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This paper attempts to show how the structural, physical and chemical properties of
clay minerals relate to their laboratory, industrial and environmental uses as sorbents
and catalysts.
Clay minerals are microcrystalline, layered materials with particle sizes generally in
the range 0.02 to 2 urn. The vast majority of them are aluminosilicates or
magnesiosilicates, although some calcium and iron silicate clays do exist. The
properties of clays can make them highly versatile materials that are used extensively
both industrially and in the laboratory as sorbents and highly specific catalysts for
organic reactions.
A brief review of the formulae and structures of clays and their relationship to their
chemical and physical properties follows. Clay structures consist of arrangements of
alternating linked tetrahedral (T) silicate layers and octahedral (O) metal oxide layers.
The main groups have T:O (1:1) and T:O:T (2:1) arrangements with trioctahedral and
dioctahedral packing in the octahedral layers. Isomorphous substitution of cations in
the layers by cations of lower charge generate negative layer charges (cationic clays),
whilst substitution with cations of higher charge gives positive layers (anionic clays).
These layer charges are neutralised by the presence of exchangeable, compensating
ions in the interlayer. Negative layers give the clay a large cation exchange capacity,
whilst positive layers give an anion exchange clay.
Acid activation of clays increases its surface area (often from ca. 60 to 300 m2g"') and
the acidity and sorption characteristics of the clay are improved. Industrially, this
produces a large volume of acidic aluminium salt waste, disposal of which can be a
severe problem. Cationic clays often have a high acidity, both Bronsted and Lewis.
Measurement of the general acidity can be made with Hammet type indicators and
base sorption can give a measure of the different types of acidity. The Brv|/nsted
acidity can be increased by exchange with cations of greater charge and dehydration
increases both Bronsted and Lewis acidity, but a point is reached (typically at ca. 600°
to 700°C) where loss of activity occurs through ceramic formation. As well as its use
in pottery and ceramics production, kaolinite is also used as a filler in quality paper
manufacture due to its high whiteness and its rapid sorption of inks.
Clays can be used as clean, often highly specific Bransted catalysts in organic
reactions, e.g. ether and cyclic anhydride formation. Formerly, the petroleum refining
industry relied on clays for catalytic cracking, but currently the more thermally stable
zeolites are preferred and clays are being looked at for more specific, "low-
temperature reactions", e.g. ester formation from alkenes and acids. Anionic clays can
be used as base catalysts.
Cation exchange profiles may be constructed for clay minerals. Batch cation
exchange experiments can be used in the comparison of the exchange sites available
in intact and acid activated minerals, via Langmuir or Freundlich type isotherms and
Rd plots. Careful manipulation of the mineral suspensions can demonstrate kinetic
control of the exchange rather than the expected thermodynamic control. The



question as to whether these exchange profiles may be applied to production of more
highly specific catalysts remains open.
Acid activated clays are used in the removal of carotenoids and chlorophyll from raw
vegetable oils to give pale amber cooking oils and in the manufacture of light
coloured soaps. This leaves a large disposal problem as the majority of the spent
bleaching clay is currently being dumped in landfill sites. Calcium montmorillonite is
used as the sorbent in cat litter as the clay retains the odorous chemicals and also
binds ammonia formed by bacterial degradation of urea. Carbonless copying paper
relies on both the sorbent and catalytic properties of clays. The development of the
colourless leuco dyes into their coloured forms involves a combination of Brensted
and Lewis acid catalysis (primary dyes) and redox catalysis (secondary dyes). These
coloured forms of the dyes adsorb both onto the surface and into the interlayer regions
of the clay, often re-ordering the disordered structure of the acid activated clays.
Singlet oxygen generated by these dyes can cause fading of the image, an autocatalytic
effect in their own destruction.

In the laboratory clays have been used extensively as acid catalysts, as selective
supports in g.c. and as active supports for oxidants (e.g. clayfen and claycop) and
Lewis acids (e.g. clayzic). These Lewis acid catalysts are now being marketed under
the trade name Envirocats and are beginning to replace traditional environmentally
undesirable materials such as aluminium chloride. A question still arises about their
true environmental friendliness as they still have to be disposed of eventually and they
usually contain large amounts of potentially toxic metal cations. More recently,
however, clay catalysts have been used in redox reactions, as regioselective catalysts
for Diels-Alder reactions and for the generation of reactive intermediates such as
carbenes. The thermodynamically less favoured isomer can often be selected for if the
transition state of formation is less bulky than that of the more favoured isomer.
Due to the balance between their layer and edge charges, some clays can form gels at
certain concentrations with water; bentonite gels are used for clarifying wines and
beers and synthetic hectorite gels are used in clear tooth pastes (e.g. Aquafresh) and in
non-drip paint manufacture. Partially gelled clay suspensions, called drilling muds,
are used by the oil industry to cool and lubricate the drill bits at oil wells.
In the environment, clay minerals are highly important in soils, as they are able swell
and retain water. They are also able to act as pH buffers and as slow release agents for
essential minerals, such as calcium, magnesium, potassium and ammonium. They are
also useful in environmental protection as they can adsorb crude oils from spills and
they are used, sometimes mixed into concrete, as containment barriers for
radionuclides especially caesium 137 and strontium 90. Clay soils can also act as
natural barriers to the migration of radionuclides in the environment.
It is questionable whether the acidic properties of clay minerals will be sufficiently
high under natural, highly aquated conditions to give catalytic transformations of
environmental pollutants. However, under conditions of drought and in the presence
of, especially, transition metal cations (which may also arrive as pollutants) numerous
reactions may be envisaged.


