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Abstract— Environmental pollution caused by the 

anthropogenic activities is a global challenge. Pollution due 

to discharge of untreated wastewater, contributes to it 

considerably. High expenditures for the treatment 

technologies can be considered as one of the major reason 

for improper wastewater discharge. Activated carbon 

provides an excellent solution for this issue as it can be 

used as a low cost wastewater treatment adsorbent. This 

paper review, types of activated carbon, their applications 

and recovery methods in wastewater treatment. Activated 

carbon from conventional waste such as agricultural 

waste, woody waste and non conventional waste such as 

municipal waste can be used as a low cost media for waste 

water purifications. Physical and chemical processes are 

used to improve the adsorption property of the activated 

carbon. H3PO4, KOH and ZnCl2 are the most frequently 

used chemicals for the activation process. Granular 

activated carbon, powdered activated carbon, activated 

carbon fibers and carbon clothes are the major physical 

forms of the activated carbon. These physical forms are 

important to maximize the adsorption process according to 

the purpose of usage. Activated carbon is used to remove 

heavy metals, dyes, COD, BOD, organic contaminants and 

volatile organic compounds in the waste water. Various 

recovery methods are applied to regenerate activated 

carbons. Among them, chemical, thermal, and bio 

regeneration methods are examined. Strengths, 

weaknesses, opportunities, threats related to use of 

activated carbon and future research priority areas are 

also discussed. 

Keywords—Activated carbon, Adsorbent, Agricultural 

byproduct, Low cost media, Waste water treatment 

I.  INTRODUCTION 

. Waste water is one of the common environmental 

problems thought out the world. Water that contains unwanted 

substances which adversely affected to the water quality is 

called as waste water. Waste water is unsuitable for 

consumption. Waste water generation has been increased in 
recent decades with industrialization and rapid population 

growth. Industries, agricultural activities, domestic activities 

can be considered as the major sources of wastewater. 

Composition of wastewater is widely depending on the source, 

where it generates. Microorganisms, organic substances such 

as food, dead plant and animal materials, human excreta, 

inorganic substances, chemicals, oil, grease and gasses such as 

ammonia are the major constituents of waste water. Untreated 

wastewater with these components may damage to the living 
beings and the environment.Currently, various biological, 

chemical and physical treatment methods are available to treat 

this wastewater before discharge to the environment.  With the 

considerable load of waste water generation in the world it is 

better to develop innovative easy methods for wastewater 

treatment.  

Adsorption technique is widely used in recently to remove 

pollutants from both air and water. This technique is mostly 

effective in removing adrsorbate from wastewater and produce 

high quality water. This is an economically feasible process. 

This adsorption process transfers waste chemicals, heavy 

metals from waste water to the highly porous solid surfaces, 
such as activated carbon. 

Activated carbon(AC) is a good media to remove heavy 

metal  in drinking water treatment process [1]. Activated 

carbon can be considered as low cost, very effective 

adsorptive medium. Activated carbon normally called as 

activated charcoal. coconut shell, lignite are commonly  used 

as activated carbon . Activated carbon is a renewable source 

because most of the time biomass is used as activated carbon 

[2].Biomass is becoming popular as a raw material for 

activated carbon in all around the world. Since it is a 

renewable source that  could be regenerated with low cost [3]. 
Among   the all applications of activated carbon, there are 

80% of AC  is used in waste water and drinking water 

treatment sector to remove organic and inorganic substance in 

the water. 

There are many research studies related to the utilization of 

activated carbon. However review articles on applications of 

the activated carbon in wastewater treatment are limited. 

Therefore, this review paper mainly focuses on the following 

areas. a)What are the activated carbon b) Preparation of 

activated carbon. c) Applications of activated carbon in 
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wastewater treatment d) preparation of activated carbon from 

waste material as a low cost media. e) Regeneration of used 

activated carbon. f) SWOT analysis on the use of activated 
carbon for treating wastewater. 

II. WHAT IS ACTIVATED CARBON? 

Activated carbon (AC) is produced by thermal 

decomposition, partial or full combustion process of 

carbonaceous materials. AC is a highly porous material with 

large surface area Therefore AC has high adsorption 

capacities; Activated carbon can adsorb volatile organic 

compounds such as benzene, ethanol formaldehyde, n-hexane 

and toluene. Activated carbon has a combination of graphite 

like micro crystalline structure and amorphous chemical 

structure. Randomly oriented slit- shaped channels of micro 

crystalline inter layers have 0.34-0.35 mm spaces [4]. Those 
spaces   are larger than the graphite spaces (0.335 mm). The 

chemical composition of the activated carbon contains carbon, 

oxygen, nitrogen and hydrogen atoms. These hydrogen, 

oxygen and nitrogen atoms are bonded at the edges and 

corners of the carbon aromatic sites. Porosity of the AC 

depends on the carbonization process, conditions and types of 

activating agents [4]. Porosity is one of the important 

characteristic of AC materials.  The carbon content of the 

material, activation potential, cost and density are the factors 

need to be considered in producing activate carbon. 

 I.  PREPARATION OF ACTIVATED CARBON 

  I.I. PHYSICAL ACTIVATION PROCESS 

According to the porous texture of activated carbons can 

be classified according to the pore width as micro pores (< 2 

mm), meso pores (2–50 mm) and macro pores (> 450 mm) [4]. 

Physical and chemical treatments are used to improve the 

adsorption ability and pore spaces in the activated carbon. 

Physical activation has two stages. Thermal carbonization 

occurs at the first stage of the physical activation process. At 

the first stage, carbonization process happens below 8000C 

temperature, in the absence of oxygen.  Devolatilization takes 

place to produce char in carbonization process [5].  At the 

second stage, char is activated using steam, or 
CO2.Carbonization process burns off non – carbon and 

produces char with high carbon content. Compounds pyrolizes 

at high temperatures, ranging from 600 0C to 1100 0C [6]. 

Carbon is oxidized by oxygen to the carbon dioxide. Air 

should be kept on very controlled during the activating 

process. At high temperature, char reacts with this oxidation 

agent and removes carbon atoms by developing large internal 

surface area and forms porous structure. At the temperature 

800- 1000 0C stream and carbon dioxide act as oxidizing 

agents as following [7] :- 

Cx (H2O)y                                  xC (s) + y H2O  Carbonization 

C (s) + H2O                                  CO2 +2 H2 Stream activation 

                                                                         (▲H =+75 KJ) 

C (s) + CO2                                                     2CO  Activation by CO2           

                                                                                                               (▲ H = +159 KJ) 

 

Porosity depends on the conditions such as temperature, 

mass ratio of carbon to oxygen and flow rate. If necessary, 

additional treatment processes  process are applied [5].The 

method of activation depends  on density of the material and  

physical characters (Granular or Powered) of the material. 

 I.II. CHEMICAL ACTIVATION OF CARBON 

Chemical activation is another activation process, that used 

to improve pore spaces in the activated carbon. It is a single 

stage process used to prepare activated carbon. Phosperic acid 

(H3PO2) Zinc chloride (ZnCl2), Potassium carbonate (K2CO3), 

Potassium hydroxide (KOH) Sulphuric acid (H2SO4) are some 
chemical agents that can be used  to   improve the  porosity of  

the activated carbon [8]. Activated carbon and chemical 

mixture, should heat around 750 0C. Chemical activating 

agents are more favorable than physical activation agents due 

to high yield and low temperature (Low energy) requirements. 

The economic value of the activated carbon as an adsorbent 

depends on its capacity, stability and reusable ability for 

adsorption process. The adsorption capacity of the activated 

carbon mostly depends on porosity of the material. Carbon 

surfaces with oxygen functional groups are classified into 

three groups such as acidic, basic and neutral groups.  

II.CLASSIFICATIONS OF ACTIVATED CARBON 

 II.I. GRANULAR ACTIVATED CARBON 

Granular activated carbon performs as fixed bed columns. 

Hard materials such as wood, coal, lignite, peat, and coconut 

shells are used to prepare granular activated carbons. 

Normally particles size is larger than 0.177 mm. It is 

commonly used as column filters to remove gas or liquid. 

Granular activated carbon can adsorb considerable 

contaminants in water due to large surface area. Granular 

activated carbon can be regenerated after use through thermal 

degradation process. Pore distribution of granular activated 

carbon is shown in Figure:1[4]. 

    II.II. Powdered activated carbon 

 Diameter of Powered AC is lower than 0.2 mm. It is 

typically ranges from 5- 50 µm. Powdered activated carbon 

cannot be regenerated or recovered after sorption of 

contaminants. Powdered AC is applied to municipal waste 

water treatment, and food industry for odor control  [4]. 

Powdered AC are shown in first image of the Figure:2 [4]. 

Wood saw dust is used as powdered activated carbon. 

Powered activated carbons are very effective than granular 

activated carbon, due to small particle size. Powdered 

activated carbon sedimentation done aided with coagulants. 
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About 50% of the total production of activated carbons are  

produced as powdered activated carbons [5]. 

 
Figure 1: Pore size distribution of granular activated carbon [4] 

 

 II.III. ACTIVATED CARBON FIBERS 

 

     AC fibers and activated carbon fabrics were initially 

developed in 1970, used as precursor’s phenol or viscose 

rayon. Activated carbon fiber is heat treated in an oxidizing 

atmosphere to activate. Homogeneous polymeric raw materials 

are used to prepare activated carbon fibers. Fiber shape is 

improved the contact efficiencies between the media and 

adsorbent. Activated carbon fabrics can be prepared as fabric 

or felt. Synthetic cloths such as Rayon, Kevlar can be used to 

manufacture activated carbon fabrics [9]. 

 
Figure 2: Different forms of activated carbon [4] 

III. PREPARATION OF ACTIVATED CARBON FROM 

WASTE MATERIALS AS LOW COST MEDIA 

 

Various raw materials can be used to produce activated 

carbon. Conventional waste materials such as Agricultural 

waste materials, woody waste materials, and non conventional 
waste such as municipal waste materials and industrial waste 

materials are major waste materials that can be used to prepare 

activated carbon. Waste based activated carbon has many 

advantages, because they have economically and 

environmentally friendly nature. Waste can be used as low cost 

media for produce activated carbon. There are numerous 

studies are carrying out regarding the use of waste as activated 

carbon [6]. 
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Table 1 :  Different types of agricultural waste used to remove 

different contaminants in waste water. 

 

 

 

 III.II. OTHER WASTE MATERIALS (MUNICIPAL 

AND INDUSTRIAL WASTES) 

In the modern world, solid waste is rapidly generated due to 
the industrial and domestic activities. Plastic, tires, PET 

bottles, fabrics are major municipal solid waste generated in 

today. They are disposed to the landfill site or incinerated. 

Waste management is a global problem. This waste is a good 

source for activated carbon. Considerable number of studies 

has been carried out to use of municipal waste as activated 

carbon for the wastewater treatment [17]. Raw materials such 

as polyethylene and plastic are normally used to prepare 

activated carbon fibers. Organic materials, heavy metals such 

as mercury, nickel and copper can be removed using these 

activate carbon. These activated carbons are economically 

viable and have a good adsorption mechanism. Related studies 
on waste materials are presented in Table: 02  

 

 Table 2: Different types of municipal waste for removal of 

remove contaminants in water  

Waste material Contaminant 

removed 

Reference 

PET bottles Phenols, Organic 

compounds 

[19] 

Waste tires Cr (11) [17] 

Denim fabric 

waste 

Textile dye [18] 

Coal tar pitch Organic compounds [13] 

IV. APPLICATIONS OF ACTIVATED CARBON IN WASTE 

WATER TREATMENT 

 

Waste water generated due to industrial, agricultural and 

domestic activities may contain toxic chemicals, heavy metals, 

organic pollutants and inorganic substances. Activated carbon 

is majorly used in aqueous phase treatments. Activated carbon 

is used to treat waste water, contaminated ground water and 

drinking water. In the wastewater treatment systems adsorption 

technology of activated carbon is normally used in the primary 

treatment, other water purification process, or finally in the 
advanced treatment process [20]. 

Molecular size, solubility of the adsorbate mainly affects the 

adsorption process of the activated carbon. The adsorption 

process of activated carbon is a result of interactions between 

the activated carbon surface and adsorbate [21]. Both 

electrolyte and non electrostatic interactions occur in the 

adsorption process. Electrolyte adsorbate interactions occur 

with the electrical charge density of the activated carbon, 

Type 

of 

agricu

ltural 

waste 

Conta

minant 

remove

d 

Highlights Reference 

Cocon

ut 

shell  

Heavy 

metal 

Coconut shell carbon can be 

used as low cost effective 

media to  remove Zn in 

Aqueous solution, Removal 

efficiency is depend on pH, 

concentration of adsorbent, 

agitation times, and particle 
size 

[10] 

 

Rice 

husk 

Crude 

oil, 

Diesel 

fuel 

Black rice husk ash activated 

carbon is an effective 

adsorbent for spill oil, grease 

purification of water. 

 

[11] 

Rice 

husk 

NOM Activated carbon with meso 

pores (2–50 mm width) and 

micro pores (1–2 mm width) 

are well adsorbing NOM in 

water. Rice husks are low 

cost adsorbents when 

compared with other 

commercial AC. 

 

[12] 

Coir 
pith 

Dye, 
COD 

Coir pith carbon 
significantly reduces dye 

color and COD in textile 

industry waste water. 

Adsorption efficiency 

increases with column bed 

depth and decreases with 

flow rate of water. 

 

 

[13] 

Sugar 

cane 

bagass
e  

Heavy 

metal  

Activated carbons prepared 

through chemically 

activation using Zinc 
chloride have a high 

adsorption capacities for  

removing  Cr (VI) irons. 

[14] 

Olive 

cake 

Herbici

des 

Activated carbon with larger 

macro-pores and micro-

pores has better potential for 

herbicide absorption. 

[15] 

Pecan 

shell 

VOC Very effective adsorption for 

the benzene. 

[16] 
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chemical characteristic of the adsorbate, and ionic strength of 

the solution. Hydrogen bonds, Vander Waals forces and 

hydrophobic interactions are non electrostatic interactions.  

 

IV.I. HEAVY METAL AND ORGANIC SUBSTANCES 

ADSORPTION IN WASTE WATER 

 

     Waste water with heavy metals are discharged by the 

Industrial activities such as vehicle manufacturing, paint 

industries, mining industries and agricultural activities such as 

fertilizer manufacturing industries.  According to the world 

health organization Chromium, Copper, Cadmium, Lead, 

Mercury and Nickel are considered as most toxic heavy metals. 

Many studies showed that adsorption process of activated 

carbon is a more economically and technically feasible method 
to remove heavy metals in waste water [22]. Different studies 

on the heavy metal adsorption from wastewater are shown in 

Table 03. Metallic ions chemical structure, pH of the solution, 

surface charges, porosity of surface area and composition are 

some of the factors that control the metal iron adsorption. 

 

Table 3: Removal of different heavy metals using different 

low cost activated carbon 

 

Industrial waste, agricultural fertilizers, pesticides are the major 

sources of organic pollutants that added to the water bodies. 
Waste water from Food and beverage industries, rubber 

industries contain high amount of organic substances. 

Applications of biological treatment process to remove organic 

contaminants from aqueous solutions are very ineffective and 

time consumed. Activated carbons are more effective to 

remove synthetic and naturally occurring organic substances in 

water. Pore sizes distribution, mineral matter content, and 

surface chemistry of AC is important to adsorb organic 

compounds to the AC. Adsorption capacities of organic 

substances to the AC depend on the size of the Organic 

substances. Small molecules such as phenol compounds can 

access to the micro pores, organic substances can attach to the 
meso pores, and bacteria can access to the macro pores of 

activated carbon. Adsorption mechanism of AC is driven by an 

electrostatic force and tail groups of surfactant [26]. 

 

V. REGENERATION OF USED ACTIVATE CARBON 

 

When activated carbon is used to remove adsorbate from 

liquid, stream or gas carbon become saturated with the 

adsorbent. When the adsorption capacity of activated carbon 

decreases, it is unacceptable to further adsorb pollutants. When 

activated carbons exceed its adsorption capacity, there are two 
options. It can be disposed or it can be regenerated for 

reutilization. Regeneration of activated carbon is better for the 

reduction of waste and the cost. In some occasions regeneration 

cost may be higher than the production cost or regenerated 

activated carbon occupy with low adsorption capacity than the 

original activated carbon [5]. 

After completion of several regeneration cycle adsorption 

capacity of activated carbon decreases. Hereafter activated 

carbon cannot be regenerated any more. It is difficultly to 

regenerate powdered activated carbon. Granular activated 

carbons can be easily regenerated. Granular activated carbon 

has a higher demand than powdered activated carbon. 
Activated carbon can be regenerated at the site or by contacting 

the manufacturer. There are several technologies used to 

regenerate activated carbon [5]. 

 

 V.I. CHEMICAL REGENERATION 

Relevant chemicals such as sodium hydroxide, Sodium 

bicarbonate are used as regenerate agents. These chemicals 

react with adsorbate. As an example, sodium hydroxide reacts 

with the phenol and form sodium phenol, substances dissolved 

in water. Acid can be used as regeneration agents to remove 

heavy metals from activated carbon. Chemical agents affect to 
porosity and reduce the regeneration capacity of the activated 

carbon [5]. 

Heavy 

metal 

Type of 

activated 

carbon 

Remarks References 

Cd(ii), 
Zn( ii) 

Sugar 
bagasse 

The adsorption 
kinetics of adsorption 

of those ions depend 

on the concentration 

and the characteristics 

of the adsorbent.  

[23] 

Pb(II),  

Hg(II),  

Cu(II) 

Coconut 

buttons 

Adsorption capacities  

decrease as Pb( II ) 

>Hg( II ) > Cu( II ) 

Metal ions are 

removed through 

batch adsorption 

process. Good 

adsorption potential 
for Hg (II) at PH 7.0 

and Pb (II) and Cu (II) 

at pH 6.0. 

[24] 

Cu (II) Granular 

activate 

carbon 

Present of humic acids 

increases the copper, 

iron adsorption. 

[25] 

Li Electroch

emical 

polarized 

activated 

carbon 

Adsorption properties 

of AC depend on the 

physiochemical nature 

of surface and texture 

such as pore volume, 

pore distribution.  

      [25] 
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   V.II. THERMAL REGENERATION 

Thermal generation has been a most frequently applied 

method to regenerate exhausted activated carbon.   Activated 

carbon is heated at the temperature between 800-1274 K inside 

the different types of furnace. Different research studies were 

carried out at different temperatures to regenerate activated 

carbon.  Stream or heated nitrogen is used to remove organic 

contaminants and regenerate exhausted activated carbon. 

Convent heat treatment methods, rotary kiln, fluidized bed 

furnace and microwave furnace is used in the thermal heat 

treatment process. Microwave furnaces are more efficient and 
less time consumed than conventional finances. Thermal 

regeneration is a High energy consuming process [27]. 

 

 V.III. Bio regeneration of activated carbon 

 

Recovery of adsorptive capacity in activated carbon using 

aerobic, anaerobic microorganisms for further adsorption is 

called as bio regeneration. Microorganisms digest the 

compounds and transform them into the nontoxic substances. 

Bio regeneration process improves is improved the self life of 

activated carbons. Microbes use organic substrates to generate 
energy, break down the substrate to simple molecules or irons, 

such as CO2, CH4 and Cl-. Bio regeneration occurs due to the 

concentration gradient between the activated carbon and liquid 

bulk. Bio regeneration occurs only in desorption materials. 

Comparing with thermal regenerations this method is 

consumed low temperature and low energy. But pH, 

temperature and concentrations of the solution need to be 

controlled control to keep favorable conditions for 

microorganisms. 

 

 V.IV. Steam regeneration 

 
Stream generation is commonly used for regeneration of 

activated carbon with low boiling point materials.  This process 

operates at low temperatures. When activated carbon is 

saturated, a stream flows through the activated carbon bed. Due 

to the heat of stream desorbs the adsorbate from the activated 

carbon. Hot Nitrogen or heated air can be used instead of the 

stream [28].   

 

VI. SWOT ANALYSIS OF ACTIVATED CARBON IN 

WASTEWATER TREATMENT SECTOR 

 
I.  STRENGTH 

 

Reuse of agricultural byproducts and municipal wastes for 

activated carbon is offered a sustainable end point solution for 

solid waste disposal. This will be a considerable alternative for 

the waste disposal. Wastewater generation is increasing day by 

day and the demand for clean water is also increased due to the 

rapid population growth in the world. Therefore, utilization of 

agricultural byproducts and waste materials as low cost 

materials for the AC production is a huge strength. With the 

availability of local, low cost resources people will apply 

activated carbon for aqueous phase and gaseous phase 
treatment. Activated carbon is a low cost inert substance, so 

interactions between carrier and active phase are very limited, 

that will be strength for wide applications of activated carbon. 

Large internal surface area of the AC is carried out more 

compounds than other oxide carriers. Activated carbons can be 

used for high temperatures due to the stability of the activated 

carbon inert atmosphere. When compared with other carriers 

activated carbon is relatively cheap. Activated carbon has a 

better electrical conductivity and shows a faster heat transport 

than other oxide carriers.  

 

II.  WEAKNESS 

 

Some activated carbon materials such as coal and lignite 

are expensive non renewable resources. Materials such as 

coconut shells, rice husks are not readily available at 

everywhere. Agricultural waste may have lot of impurities, so 

need to bear additional costs and pretreatment process to 

remove those impurities. Some materials have extra processes 

such as binding and pelletization (Lima & Marshall, 2005). 

Powdered AC cannot be recovered and it is also difficult to 

extract from water treatment plants.  Chemical agents that are 

used to regenerate AC are very expensive and this chemical 
agents affects are affected porosity and reduce the regeneration 

capacity of the activated carbon [5]. AC has a short services 

life, and need to be replaced when bonding sites of the 

activated carbon is filled with contaminants. Some AC could 

remove specific contaminants, so using one type of AC cannot 

remove all contaminants. 

 

III.  OPPORTUNITIES 

 

With the current situation of waste generation and waste 

management it is essential to identify opportunities for 

manufacturing activated carbon using locally available 
materials. Also need a proper assessment of possible risks and 

identify feasibility of the applications of those materials as 

activated carbon. As an income generation source, waste can 

convert into the activated carbon. Activated carbon can be 

applied to the wastewater treatment plants with a small process 

modification. Industries can be encouraged by giving 

opportunities to manufacture activated carbon from locally 

available materials. Most of the above findings are limited to 

the laboratory experiment or/ researches, therefore there is a 

great opportunity to identify practicability of the above 

findings for wastewater treatment. 
 

IV.  THREATS 

 

Lack of knowledge and awareness regarding the optimum 

activation conditions such as temperatures, times, 

environmental conditions regarding the activation time is more 
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problematic. Final disposal of end used activated carbon with 

the pollutants will be a great problem. The type of AC applied 

is changing from one water treatment plant to another. Waste 
and agricultural byproduct used for the AC are not always safe. 

Quality of the Agricultural byproducts will be changed with the 

seasonal variations.  

VII. CONCLUSION 

Depletion of clean water is becoming a critical issue in these 

days. The presence of contaminants such as heavy metals, 

organic matters, and volatile organic compounds due to the 

anthropogenic activities, affects to human health.  As a good 

adsorbent, activated carbon is becoming more popular in many 

applications, including water treatment. It can be used for 

process modification in the waste water treatment plants. There 

are vast varieties of natural, low cost materials that can be 
selected as raw materials for activated carbon. But their 

activations conditions differ from each other. Optimum 

conditions should be identified to activate that AC. Most of the 

time specific contaminants are removed by specified activated 

carbons. In aqueous phase treatment, activated carbon can 

remove heavy metals, volatile organic compounds, and organic 

matter in the water. Conventional waste such as agricultural 

byproducts, woody materials and non conventional waste such 

as municipal waste can be used as activated carbon to purify 

gaseous and aqueous phase pollutants. Further studies should 

be conducted to applications of new materials such as banana 
trunk fibers, fabric waste as activated carbon. These research 

studies should expand into practical applications. Use of 

activated carbon in waste water treatment in automobile 

services, Rubber factories, hairdressing saloons and odor 

control are still not properly assessed. Research studies under 

the oil removal using AC should be conducted. Economic 

feasibility of different activated carbon recovery methods and 

activation methods should be properly evaluated. 
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