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Abstract

This review article addresses the use of biological activated carbon in water
treatment and its techniques for its development, with the premise of analyz-
ing the potential of Activated Carbon (AC) in the treatment of water for hu-
man consumption. For this end, it aims to identify the techniques used for
the production of AC, use and its benefits, production from vegetable waste
for water treatment. Activated carbon has the ability to selectively collect gas-
es, liquids and impurities inside its pores, which is the reason it is widely used
in filtration systems and for that the treatment of water, the coal fulfills the
function of adsorbent, retaining in its pores certain types of impurities: large
particles that cause undesirable color, taste or odor in the water. In the treat-
ment of effluents, coal is used for clarification, deodorization and purification
of effluents.
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1. Introduction

In the 19th century, the first reports of experiments in public appeared, demon-
strating the ability of activated carbon to neutralize potentially lethal poisons.
Coal was already described by several ancient peoples, such as Egyptians and
Greeks, and its effects in combating intoxication were also known to American

Indians [1]. Activated charcoal (CA) is a material obtained from the controlled
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burning of certain types of wood, and can be made from coconut shells and oth-
er vegetable residues, as well as cork remnants. It is a very porous material, with
excellent filtration, deodorization and removal of toxic and radioactive sub-
stances, being widely used in the chemical, food, pharmaceutical industry, in
water filtration and purification systems [2].

In addition, it is formed mainly by carbon, being very porous, with a large
contact surface, widely used as catalyst support and to purify gases and liquids
through adsorption, which consists of retaining molecules, including heavy met-
als, in their surface pores. The use of activated carbon to remove harmful impur-
ities, whether in the treatment of water or air, is essential [3].

There are two ways to activate coal, one physical and one chemical. The vari-
ous activation processes are, in the great majority, variations of a basic proce-
dure which is the carbonization or pyrolysis of the raw material. There are also
three basic physical forms of activated carbon: powdered (powder), granulated
and pelletized.

Thus, the characteristics of activated carbon depend on the raw material used
(vegetable or mineral) and the activation process (chemical or physical). As a
result, each process will have different adsorption properties and different uses
[3]. Despite being an ideal material for the removal of contaminants, the use of
activated carbon is limited due to its high production cost, which has enabled
new research with more viable options for reducing production costs. One of
these options would be through the use of biomass as an alternative precursor
material to conventional methods of producing activated carbon that currently
uses mineral coal [4] [5].

This work aims to provide an overview of the methodologies used in the stu-
dies of activated carbon in the treatment of water for human consumption, a
study of the state of the art and its techniques used for its development. Thus,
the discussion proposed here may contribute to broadening the discussion on
this type of research.

2. Existing Techniques for the Production of Activated
Carbon

The production of activated carbon starts with the dehydration of raw materials
and carbonization, followed by activation, which increases the diameter of the
pores and creates others. Depending on the raw material and the method used,
different types of activated carbon are obtained, for different uses. Activated
carbon has in its structure a large porous surface area and, still on that surface,
are the functional adsorbent materials [6].

The first stage of preparation of an activated carbon is carbonization, which is
usually carried out in the absence of air at temperatures of 400°C to 800°C.
During the carbonization of the raw material, the condensation of aromatic po-
lynuclear compounds occurs and the breakdown of the groups of the chemical
chain resulting in a carbon residue. In this medium, linked cross reactions occur

that inhibit the development of the pre-graphite structure [7]. In the activation
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of the coals, two methods can be used: activation by chemical process or activa-
tion by physical process.

In chemical activation (Figure 1), carbonization and activation occur in a sin-
gle step, in which the plant precursor impregnated with a suitable chemical
agent is carbonized. The great advantage of chemical activation is related to the
low energy cost, temperatures in the range of 400°C to 800°C and high process
efficiency [8]. The advantage of chemical activation is that it provides activated
carbon with a larger contact area and more developed pores, unlike thermal ac-
tivation, where the resulting carbon has a smaller area, which reduces the surface
that will be used for adsorption [9].

On the other hand, the physical method (Figure 1) can also be used, being
able to be carried out in a single equipment with two consecutive steps. The ob-
tained coal is exposed to the atmosphere saturated with gas or inert vapor, at
high temperatures, culminating in a final product with a developed and accessi-
ble internal porous structure [7].

Likewise, the physical activation method, even though it does not occur in a
single step, is less costly, in addition to causing less environmental impact, given
the inert characteristics of the gases used and the non-use of chemical agents,
such as acids and bases [10]. In physical activation, the temperature variation is
used to carbonize the precursor using purging gases such as CO, to eliminate the
H,O vapor produced in the precursor carbonization reaction. With the loss of
H,O, the precursor becomes physically activated at high temperatures [11].

3. Use of Activated Carbon and Its Benefits

Activated carbon is one of the most widely used adsorbents worldwide in the
treatment of water and aqueous waste. It can be said that coal, without activa-
tion, was used by Scheele since 1773 in the treatment of gases. It was also used in
natural coal to decolorize aqueous solutions in 1786 and was responsible for
carrying out the first quantification of the adsorptive power of coal in the liquid
phase. Commercially viable activated carbon appeared in the early 20th century
with the Swedish scientist von Ostreijko, who obtained two patents in 1900 and
in 1901. These patents contained the basic concepts about chemical and physical

activation, the latter also called thermal [12].

Chemical Activation

Precursor Precursor + Atmosphere Activated
Activating Agent Inert in NY/A Carbon

Physical Activation

Precursor _A. Precursor Gas €O, and/or Activated
u . —_—
Carbonized Steam from H,0 Carbon

Figure 1. Demonstrative scheme of chemical and physical activation.
Source: Adapted PEREIRA, 2010 [11].
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Activated charcoal is a porous substance derived from organic material,
usually woody and fibrous material. The useful aspect of activated carbon is that
it can filter contaminants from water and air, which makes it an important sub-
stance in the filtration system. The raw materials used to obtain activated carbon
are almost exclusively of vegetable origin and have high carbon power, such as
coconut shell, mineral coal, wood, animal bones, agro-industrial residues, olive
stone, chestnut hedgehog, among others.

Also, activated carbons are porous carbonaceous materials that have a micro-
crystalline, non-graphitic form, which have undergone processing to increase
internal porosity. Once activated, the coal has an internal porosity comparable to
a network of tunnels that branch into smaller channels, and so on. This differen-
tiated porosity is classified according to the size in macro, meso and micropo-
rosity [13].

Thus, activated carbons are carbonaceous materials qualified for their high
surface area and highly developed porous structure [14]. The choice of the pre-
cursor and the activation conditions give us the possibility to design activated
carbon for different applications. Recently, they are widely used in a range of
applications, such as medical uses, removal of pollutants and odors, gas separa-
tion, support for catalysts and water purification, among others [15].

There are three main forms of activated carbon, Granular Activated Carbon,
which is irregularly shaped particles with sizes ranging from 0.2 to 5 mm, and is
used in liquid and gas phase applications. Powder Activated Carbon, is pulve-
rized coal with a predominantly smaller size than 0.18 mm, they are mainly used
in applications in the liquid phase and in the treatment of flue gases. And pel-
leted activated carbon undergoes a hot extrusion process and is homogenized at
an average diameter of 4 mm. They are mainly used for gas phase applications
due to their low pressure drop, high mechanical strength and low dust content
[16].

In this sense, powdered activated carbon and granular activated carbon are
the most used for the treatment of wastewater or to make water drinkable,
mainly for the removal of low molecular weight compounds. However, one of
the problems found in the application of the adsorption processes to the water
treatment is the slow intra-particular diffusion in granular adsorbents, such as
granular. On the other hand, powder provides faster adsorption speeds, but the
difficulty in handling it limits its industrial use.

Activated carbon is a material with high adsorption capacity, being quite ef-
fective and generally used in the treatment of drinking water, however, the man-
ufacture of adsorbents of this type requires a high cost considering the origin of
the raw material [17]. Considering this, there is a disadvantage that is losses
during the process of recovering the adsorbents, often becoming inopportune.
Through this perspective, there is a great scientific interest in the search for
low-cost materials that can be used for the production of activated carbon,

which is the case of biological waste, such as biomass [18].
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Therefore, activated carbon through biological materials stands out for being
a low-cost and abundant material in the region and that can be used for the
treatment and control of pollutant emissions, purification process, gas storage,
catalysts, catalytic supports, in deodorization, separation, detoxification, etc.
[19]. Even though it is of low cost, it is still a material of very limited use, as it
has a disadvantage that is in the preparation of charcoal, in which the produc-
tion process in lignocellulosic materials generally requires high temperatures,

going to over 700°C.

4. Production of Activated Coal from Vegetable Waste

Activated carbon eliminates substances of varying concentration, composition
and size [20]. This material has multiple applications and has been used in the
food, beverage, pharmaceutical, chemical, etc. industries. In the treatment of
water for human consumption, activated carbon has the ability to eliminate the
taste and odor of water, to eliminate contaminants such as heavy metals, toxic
gases and pesticides, to reduce natural organic matter, thus limiting the forma-
tion of by-products of as much as possible, disinfection and/or oxidation, such
as trihalomethanes [21] [22].

Therefore, each material will determine the predominant characteristics of ac-
tivated carbon, such as the diameter and presence of pores. Activated charcoal
can be made from coconut shells, but also from cork remnants, a very porous
material, with excellent characteristics in the field of filtration, deodorization
and removal of radioactive and toxic materials. It also works as a source of coal
for burning bovine bones at high temperatures, being known as bone coal [6].

As a consequence, the Amazon is characterized by a great diversity of species
that produce residues that have not yet been studied in terms of their industrial
use. Products such as Barca de Cupuacu, A¢ai and Ouri¢o da Castanha do Brasil
can originate activated carbon with high quality, good yield and low cost, re-
placing the chemical adsorbents currently used by industries [23]. Similarly,
plant residues from the Amazon have been shown to be important precursor
materials for the production of activated carbon, since they are renewable, gen-
erally available in large quantities and at low cost when compared to other pre-
cursor materials.

With regard to characteristics, a good precursor material is one that has a high
carbon content in its composition, such as rice, nutshells, mineral coals, wood,
animal bones, fruit stones, coffee beans, among others. The precursors of acti-
vated carbon are materials that enrich themselves during heat treatment, without
melting or slowing down that prevents the formation of micropores. If the po-
rosity of the precursors is low, it is necessary to activate them [13].

Accordingly, biomass consists of organic material of animal or vegetable ori-
gin and is considered an alternative source of energy. Agricultural waste has a
high energy potential, since after carbonization, biomass is transformed into
charcoal [24] [25].
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In many countries, biomasses are used to produce activated carbon, as an
example, in Angola one of the biomasses used for the production of active char-
coal is African Baobab is a natural fibrous biomass, which is used as a precursor
to produce custom-made activated carbon for pollutant removal in water
courses. The precursors used are Baoba residues, namely bark, wood and seeds,
collected in Angola. It shows the adequacy of the use of Baoba residues in the
production of activated carbon, which can be considered a new path for the va-
lorization of its residues, with good adsorption properties [26].

Also, the “hedgehog” bark has a high lignocellulose content, which can qualify
this material because it has physical characteristics in its constitution that favor
obtaining a good quality charcoal and another important factor is the fact that
the “hedgehog” bark hedgehog is considered to be waste from the Brazil nut
production chain, and therefore has a low acquisition cost [27]. Likewise, vege-
table fibers (such as coconut or jute) can be good precursors for the production
of porous activated fibers by simple preparation methods. Depending on the
nature of the crude fiber, the treatment conditions and the activating agent, sev-
eral types of fibrous activated carbon can be obtained [3].

Carmona analyzed the energy potential of biomass and charcoal from residues
produced from the commercial extraction of Brazil nuts. For this, he applied the
carbonization method to immediate chemical analyzes. Among the results, both
the hedgehog and the tegument of Castanha-do-Pard transformed into charcoal
have the potential to be used for energy purposes. Thus, such residues present
favorable characteristics for this purpose, some of which are even similar or su-
perior to those presented by woods of other species [28].

Likewise, with the acai stone, which has a high carbon content and the pro-
duced charcoal has a heterogeneous surface with pores of different sizes, in this
way the acai stone has the potential to produce activated charcoal [29]. Because
the charcoal is produced from the fruit’s mesocarp, it does not cause damage to
the environment, being an efficient and ecologically correct method [19].

Likewise, [30] who produced and evaluated the quality of activated carbon
obtained from coconut endocarp (Cocos nucifera) and applied it to adsorption
of the methylene blue dye present in aqueous medium, was prepared by physical
activation, using water vapor as an activating agent. Then, characterizations re-
lated to gravimetric yield on activated carbon (RGCA), thermogravimetric anal-
ysis, surface area (SBET), pore volume and diameter and scanning electron mi-
croscopy were performed. To assess the adsorptive capacity, studies of kinetics
and adsorption isotherms were carried out, and the Langmuir and Freundlich
isotherm models were applied. The coconut endocarp produced an activated
carbon of excellent quality, which can be used as an adsorbent of dyes in
aqueous medium.

That said, the use of vegetable residues is a sustainable alternative in the prep-
aration of activated charcoal, since using residual materials such as fruit peels,

broccoli stems, avocado peels or seeds, chestnuts and hedgehogs, in addition to
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many others, reduces the generation of solid waste. In addition, by carefully
controlling the conditions of activation and carbonization, it is possible to pre-
pare activated carbon with specific high surface areas that have been shown to be
highly efficient in eliminating organic and inorganic compounds present in

wastewater, such as dyes and heavy metals, respectively [3].

5. Activated Carbon in Water Treatment

In the 1960-1970s, Western developed countries began using activated carbon
technology to treat drinking water to improve the removal of organic contami-
nants. Also, the activated carbon process has become the main advanced water
treatment process, which is commonly used in developed countries, such as
America, Japan, the Netherlands, Switzerland, among others [27]. Activated
carbon is widely used in water treatment due to its high adsorbent capacity [8].
This product is generally used worldwide for wastewater treatment, drinking
water, gas purification and as a catalyst support [31].

Likewise, activated carbon is widely used in wastewater treatment. Usually
obtained from lignocellulosic materials, such as wood, coconut husks, rice, su-
garcane bagasse and among others, activated carbon has a large porous devel-
opment that allows it to be one of the most versatile adsorbents ever used [32].
However, due to its high efficiency, adsorption with activated carbon is recog-
nized as the best control technology for the treatment of water, so that water pu-
rification is the main application of this adsorbent [33] [34].

In view of this, water treatment is divided into eight stages (Figure 2): 1)
Catchment: which consists of removing water from water sources or reservoirs;
2) Adduction: it is the transport of water from the springs to the treatment; 3)
Coagulation: in this process, existing impurities whose particles are small will be
treated; 4) Flocculation: in which the water is subjected to mechanical agitation,
so that the impurities form larger and heavier flakes; 5) Decantation: which is
the separation, by means of gravity, of sedimentable solids; 6) Filtration: pass the
water through filters formed by layers of coarse sand, fine sand, gravel, gravel
and activated carbon; 7) Disinfection: the water is added with chlorine, fluorine

and PH control; 8) Reservation: water is stored in reservoirs [35].

River or Dam |—>| 1.Capture |—>| 2. Adduction | 3. Coagulation

4. Flocculation —>| 5. Settling |—>| 6. Filtration [—>| 7. Disinfection

8. Reservoir —>| Population

Figure 2. Stages of water treatment using activated carbon. Source: Autor.
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The treatment of activated carbon in water treatment plants is usually in-
stalled to provide the removal of natural organic compounds, flavor and odor
compounds and synthetic organic chemicals. The adsorption of activated carbon
physically connects gas or liquid phase molecules to the surface of the activated
carbon. Activated carbon is an efficient adsorbent, as it is a highly porous ma-
terial and provides a long surface area on which contaminants can adsorb [16].

[36] Investigated the production and use of activated carbon, derived from the
Brazil nut shell, as a means of de-fluoridation of drinking water. In view of this,
the production consisted of carbonizing the Brazil nut shell in an oven with the
presence of nitrogen (N) at a heating rate of 8°C/min until reaching 700°C. The
material was kept for 2 hours at this temperature. The results showed that acti-
vated carbon from Brazil nut derivatives has the potential to be used as a bio-
sorbent for the de-fluoridation of water supply [37].

In short, activated carbon is a powerful adsorbent used prolifically during wa-
ter purification efforts to remove contaminants and unwanted components. Al-
though activated carbon can be used in a wide range of water treatment applica-
tions, it is a critical tool used in all municipal and industrial water treatment fa-

cilities to treat drinking water, effluents and water for use in processes.

6. Conclusion

In the days in which we live and are approaching, chemical processes need to be
treated responsibly and fit in the search for sustainability, reducing environ-
mental impacts. Direct actions in the water, air, regeneration and recycling sec-
tors are urgent. In this respect, the use of activated carbon to remove harmful
impurities, whether in the treatment of water or air, is essential. Thus, the bio-
logical treatment of water for human consumption reduces the instability of wa-
ter, characterized mainly by the presence of organic matter in low concentra-
tions. The benefits of more stable water include the reduction of bacterial
growth, the formation of biofilms and corrosion in the distribution network. In
addition, the need for disinfectant residues decreases, minimizing the formation
of toxic by-products derived from reactions between the disinfectant and organ-
ic matter. In view of this, the removal of contaminants from water is indispensa-
ble to guarantee the life and make drinking water available. Activated coals from
biomass residues are adsorbents with high potential due to the low cost of the
precursor that is found in abundance in the Amazon. Several studies on acti-
vated carbon emphasize the great potential that it generates in the solution for
treatments in waters contaminated with different types of contaminants. How-
ever, it is still necessary to carry out a large-scale study in relation to activated
carbon of biomass residues, since it is a range of precursors that can be used
both in industry and in the daily life of humans. In general, it is expected that
the world will be able to use the products of biomass residues as some works
mentioned in this article for the production of activated carbon in a sustainable
and clean way, in order to promote the culture of reuse in the production sector

of the sustainable activated carbon.
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