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Abstract. As a new environmental friendly material, the preparation and modification of biomass
charcoal has become more and more popular in environmental science and other research field.
Preparation techniques and the mechanism of activation of various methods were introduced in this
paper. Carbonization and activation were two key classical methods to prepare biomass activated
carbon. Now activated carbon was modified by changing the physical properties of surface
structural, surface chemical and electrochemical properties. Electrochemical modification method
would be the most prospective. Some ideas were provided to promote the application of biochar.

Introduction

Based on activated carbon having a rich porosity and having a high specific surface area, it is
widely used adsorbents for water purification. But in recent years, the high production costs
restricted the application and development of activated carbon, there have been many studies
focused on how to prepare high surface area activated carbon by using inexpensive and readily
available biomass waste energy ', Waste biomass as a cheap raw material to prepare activated
carbon, it can solve the problem of disposal biomass waste, improved resource recycling value. L.G.
Liu, et al.” researched chestnut shell as materials to prepare activated carbon, they selected ZnCl,
as activator and got activated carbon, which specific surface area was 980 m%g. B. Han, et al.!®! also
researched rice straw as raw material, the resulting specific surface area of activated carbon was
1078.21 m%g. B. Li, et al.®! research Long handle almond shells as raw materials for preparing
activated carbon, using zinc chloride activation method to prepare specific surface area of 1633.08
m2/g activated carbon.

However, as more and more polymers, chemical synthetic products are widely applied in various
fields, due to the poor selection of adsorption properties, ordinary activated carbon has limited
ability to remove pollutants, it has been unable to meet market demand at domestic and abroad.
Therefore, it is necessary for ordinary activated carbon to modify, to improve the adsorption
capacity on the different pollutants, and improve its sewage treatment effect. Currently, the
modified activated carbon are widely used in sewage treatment, air pollution control, soil
remediation and other fields, especially in terms of water pollution control, showing a good
development prospects.

The raw materials

Activated carbon is a well-known excellent adsorbent; its raw materials are mainly plant and
mineral type two categories. Some plant-based raw materials include scrap wood, husk, bagasse,
and bamboo, crop straw and other [* 7. Using these plant-based raw materials having natural
structure can get activated carbon having developed pore, large surface area and high mechanical
strength. Minerals raw materials are: coal, petroleum coke, petroleum bitumen and synthetic resins,
etc. In all of these raw materials, the most abundant genera are coal resources, but the structure and
the characteristics of composition of coal itself, those have a direct impact on the performance of
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activated carbon, and it is difficult to develop a microporous activated carbon. Preparation of
activated carbon, based on different raw materials the activation process conditions will be different,
generally based on the selection of raw materials to select the optimum conditions for preparing
activated carbon . The study found that the physical and chemical properties of biomass charcoal
under different sources as well as different prepared conditions are different, the adsorption capacity
are also different®.

The research on preparation method of biomass activated carbon

The process of preparation of activated carbon includes two procedures: an inert gas (usually with
N_) when one will be carbonized, carbonized charcoal raw materials for protection; the second is
the charcoal-activated M 2,

Carbonization

Carbonization refers to hypoxic conditions at a high temperature, the raw material in the pyrolysis
of organic matter, in order to obtain more holes in the carbon structure, divided into a thermal
decomposition reaction and condensation reaction. In the carbonization process, most of the
non-carbon elements (such as hydrogen and oxygen, etc.) are removed as a volatile component;
while charring product as a combination of carbon atoms an aromatic ring, which the sheet structure
is very irregular, there are some cracks exist during activation, these cracks will form a developed
porous structure,

Carbonization temperature has a great influence on the pore structure of plant-based charcoal size
and specific surface area. Carbonization temperature is generally from 300°C to 1000 &
charring occurs very intense phase thermal decomposition reaction, the molecular chain of C-O,
C-C bond fracturel™. When the carbonization temperature is high, carbonized material particles
become real, porosity decreases, not conducive to the activation reaction; while charring
temperature is low, the formation of small crystallites, pores are more conducive to the activation
reaction, but the particles apparent density decreases, the mechanical strength is lowered. Under
certain carbonization temperature, to ensure sufficient holding time to ensure adequate raw material
carbonization process, in order to avoid inadequate internal charring of the material.

Activation

Activation is aimed at using gas or chemicals to change the internal pore structure of carbonized
material, expanding its surface area, improving the adsorption capacity of activated carbon.
Activation reaction generated carbonized material during activation with low oxidizing gases (such
as water vapor, carbon dioxide, air, etc.) of physical reactions and chemical reactions ™. At present,
the commonly used method of physical activation activation, chemical activation method and
chemical physical activation method "8,

Physical activation method

Physical activation method refers to a certain temperature, using an appropriate oxidizing gases
(carbon dioxide, water vapor, etc.) react with the carbon atom "active site” of carbonized material
on the inside surface of the material developed pore structure!*®. The physical preparation of
activated carbon, the process is simple, and belongs to cleaner production, the activated carbon does
not need to be cleaned, it can be applied directly. Physical activation method is basically suitable for
the production process for the preparation of activated carbon using all carbonaceous material, the
activated carbon producted has developed pore and good physical properties (such as having good
physical strength). Therefore, physical activation methods attract a growing number of researchers
into their research work.

K.B. Yang, et al. ®@ used coconut shell as raw materials, it is carbonized for 2h under
carbonization temperature of 600 iGedHem, as activator of preparing activated carbon, the
iodine adsorption of coconut shell-based activated carbon is 1428.00 mg/g, the specific surface area,
the total pore volume and pore volume were 1653 m?/g, 1.045 cm®/g and 0.8582 cm?®/g, respectively.
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Sun, et al. P Used the pods as raw material, using steam activation to prepare a activated carbon of
the specific surface area of 948 m?/g. Sahin, et al. ' used ZnCl, and HCI the two-step pretreatment
step to pretreat the raw materials, re-using water steam-CO, mixed activation system, at
850°Cconditions, preparing the activated carbon, the resulting specific surface area of activated
carbon was 1779 m?/g.

Chemical activation method

Chemical activation method means the raw material with an activator by mixing, impregnating for a
period of time, under the protection of an inert gas atmosphere, carbonization and activation
synchronously complete 2!.Commonly used chemical activators as following, inorganic salts and
some acids, KOH Y1 NaOH, ZnCl,, HsPO, ?® are used more often, among them, the performance
of the preparation of activated carbon with KOH as activator is most outstanding ?®!. K. Sun, et
al.”! used the abandoned bamboo as raw material, by KOH activation prepared the high specific
surface area of activated carbon, get BET specific surface area of 2938 m?/g of activated carbon, its
iodine adsorption value of is up to 2049 mg/g, the adsorption of methylene blue is 570 mg/g.

Chemical activation compared with the physical activation method, its advantages are: (1) low
activation temperature, typically temperature is from 600°C to 800  ¥&!: (2) the activation of speed,
low power consumption;(3) it has developed pore structure and higher levels of surface functional
groups®®; (4) activation of high yield, high specific surface area. But there are three major
disadvantages: (1) the large corrosion of equipment; (2) environmental pollution; (3) chemical
activator remaining in the activated carbon products, limiting their practical application.

Chemical Physics activation method

Chemical physical activation method refers to using chemical activator to impregnate carbonaceous
raw material, and then through the physical activation prepared quality activated carbon. The
biomass activated carbon prepared by using this method has a specific pore distribution, and the
number of pores has a significant increase.

T.Budinova, et al.®® used sawdust as raw material, used phosphoric acid and steam joint
activation prepare high-performance activated carbon, having a specific surface area of 1360.0 m%g,
and the iodine adsorption value is 1280.0 mg/g. X.X. Yang, et al.®™ used charcoal as raw material,
first impregnated with potassium hydroxide, and then used water steam activation method, the
sample is carbonized after washing with distilled water, to obtain better performance of activated
carbon, the adsorption of methylene blue value is 409 mg/g, BET specific surface area is 943 m?/g.

The research on modified method of biomass activated carbon
The modification of the surface physical structure characteristics

The modification method of surface physical structural characteristics of activated carbon is mainly
using physical or chemical methods to increase the surface area of activated carbon, and adjust its
pore size distribution (enlarged or reduced pore size), thereby enhancing its physical adsorption
properties.

Pore adjustment is to make pore size distribution of activated carbon more uniform, and allow the
size is fitting to the adsorbate molecular size, improve the adsorption properties of activated carbon.
By adding some activator during the activation process to control the degree of activation can reach
openings, expanding and creating new holes purposes. In order to achieve the shrinkage purpose,
generally use heat shrinkable, gas hot plugging holes, dip overlay and other methods 2.

The modification of the surface chemical characteristics

The modification of the surface chemical characteristics of activated carbon is through some
chemical or physical methods, to change the surface functional groups and ions or compounds on
surface load of activated carbon, to become an active point on the substance adsorption process, so
as to control hydrophilic performance, as well as with a metal (or metal oxide) binding capacity.
Due to the differences in the chemical composition of the activated carbon surface, the acid alkali
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properties, the catalytic properties and the adsorption selectivity of activated carbon are different™.
Commonly used modification method: surface oxidation modification, surface reduction
modification method, load metal modification method and acid alkali modification method, etc.

Surface oxidation modification

Surface oxidation modification means: at a certain temperature, select the appropriate oxidizing
agent to process the activated carbon surface functional groups, increasing the number of carbon
surface oxygen-containing acid groups, to improve its adsorption capacity on polar substances.
Commonly used oxidants are mainly HNO3z ®*, 05, HCIO, and H,0O,, etc. Using different oxidants
to treat activated carbon, the number and type of oxygen-containing functional groups of activated
carbon surface is different, its quantity increases as the degree of oxidation increasing ¥°. Activated
carbon modified by oxidation, itself corresponding changes in the pore structure, specific surface
area and pore volume of activated carbon drop, pore of activated is larger. In addition, in the
modified process, using the high-temperature treatment to remove the activated carbon surface
acidic groups (carboxyl group, etc.), the porous change produced by oxidation will not be affected.

Surface reduction modification

Surface reduction modification mainly refers to: at the appropriate temperature, using an
appropriate reducing agent to restore the surface functional groups of activated carbon, increasing
the number of carbon surface oxygen-containing basic group and enhance its non-polar surface,
making it adsorption capacity of the non-polar substances stronger. Commonly used reducing
agents include Hz, N2, NaOH, KOH, and ammonia, etc. In the treatment process, the activated
carbon after reduction treatment, the number of oxygen-containing basic groups on its surface
increased significantle/, in favor of activated carbon for certain pollutants (especially organic
pollutants) adsorption"®!.

Load metal modification

Load metal modification refers to because of activated carbon's reduction and adsorption, the metal
ions preferentially load to the activated carbon surface , which is then reduced to elemental, or low
valence ions, using the combination of a metal or metal ions with the adsorbate, to enhance the
adsorption capacity of activated carbon. Nowadays, copper ions, iron ions, etc are commonly used
load metal ions "\, Due to the presence of the metal in the activated carbon surface, reducing the
regeneration temperature of the activated carbon, the regeneration efficiency of activated carbon can
be improved. Further, the activated carbon as the catalyst carrier, it can be completely combusted,
reducing the cost of recovery of the metal; there will be no secondary pollution.

Acid alkali modification

Acid alkali modification is using acid, alkali and other substances to modify activated carbon.
Based on actual demand, researchers could adjust the carbon surface functional groups to meet the
required amount and obtain a high-performance activated carbon. By acid alkali modification, it can
improve the adsorption capacity of activated carbon to metal ions (copper ions as the representative),
and also can ease less varieties of conventional activated carbon, functional quality is not high. Acid
and alkali reagents commonly include HNO3!*®!, HCI, NaOH, citric acid®* and ammonia, etc. Using
acid alkali modifier to treat activated carbon, the adsorption capacity of activated carbon to some
organics can be increased. L.D. Zhang, et al.l* used acid alkali reagent to modify activated carbon,
their study shown that it removing the acid, alkali-soluble substances of activated carbon surface,
reducing charcoal ash, increasing the surface area of activated carbon to improve its adsorption
activity, the adsorption of benzene improved significantly.

The electrochemical properties modification

The electrochemical properties of the activated carbon surface determines its size of itself
adsorption capacity, including physical adsorption and chemisorption. Activated carbon is
composed of graphite crystallites and amorphous carbon, with good electrical conductivity. Because
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it can capture charges, activated carbon surface has a certain amount of charge Y. Electrochemical
modification means under the action of activated charcoal micro electric field, changing their
surface chemical properties, to improve the adsorption capacity and adsorption selectivity.

Y.P. Guo % has been studied on electrical adsorption treatment chloroform aqueous solution...
The study found that with the potential of activated carbon increasing, the adsorption capacity of
chloroform gradually increases, but also to accelerate the absorption rate, anodic polarization is
good for the activated carbon adsorption for chloroform, cathodic polarization inhibit the activated
carbon adsorption for chloroform.

Conclusion and prospects

(1) Use of waste raw materials for preparing activated charcoal not only solve the problems of
waste biomass occupation of land resources and polluting the environment, reduce the cost of
production of activated carbon produced, but also to meet the social demand of the great number of
activated carbon.

(2) The surface physical structure characteristics of modified activated carbon improved the
adsorption capacity of activated carbon. The adsorption capacity of different substances onto
activated carbon can be enhanced by Surface oxidation modification method or surface reduction
modification method. Metal ion load and acid alkali modification could improve the adsorption
capacity of activated carbon for certain substances (elements or ions).

(3) The electrochemical modification method will not cause secondary pollution to the
environment, and it is lower energy consumption and easy to operate. In additional, the regeneration
of electrochemical modification of activated carbon can achieve integration operation. Therefore,
the development direction of future research of biomass activated carbon is electrochemical
modification method.
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