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Abstract: Biochar offers several advantages, including high carbon content, a large specific
surface area, a well-developed pore structure, and excellent adsorption capabilities. It is
extensively utilized in improving soil quality, remediating environmental pollution, and
contributing to carbon sequestration and emission reduction. However, practical challenges
such as the low bulk density of biochar, difficulties in solid-liquid separation, and the need to
enhance its long-term effectiveness and stability persist. To address these issues, biochar
composites with improved remediation efficiency for polluted environments have been
developed by combining biochar with metal materials, photocatalysts, and clay minerals,
garnering significant attention. This systematic review examines the preparation methods and
applications of biochar-based composite materials in environmental pollution control, analyzes
the mechanisms for removing organic pollutants, and discusses future research and
development trends for biochar materials, aiming to provide new insights for the creation and
practical use of high-efficiency biochar composites.
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Biochar usually refers to the fluffy porous material with high carbon content
formed by the pyrolysis of biomass resources under anoxic conditions through a series
of processes such as dehydration, pyrolysis and aromatization [1], which is mainly
composed of simple carbon, aromatized carbon and graphite carbon [2]. Common
biochar preparation materials include sludge biochar, straw biochar, wood biochar and
core-shell biochar [3]. Previous studies and applications have shown that biochar has
many advantages, such as large specific surface area, developed pore structure, small
bulk density, rich surface functional groups, high cation exchange capacity, strong
chemical stability and thermal stability [4]. In addition, it has a wide range of sources
and low economic cost. It can be used as an adsorbent and catalyst for pollutant control
in the environment at the same time. As an adsorbent and carrier material with
excellent performance, it is widely used to treat organic dyes, polycyclic aromatic
hydrocarbons, antibiotics, pesticides, pesticides and other organic pollutants in the
environment [5].

Biochar is used to control environmental pollution, and its treatment effect is
closely related to its dosage, organic concentration, pH, temperature, reaction time and
other factors. In addition, the carbonization temperature of biochar and the types of
biomass materials also greatly affect its adsorption performance [6]. Generally
speaking, the higher the carbonization temperature, the larger the specific surface area
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and the better the adsorption performance. However, some studies have shown that
when the surface functional groups of biochar play a leading role, the biochar prepared
under low temperature shows better adsorption performance for the antibiotic
sulfamethoxazole because it has more surface functional groups [7]. The adsorption
mechanism of biochar for organic pollutants mainly includes hydrophobic interaction,
n-m interaction, hydrogen bond, covalent bond and electrostatic interaction [8].
Through confocal laser scanning microscope observation and density functional
theory calculation, some scholars found that n-m interaction played a dominant role in
the adsorption process of biochar for antibiotics [9].

Although biochar has many advantages in environmental pollution control, it is
difficult to meet the requirements of efficient removal of organic pollutants in the
environment for single-phase biochar in terms of adsorption capacity and kinetic rate.
In addition, the volume density of biochar is small. When it is used to adsorb organic
pollutants, it is difficult to achieve solid-liquid separation, and the quantitative and
accurate evaluation of its long-term effectiveness and stability still faces some
challenges. Therefore, the preparation of composite materials with unique repair
properties using biochar as carrier or auxiliary catalyst has attracted more and more
attention of scientific researchers [10].

According to the different properties of biochar and its composites, they can be
divided into biochar metal composites, biochar photocatalyst composites and biochar
clay mineral composites. In this paper, the methods of preparation and characterization
of physical and chemical properties of biochar and its composites are systematically
summarized, the mechanism of its removal of environmental organic pollutants is
analyzed, and the related research progress of its application in the remediation of
organic polluted environment is described, in order to provide new ideas for the
application of biochar based composites in the field of environmental remediation.

1. Biochar based composite repair materials

1.1. Preparation and performance characterization of biochar matrix
composites

Taking biomass resources from a wide range of sources such as agricultural and
forestry wastes, agricultural product processing residues, animal feces, activated
sludge, etc. As materials, different types of biochar materials are prepared by high-
temperature pyrolysis or hydrothermal carbonization. The pyrolysis process mainly
involves biomass dehydration, cellulose and hemicellulose decomposition, lignin
decomposition, aromatization, cyclization, carbonization and other processes [11].
The surface structure and physicochemical properties of biochar are affected by the
material and carbonization temperature of biomass. Carbonization temperature mainly
affects the adsorption performance of biochar in terms of its yield, pH, ash content,
element composition, surface functional groups and specific surface area [12].
Research shows that the thermal decomposition process of lignin is often accompanied
by chemical bond breaking and aromatization reaction. The higher the lignin content
in biomass, the greater the aromatic carbon content and c/n ratio in the generated
biochar materials. For example, the carbon content of animal biochar is generally
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lower than that of plant biochar [13].

Because biochar has the advantages of large specific surface area, developed pore
structure, rich surface functional groups and good conductivity, it is used as an
auxiliary catalyst or carrier to combine with metal oxides/metal hydroxides,
semiconductor Photocatalysts and clay minerals to prepare various types of biochar
based composite repair materials through different methods such as immersion
pyrolysis, coprecipitation, solvothermal, ball milling, cross-linking and direct mixed
pyrolysis [14], then, X-ray diffraction (XRD), Fourier transform infrared spectroscopy
(FTIR), scanning electron microscope (SEM)/transmission electron microscope
(TEM), bet (Brunauer, Emmett and teller) The physical and chemical characteristics
were analyzed by ultraviolet and visible diffuse reflection spectrum (UV
VIS)/photoluminescence spectrum (PL), electron paramagnetic resonance (EPR) and
X-ray photoelectron spectroscopy (XPS), as shown in Figure 1.
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Figure 1. Biochar-based composites preparation and physical and chemical
properties characterization.

XRD is mainly used to analyze the crystal structure of biochar based composite
repair materials, and FTIR can detect the functional group composition of the
materials. Zhu et al. [15] characterized the Magnolia petal biochar (BC), graphite
phase carbon nitride (g-CsNa4) and biochar carbon nitride composites (bc/g-CsNa4) by
XRD and FTIR. The XRD results showed that the bc/g-CsN4 composites were 6 There
are three characteristic diffraction peaks at 13.8< 27.8<and 21.5< indicating that the
composite has the structural characteristics of BC and g-CsN4 at the same time,
indicating that BC has been successfully introduced into the skeleton structure of g-
CsNa. In the FTIR spectra of the composite, the characteristic peaks of BC and g-CsN4
functional groups were observed, and no significant changes were observed. The
results confirmed that the introduction of BC would not change the chemical
composition of g-C3Na.

SEM and TEM can effectively observe the apparent morphology and detailed
structure of the composites, and analyze the distribution of different substances on the
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surface and pore structure of biochar. Bet is an important performance index for
evaluating biochar composites. The larger the specific surface area of the composites,
the more active sites, and the stronger the adsorption performance. As metal
oxides/metal hydroxides, semiconductor Photocatalysts and clay minerals all have
certain surface characteristics, the specific surface area of the composite formed by
their coupling with biochar is usually larger than that of the original biochar material
[16]. However, when the biochar loaded material occupies part of its surface sites or
blocks part of its pore structure, the specific surface area of the biochar composite is
also smaller than that of a single biochar material [17]. UV Vis and PL are typical
characterization methods to analyze the visible light response ability and
photogenerated charge separation efficiency of biochar photocatalyst composites, and
they are also important indicators to evaluate the catalytic performance of composite
photocatalysts. EPR can track and detect the persistent free radicals on the surface of
biochar. The persistent free radicals on the surface of biochar can induce the
production of reactive oxygen species, thus promoting the transformation and removal
of organic pollutants in the environment [18]. XPS is often used to analyze the element
composition and chemical valence state of biochar composites.

1.2. Biochar metal composites

Nano zero valent iron, metal oxides, layered double hydroxides as adsorbents and
heterogeneous catalysts have attracted much attention in many fields, such as catalysis,
energy storage, electrochemistry and environmental remediation. Nanoscale zero
valence iron (NZVI) has the advantages of high reaction activity, strong reduction
ability and large specific surface area. It can reduce soluble hexavalent uranium (U
(V1)) to low solubility and low toxicity tetravalent uranium (U (1V)), reducing its risk
of polluting the ecological environment [19]. The size of nano metal oxide varies from
1 to 100 nm. It has significant advantages such as large specific surface area, high
diffusion activation energy, strong quantum effect, oxidation-reduction and adsorption
capacity. As a low-cost, green and environmental friendly catalytic material, it is
widely concerned in the field of environmental remediation [20]. Layered double
hydroxides (LDHSs) is a two-dimensional nanostructure material composed of
bimetallic hydroxide layers. Due to its good layered structure, large specific surface
area, porosity and high ion exchange capacity, people show great interest in its
application as a high-efficiency adsorbent [21]. However, nano metal materials usually
have small particle size and high surface energy, and are prone to agglomeration in
practical applications. It was found that in order to avoid agglomeration of nano metal
materials and provide them with a well dispersed active site, nano metal catalyst
species can be fixed on the porous surface [22]. In this respect, biochar as a low-cost
porous support material has broad application prospects in the field of catalysts.

The combination of nano metal materials and biochar to prepare biochar metal
composites can not only effectively improve the specific surface area, adsorption
performance and solid-liquid separation capacity of biochar, but also greatly improve
the catalytic activity and redox capacity of metal nanoparticles, so as to achieve the
purpose of collaborative adsorption and degradation of different pollutants. Zhang et
al. [23] successfully synthesized A-BC-NZVI composite by aqueous phase reduction
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method with longan shell as carbon source in nitrogen atmosphere at 800 °C. It was
found that the maximum Langmuir adsorption capacity of A-BC-NZVI for u (V1) was
331.13 mg/g, which was much higher than that of biochar and other biochar based
materials. The degradation of phenol by biochar supported feal layered double
hydroxide (feal LDH) synthesized by hydrothermal method showed that feal-
LDH@BCO0.25 The degradation efficiency of phenol (80 mg/L) was 85.28%, and only
a small amount of iron was leached during the degradation process. The prepared
material had good reusability. Further soil remediation experiments show that feal-
LDH@BCO0.25 It can also effectively degrade phenol in soil, but the degradation
efficiency is lower than that of aqueous solution [24].

1.3. Biochar photocatalyst composites

Photocatalysis oxidation has the advantages of mild reaction conditions, high
treatment efficiency, strong oxidation capacity and green environmental protection. It
can solve the problems of environmental pollution and energy conservation at the
same time. At present, the commonly used Semiconductor Photocatalysts include
WQOs;, Fe;03, ZrO,, g-MOS,, tio, and g-CsN.. Among them, graphite phase carbon
nitride (g-CsN4), as a metal free organic polymer semiconductor material, has good
thermal and chemical stability, wide range of pH application and strong oxidation
capacity. Since it was found that g-C3N4 can be used for photolysis of water to produce
hydrogen [25], as a new photocatalyst material, it is gradually being used in the fields
of CO; reduction and degradation of organic pollutants [26,27]. However, g-CsN4
itself has some defects, such as small specific surface area, low light quantum
efficiency and poor response to visible light. Exploring reasonable modification
methods to improve its surface properties and further improve its photocatalytic
efficiency is favored by many materials science and environmental protection
scientists. Biochar has large specific surface area, rich oxygen-containing functional
groups and good electrochemical stability. Combining it with g-CsN. can effectively
make up for the defects of g-CsN, itself [28].

Meng et al. [29] prepared g-CsN4 coupled rice straw biochar composites through
n-n interaction and ether bond bridging mechanism. Biochar is used as electron
storage, and its addition directly affects the photocatalytic performance of the
materials. The appropriate amount of biochar can promote the effective separation of
g-CsN4 photogenerated charges. Excessive biochar addition will not only inhibit the
absorption of visible light by g-CsN4, but also reduce the contact interface between
biochar and g-C3N4, thus reducing its photocatalytic activity.

Biochar photocatalyst composites can effectively degrade pollutants through the
following ways:

(1) The excellent adsorption performance of biochar provides a good reaction
environment for g-CsNa;

(2) Biochar as an electron transport channel can effectively prolong the lifetime
of g-CsN. photoexcited electrons;

(3) The mass transfer efficiency and reaction rate of g-CsN4 in the reaction
medium can be significantly improved by the larger specific surface area of biochar;

(4) The oxygen-containing functional groups easily modified on the surface of
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biochar effectively enhanced the dispersibility of g-CsN. in the reaction system.

1.4. Biochar clay mineral composite

Clay mineral is a layered structure material composed of oxygen shared by silica
tetrahedron and alumina octahedron in different proportions. It has the characteristics
of rich resources, large specific surface area, high cation exchange capacity (CEC) and
rich surface functional groups. As a new environmentally friendly adsorption material,
itis widely used in the removal of heavy metal ions and organic pollutants [30]. Facing
the higher requirements of social and economic development for environmental
protection and sustainable development, a single adsorption material can not generally
meet the high-performance requirements of practical environmental pollution control
applications. While preparing adsorption materials with special properties,
simultaneously realizing the high-value transformation of natural biological resources
is becoming a research hotspot in the field of environmental pollution control.

The source and type of biomass have obvious effects on the morphology,
structure and adsorption properties of biochar clay mineral composites.
Lignocellulose, as a renewable resource with a wide range of sources, can be prepared
into biochar materials, which can be integrated with clay minerals to synthesize
biochar clay mineral composite restoration materials with new functions. The irregular
porous biochar network structure of lignocellulose hydrothermal carbonization
products can be used to prepare composite repair materials with fibrous attapulgite,
which can effectively realize the adsorption and removal of phenol [31]. Sugar and
starch are used as biomass sources, and their hydrothermal carbonization products are
the coexistence of biochar microspheres and fibrous attapulgite. The composite has a
good removal effect on organic dye wastewater [32]. In order to improve the
adsorption efficiency of dyes in wastewater, Liu et al. [33] prepared a biochar
attapulgite composite and applied it to the adsorption of yellow X-GL. It was found
that its specific surface area could reach 417 m?/g, which was 30% and 270% higher
than that of biochar and attapulgite respectively. The maximum adsorption capacity of
the prepared material for yellow X-GL was 213 mg/g, much higher than that of single
biochar and attapulgite.

2. Mechanism of organic pollutants removal from environment by
biochar based composite remediation materials

The synthesis of biochar composite restorative materials combines the
advantages of biochar and its composites (metal materials, photocatalysts and clay
minerals). Generally speaking, biochar has the following three potential effects on its
composite materials:

(1) As the substrate of metal materials, photocatalysts and clay minerals, biochar
can effectively increase the contact area between its dispersion and pollutants;

(2) Biochar has large specific surface area and rich oxygen-containing functional
groups, which can promote the reactivity of metal materials, photocatalysts and clay
minerals with target pollutants;

(3) Biochar accelerates the mass transfer process of pollutants from the
environmental medium to the composite surface through its own adsorption process
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[34].

Loading metal materials, photocatalysts, clay minerals and other particles on
biochar, and in turn, the adsorption characteristics of biochar also have the following
two advantages:

(1) Metal materials, photocatalysts and clay minerals degrade the adsorbed
pollutants, promote the regeneration of biochar and enhance its ability to adsorb
organic pollutants;

(2) Metal materials, photocatalysts and clay minerals can improve their
adsorption performance for pollutants by preventing the accumulation of pollutants in
the biochar matrix [35].
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Figure 2. Removal mechanism of organic pollutants by biochar-based composites.

Figure 2 summarizes the various mechanisms of the interaction between biochar
based composite remediation materials and organic pollutants.

The interaction mechanism between biochar metal composites and organic
pollutants mainly includes n-m interaction, hydrogen bonding and electrostatic
attraction [36]. The mechanism of biochar clay mineral composite for removing
organic pollutants mainly involves n-n interaction, -p interaction, hydrogen bonding
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and electrostatic attraction [37]. The oxygen-containing functional groups on the
surface of biochar matrix composites have lone pair electrons and high
electronegativity, which can be used as electron donors; organic pollutants with
benzene ring structure (polycyclic aromatic hydrocarbons, sulfonamide antibiotics)
have highly delocalized  conjugated systems, and their electronic defects can act as
electron acceptors to interact with biochar composites [38]. The p orbitals on
heteroatoms (O, n) contained in organic pollutants such as phenol and oxytetracycline
can interact 7 -p with large m bonds in biochar composites [39].

The oxygen-containing functional groups on the surface of biochar composites
are negatively charged after deprotonation. They can interact with cationic dyes
through electrostatic attraction to achieve the purpose of dye decolorization in
wastewater [40]. Hydrogen bonds are covalent bonds formed by hydrogen atoms and
atoms with high electronegativity. The pKa value of COOH group on the surface of
biochar composites is 3.0~5.0, and that of chloramphenicol is 5.5. Under the condition
of pH < 5.5, the free functional groups (mainly —COOH) on the surface of biochar
composites can form hydrogen bonds (chloramphenicol-no2-hooc-bc) with nitro
groups in chloramphenicol. This chemical bond is also called charge assisted hydrogen
bond. At the same time, under this pH condition, the hydrogen bond (chloramphenicol
oh HOOC BC) between COOH and chloramphenicol OH on the surface of biochar
composite also plays a major role in its adsorption process [41].

The lifetime of electron hole pairs produced by Semiconductor Photocatalysts
under visible light conditions is very short, which is so low that if the separation of
electron hole pairs cannot be effectively realized, they will be compounded inside or
on the surface of semiconductor materials, reducing the photocatalytic activity of
semiconductor materials. In biochar semiconductor photocatalyst composites, biochar,
as an electron storage body, has a large specific surface area, which can effectively
extend the transmission distance of photogenerated electron holes in semiconductor
materials, promote their separation efficiency, and further improve the photocatalytic
degradation capacity of the composites [42]. Biochar photocatalyst composites
participate in the degradation of organic pollutants, mainly including:

(1) The photo excitation on the conduction band of photocatalyst and the reaction
in the reaction system generate active groups Participate in the photocatalytic
degradation of organic pollutants;

(2) And reaction generation on the valence band of photocatalyst participate in
the photocatalytic degradation of organic pollutants;

(3) Photocatalyst valence band directly participates in the photocatalytic
degradation of organic pollutants [43].

3. Application of biochar composites in the remediation of organic
polluted environment

Biochar based composites combine the unique physical and chemical properties
of biochar and metal materials, photocatalysts, clay minerals, etc., and their
remediation efficiency for polluted environment is generally better than that of single
materials. In recent years, biochar based composites have made a lot of practical
application progress in the remediation of organic polluted environment.
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3.1. Dyes

At present, the annual output of various dyes in China is about 1.6 million tons,
of which 10%~15% of dyes are discharged with wastewater during processing and
use. Dye wastewater has the characteristics of large chromaticity, complex
composition, high toxicity and difficult biodegradation [44]. After entering the water
environment, it is very easy to cause water and soil environmental pollution and great
potential harm to human health. Biochar composites have large specific surface area
and strong redox capacity, which can effectively adsorb and degrade organic dyes in
wastewater, as shown in Table 1.

Table 1. Comparison of dye removal from wastewater by different biochar-based composites.

ﬁigf;?ar,gaw Compound material Preparation method Contaminants gotlzorption capacity/removal Ref.
Corn straw NZVI Calcination method/500 °C Malachite green 99.9% [45]
Empty fruit string Fecls sH20 Microwave heating method ~ Methylene blue 265mg gt [46]
Peanut shell Fe203 Calcination method/400 °C Methylene blue 46.2mg gt [47]
Macroalgae FesO4 Calcination method/600 °C ~ Acid Orange 7 382mg g [48]
Ramie Mg/Al-LDH Calcination method/500 °C ~ Crystal violet 374mg g [40]
Bovine bone Mg/Al-LDH Calcination method/600 °C Methylene blue 406 mg g! [49]
Corncob Ni/Al-LDH Calcination method/700 °C ~ Acridine orange 1086 mg g [50]
Bagasse Attapulgite Calcination method/700 °C Reactive brilliant red X-3B 72.2mg g* [51]
Bagasse Montmorillonite Calcination method/600 °C Methylene blue 84.3% [52]
Bamboo Tioz Hydrothermal method Methylene blue 99% [53]
Chestnut leaf G-CsN4 Calcination method/520 °C Methylene blue 91% [35]
Agar powder N-tioz2-FesO4 Calcination method/800 °C Methylene blue 94% [54]
Seaweed TiO2 Wet precipitation method Methylene blue 99.2% [55]

3.2. Antibiotics

Antibiotics have been widely used in medicine, agriculture, animal husbandry
and other fields, but they can induce microorganisms to produce resistance genes in
the environment and pose a great threat to human health and ecosystem. The
production of antibiotics in China ranks first in the world, and the total consumption
of antibiotics in 2013 reached 16 x 104 T, 150 times the total consumption of
antibiotics in the UK [56]. The matrix and metabolites of antibiotics are generally
stable and difficult to be completely degraded in natural processes. The traditional
bioremediation technology generally has the disadvantage of low treatment efficiency
for antibiotic pollutants. The new biochar based composite material has a wide
application prospect for the removal of antibiotics, as shown in Table 2.
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Table 2. Removal effect of different biochar-based composites on antibiotics.

Bioche_:lr raw Comp_ound Preparation method Contaminants Adsor_ption Ref.
materials material capacity/removal rate
Potato haulm MnOx Calcination method/500 °C Norfloxacin 6.94mg g [57]

Ciprofloxacin 8.37mg g

Enrofloxacin 7.19mg g
Corn straw MnO2 Calcination method/600 °C Oxytetracycline 39.92mg gt [58]
Walnut shell Fecu g;irg;gi;zli?is and impregnation Ciprofloxacin 100% [59]
Bagasse Mg/Al-LDH Calcination method/475 °C Tetracycline 1118.12 mg g* [60]
Pennisetum hydridum Mg/Al-LDH Coprecipitation method Sulfamethoxazole 97% [61]
Wheat stalk Montmorillonite  Calcination method/400 °C Norfloxacin 2553 mg gt [37]
Municipal solid waste Montmorillonite  Impregnation method Ciprofloxacin 167.36 mg g* [62]
Cauliflower Montmorillonite  Calcination method/500 °C Oxytetracycline 58.85mg ¢! [63]
Municipal solid waste Bentonite Calcination method/450 °C Ciprofloxacin 190 mg gt [64]
Municipal solid waste Montmorillonite  Calcination method/500 °C Tetracycline 77.96 mg gt [65]
Corncob TiO2 Sol gel method Sulfamethoxazole 91% [66]
Reed straw TiO2 Sol gel method Sulfamethoxazole 91.27% [67]
Rice straw G-MOS; Hydrothermal method Tetracycline hydrochloride 70% [68]
Poplar shavings G-CsN4 Ball milling method Enrofloxacin 81.1% [69]

3.3. Petroleum hydrocarbons and polycyclic aromatic hydrocarbons

Pollution control and environmental control of petroleum hydrocarbons and
polycyclic aromatic hydrocarbons have always been an important problem to be
solved in the field of water and soil ecological environment restoration. Hydrocarbon
pollutants in the environment have the characteristics of stable chemical properties,
strong persistence and difficult degradation. Entering the soil environment will
directly lead to the destruction of soil physical and chemical structure, reduce soil
permeability, oxygen content and water holding capacity, thus hinder the circulation
and transfer of nutrients in the plant rhizosphere environment, and reduce the
bioremediation effect of petroleum hydrocarbons and polycyclic aromatic
hydrocarbons. When hydrocarbon pollutants enter the water environment, they will
form a dense oil film on the surface of the water, reduce the transparency and dissolved
oxygen of the water, and cause the deterioration of the water [70]. Traditional
bioremediation technologies are inefficient, time-consuming and greatly affected by
changes in environmental factors. Using biochar materials with good adsorption
performance as carriers and combining with other catalytic materials or adsorbents
with unique performance can play a key role in improving the remediation efficiency
of hydrocarbons in the environment, as shown in Table 3.

10
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Table 3. Removal efficiency of hydrocarbons by different biochar-based composites.

B'OChz.ir raw Comp_ound Preparation method Contaminants Con;amlnated Adsor_ptlon Ref.
materials material medium capacity/removal rate
Wheat straw NZVI - Polycyclic aromatic Soil 82% [71]
hydrocarbons
Wood Fe:O Coprecipitation Polycyclic aromatic Estuarine sediment [72]
s method hydrocarbons
6 Ring/5 Ring/4 Ring 90%/84%/87%
Bagasse S-NzVI Impregnation method  Ethylene dichloride Groundwater 100% [73]
Corn straw NzVI Impregnation method  Ethylene dichloride Water body 99% [74]
Pine needle NFes04 Calcination/400 °C 1,4-dioxane Water body 98% [75]
Rice husk NZVI Impregnation method  Ethylene dichloride Water body 99.4% [76]
Wet precipitation Polycyclic aromatic - . 0
Bamboo FesO4 method hydrocarbons Marine sediment ~ 86% [77]
Corn straw K-g-C3N4 High temperature Naphthalene Water body 82.19% [78]
pyrolysis
Rice husk/koh Attapulgite Calcination/500 °C Aniline Water body 15.21 mg g* [79]
Pyridine 20.74mg g

4. Conclusion and prospect

The application of biological carrier materials in the remediation of organic
polluted environment generally has the problems of short carrier time, low efficiency
and high product cost. Biochar is a kind of adsorption material with wide sources,
simple preparation and relatively low cost. It has the advantages of high surface
activity, developed pore structure, good chemical stability and easy modification of
functional group structure. The preparation of biochar from agricultural and forestry
wastes is not only a very effective way of carbon sequestration, but also has broad
application prospects in soil improvement and environmental protection. In the future,
in terms of the performance improvement of biochar based composite repair materials
and their application in the control of organic pollutants in the environment, the
following aspects of research and development need to be paid more attention:

(1) Combining biochar with new catalysts and adsorbents, we developed new
biochar based composite remediation materials with high removal efficiency of
organic pollutants, and further studied the removal mechanism of organic pollutants
by different biochar based composite remediation materials.

(2) In view of the fact that the understanding of the interaction mechanism
between microorganisms, soluble organic matter and biochar based composite
remediation materials in the soil environment is still vague, combined with the
complex characteristics of the soil environment, strengthen the research and
development of biochar immobilized microbial composite remediation materials,
reveal their synergistic degradation mechanism of organic pollutants in the soil
environment, and optimize and determine the key remediation process parameters.

(3) Aiming at the problems of short time, low efficiency and high cost of carrier
materials for the remediation of organic polluted environment, we will strengthen the
research and development of long-term broad-spectrum biochar based composite
remediation carriers with high remediation efficiency for typical organic pollutants

11
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such as petroleum hydrocarbons, halogenated hydrocarbons and polycyclic aromatic
hydrocarbons, and effectively give play to the synergistic remediation effect of biochar
microorganism plant on organic polluted environment.
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