERIALS AND METHODS

Starting materials

The following starting materials were selected for hy-
drothermal treatment: (1) synthetic gel of illitic compo-
sition, (2) synthetic glass of illitic composition, (3) ,2
mm fraction of Sedlec kaolinite (Czech Republic), and (4)
,2 mm fraction of mixed-layer illite-smectite mineral
from the Dolná Ves hydrothermal deposit (Šucha et al.
1992), containing 34% expandable layers (ISCz-1, the
Clay Minerals Society source clay repository).

Synthetic gels having compositions corresponding to
the formula [Si6.6Al1.4][Al4](NH4)1.4O20(OH)4 or [Si6.6Al1.4]
[Al4][(NH4)0.7K0.7]O20(OH)4 were prepared as follows. Sil-
ica colloidal powder was suspended in a solution of alu-
minum nitrate. Subsequently aluminum hydroxide was
obtained by reaction with dilute ammonium hydroxide.
This suspension was washed with distilled water until the


