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Abstract. In modern times where heavy metal pollution in soil is
becoming more and more serious, the new natural non-polluting
remediation methods represented by clay mineral materials have attracted
more and more attention in the industry.In this paper, the research progress
on the types and basic characteristics of clay mineral materials, the effect
and mechanism of remediation of heavy metal pollution in soil at home
and abroad was comprehensively discussed. The deficiencies of relevant
studies were also summarized, and the future research trend was predicted.
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Clay mineral remediation is one of the hot methods for heavy metal pollution remediation
in recent years. Concrete by adding different types of mineral materials, to adjust and
change of heavy metals in the soil physical and chemical properties, make its REDOX,
precipitation, adsorption, chelation, suppress, or a series of reactions such as antagonism,
reduce its biological effectiveness and mobility in soil environment, thus reducing the
heavy metal toxicity of plants and animals (Aroua et al., 2008; Kabbashi et al., 2009).
Because of the advantages of low investment, high efficiency and simple operation, this
method has a good application prospect for the remediation of large area contaminated soil.

1 Basic properties of clay minerals

Clay minerals are the main minerals that make up claystone and soil. The common clay
minerals include kaolinite, montmorillonite and illite. Basic properties including mineral
surface adsorption clay mineral materials, structural adjustment, channel filtration, ion
exchange, physical effect, chemical activity, nanometer effect and biological interactions
(Lu, 2001), so the clay mineral materials besides has the general characteristics of
environment mineral materials, also have the function that repair environment, in the heavy
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metal pollution in soil with super self-purification ability (Xu etc., 2017). This type of
mineral contains aquifer silicates whose main structural units are 2-dimentional silica
tetrahedron and 2-dimentional aluminum or magnesium-oxygen-hydrogen octahedron.

Surface charges of soil particles play an important role in the way of binding between
pollutants and soil particles, and soil charges are mainly derived from clay mineral colloids
(Zhuang et al., 2002).In the structural unit layer of clay minerals, Si*" in the silicon-oxygen
tetrahedron may be replaced by AI’*, and AI** in the octahedron may be replaced by Mg**
and Fe’". At this time, negative charge appears in the structural unit layer. In order to
balance the excess negative charge, interlayer cation must appear. Interlamellar cations of
clay minerals are of two types: "fixed" and "exchangeable". The heavy metal lead present
in the soil can be fixed by the excess negative charge in the clay minerals. Therefore, clay
mineral materials can play an effective role in the treatment and remediation of air pollution,
water pollution and soil pollution.

2 Mechanism of clay minerals used in remediation of heavy
metal pollution in soil

Lou et al. (2008) and Xu et al. (2012) confirmed the great research value and application
prospect of various clay minerals by studying the remediation mechanism, application
effect, application influencing factors and modification methods of heavy metal
contaminated soil (Liu et al., 2011).Montmorillonite, attapulgite, zeolite, kaolinite, sepiolite,
vermiculite and illite are common clay minerals used for remediation of heavy metal
pollution in soil and as fixators for fixing heavy metals (Covelo et al., 2007a).Bradl (2002)
and Basta (2001) confirmed that clay minerals are one of the main components of heavy
metals adsorption and passivation in soil, and the passivation effect is significant. Soil
fixation of different heavy metals was affected by clay minerals in the soil (Covelo et al.,
2007).Clay minerals, with their large specific surface area, strong mechanical stability,
abundant reserves, low price, stable chemical properties, and environmental friendliness,
are gradually applied in the research and practice of soil heavy metal pollution treatment
(Shang, 2008).

The adsorption of heavy metal ions by different environmental mineral materials is
controlled by such factors as the distribution of layer charge of environmental mineral
materials, the electricity price of heavy metal ions, the heat of hydration and the ion radius.
Through adsorption experiments, it was found that montmorillonite, kaolinite and illite had
selective adsorption of Cu®’, Pb*", Zn**, Cd*", and Cr*" heavy metal ions, montmorillonite
had good adsorption of Cu*" and Cr’*, and kaolinite and illite had strong affinity for Pb*",
Zn*" and Cd*" (He et al. 1999).The research results of Liu et al. (2011) showed that
carbonate mineral materials mainly composed of limestone and dolomite mainly increase
the fixation of heavy metals by changing the pH of soil, thereby increasing the formation of
insoluble carbonate rock precipitation between soil components and heavy metal ions.
However, silicate minerals such as lithium pyroxene, feldspar, beryl, quartz, etc. can
improve the pH of soil under appropriate conditions, make heavy metals form precipitation,
and form certain adsorption effects on heavy metal ions (Pb*", Cu®*, Fe'", Ca’") through
surface chelation and exchange. Among them, lithium pyroxene has a strong metal cation
adsorption capacity, and metal cation is mostly adsorbed at ion exchange sites. The
structure of feldspar, quartz and beryl is mainly tetrahedron, and an oxygen of the
tetrahedron coordinates with the adsorbed heavy metal ions (Jia et al., 2001).
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3 Limitations of clay minerals in remediation of heavy metal
pollution in soil

At present the obstacle of soil mineral material repair mainly concentrated in the regulation
of the proportion of sand stick, crumb structure of the soil water form, water holding
capacity, soil pH, improved the physical and chemical properties such as, and repair the
common mechanism of soil heavy metal pollution is through to improve the soil pH,
encourage active strong heavy metal ions and CO32-, PO43- and OH- generated
precipitation. However, due to the buffer capacity of the soil itself, the pH value will
gradually decrease, so the heavy metals that have been passivated are easy to be reactivated
and cause secondary pollution. Moreover, the passivators used are mostly initial raw
materials, which have many drawbacks in the process of soil remediation. Such as lime
passivation agent is too alkaline, easy to harm the soil microbial activity and the normal
growth of crops, and for a long time adding will also cause soil hardening and
micronutrient deficiency. The temporarily adsorbed heavy metals are vulnerable to the
influence of soil acidity, competitive ions, REDOX potential and other factors, so as to
re-release or form biodegradable forms (Wang et al., 2009).The clay minerals such as
montmorillonite and sepiolite have single composition and low activity of effective
components, so the application amount is too large. Although peat, lignite, weathered coal
and other organic minerals can supplement soil organic matter and form complexes with
heavy metals, the degradation of organic substances may cause the re-release of heavy
metals, resulting in secondary pollution. Moreover, organic minerals are not very active,
and such passivation agents are acidic, which is not suitable for acid soil remediation (Chen
et al., 2008).

Above all, the clay minerals have become the basic conditions for high quality heavy
metal contaminated soil repair material, can fundamentally improve the quality of soil, the
reduction of the soil ecological nature, thus improving the holding of heavy metal pollution
of soil and purify ability, reduce the uptake of metals by plants, ensure the safety of
agricultural products, and large reserves, low cost, will become the future development
direction and trend of green materials. However, there are still some problems to be solved
in its application, so the future research should be strengthened.
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