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Abstract. Soil heavy metal pollution has become an environmental problem that has attracted worldwide
attention. Nanomaterials have the advantages of large specific surface area, strong adsorption capacity and
high reactivity, making nanomaterials remediation technology an excellent application prospect in
contaminated soil remediation. This article introduces the main classification of nanomaterials, summarizes

the mechanism of nanomaterials to remove heavy metals, and the combination technology of nanomaterials.
It provides a scientific reference for the further development of this field.

1 introduction

Soil heavy metal pollution is a worldwide environmental
problem. The National Soil Pollution Survey Bulletin
issued by the Ministry of Environmental Protection and
the Ministry of Land and Resources shows that the soil
environment in my country is not optimistic. Soil pollution
in some areas is heavy, and the soil environmental
problems in abandoned industrial and mining areas are
more prominent. It includes cadmium, copper, arsenic,
lead, chromium, zinc, nickel and other heavy metal
pollution. After the soil is polluted by heavy metals, it will
not only affect the yield and quality of crops, but also pass
to the human body through the food chain. It has the
potential to cause mutagenic, teratogenic and carcinogenic
hazards to the human body, thereby endangering human
health. Therefore, the remediation of heavy metal
contaminated soil has always been the focus of
environmental workers at home and abroad [!). This article
introduces the main classification of nanomateria-

Is, summarizes the mechanism of nanomaterials to
remove heavy metals, and the combination technology of
nanomaterials.

2 The main classification of
nanomaterials

Nanomaterials refer to materials that have at least one
dimension in the nanoscale range (1-100 nm) in a three-
dimensional space or are composed of them as basic units.
When the particle size is on the order of nanometers, the
quantum effect begins to affect the properties and structure
of the substance, thus exhibiting superior physical and
chemical properties compared with the macroscopic form
(2, There are many different classification methods for
nanomaterials. According to the different geometric forms
of nano materials, they can be divided into nano thin film
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materials, nano powder materials, nano fiber materials and
nano bulk materials; according to their different functions,
they can be divided into nano catalytic materials, nano
biological materials, nano magnetic materials, nano
thermal materials, etc. 1. In the field of environmental
remediation, it is often divided according to the material
of nano materials, which can be divided into metal oxides
(such as nano TiOs, etc.), nano clay minerals (such as nano
kaolin, etc.), zero-valent metal materials (such as NZVI,
etc.), and carbonaceous materials. Nano repair agents
(such as single-walled carbon nanotubes, etc.) and
semiconductor materials (such as various nanocrystalline
materials, etc.)l.

2.1 Zero-valent metal nanomaterials

Nano-zero-valent iron is easy to be oxidized, has high
activity, and is a good reducing agent. Nano-zero-valent
iron is nano-sized with a large specific surface area. It is
magnetic and easy to separate. Although nano-zero-valent
iron can efficiently remove heavy metals, it is easy to
agglomerate, unstable, oxidize and cause second-ary
pollution. Therefore, its development is limited. In order
to overcome the above-mentioned problems, we start to
add functional groups on the surface of nano-zero-valent
iron or attach them to stabilizers for modification. One is
to dope a second metal on the surface of nano-zero-valent
iron to avoid surface oxidation. For example, Yan et al.
[51 doped Pd in nano-zero-valent iron to prevent its surface
from being oxidized, so as to improve its activity. Second,
we add stabilizers to the nano-zero-valent iron to prevent
its agglomeration. For example, Kanel et al. [ used
polyacrylic acid as a stabilizer to modify nano-zero-valent
iron to improve the stability of nano-zero-valent iron.

2.2 Carbonaceous nano-remediation agent

Carbon nanotubes are one-dimensional carbon
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nanomaterials, mainly composed of carbon atoms
arranged in a hexagonal shape to form one or several
layers of coaxial tubes. Carbon nanotubes have a large
specific surface, high optical density, high mesoporous
and hollow structure, and the interaction between carbon
nanotubes and pollutant molecules is very strong 7. Li et
al. ¥ found that carbon nanotubes treated with H»O»,
KMnOs, and HNOs3 can adsorb Cd (II) by 2-10 times that
of untreated carbon nanotubes. There are more oxygen-
containing functional groups on the surface of the tube.

2.3 Nanometer metal oxide

TiO; is a typical n-type semiconductor. When TiO, is
irradiated with a wavelength of less than 385nm, the
valence band electrons will be excited and will transition
to the conduction band, so an electron (¢°) -hole (h") pair
is formed, and the formed electron has reduction reaction
can reduce heavy metal ions with high reduction potential.
Holes have an oxidation reaction, which can oxidize
organic pollutants non-selectively. In addition, when holes
encounter water, they will produce strong oxidation
of -OH, -OH further interacts with pollutants oxidation
occurs (for example, organic matter). TiO, can also be
used as an adsorbent to remove heavy metals in water. For
example, Luo et al. ) studied the removal of arsenic from
copper smelting wastewater by TiO,. The results show that
the high adsorption capacity and chemical stability of TiO»
can reduce the concentration of heavy metals in sewage
without generating sludge. The results apply to the global
copper smelting industry. Maleki et al. 19 used
polyamide-amine dendrimer modified TiO, to adsorb and
remove heavy gold in industrial wastewater. The research
results show that the prepared adsorbent has a good
adsorption effect on heavy metals in industrial sewage.
After the modification of macromolecules, the adsorption
sites are increased and the adsorption performance is
improved.

3 Mechanism of heavy metal removal by
nanomaterials

3.1 Adsorption

Nanomaterials have high adsorption efficiency due to their
large specific surface area. The adsorption of heavy metals
includes physical adsorption and chemical adsorption.
Physical adsorption mainly refers to the adsorption of
heavy metals by nanomaterials through intermolecular
forces (such as van der Waals force, electrostatic attraction,
etc.). For example, carbon nanotubes mainly fix heavy
metal ions on the surface of carbon nanotubes through
intermolecular forces such as van der Waals force and
electrostatic attraction, so as to achieve the result of
removing heavy metals [, Chemisorption is the
adsorption by means of electron transfer or electron pair
sharing to form chemical bonds or surface coordination
compounds. The surface of nanomaterials that can
chemically adsorb heavy metal ions often contains
functional groups such as hydroxyl, amino, and carboxyl

groups. These functional groups can form chelates with
heavy metal ions, or can form ionic and covalent bonds
with heavy metal ions to achieve the effect of removing
heavy metals. Mallakpour et al. '?used polyvinyl alcohol
(PVA) to modify the surface of a-MnO, to study the
removal of Cd (II) in water. Because PVA contains
hydroxyl groups, the hydroxyl groups can act as chelating
sites to donate the lone pair of oxygen electrons. The Cd
(IT) metal ions thus form coordination bonds to achieve the
purpose of removing Cd (II) in water.

3.2 Redox

The process of removing multivalent heavy metals with
reducing nanomaterials is often accompanied by redox
reactions. Cr (VI) is often reduced to Cr (II), which is less
toxic. Nano-zero-valent iron is zero-valent, has high
activity, and is a good reducing agent. Therefore, the
mechanism of nano-zero-valent iron to remove heavy
metal ions is not only adsorption but also reduction.
Removal of contaminants by redox reaction, the most
studied is NZVI. In general, NZVI can be used as an
electron donor for reductive degradation or stabilization of
contaminants. Many studies have used NZVI for reductive
dechlorination of chlorinated organic contaminants (Such
as PCBs and organochlorine pesticides) and for reductive
conversion of high-value toxic metals ['*151 In the
structure of FeS, Fe (II) and S (-II) are used as electron
donor to make FeS an important reducing agent and play
an important role in the process of removing heavy metal
ions.

3.3 Co-precipitation

The mechanism of heavy metal removal by nanomaterials
is not only adsorption and redox but also Co-precipitation
removal mechanism. Liu et al. "% synthesized a new type
of nanomaterial with NZVI and Mg(OH), to remove Pb (II)
from water. The study found that Pb (II) can form Pb(OH),
with OH, it can be removed by precipitation. NZVI can
also be developed by adsorbing inorganic ions and co-
precipitating with them (such as As (III)) [17],

4 Combination technology of
nanomaterials

In the remediation of heavy metal contaminated soil, it is
often difficult to achieve the best remediation effect with
a single remediation technology. Therefore, researchers
have developed a variety of combined technologies to
remediate heavy metals in the soil in order to achieve the
best remediation effect. In addition to single use,
nanomaterials will also be used in conjunction with other
soil remediation technologies. The most typical ones
include the combination of nanomaterials and
phytoremediation technology, and the combination of
nanomaterials and electric remediation technology.
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4.1 The combination of nanomaterials and
phytoremediation technology

Phytoremediation technology decomposes, absorbs and
extracts toxic and harmful substances in pollution carriers
through terrestrial plants that grow in soil, solid sediments,
sludge, and aquatic plants in water bodies such as rivers
and lakes. The substance undergoes transformation and
fixation, reducing its biological activity in the
environmental carrier. The advantage of phytoremediation
technology is that the soil structure and physical and
chemical properties are not damaged during the
restoration process. Phytoremediation of heavy metal
contaminated soil is mainly carried out from four aspects:
phytoextraction and remediation, plant volatilization
remediation, phytostabilization remediation and plant
rhizosphere filtration and remediation technology.

In this combination, Nanomaterials can play a role in
the phytoremediation system by directly removing
pollutants, promoting plant growth, and increasing the
phyto-availability of pollutants. Nano-zero-valent iron
(NZVI]) is currently the most studied nanomaterial to
promote phytoremediation. Nanomaterials can directly
remove pollutants through adsorption or redox reactions.
For example, carbon nanotubes can adsorb and fix
pollutants (some hydrophobic organic pollutants). In the
redox reaction to remove pollutants, NZVI can be used as
an electron donor for reduction degradation or stabilize
pollutants 8], Nanomaterials can also increase the
photosynthetic rate by promoting the absorption of water
and nutrients, regulate the soil microbial community and
reduce abiotic stress (such as high salinity and drought) to
promote the growth of plants in the phytoremediation
system. For example, the application of NHAP (Nano
Hydroxyl Phosphate Lime) increases the fresh weight of
ryegrass buds and roots, and promotes the growth of
ryegrass. Its addition can increase the P content in the soil,
promote plant growth, and increase biomass . In
addition, nanomaterials can act as a carrier of pollutants
when entering cells, thereby improving bioavailability 2,

4.2 Combination of nanomaterials and electric
repair technology

The electric remediation technology of heavy metal
contaminated soil is to apply a DC electric field at both
ends of the contaminated soil. The heavy metal pollutants
will migrate under a variety of migration mechanisms, and
the soil will be discharged from the solution near the
electrode. When the heavy metal content reaches a certain
concentration, it can be removed. The electrolyte is
discharged into the sewage tank for proper physical or
conventional chemical treatment to realize the clean and
remediation of contaminated soil. Electric repair
technology is mainly a physical in-situ repair process,
which has the advantages of less chemical treatment
reagents, low energy consumption during the treatment
process, and more thorough repair, and has received wide
attention and applications. Recently, many researchers
have proposed improved and enhanced technologies on
the basis of electric repair technology. The comprehensive
repair effect has made important progress and the

application prospects are broader.

In this combined technology, nanomaterials can adsorb
heavy metal ions in the soil, and enhance the transport
potential of nanomaterials through electrophoresis, so that
the advantages of the two technologies can be used to
improve the effect of repairing soil heavy metal pollution.
Some research reports found that electrokinetic processes
can promote the diffusion and migration of nano-iron in
coarse and medium-grained soils ?!1. Further research has
found that electrodialysis in the electrokinetic process in
clayey soils can also increase the diffusion and migration
of nano-iron ??1. Shariatmadari et al. (2009) used the
combined technology of electric repair and permeable
reactive barrier (the main material in the reactive wall is
NZVI) to repair Cr contaminated soil. The results showed
that the reduction of Cr (VI) in soil reached 88% by this

combination technology, the total Cr removal reached 19%
[23]

5 Conclusion

The intensity of farmland land use in China is high and is
strongly affected by human activities. Pollutants from
industrial and mining enterprises, transportation, urbani-
zation and public health defense, as well as pollution from
agricultural production itself. The soil-crop system
presents a complex situation of "coexistence of old and
new pollutants and combined organic/inorganic pollution",
especially the soil pollution caused by heavy metals and
chlorinated persistent organic pollutants is more common.
China's soil remediation industry is still in its initial stage,
with personnel, technology and equipment still in the
initial stage. The research and application of contaminated
soil remediation technology are still in the experimental
stage.

Nanomaterials have made more progress in the
remediation of soil heavy metals, and they have shown
good remediation effects. It has the characteristics of large
specific surface area, strong adsorption capacity and high
reactivity. It has great potential in soil heavy metal
remediation. At present, most of the research on the
application of nanomaterials to soil heavy metal
remediation only stays in the exploration of the
remediation efficiency and the effect of the soil
environment. However, there is still a relatively lack of
research on the mechanism of nanomaterials in the repair
process, which will become a future research direction.
Although nanomaterials have many advantages, the
potential environmental risks of nanomaterials are poorly
understood and difficult to quantify. The relationship
between nanomaterials and microorganisms and whether
they interfere with biological systems or even affect
human health through food chain enrichment is still under
study.
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