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Abstract 

Activated carbon can be derived from many different and cheap sources. The 

production process consists of carbonization and activation. In carbonization, the 

process is subjected to high temperatures at predetermined time intervals. The 

carbonized product is combined with activating agent at specific impregnation ratio and 

heated to moderate temperature. The resulting activated carbon develop high physical 

properties and surface characteristics of pore size, pore size distribution, total pore 

volume, surface area, iodine value and enriched carbon content with high density. These 

properties of activated carbon depend on factors of activating agent, method of 

activation, impregnation ratio, temperature of activation and type of starting material. 

The activated carbon has wide applications in domestic, commercial, industrial and 

medical settings to the utmost benefit of mankind. 
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Introduction 

Activated carbon (AC) is one of the most attractive adsorbent which has a wide area of 

applications. The useful properties of AC have been known since ancient times. In about 

1500 B.C, the Egyptians used charcoal as an adsorbent for medical purposes and as a 

purifying agent, likewise the Hindus societies who purified their water by filtration 

through charcoal [Echegi, 2013]. In the early 1900s, many plants that use AC as the 

decolourizing agent emerged in some parts of Europe, and around 20th century, the first 

plant to produce AC industrially was built for use in sugar refining industry in Germany. 

During World War I, AC was used in gas masks for the protection against hazardous 

gases and vapours. 

 Today, activated carbons are used to remove colour and other impurities from 

pharmaceutical and food products, as air pollution control devices for industrial and 

automobiles exhaust, for chemical purification and as electrodes in batteries among 

others. 500,000 tons per year of AC are produced globally and it is envisaged that the 

amount will continue to rise due to its ever increasing demands [Echegi, 2013]. 

 Activated carbon is an amorphous form of carbon that has been specially treated 

so as to improve the adsorptive properties. It is characterized by a vast system of pores 

of different molecular sizes within the carbon particles. AC consists of non-planar layers 

of carbon with some linearly or singly bonded atoms. This makes up the entire carbon 

specimen and explains the existence of porosity and constitution of porosity over the 

entire surface. The surface area within the pores of the activated carbon is a boundary 



IMT INTERNATIONAL JOURNAL OF THE ARTS AND SCIENCES VOL. 2 NO. 1 

E-ISSN: 2616-096 

 

 
 

97 

condition that limits the proximity of the adsorbed atoms or molecules [Amir, 2012]. 

Limitation of the electron density makes the shape of pores curved. There are some 

pores which are open to the smaller molecules than the larger ones. It has a large 

number of very fine pores that give the AC a large inner surface which is the basis of its 

remarkable adsorption properties. 

 The removal of solutes from solution is an adsorption process. In adsorption, the 

molecules of a gas or liquid are deposited onto the surface of a solid or liquid and settle 

on the surface of the solid, which is called the adsorbent. The gas or liquid is called the 

adsorbate. Adsorption on a solid surface is a complex process due to non-linearity at the 

entire range of the operation [Echegi et al, 2015]. The solid adsorbent is characterized 

by variations in energy, chemical composition and crystalline structure. These regions 

of irregularity exhibit different responses to the invading foreign molecules. The 

adsorption process involves the establishment of equilibrium between the adsorbate 

and the adsorbent. The equilibrium is establishment between the bulk of the gas or 

liquid and the surface of the solid or liquid. At equilibrium, the concentration of the gas 

or liquid molecules is greater at the surface than in the bulk of the gas or liquid. The 

cause of the adsorption is attributable to the fact that atoms on the surfaces of solids or 

liquids are subjected to uncompensated forces [Echegi, 2014]. These deficiencies are 

partly alleviated by the adsorption of foreign molecules. During adsorption, the 

adsorbate molecule migrates to the surface of the activated carbon. From the adsorbent 

surface, the adsorbate penetrates into the internal surface of the adsorbent, if porous, 

encountering resistance to penetration in the process. The interaction of the molecules 

of gas or vapour with the surface of the adsorbent (activated carbon) results in 

settlement of adsorbate molecules on the surface of the adsorbent. 

 Generally, AC is composed of 60 to 90% carbon but also contains other elements 

depending on the processing method used and the raw material it is derived from. 

Activated carbon’s porous structure allows for the adsorption of materials from liquid 

and gas phase [Echegi, 2015]. Due to overlapping of the adsorption potential of opposite 

walls in micropores, there is up to three times more adsorption energies in the 

micropores than on the non porous surface of a solid carbon. These favourable 

properties make activated carbon a popular adsorbent for many applications. 

 

Production of Activated Carbon 

 

Raw Materials 

Activated carbon can be produced from any carbonaceous material such as various 

ranks of coal (peat, lignite, bituminous and anthracite), wood, sawdust, rice husks, corn 

cobs, sugar, bones, petroleum heavy oil, as well as wood, sawdust, rice husks, corn cobs, 

coconut shells and other cellulosic materials. It is interesting to note that all these 

starting materials are readily available and relatively cheap. Since the manufacturing 

process involves the removal of volatile matter from raw material, the economic 

relationship between price, availability, and quality of the raw material, on the one 
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hand, and its volatile content, on the other, is a matter that should not be compromised. 

For instance, one of the advantages of bituminous coal and anthracite is their relatively 

high carbon content and product yield [Echegi, 2013]. 

 A major consideration may be centred on the availability of the raw materials 

such as wood, rice husks, saw dust, etc., which, despite having very high volatile 

contents and, hence, giving low yields of activated carbon, are very cheap that the 

economics involved in their use are most a time favourable. Even though the same 

procedural stages of carbonization and activation are employed, the chemical nature of 

the surface oxides and the surface characteristics of the resultant product such as the 

surface area, the structure of the pores and the pore size distribution are mainly 

determined by the nature of the starting material. Thus, this review focuses on the 

various steps involved in the production of activated carbon from coal; the adsorptive 

characteristics; and the applications of the derivable product. 

 

Preparation of Activated Carbon 

Activated carbon can be produced by two main methods: physical activation and 

chemical activation. 

 

Physical Activation 

This method involves two main steps as follows. 

1. Carbonization of carbonaceous raw material or pyrolysis and 

2. Activation or gasification of char/charcoal or carbonized raw material 

 

Carbonization or Pyrolysis 

This involves heating the raw material(s) to a high temperature in absence of oxygen. At 

this stage, almost all of the volatile fractions associated with the raw material are 

oxidized and removed in form of permanent gases and tar. The residue that contains 

mostly carbon is produced as carbonized material or char. The three products obtained 

from the decomposition process are char (charcoal), tar and gases. In order to optimize 

the char fraction in this process, the raw material has to be heated with a slow heating 

rate at the temperature range of 400–8500C [Girgis et al, 2002]. The adsorptive 

properties of the activated carbon including pore characteristics are determined by the 

temperature, the nature and properties of the raw material as well as the type of 

activating agents. The pore characteristics cover the surface properties such as total 

pore volume, pore diameter and pore size distribution, etc. In the manufacture of 

activated carbon, it is desirable to develop the maximum accessible surface area and 

pore characteristics that are commensurate with economic viability and product 

application. 

 However, the carbon (char) obtained from the carbonization process possesses a 

poor adsorption capacity and does not meet present-day standards. This can be 

attributed to the fact that the available surface area of the pulverized charcoal, which is 

essentially the external surface area is only 2 to 100 m2/g as against the standard 
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specification of 1000–1500m2/g. Therefore, the carbonized material needs further 

treatment to improve these important properties. Thus, the char needs to be treated to 

increase the porosity and widen the existing micropores and some mesopores. This 

further treatment is called activation and most often referred to as physical activation. 

 

Activation 

In this second step of this process, the carbonized material is subjected to activation. 

There are two established methods in this type of activation. In the first method which 

is most often referred to as thermal activation, the carbon is activated by introducing 

oxidizing agents, usually steam, air or carbon(iv)oxide at temperatures between 8000–

11000C [Marsh et al, 2006]. 

 Physical activation involves the contact between the char and the activating 

agent followed by reaction between the surface carbons on the pores and the activating 

agents. During the first stage, the clogged voids between the crystallites are opened 

exposing the surface to the activating agent. At the second stage, the existing voids are 

widened and new voids are created as the oxidizing agent attacks the surface of the 

crystallites and creates a series of fissures and cracks called pores [Sufnarski, 1999]. 

The most important effects of the activation step are the formation of micropores and 

mesopores and the increase of the volume and diameter of existing pores. The extent of 

oxidation depends on the development of the pores during carbonization and the type 

of activating agent. A measure of the extent of oxidation is termed burn-off, which is the 

difference in weight between the carbonized by-product and the activated carbon. 

 Reaction rates also influence the development of porosity. In general, lower 

reaction rates result in greater porosity. For Amir [2012], activation with steam and 

carbon(iv)oxide involves the following reactions: 

  

  C + H2O  = CO + H2  ∆H = +130 KJ/mol 

 

  C + CO2  = 2CO   ∆H = +159 KJ/mol 

 

Both reactions are endothermic and require external heating to maintain the reaction 

temperature. As a result, the reactions tend to be uniform and easy to control.  

 For steam activation, two further reactions are possible. Thus, according to 

Marsh et al [2006], at this high temperature of activation, the water-gas shift reaction 

can be catalysed on the surface of carbon as follows: 

 

   CO + H2O = CO2 + H2  ∆H = - 41 KJ/Mol 

 

The other possible reaction in steam activation is methanation as follows: 

   CO + 3H2 = CH4 + H2O  ∆H = - 206 KJ/mol 
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Both reactions are exothermic, but the heterogeneous water-gas reaction is dominant 

and the overall process is endothermic [Azargohar, 2009].  

 However, the steam is the preferred activating gas because a water molecule has 

smaller dimensions than a carbon(iv)oxide molecule which results in faster and deeper 

diffusion into the porous network of carbon. 

Activation with oxygen involves the following reactions [Sufnarski, 1999]: 

  

  C + O2  = CO2  ∆H  =  - 387 KJ/mol 

 and  2C + O2 = CO  ∆H  = - 226KJ/mol 

 

Again, these reactions are exothermic, so the rate and extent of reaction cannot be 

controlled by varying the heat supplied to the activation process. In addition, as an 

aggressive oxidant, oxygen leads to excessive surface burn-off and loss of carbon. This 

condition renders oxygen unfit for usage as an activating agent. 

 The second method of this physical activation involves the use of activating 

reagent and heating in a low temperature. Some of the activating agents are ZnCl2, 

H3PO4, HCl, H2SO4, KOH, NaOH, Na2CO3 etc. The carbonized sample is combined with the 

activating agent at a required ratio and heated in inert atmosphere to a temperature 

range of 4000 – 7000C [Echegi, 2013]. 

 In both methods/steps of physical activation, the oxidizing agents perform 

similar function of creating and developing the pores on the surfaces of AC by the 

removal of non-carbon impurities. During the activation process, the space between the 

elementary crystallites becomes cleared of less organized bound carbonaceous material. 

The resulting channels expand through the graphitic regions, the spaces between the 

elementary crystallites, together with fissures within and parallel to graphitic planes 

constitute the porous structure with large internal surface area. Apart from the 

contamination of the AC by the residual activating agent, this method is preferred in 

terms of high quality of product and efficacy of adsorption characteristics. 

 

Chemical Activation 

In chemical activation, both carbonization and activation processes are conducted 

simultaneously at the same temperature. It involves the impregnation of the carbonized 

material by mixing it with an excess amount of a given chemical, usually in the form of 

concentrated solution. Like the physical activation, the commonly used activating agents 

are NaOH, KOH, H3PO4, ZnCl2, H2SO4, Na2CO3, K2CO3, HCl, etc. 

 The impregnation is conducted in such a way as to ensure an intimate contact 

between the reagent and the starting material. The combination which is termed 

chemical activation reaction leads to dehydration/erosion of the carbon skeleton and 

swelling/expansion of the interior canals of the existing structure with the resultant 

formation of porous structure. The chemically impregnated precursor is heated to a 

controlled temperature at an inert environment devoid of oxygen. The required 
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temperature is within 6000–11000C. The resulting product is activated carbon with 

highly developed surface adsorptive properties. 

 The guiding factors in chemical activation are the impregnation ratio of 

activating agent to precursor, nature of the activating agent, type of starting material 

and the temperature of the activation [Echegi, 2013]. The inter-relationship between 

the various activation process variables is complex and no correlation involving these 

parameters has been established, up to date. The nature of the precursor is the 

determinant of certain properties of the final activated carbon such as the porosity and 

pore size distribution. The degree of erosion of the carbon structure and nature of the 

surface oxides that form in the carbon during activation emanate from the effect of 

composition of the activating agent. Alkali compounds such as hydroxides and 

carbonates of potassium and sodium develop micropores, whereas transition metals 

and alkali-earth compounds promote the formation of mesoporosity [Azargohar, 2009]. 

 The impregnation ratio is one of the major factors that determine the quality and 

the size distribution of the pores. After the activation, the residual or unused 

impregnation agent is eliminated by washing with acid/base and water, a process that 

further opens the existing pores. Generally, chemical activation results in high 

development of the porous structure of the activated carbon product if the process 

variables are properly co-ordinated [Echegi, 2015 and Echegi et al, 2015]. 

 

Properties of Activated Carbon 

The major factor responsible for the properties of activated carbon is the nature of 

starting material or precursor. The important physical and chemical properties are the 

number and size distribution of the pores, bulk density, pH, surface area, iodine value, 

fixed carbon, and moisture content etc. 

 Activated carbon is an adsorbent that adsorbs (removes) the adsorbates from a 

substance into the internal surface constituting the walls of the pores. Since adsorption 

is mainly a function of surface area, the occurrence demands that the adsorbent must 

possess the minimum standard specification. Hence, the greater the adsorption surfaces 

available, the higher the adsorption capacity of the activated carbon. The internal 

surface area is generally greater than 400 m2/g but ranges from 100 to 2500 m2/g. 

 Adsorption occurs due to imbalance of the forces that act upon the carbon atoms 

constituting the surface of the pore walls. In attempt to rectify this differential in forces 

of carbon atoms, molecules from gaseous or aqueous phase are attracted and held to the 

surface. The steps involved in the adsorption can be summarized as: (i) the solute from 

aqueous solution diffuses to the solid surface of the activated carbon; (ii) from the 

surface, it diffuses and penetrates into the pores of activated carbon; and (iii) it 

penetrates and settles to the pore walls and pore wall surfaces. The range of the pore 

distribution and the number of pores that constitute the pore volume on the surface of 

activated carbon are some of the major factors that affect the adsorption of solutes by 

the activated carbon. For effective adsorption to take place, these parameters must meet 

the minimum standard specifications of an adsorbent. In this regard, the diameter of the 
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pores must be greater than 0.2 nm up to several thousand nm. Also, the pore volume 

should be from the range of 0.2 to 0.95 cm3/g and that of particle size distribution 

ranging from 0.5 to 3.5mm. Micropores have the greatest influence upon gas adsorption 

while mesopores and macro-pores are important in the transport of fluids to and fro the 

micropores. Due to overlapping of the adsorption potential of opposite walls in 

micropores, there is up to three times more adsorption energies in the micropores than 

on the nonporous surface of a solid carbon [Amir, 2012]. 

 The ash level reflects the purity of the carbon. Ash emanates mainly from the 

formation of oxides of sulphur, phosphorus, silicon etc during carbonization. The 

deposited ash covers the surface and thereby blocking and reducing the dimensions of 

the pores. In addition, it will lead to the alteration of other surface characteristics 

especially the hydrophilic/hydrophobic existing balance and hence the adsorptive 

behaviour and selectivity trends of the product. The higher the value of the ash content, 

the smaller the value of adsorption capacity of the activated carbon.  

 The moisture content determines the degree of dryness of the adsorbent. 

Moisture present in the pore acts as a barrier to the penetrating adsorbate. The rating of 

adsorbents in terms of moisture content stipulates that its value must not exceed 

10.0%. But the active substance that provides active sites for the adsorption proper is 

the fixed carbon. For an activated carbon of approximately 1000m2/g surface area, 

there are about 1020 adsorption sites with different potential energy well [Marsh et al, 

2006]. Coal and bones are most often preferred as raw materials for activated carbon 

mainly due to high content of fixed carbon. As specified in the Table below, every 

adsorbent must have minimum value of fixed carbon content of 50% but up to 

maximum of 90%. Another form of impurity is the driven-off impurity called volatile 

matter. In activation process, the desired interest is to oxidize and remove all the 

volatile substances in order to increase the content of fixed carbon in the activated 

carbon product. This informed the basis for the use of high temperature and powerful 

oxidizing agents for the carbonization and activation processes. In the overall 

composition of the activated carbon, the volatile substance is inversely proportional to 

the fixed carbon content and thus the smaller the value, the higher the adsorptive 

capacity of the adsorbent. 
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                                 Standard Properties of Activated Carbon 

 

Description Range 

Bulk density (g/cm3) 0.30 – 1.40 

Diameter of micropores (nm) 0.20 – 0.80 

Pore volume (cm3/g) 0.2 – 0.95 

Particle size distribution 

(mm) 

0.25 – 3.50 

Porosity 0.300 – 0.700 

Ash content (%) 2.00 – 20.00 

Moisture content (%) 2.00 – 10.0 

Fixed carbon (%) 50.00 – 90.00 

Volatile matter (%) 15.00 – 25.00 

      Ph 3 – 8 

Surface area (m2/g) 100 – 2500 

Iodine value (mg/g) 200 – 1500 

Carbon tetrachloride number 50 – 80 

Molasses number 120 – 400 

                                             Source: Amir, 2012 and Hassler, 1988 

 

 Other factors that influence the adsorption characteristics of activated carbon 

are pH, iodine value, carbon tetrachloride number and molasses number. Iodine value 

gives a measure of the micropore volume of the carbon and it approximates the total 

internal surface area of the carbon. The small iodine molecule is adsorbed in pores 

down to 10 A0 in diameter, hence iodine number is an indication of the surface area of 

the pores in that size range. At the other end of the scale, molasses, with large 

polysaccharide molecules, are adsorbed only in pores larger than about 30A0 in 

diameter, and the molasses number gives an indication of the number of pores in that 

size range [Echegi, 2013]. For the rating of the activated carbon, the values of these 

parameters must be in line with ranges enumerated in Table above. 

 The chemical nature or polarity varies with carbon types, activating agent, 

temperature of activation and the effect of attractive forces between the molecules (ie 

adsorbate and adsorbent). In general, the pH value of AC which is a function of those 

factors varies from 3-8. During activation, carbon-oxygen complexes are formed as 

oxygen from the oxidizing agents (CO2, O2, steam, etc) is picked up by the surface atom 

[Lillo-Rodena et al, 2004]. These complexes are usually classified as either basic or 

acidic. Carbon activated at low temperatures (2000 – 5000C) develop acidic surface 

oxides that include phenol hydroxyl, carboxyl and lactic groups [Lillo-Rodena et al, 

2004]. Carboxyly groups make the surface polar and decrease the adsorption of non-

polar compounds. Carbons activated at higher temperatures (8000 – 10000C) form basic 

oxides that attract organic acids [Sufnarki, 1999]. While the individual activating agent 
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of KOH, NaOH, H3PO4, ZnCl2 etc imparts its own characteristics of basic or acidic 

properties to the carbon surface [Echegi, 2013]. 

 The effect of adsorbate pH is important when the adsorbent is capable of ionizing 

in response to the prevailing pH. When the pH is such that an adsorbate compound 

exists in ionized form, adjacent molecules on the carbon surface will repel each other 

because they possess the same charge. In contrast, when the adsorbate molecules are 

not ionized, no electrical repulsion exists and the adsorbate molecules can pack closely 

together on the surface of the carbon. 

 

Application of Activated Carbon 

Due to high degree of reactivity and high adsorption capacity, activated carbon has a 

very large area of applications. The main areas are classified as: gas/vapour phase 

adsorption, liquid phase adsorption and as a catalyst and catalytic support in process 

industries for catalytic reaction optimization. In gas/vapour phase adsorption, AC is 

used for the air purification for habitable spaces such as residential building and offices, 

prevention of air pollution from hazardous gases emitted from industries and power 

plants as well as purification of gases by the removal of impurities such as ammonia, 

hydrogen sulphide, amines, mercury and radioactive iodine. In recent years, it has been 

increasingly used for the prevention of environmental pollution and stabilizing the 

equilibrium of the ecosystem. 

 In liquid phase adsorption, AC is used for the purification of domestic and 

industrial waters into potable water by the removal of taste, odour, colour and other 

objectional impurities. This is in addition to the adsorption/removal of heavy inorganic 

metal ions such as chromium, mercury, copper, arsenic, uranium, lead and gold which 

are highly toxic and carcinogic and may lead to high rate of fatality to human on 

exceeding the tolerable level of concentration. In sugar industries, AC is used to remove 

colour from various types of sugar syrups and other impurities such as those causing 

foaming or retarding crystallization in sugar production. Other industrial applications of 

AC include the purification of electroplating solutions by removing organic impurities 

from bright nickel plating solutions. AC treatment removes such impurities and restores 

plating performance to the desired level of enhanced properties of brightness, 

smoothness, ductility etc. 

 As a drug, AC is used to treat poisoning and overdoses following oral ingestion, 

although it is not effective for some other poisoning including strong acid and alkali, 

cyanide, iron, lithium, arsenic, methanol, ethanol, and ethylene glycol, etc. However, it 

must be emphasized that tablets or capsules of activated carbon are used in many 

countries as an over-the-counter drug to treat diarrhea, indigestion and flatulence. It 

must be noted that incorrect application (eg into the lungs) results in pulmonary 

aspiration which can sometimes be fatal if immediate medical treatment is not initiated 

[Echegi, 2013]. Recent interests have been shifted from advanced water treatment to its 

use in direct contact with blood as an artificial kidney and remediation of contaminated 

soil [Echegi et al, 2017]. 
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 Apart from adsorption capacity, AC has different functional molecules existing on 

the pore surfaces which can react with the other molecules and catalyse a variety of 

different reactions. The catalytic nature arises from the chemistry of the functionality of 

the molecules at the pore surfaces and the graphene layer of the AC. For instance, the 

amphoteric nature of the graphene layer is responsible for the catalytic reactions 

occurring on the carbon surface during the adsorption of anions from aqueous solution. 

Carbon plays different roles in different reactions. In some reactions, the size of pores, 

extension of active surface and accessibility of these active sites are the main 

determining parameters. While in others, the presence of carbon-oxygen surface and 

the nature of the active sites are the controlling factors. Catalytic reactions are classified 

into three (1) elimination reactions (catalytic elimination of hydrogen halides etc), (2) 

Oxidation reactions (catalytic oxidation of H2S, ferrous ions, etc) and (3) combination 

(catalytic combination of H2 and Br2, phosgene and formaldehyde). AC can also be used 

as a catalytic support where it provides a much larger distribution of catalytically active 

atoms than the atoms on the surface of the corresponding metal. A good example is the 

use of AC as a catalyst support for hydrogenation of cyclohexene. 

 

Conclusion 

Activated carbons (AC) are complex substances which can be classified on the basis of 

surface characteristics, preparation methods, and industrial applications. The use of AC 

is perhaps the best broad-spectrum control technology available at present. The 

versatility of application in different areas is recognition of its enormous potential for 

future industrial expansion. The manufacture of high quality AC products is significantly 

more complex than has been outlined here due to number of contending variables in the 

manufacturing process and the complex nature of inter-relationship among those 

variables. The main objective in the manufacture of AC is the development of maximum 

surface characteristics associated with high surface area and minimum loss of carbon 

content through carbonization and activation. The selection of the type of precursor 

material and the method of carbonization and activation are the main guiding factors 

towards achieving the desirable goal of obtaining maximum adsorption characteristics 

of the activated carbon. 
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