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Abstract: The phenomenon of soil phosphorus deficiency in China is very serious, which limits the
agricultural production in China. Low molecular weight organic acids and phosphorus solubilizing

microorganisms are widely distributed in the soil, and can be used as activators to improve the content of
phosphorus in the soil. With the rapid development of industry and agriculture in China, heavy metal

pollution in the environment is becoming more and more serious. China is rich in phosphate rock resources,
but the grade of phosphate rock is low and the utilization efficiency is not high. Using phosphate rock to
deal with heavy metal pollution has been favored by environmental scholars. This paper analyzes the main

composition and application of phosphate rock in China, the activation of phosphate rock powder, the
remediation effect and mechanism of phosphate rock powder and activated phosphate rock powder on

heavy metals in soil, providing theoretical basis for the scientific utilization of low-grade phosphate rock

and the treatment of heavy metal pollution.

1 Introduction

Phosphorus plays an important role in the growth and
development of animals and plants!'). Phosphate rock is
the only phosphate rock in the world, which is widely
distributed. According to statistics, the global phosphorus
reserves in 2011 have reached 65 billion tons, of which
the reserves of China's phosphate rock are more than 4
billion tons. Phosphate rock is the general term of
diphosphate minerals that can be used economically, and
it is an important non renewable resource. There are
many kinds of phosphate minerals in nature, but few of
them are valuable for exploitation.. It has been reported
that about 85% of the world's mined phosphate rock is
used for phosphate fertilizer production®!. With the rapid
increase of population and the rapid development of
agriculture, the demand for phosphate rock is increasing.
Therefore, the exploitation and utilization of low-grade
phosphate rock resources are more and more concerned,
and the utilization of phosphate rock is also improving,
including physical®, chemical’® and biologicall®
methods. Among them, the most effective method is
chemical method, mainly the application of organic acid
to the activator of phosphorite powder.

At present, with the rapid development of industry
and agriculture, soil heavy metal pollution is becoming
more and more serious. People gradually turn their
attention to non-metallic minerals in the traditional heavy
metal pollution treatment methods. These non-metallic
minerals wusually have large reserves and wide

distribution. Some of them have good environmental
compatibility’), and are ideal heavy metal repair
materials. Some studies have shown that apatite has a
special crystal chemical structure, which can adsorb and
fix many heavy metal cations!?. In recent years, the
removal of heavy metals from aqueous solution and soil
by phosphorus containing substances has achieved a little
success®?). Therefore, to explore the methods and ways
of using phosphate ore to control heavy metal pollution
in the environment can improve the economic and social
benefits of phosphate ore application, and provide new
ideas and methods for heavy metal pollution
remediation.

2 Phosphate rock composition and its
application

Phosphorus minerals are widely distributed in nature.
However, there are few phosphate minerals that can be
developed and utilized. According to their genesis,
phosphate rocks can be divided into apatite and
phosphorite. The representative phosphate minerals are
shown in Table 1-1. The main chemical composition of
apatite is calcium phosphate, in addition to iron,
aluminum, silicon, magnesium, potassium and other
trace elements. There are five kinds of fluorapatite,
chlorapatite, hydroxyapatite, carboapatite and
carbofluorapatite in nature.
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Table 1 representative phosphate minerals in naturel!%]

Mineral Chemical Composition
Fluorapatite Cas(POa4)sF
Red chlorinated iron ore FePO4-:2H,0
Calcium mica Ca(U02)2(PO4)2-10-12H20
Turquoise CuAls(PO4)4(OH)s-4H20
Chlorapatite Cas(P0O4)3Cl1
Aluminum phosphate stone AlPO4-2H,0
Hydroxyapatite Cas(PO4);0H
Monazite (REE,U,Th)PO4
Silver Star Stone Al3(PO4)2(OH)3-5H20
Phosphorous lead ore Pbs(PO4)3Cl1
Yttrium ore (Y,REE)PO4

The raw materials for the production of phosphate
fertilizer and phosphorus compounds are mostly
phosphate rock, which is widely used in agriculture,
chemical industry, medicine, food and other industrial
sectors. According to statistics, 80% - 90% of the world's
phosphate rock is used to produce phosphate fertilizer,
about 3% of the phosphate rock is used to produce feed
additive, about 4% is used to produce detergent, and a
small amount is used in chemical industry, light industry,
national defense and other industries. With the rapid
development of agriculture and the gradual increase of
population, the demand of phosphate rock in the world
and China is increasing (Figure 1). Since 2000, the
consumption of phosphate rock in the world has been on
the rise. In 2006, the total consumption of phosphate

rock reached 46 million tons.
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Fig. 1 production of phosphate rock resources in China and the

world in recent 15 years!'!]

3 Activation of phosphate rock powder

For low-grade phosphate rock, whether it is used as
phosphate fertilizer in agriculture or as remediation
materials to deal with heavy metal pollution in the
environment, it needs to be activated to improve the
content of available phosphorus. Traditional activation
methods can be divided into three categories: physical
method, chemical method and biological method. In
recent years, many methods have been developed to
activate phosphate ore powder, such as dissolving
phosphate ore powder by phosphate solubilizing
microorganisms, modifying organic active agents or
surface active minerals acting on phosphate ore to

release effective phosphorus.

3.1  Phosphate dissolving microorganism
dissolves phosphate ore powder

Scakett et all'?! first found in 1908 that some insoluble
phosphate rock powder can be used by plants after being
applied into the soil. There are mainly bacteria, fungi and
actinomycetes in nature, which play an important role in
the utilization of soil phosphorus. In fact, there are a
large number of microorganisms in the soil and crop
rhizosphere that can dissolve phosphate ore powder,
which are collectively called phosphate dissolving
bacteria. When the phosphate rock powder inoculated
with phosphorus dissolving bacteria is applied to the soil,
the phosphorus available for crops to absorb and use in
the soil is significantly increased, and the biomass and
yield of crops are increased. Wu Xiaoyan et all'¥). found
that Soil Rhizosphere mixed bacteria had better
decomposition ability for low-grade phosphate rock. The
decomposition mechanism of inorganic phosphorus by
microorganisms is mainly through the secretion of
organic acids and heavy metal ions complexation, or to
reduce the pH of soil, so as to promote the release of
soluble phosphorus!l.

3.2 release of phosphate ore powder by
activator

The modification of active agent can promote the release
of effective phosphorus in phosphate rock powder. When
some complex organics are added to phosphate rock
powder, organic acids can be produced in this process,
which can promote the release of phosphorus. For
example, Badr™! et al. Found that the soluble
phosphorus content of phosphate rock powder modified
by bagasse, furfural residue and other organics increased;
the surface active mineral can promote the release of
low-grade phosphate rock powder after the activation
modification. It has been reported that zeolite and
bentonite can promote the release of low-grade
phosphate rock powder (montmorillonite) reacts fully
with phosphate rock powder and reacts with Ca?" in
phosphate rock powder to activate phosphate rock
powder so as to increase the content of available
phosphorus!'®l.

3.3 phosphorite powder activated by Ilow
molecular organic acid

Low molecular organic acids are carboxylic compounds
with molecular weight less than 500, such as acetic acid,
oxalic acid, malic acid, citric acid, tartaric acid, etc.,
which are widely distributed in soil. There are a lot of
free carboxyl and hydroxyl groups in low molecular
organic acids, which have high activity and water
solubility, chelation and coordination, and can effectively
promote the release of effective phosphorus in insoluble
phosphate. Liu Yonghong!'”! and others respectively used
formic acid, acetic acid, oxalic acid and tartaric acid to
activate phosphate rock powder in indoor culture. The
results showed that the activation effect of phosphorus in
phosphate rock powder increased with the increase of
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organic acid concentration, and the particle size of
phosphate rock powder affected the activation effect. The
smaller the particle, the better the activation effect. The
activation effect of phosphate rock powder increased
with the increase of liquid-solid ratio of activator and
phosphate rock powder Liu Tingting et all'®!. showed that
the activation effect of oxalic acid on low-grade
phosphorite powder was the best when the concentration
of oxalic acid was 40mmol / L; Gong Songgui et all*l.
studied the effect of oxalic acid, citric acid, tartaric acid
and malic acid on the activation of inorganic phosphorus
in red soil by indoor simulation test. The results showed
that the ability of organic acid to activate soil phosphorus
was citric acid > tartaric acid > malic acid at the same
concentration, and Under the same acidity, aluminum
phosphorus (al-p) is the most active quantity, iron
phosphorus (Fe-P) and calcium phosphorus (Ca-P) are
the second, and closed storage phosphorus (0-P) is the
least; some studies have also shown that!?” oxalic acid,
citric acid, malic acid, etc. can promote the dissolution of
insoluble phosphate and increase the content of
phosphorus in soil solution by several times; Wang
Guanghua et al®l. have studied that the type and
concentration of organic acid can activate phosphate ore
powder With the change of organic acid concentration,
the activation effect of phosphate rock powder is high or
low.

Organic acids play an important role in a series of
material cycles, such as soil mineral weathering, nutrient
transformation and soil biological activity. Organic acids
usually promote the release of phosphorus through
dissolution, chelation and other functions. The release of
organic acids to phosphorus is usually inseparable from
its kind and concentration. The mechanism of organic
acids promoting phosphorus release is as follows:

Cajo(PO4)sF2t12H"—10Ca2"+6H2PO4+2F-
CaX»-3Ca(P0O4),"+ Organic acid—PO4*+Ca-
Organic acid (X=OH or F)
Al(Fe)(H20)3(OH),H,PO4+ Organic
acid—PO4*+Al(Fe)- Organic acid

4 Remediation effect and mechanism of
phosphate rock powder and activated
phosphate rock powder on heavy
metals

As early as 1981, the hydroxyapatite synthesized by
Suzuki et al®? can effectively remove Pb?* from water,
and phosphorous materials are widely used as heavy
metal repair agents. Phosphate remediation of heavy
metals in soil is mainly through changing the form of
heavy metals in the soil system, reducing its biological
activity and availability, thus reducing its toxicity. Hu
Jinhuai et all?®. studied the remediation effect of
different particle size and dosage of phosphate rock
powder on heavy metals in soil. The research showed
that the smaller the particle size of phosphate rock
powder, the larger the dosage, the better the removal
effect of heavy metals. Yin Fei et al?¥. showed that
phosphate rock powder can significantly reduce the

bioavailability of Pb, CD, Cu, Zn, as in soil. Zhang Lijie
et al®, found that phosphate rock powder can reduce the
recovery of heavy metals The content of Cu, Zn, Pb and
Cd in the polluted soil was the best. Duan ran et al?%],
found that with the increase of the amount of oxalic acid
and biochar, the pH in the soil increased gradually, and
the bioavailability of CD and Ni decreased; Xu Xuehui?”)
found that the application of oxalic acid activated
phosphate rock powder to the soil can effectively reduce
the exchangeable CD in the soil, and the accumulation of
Cd in the plant also decreased. Jiang Guanjie et all?®],
studied the passivation effect of oxalic acid activated
phosphate rock powder on lead in Latosol. It was found
that the mass fraction of exchangeable Pb in Latosol
decreased significantly with the increase of phosphate
rock powder application.

The reaction mechanism of phosphate to heavy
metals is relatively complex, which is mainly determined
by the properties of soil, components, anion and heavy
metal. The main mechanisms include: co precipitation of
phosphate and heavy metal ions after dissolution; surface
complexation and adsorption of phosphate; co
precipitation after dissolution of hydroxyapatite or ion
exchange on the surface of phosphate ore.

5 summary

The problem of soil heavy metal pollution has been paid
more and more attention. To solve the problem of soil
heavy metal pollution has become an urgent need of
ecological environment construction in China and even
in the world. The research and development of
high-efficiency remediation technology for heavy metal
contaminated soil has been practically promoted and
applied in practice, which is very important for the
implementation of soil environmental control plan,
adherence to the red line of cultivated land, and
improvement of agricultural product quality and safety
Meaning. China's phosphate rock resources are widely
distributed, mostly used in agricultural phosphate
fertilizer manufacturing, only a few used in industry,
national defense, chemical industry, etc., but most of
them are low-grade phosphate rock, and the phosphorus
content is not fully used. In view of the rapid
development of agriculture and the large-scale
application of soil system remediation in China, it is of
great practical significance to effectively apply
low-grade phosphate rock to agricultural production and
soil remediation engineering, which will help to improve
agricultural production and realize the healthy recovery
of heavy metal contaminated soil.
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