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Abstract: this article explores the structure, composition, and
physicochemical properties of natural bentonite clay and discusses various
techniques used for its activation. The enhanced properties of activated bentonite
and its wide range of industrial and environmental applications are analyzed.
Particular attention is paid to thermal, chemical, and ion-exchange methods of
activation and their influence on bentonite’s adsorptive and catalytic properties.
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Bentonite is a naturally occurring clay composed predominantly of
montmorillonite, a member of the smectite group of phyllosilicates. Its high surface
area, cation exchange capacity, and swelling properties make it a valuable material
in various industries. However, raw bentonite often exhibits limited adsorption
capacity and reactivity. To overcome these limitations and enhance its performance,
different activation methods are applied. Activated bentonite demonstrates superior
physicochemical characteristics, making it an essential component in drilling fluids,
water treatment, agriculture, and many other sectors.

Bentonite  primarily  consists of the mineral montmorillonite
(Al203-4Si102-H20), which has a layered structure allowing for intercalation of water
and various cations. In addition to montmorillonite, bentonite may contain small
amounts of quartz, feldspar, calcite, and other accessory minerals[1]. The typical
chemical composition includes:

- Silicon dioxide (SiO2): ~50-60%

- Aluminum oxide (Al203): ~15-20%

- Iron oxide (Fe:20s), calcium (Ca?"), magnesium (Mg?"), and sodium (Na*): in
varying amounts

- Bound and free water

These structural characteristics result in several unique properties:

- High cation exchange capacity (CEC)

- High swelling index

- Strong adsorption and surface activity
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- Rheological control in agueous suspensions
Activation Methods of Bentonite

The activation of bentonite is aimed at modifying its surface chemistry,
increasing porosity, and improving its interaction with other substances. The main
activation techniques include[2]:

Thermal Activation

In this method, bentonite is heated at controlled temperatures (typically
between 200°C and 600°C). Heating drives off adsorbed and structural water,
leading to increased surface area and changes in crystallinity. This process enhances
the material’s adsorption capacity but may also reduce its swelling behavior if
overheating occurs.

Chemical Activation

Chemical activation involves treating bentonite with inorganic acids, such as
sulfuric acid (H2SOs), hydrochloric acid (HCI), or nitric acid (HNOs). The acid
dissolves exchangeable cations (e.g., Ca*", Mg?") and partially leaches the octahedral
layer of montmorillonite, thereby:
- Increasing surface acidity and surface area
- Enhancing adsorption and catalytic activity
- Improving decolorization properties for use in oil refining and wastewater
treatment

lon Exchange Activation

This process involves the replacement of divalent cations (e.g., Ca*") with
monovalent cations like Na*. Sodium-activated bentonite (Na-bentonite) exhibits
superior swelling, dispersion, and gel-forming capacity compared to calcium
bentonite (Ca-bentonite). This is achieved by treating raw clay with sodium
carbonate (Na.COs) under controlled conditions][3].

Mechanical Activation

Involves high-energy grinding using ball mills or jet mills to reduce particle
size and increase specific surface area. Mechanical forces disrupt the layered
structure, potentially exposing reactive sites and enhancing dispersion.

Applications of Activated Bentonite

Activated bentonite is employed across a broad spectrum of industries due to
its improved physicochemical properties[4]:
- Oil and gas industry: as a key component in drilling muds for wellbore stability
and lubrication
- Environmental engineering: for adsorption of heavy metals and organic pollutants
in wastewater treatment
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- Agriculture: as a soil conditioner and carrier for fertilizers and pesticides
- Pharmaceuticals and cosmetics: as a base for creams, ointments, and detoxifying
agents
- Food industry: in clarification of wine, juices, and edible oils
- Catalysis: as a catalyst support in chemical reactions and in refining processes
Conclusion

The activation of bentonite significantly enhances its adsorption capacity, ion
exchange behavior, and chemical reactivity, making it a multifunctional material for
industrial applications. Among the different methods, acid activation and ion
exchange are the most effective in improving surface area and functional
performance. Future research should focus on environmentally friendly and cost-
effective activation techniques to further expand the application scope of bentonite,
especially in sustainable technologies and green chemistry.
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