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Abstract

In the last few decades, there has been enormous research carried out on biochar for the removal of
contaminants from wastewater or soil. e.g., organic and inorganic contaminants, metals.” BIOCHAR” is
defined by its physical and chemical properties. This review aims to highlight the applications of
biochar's in wastewater and soil, including a quick view of the mechanism of sorption of the metals and
modified biochar. Depending on the types of biochar metals are removed via various mechanisms like
exchange of ions, complexation, physical sorption, precipitation, and electrostatic interactions. It also
provides information about the potential of biochar in the remediation of soil and also summarizes the
removal of dyes from the wastewater by recent advances such as adsorption and catalysis. Overall,
further studies are required to reuse biochar.

Keywords: Biochar, sorption mechanisms, wastewater treatment, modification methods, remediation of
soil

1. Introduction

Biochar is a substance that is derived from biomass i.e. pyrolysis it involves partial or lack of
oxygen. These will change organic substances into valuable biochar and therefore the resultant
application attracts the eye to biochar to remove contaminants from wastewater and improve
soil quality (Sohi et al. 2012) 31, Many processes have been demonstrated such as Torre
faction, carbonization, and chemical processes for these by-products could be Biochar. Biochar
surface has some chemical properties like porosity, surface area, behavior like acid and base,
functional group, etc., achieved by the heating process, depending on temperatures (Ahmad et
al, 2014) B, 1t's been shown that because of dehydration and deoxygenation biochar possess
some functional group i.e. H and O at high temperature 600-700°C but it showed aromatic
nature and low ion exchange capabilities.(Uchimiya et al., 2011; Ahmad et al. 2014) 148 2,
Opposite side, at low temperature 300-400°C it showed various organic characters (Cao et al.,
2009) 61, To remove via sorption contaminants such as organic, inorganic and heavy metal
biochar has some potency and quality. Water system needs to be contaminants free because it
is worldwide accessible and as the population increases water demands also increase. (Sica et
al. 2014) 81, Almost all industrial effluent is discharged in water with no treatment resulting in
decrease in water quality. Moreover, it will be harmful to any living being (Sohi,2012) M,
Industries use an enormous quantity of artificial dyes because of its inexpensive, and therefore
the easy chemicals to supply artificial dyes in a very sizable amount of colors that are
accessible (Mahmood et al. 2016) 1, To handle the imperative scenario of inadequacy of
water and pollution, different attempts are abode to the result of enormously suitable
substance.

1.1 Application of Biochar for wastewater treatment

A. Inorganic contaminants

Generally, these inorganic materials are not degradable and very harmful to living things at
higher temperature that’s why they are not suitable for the atmosphere. heavy metals are
foremost virulent and toxic. (Uchimiya et al., 2011) ¥8, but alternative inorganic pollutants
like H,S, NH3, NH4*, NO3™ are seen in wastewater. Biochar sometimes has enticing attributes
for remedy of inorganic pollutants. mechanisms for heavy metal removal are discussed in this
paper. Removal of NH4* inorganic waste material was primarily achieved via exchange of
ions, Oz containing surface area at low pH and precipitation (Sica et al. 2014) [8],
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B. Organic pollutant

There are important analysis efforts to look at the appliance to
removal of organic contaminants from wastewater. Several
organic contaminants that include pharmaceutical substance,
dyes, organic compounds that is volatile in nature (Cao et al.,
2009 B8 Xu et al, 2011 B9) some of them are mentioned
further in this review.

Mechanism works for only those contaminants that will
interact with biochar. For these contaminants chemisorption
and physisorption are widely used. Other mechanism that can
be use through microorganism that are present on surface of
biochar or within that also called as biodegradation
mechanism.(Cao et al. 2009) (61,

C. Miscellaneous pollutants

Biochar is additionally important to remove virulent material
from effluent of assorted industrial processes. Miscellaneous
pollutants include substances that are generated after
treatment and various materials come from industrial areas.

D. Antibiotics

Materials in pharmaceutical effluent areas are tough to
degrade within the atmosphere and thought to be rising
surroundings pollutants (Carvalho & city,2016) ). Removal
of pharmaceutical substances by biochar has become a hot
pot. There are two most harmful antibiotics that transfer
hazardous substances in water i.e. Tetracycline and
sulfonamides (Yu et al., 2016) 61, ZnCl,/FeCl; doped wood
biochar used to remove TCs by solutions consistently. This
experiment showed that this type of biochar is used to remove
TCs from wastewater (Zhou et al., 2017) U7l. Sorption
mechanisms of SAs on biochar. SAs can be removed by
micropores filling mechanism. Other antibiotics can be
removed via coating of acid on magnetic biochars. The most
sorption observed for ENR, NOR, and CIP. High FQs
removal potency may well be because of hydrophobic
electricity. Zhao et al. (2019) I8,

E. Microorganisms

Removal of microorganism primarily targets the treatment of
urban storm water and then surface water. Removal of
microorganism via biochar filters has gained a lot of attention.
These filters are inexpensive for waste materials. To remove
organism from water, the particle size of biochar matters the
most. Biochar with additional pore size increase results and
save time between organism and active site. Biochar sand
filters are used to remove E. coli. (Kaetzl et al. 2019) [62,

F. Removal of organic contaminants from wastewater

Organic contaminants are removed by the heterogeneous
surface of biochar via different mechanisms. None carbonized
parts showed different activity. (Cao et al. 2009; Zheng et al.
2010) B8 4. Almond shells biochar at 650°C in Lyndberg
chamber  prolifically —adsorbate  dibromochloropropane
(fumigant), and the best-earned surface assimilation capability
(Klasson et al. 2013) Bl Orange rind biochar at a higher
temperature for surface assimilation of naphthalene and
hydrocarbon. Partition and expense organized the surface
assimilation of hydrocarbons, whereas surface assimilation of
naphthalene. Organized via surface interaction (Chen 2009)
(61, Soybean plant biochar and peanut shell biochar at higher
temperatures to remove trichloroethane (Chen 2009) [,
Removal of phenol biochar gives a lovely choice (Zhang et al.
(2018a) [ according to sludge-derived biochar might take
away phenol through ozonation. Different biochar was
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pyrolyzed at different temperatures. Rice husk and corn cobs
biochar showed surface assimilation capability for phenol
than other biochars (Liu et al. 2011) B, Wheat straw biochar
showed adsorption of BPA, phenanthrene, and EE2. Biochar
and organic contaminants are attached via functional groups
present on biochar that will form surface assimilation of
organic contaminants like BPA and EE2. Another way to
remove BPA was biochar-derived sludge matter used as a
substance to activate persulfate for change in reaction. For

removal of phenanthrene through ™ — ™ interaction
mechanism for surface assimilation (Sun et al. 2011) [,
Another mechanism used for surface assimilation is
electrostatic interaction. Positively charged biochar attracts
negatively charged organic substances or vice versa (Qiu et
al. 2009; Xu et al. 2011) 3231 To form surface assimilation
anionic organic substance attached to H bonding of biochar.
Harwood biochar experimented for surface assimilation of
sulfonamide. It's been reported that O, N, and S containing
biochar showed more chemical degradation (Colmenares et
al. 2016) 43,

G. Removal of inorganic contaminants

Water eutrophication may be an essential environmental
drawback throughout the globe these days. For eutrophication
of water, some inorganic compounds are liable, among them
nitrogen and phosphate are the most common ones. The
discharge of large domestic waste matter is affecting marine
life. Nitrogen and phosphate discharge also affect the
agricultural environment. Water ecosystem degrades due to
water eutrophication and it gives rise to a variety of living
things losses, protoctist bloom, large fish deaths, and
economic losses (Smith 2003) 1, Ammonia (NH4*), nitrate
(NO3), and phosphate (PO4*) contain nitrogen and
phosphorus inorganic nutrients. Many technologies and
processes are managed to remove nitrogen and phosphate
from waste effluent (Zhang et al. 2011) [®l, Nitrification
processes to remove Nitrogen result in high value and high
initial investment. Generally, this biological process microbic
sensitivity is high towards the concentration of nitrogen (Sica
et al. 2014) 8 In contrast to NH4*, NOz and PO, 3 are
oxyanions with contrastive behavior to every alternative. Each
is negatively charged and so interested in positively charged
surfaces, however, NOs  is way more mobile than PO.%,
which promptly binds to colloids in water. Biochar possesses
physicochemical characteristics that came from sources,
biomass, pretreatments, pyrolysis of biochar. Using this
biochar is used as an adsorbent (Demirbas and Arin 2010) 91,

H. Removal of nitrogen and phosphate by biochar as an
adsorbent

As mentioned above physiochemical characteristics suffered
from varieties of sources, biomass, pretreatments, and
pyrolysis. All these characteristics increase the capability to
remove nitrogen and phosphate. Using this biochar is used as
an adsorbent. (Demirbas and Arin 2010) [ Between
pollutants and functional groups, some mechanism occurs that
include ion exchange and adsorption. (Harvey et al. 2011) 24
Furthermore, some metal components in biochar generally
came from two sources. The first source is to consume many
minerals such as calcium, iron, magnesium, etc. The opposite
supply is metal salts introduced by artificial means throughout
the method of pretreatment. These multifunctional
characteristics offer biochar an excellent potential to be used
to efficiently absorb nitrogen and phosphate (NH.*, NOs’,
PO,%*) removal from water. (Zhang et al.2012) [2,


https://www.plantsjournal.com/

Journal of Medicinal Plants Studies

I. Removal of pharmaceutical from
wastewater by Biochar

These contaminants are very harmful to every living being
and this becomes a drawback worldwide (Yan and Song
2014) 531, Due to increasing health awareness and better living
consumption of pharmaceutical products has increased a lot in
these years. That additionally acquired a lot of serious
environmental problems because of the raised unharness of
waste material that contains plenty of varied pollutants (Jain
et al. 2018) 2. Increasing antibiotics in water will lead to
generating drug-resistant microorganisms, which might get
killed by these antibiotics, so obtaining cornered in a very
vicious circle (Bougnom and lamellibranch 2017) 231 There
are many ways such as the food chain through which these
harmful components enter into human bodies and animals,
resulting in life-threatening. That’s why it is very important to
get rid of these harmful components from effluents. Recently,
biochar has been explored as a possible material for the
adsorption of prescribed drugs from water.

BC shows effective potential to take away these
contaminants from water. Oxidation of sulfonamide, sodium
persulphate to activate this compound biochar is used,
presence of biochar sulfonamide degraded and this processes
analyzed by HPLC. Biochar might have degradation
performance in water but because of that minor radical
scavenger was observed (Kemmou et al. 2018) 261, A similar
study was also accomplished in that, to improve Nitrogen
content in biochar, NHsNOs was introduced to the treatment
of biomass. Because of high N content, Biochar showed a
large surface area. Due to doping of Nitrogen Biochar
produced ample adsorption sites to bind the organic molecule
and pharmaceutically active compounds to form the surface,
which is in a metastable state, will be oxidized organic
contaminants via direct electron transport.

compounds

2. Recent advances in dye removal technologies by biochar
Textiles industries, rubber industries, paper industries, and
dye industries, etc., producing dyes are contaminants (Yagub
et al. 2014) 71, Dyes have certain characteristics such as they
are soluble in water, chemically are stable, high in colours,
due to these they are not decomposed easily. In aquatic
systems, dyes are affecting the photosynthesis process and
oxygenation process. Organic dyes are very dangerous to
human bodies (Mahmood et al. 2016) [©8I; therefore, the
standard methods of treating water are unable to decolorize
these contaminants with efficiency because of its complicated
structure. To get rid of dyes successfully, several new
methods, like separation of the membrane (Damodar et al.
2010) 1 sorption and advanced oxidation, precipitation,
filtration, are used within the effluent. But two methods are
used: adsorption and catalysis which are highly acceptable
and effective to remove dyes from wastewater (Adeyemo et
al. 2015) B9 Compared to activated charcoal, biochar
contains a wide selection of sources, as well as industrial
waste, agricultural by-products, placental mammal manure,
sludge, etc Biochar itself has the benefits of enormous pores,
high surface area, and rich surface functional groups, Rich
surface functional groups are significantly a lot of necessary
than high porousness within the adsorption method.

Biochar has a porous structure and the presence of functional
groups on the surface. Because of this biochar can be used as
an adsorbent to take away dye from wastewater. Methy! violet
dye adsorbed by different biochar likewise canola straw,
peanut straw, soybean plant, rice husk among this canola
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straw showed high adsorption capacity, and the least was seen
in rice husk biochar adsorbed a lots of rhodamines Bowing to
a massive extent and huge micropores. Because of the
micropores structure of biochar molecules of dyes will be
moved aside. Rice straw biochar sufficiently takes up mineral
inexperience. At 200-700, °C was discovered. Biochar
created from waste bamboo at higher temperatures is used to
take away certain dyes like methylene blue, acid yellow 117,
and acid blue. For the adsorption of dyes, two mechanisms are
suitable for electrostatic interaction and intermolecular
hydrogen bonding (Qiu et al. 2009; Xu et al. 2011) [32.31],
Additionally, to surface assimilation, chemical action
degradation has conjointly been widely accepted as an
economical approach for the coloring waste material
treatment. Catalyst is used for photocatalysis of dyes. There
are some more catalysts also used to remove dye
contaminants. one of them is TiO,. (Khan et al. 2014) [,
Biochar is taken into account to be a good support catalyst
due to its various properties. Catalytic degradation
additionally provides the proper result to get rid of dye from
effluent. In general, the hybridization of biochar is classified
into two major types:

Chemical properties such as more surface functional
groups and higher porosity.

To introduce catalysts like TiO,. These will increase the
removal percentage of contaminants. (Zhang and Lu
2018) [81,

Potential of biochar for the remediation of heavy metal
contaminated soil

Contamination of soil has become a major problem nowadays
(Cao 2010) 671, Heavy metals create serious health threats
even at low concentrations. Pollutants in soils are not only
harmful to ecosystems and agricultural production but are also
a significant threat to human well-being. In contrast to organic
contaminants, metals are non-biodegradable and their
bioavailability makes them extremely harmful to living
organisms. Heavy metals are harmful and stay within the
atmosphere because of they cannot be diminished (Cao 2010)
1671, Through the food chain, heavy metal enters human bodies
and it’s very harmful to human health and it also decreases
the quality of the soil. Through the food chain, transfer of
heavy metal could be possible from soil to plant and
eventually its effect on human health (Khan 2010) . Bio-
fertilizers and inorganic components increase the pollution of
heavy metals in soil. It is important to get rid of the
inaccessibility of heavy metals to plant for the restoration of
production of healthy and safe food. Remediation techniques
are emphasized in numerous studies of heavy metals.
Researchers investigated the utilization of biochar as in-place
soil change, it was effective to increase the quality of soil by
taking away heavy metals.

Because of some reasons, biochar was found to be effective
for removing heavy metals from soil: It’s found to be
effective towards adsorbing heavy metals and also reduce
some toxin stress into plants and microbes that are present in
soil. Generally, biochars are a source of organic components
and some minerals for microorganisms. Microbes that are
beneficial to remediation and protect them from predators’
biochar promote such kinds of microbes. Fertility of soil and
growth of plants improves by biochar and also accelerates
properties of soils including physical and chemical properties.
(Fang 2015) 791,

Application of biochar will probably offer a brand new
resolution for remediation of the soils contaminated by heavy
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metals. Generally, heavy metals are found in soil like Cu, Ni,
As, Pb, Zn, Si, Cd, etc. which are injurious to human health
and plants also. These metals are non-biodegradable so that
heavy metals will continue to impure soils for an extended
time (Zhang 2013) %31, There's a necessity to get rid of heavy
metals, therefore the best method used to remediate soil is
Biochar. Taking Pb?" as an example, the most declension of
transferable lead achieved at 10% by sugarcane biochar.
Biochar is rich in nutrients such as calcium, magnesium,
phosphorus, and many more. As temperature increases the
concentration of nitrogen and carbon decreases, but other
nutrients like magnesium, calcium, and phosphorus
concentration increase as temperature increases (Cao 2010)
(671 93% of you look after lead was absorbed by biochar at a
hundred, but at a higher temperature like 200 and 300° C lead
was taken off completely off from soil (Cao 2010) 7, If soil
is acidic, pH is the main parameter that will remove these
metals. Adsorption of Pb(Il) will increase by the application
of biochar. Increased pH will develop a negative charge on
the surface and attract positive charge molecules within the
soil (Wu et al. 2012) 8 Increased pH is good for heavy
metals in bulk soil. Similarly, remediation of different heavy
metals, different mechanisms are applied to various types of
biochars within the soil.
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Fig 1: Mechanism various types of biochars within the soil.

Mechanism to remove Pb?* from the soil

The efficiency of biochar in the removal of pesticides from
watershed system

Pesticides to regulate pests (insects, weeds, and diseases)
represent crop management in trendy agriculture that may
assist with the provision of stable, top-quality, and
inexpensive food. Pesticides can be harmful to the
environment if they are used erroneously and needlessly.
Pesticides residues have been seen in environment matrix-like
water, soil, and microorganism bodies or air. Protecting the
environment from these pesticides is necessary nowadays. For
the removal of pesticides, biochar is applied (Dai et al., 2019).
Zhang et al. (2018) 7 781 made biochar from maize straw at
different temperatures such as 300, 500, and 700°C to review
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the sorption of thiacloprid. They studied that various
mechanisms are involved to remove pesticides such as pore
filling, m-m interaction, hydrophobic interaction. Swine
manure biochar made by pyrolysis at high temperature was
used to take away imidacloprid. The pore-filling mechanism
is probably going to be more dominant for the sorption
process compared to other mechanisms (Jin et al. 2016) 24,
Biochar made from the almond shell by pyrolysis with the
treatment of steam has shown a bigger area of surface and
more capability of sorption for dibromochloropropane, a
roundworm pesticide. (Uchimiya et al. 2010) [l introduced
biochar made from broiler litter by pyrolysis at 350 and 700°C
to get rid of desisopropyl atrazine and atrazine from water. At
higher temperatures like 700°C biochar shows large
micropores and larger aromaticity, so that contaminants can
easily be removed, whereas at low temperatures like 500°C
shows low efficiency to remove pesticides.

3. Mechanism of metal sorption by biochar

Metals are omnipresent within the surroundings, adversely
affecting human health. As we all know the definition of
biochar, has a porous structure and is rich in carbon material.
Biochar is made up of biomass by thermal decomposition in
absence of O, or limited O, at a temperature <900 °C
(Lehmann et al., 2006) [ Biochar gained a lot of
recognition, because of its structure and properties, it shows
excellent results in the removal of metals (Cao et al., 2009)
1671, Biochars are made from numerous feed stocks at totally
different pyrolysis conditions to absorb metals from water or
soil.

There are five main mechanisms by which metals can be
removed from wastewater (Ahmad et al., 2014) B (1)
Interaction between the surface of biochar and metals by
electrostatic interaction ;(2) Exchange of ions between the
surface of biochar and metals; (3) By complexation domain
will form on biochar with help of functional groups and ©
electron; (4) Precipitation will form insoluble material; and
(5) Physical sorption to remove heavy metal by the movement
of metal ion without forming chemical bonds. These
mechanisms will differ on basis of biochar properties and
contaminants. Metals have different valence states at different
pH.

This review paper discussed the mechanism to remove metals
from wastewater by biochar. This review paper furnishes
biochar properties and its capability to remove metals.

3.1 Electrostatic interaction

To immobilize metal, surface charge biochar and target
metals interact electrostatically. This mechanism mainly relies
on two conditions 1. pH and 2. PZC (point zero charges)
(Dong, et al. 2011) B8 Wheat and rice-derived biochar
showed excellent results for lead. Electrostatic interaction
between charged surface biochar and charged Chromium (VI)
reported at low pH i.e. two (Dong, et al. 2011) 8],

3.2 Exchange of lons

Metals sorption by ion-exchange mechanism i.e. exchange of
cations and protons that are present on the surface of biochar
with targeted metals, which are in dissolve form. The
efficiency of this mechanism to keep metals on biochar
surface purely depends on the metal size and functional
groups of biochar surface. Exchange of ions of metal
contaminants happens by replacing positive ions on the
surface of biochar with metal contaminants. Most metal
species inside groups one to three (e.g., Na, K, Ca, Li, Mg,
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Be, and Sc) on the periodic table are a lot of possibilities to be
changed with alternative elements like metallic inside this
group supported the similarities of their ionic radii, charge
variations. Consequently, biochar derived from rice husk
made at low temperatures showed robust natural processes of
Hg and Zn principally via de-protonation of H* and ulterior
interchange of Zn?* and Hg*. Biochar produced from bone has
a large number of ions and can remove metals such as Co
easily from wastewater via the exchange of ions (Pan, et al.
2009) o1,

3.3 Complexation

Complexation mainly formed multi-atom structures that also
include the inner and outer sphere of biochar i.e. its form
metal-ligand complexes. Complexation is probably vital
because it has partly filled d-orbitals with transition metals
and ligands have high affinity. Biochar binds effectively to
metals in the presence of functional groups like carboxylic
and phenol groups (Mohan, et al. 2007) [“, Biochar contents
O have additionally shown to extend in recent years, possibly
because of oxidation on the surface of biochar, therefore it
will form carboxylic groups. Overtime use of this mechanism
may increase. Biochar made from plants binds easily to some
metals such as Cu, Ni, Cd, and Pb and precipitates on the
surface of biochar in the form of phenolic complex and
carboxylic complex. Biochar produced from animals can also
bind to metals such as lead with ligand and create metallic
complexes. (Cao, et al. 2009) (6],

3.4 Precipitation

In this mechanism, solid will form on the surface of biochar
or in solution while the sorption process is carried out. This
mechanism is one of the best mechanisms to immobilize
heavy metals. Metals having intermediate ionization
potentials of about 2.5 or 9.5 are likely to be precipitated on
the surface of biochar compared to some other metals.
(Krauskopf 1967) B Biochar's derived from animals and
plants at high temperatures are rich in minerals such as iron,
calcium, silicon these mineral phases as well as calcium
carbonate, silicon dioxide, calcium sulfate, potassium chloride
all of these are present in free form or inside biochar’s matrix.
These phases in the soluble form are present at a lower
temperature and form insoluble solid by directly interacting
with metals (Cao, et al. 2009) 8. Those mineral phases
present at higher temperatures is less soluble in nature and
possible to be discharged throughout the process of sorption
and form insoluble solid on the surface of biochar (Inyang, et
al. 2011b) (2,

Surface
precipitation

[M®~]

Electrostastic
interaction

Physical sorption on

ox)©* | surface sites

3.5 Physisorption
Without forming a chemical bond there is the movement of
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metal ions in pores of sorbent to take away heavy metals from
effluents described as surface or physical sorption. Higher
temperatures of carbonization will increase the surface area of
biochar and also increase the size of pores in biochar, for
animals and plants derived from biochar. E.g., switch grass
biochar and pinewood biochar, will each successfully take
away Cu through diffusing surface adsorption method.
Biochar produced by animals were to retain Cd, Cu, and Zn in
pores, and the sorption process was described using film pore,
diffusion model. (Choy and McKay 2005) “41,

4. Mechanism of removal of contaminants by modified
biochar

Once the biomass is heated at a higher temperature with a
very small amount of O or absence of O2, biochar behaves as
a stable carbon substance that is obtained by a thermal
process. To activate biochar further in their properties such as
volume of the pore, area of surface, functional groups known
as modified biochar. Untreated biochar are restricted in the
ability to by selection take up contaminants of high
concentrations (Kwiatkowski, 2008) %, Modified BCs are
often utilized as successful sorbents for taking away all types
of contaminants from effluent (Tan et al., 2015). Functional
groups were liable to gather contaminants from wastewater.
The highlight of this paper is to study modified biochar for
taking away heavy metals and some other contaminants from
an aqueous solution (Ahmed et al., 2015) B9,

Modification strategies
Biochar's modification of the surface will be completed in
numerous methods that are covered in the following sections.

4.1 Modification by chemical

This modification can be done by one-step process and two-
step process. In a one-step process within the presence of an
activating chemical agent, carbonization and activation steps
are carried out at the same time throughout this process.
Whereas in a two-step process the first step involves
carbonization of feedstock and then activation, a process
carried out of the product, which is carbonized by the
chemical agent or pretreated precursors. (Azargohar and
Dalai, 2008; Qian et al.,2015) 5 48],

4.2 Treatment by acids and base

All treatments produce further prices, however are helpful
within the end because of increased properties. Chemical
modification treatments are usually administered by the
addition of acids and bases. To modify functional groups of
surfaces, an oxidizing agent is used like peroxide (H202),
potassium permanganate (KMnQO,), ozone, and ammonium
persulfate [(NH4)2S20s], and many more. (Cho et al., 2010;
Uchimiya et al., 2011) " 48, Phosphoric acid is normally
used as an oxidizing agent for modification chemically and it
is also non-polluting compared to other hazardous reagents
like ZnCl,, (Sun et al., 2011) 1. On carbonized surface
material, functional groups like paraffin and carboxyl groups
were seen because of strong acid treatment. Exchange of
cation and complexation with active sites enrich the affinity
of metal activity and capability.

Sodium hydroxide and potassium hydroxide are used to
increase the O, level and basicity of the surface for activation
of biochar. Biochar treated with KOH or NaOH has a larger
area of the surface (Fan et al., 2010) (5,

Chemically modified biochar increases the ability to remove
contaminants via ample sorption sites on an area of surface,
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this will help with mechanisms like complexation and
precipitation. As an example, oxidation by H,O, will give a
cation exchange site to the surface of biochar by increasing
the carboxylic group for Pb?* and Hg (Tan et al., 2011) B,
KOH modified biochar showed more sorption activity for
As® due to enlargement of pore volume and area of surface
and functional groups (Jin et al., 2014) 53],

With the help of n-m EDA (electron donor-acceptor)
interaction that happens between organic aromatic rings and
biochar, organic contaminants become easy to remove (Fan et
al., 2010) B9 Biochar that is modified by KOH solution
showed more sorption for tetracycline. Whereas biochar
modified with NaOH solution showed more sorption than
unmodified biochar for chloramphenicol (Fan et al., 2010) 5.,

4.3 Modification of functional groups

Functional groups that present on the surface of biochar and
their hydrophilicity will be modified chemically to suit the
particular necessities to protect the environment by taking
away contaminants from effluent (Li et al., 2014c). Using
modification agent chitosan, a heavy metal such as lead,
copper, and cadmium can be removed easily by introducing
an amino group on the surface of biochar. Because of the
amine group of chitosan-modified biochar, a strong chemical
bond will form between heavy metal and biochar, and uptake
of heavy metal will be easy (Yong et al., 2013) B¢, Biochar
derived from peanut hulls that are modified by H,0, have
more amount carboxylic functional groups which will
increase sorption capability for heavy metals like Cd?*, Ni%*
and Pb?* (Xue et al., 2012) B7],

4.4 Modification by organic solvents

Using esterification and carbodiimide modification of the
carboxylic group can be done with the help of acidic methyl
alcohol. Development of electron-donor-acceptor (EDA)
interaction between the surface of biochars and this
contaminant can be accelerated by treatment biochars with
methyl alcohol, In methyl alcohol modification, the chemical
reactions concerned are esterification and then direct reaction
between methyl alcohol and carboxylic groups of biochar
(Jing et al., 2014) B3I,

4.5 Biochar coating
Biochar has been coating with metal oxide recently to
improve the capability of sorption and biochar properties.

A. Coating with Metal Oxides

To take away contaminants like heavy metals from effluent,
bamboo biochar coated with cobalt and Fe metal oxide (Wang
et al., 2012) 3, Studies have shown that the capacity of
sorption of biochar coated with MgO is more than the
uncoated biochar for anionic dyes Zhang et al. (2014b) 5],
Bamboo biochar coated with Cobalt oxide has shown a
significant increase in Cré* oxyanion activity compared to
uncoated or unmodified biochar. Cobalt-coated biochar
showed a high area of surface and increased in pore size
contrast to not coated biochar which will increase the sorption
of capability.

B. Carbon Nanotubes coating

To get rid of contaminants carbon nanotubes (CNTSs) are
extremely essential because it has more area of surface and
nanostructure, but due to the overpriced and inconvenient
application of engineering, it restricted their use. Biochar
might function as a microporous or mesoporous carrier of
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carbon nanotubes to grow new reusable sorbents for effluent.
Nonetheless, biochar synthesis for CNTs is cheap and easy.
As a result, this carbon nanotubes coating biochar are cheap
and easy to remove various contaminants such as organic and
inorganic, dyes, etc. from wastewater (Zhang et al. 2009) I3,

5. Conclusion

This review gives a broad application of biochar in
wastewater treatment and soil to remove various contaminants
such as inorganic, organic and heavy metals, etc. In addition,
it includes mechanisms to remove metals. Various
modification methods are also explained to improve the
performance of biochar. Hence Biochar can be used in
agriculture for better growth of crops and pulses. Overall,
further studies are required to reuse biochar.
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