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Abstract: The activated carbons are among the chemical products widely used in the industry and life. Thanks to their unique 

combination of adsorption and electric chemical properties related to their strongly developed specific surface, porous texture and chemical 

nature of the surface, they have not lost their attractiveness and application for more than 150 years. The use of various types of carbon 

adsorbents for solution discoloration, air deodorization, for medical and cosmetic purposes, has been known for centuries. Their appearance 

happens to be the natural development of one of the most ancient technologies - for obtaining wooden coals and is based on the increase of 

the public consumption.  
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1. Raw materials for the production of activated 

carbon 

The potential designation of the carbons is determined by the 

raw material, type of manufacturing technology and production 

conditions. The appropriate type of impregnated carbon, due to its 

specificity, must be carefully selected, to ensure safe protection, 

depending on its designation. 

The activated carbons can be divided into two groups: Powder 

and granular (particulate) carbon. The powder carbon is most often 

used for solution adsorption. The granulated activated carbon finds 

application mainly for adsorption of gases and vapors and therefore 

it is considered as gas and recuperation carbon. It finds application 

also in liquid environment, for water dechlorination, solution 

discoloration and component resolution. 

It is known that the adsorption properties and parameters of the 

activated carbons can be successfully varied depending on the 

synthesis conditions - temperature, type of the activating agent, the 

ratio: Precursor - activating agent etc., but also the type and 

composition of the raw material used [1-2].  

In terms of the raw material, an essential advantage of the 

activated carbons is the fact that they can be obtained practically 

from any carbon containing raw material. Depending on the 

composition of the raw material, some of the most often used raw 

materials for obtaining activated carbon are bituminous coals, 

bones, coconut shells, peach, apricot, olive pits, apricot shells, 

petrol residues, wood and waste biomass from the agriculture, 

asphalt, metal carbides, soot, worn out car tyres, incineration 

products, synthetic polymers, wastes from the paper - cellulose 

industry, etc.  [3-6]. The main parameters allowing suitable 

selection of activated carbon for certain purposes appear to be: the 

textural parameters - specific surface, total volume of the pores, the 

volume of the meso- and micropores as well as the ratio between 

them; the chemical nature of the surface (the presence of functional 

oxygen groups, the isoelectric point, pH of the water suspension of 

coals); the particle size composition (dispersion); the mechanical 

parameters (for instance the friability) etc.  

The micro- and super-micro- pores, the determining size of which 

(>2 nm) is commensurable to the sizes of the adsorbing molecules, 

are of significant importance for the activated carbon.  

 

 

 

2. Applications of the activated carbons 

For decades now, the activated carbon finds application as an 

adsorbent, catalyst and/or carrier for catalysts in various areas such 

as medicine, food industry, chemical engineering, environmental 

preservation and above all in the gas-mask equipment as a means 

for individual protection from vapors of highly toxic substances [7].  

The activated carbons have been used quite successfully for 

many years for adsorption and removal of impurities of processed 

gases and waters. They are the foundation of resolution of many 

problems of the recuperation of valuable components as well as the 

environment and human health preservation from hazardous air, 

water and soil pollutants [8]. They find wide application for 

purification of river and lake waters as well as waters transported to 

large distance through water pipeworks, from smell and unpleasant 

(swamp) taste. For instance, the water sterilized through 

chlorination is passed through adsorbers with granulated activated 

carbon or contacted with powder activated carbon whereat the 

unreacted chlorine and the formed chlorination compounds are 

separated (some of the chlorine organic compounds are very 

carcinogenic). 

The activated carbon is used as a catalytic carrier of various 

active phases [5;9]. The activated carbons impregnated [10-11] with 

suitable phase (compounds of Cu, Cr, Zn, Mo, Ag, as well as with 

pyridine or triethen diamine –TEDA) are as of the moment non-

alternative active materials for gas mask protection [12]. 

The requirement is for suitable mechanical and particle size 

parameters and above all suitable textural parameters such as 

specific surface, external and internal surface, specific surface of 

the mesopores, suitable distribution of the mesopores, mesoporous 

or macromesoporous type of activated carbon, with minimal 

volume of the micropores (preferably supermicropores). By rule, 

carbons are used of low ash content or prior to the impregnation 

with the phase, the inorganic substances are removed via acid 

treatment (for instance with HF). 

In the quality of catalyst for hydration, powder activated carbon 

is often used impregnated with Palladium. The activated carbons 

impregnated with zinc acetate, are used to obtain vinyl acetate by 

the reaction of interaction of the acetylene with acetic acid. The 

activated carbons impregnated with mercury chloride are used as 

catalysts for obtaining vinyl chloride from acetylene and HCl. The 

activated carbons impregnated with alkaline silicates and 
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phosphates are used in the dehydrochlorination of the ethyl chloride 

to vinyl chloride.  

 

3. Main methods for obtaining activated carbons  

The production of the activated carbons may run on two stage 

or one stage technology. In the two stage, the activation is preceded 

by carbonization as the activation itself is physical type (with steam 

gas mixture, СО2, some types of oxides such as NO2 , etc.) [9]. 

In the one stage, regardless of the opportunity for physical 

activation, more often the raw material is subjected to chemical 

activation with activating agents of acid type (Н3РО4), alkaline 

bases (КОН, NaOH) and salts such as ZnCl2 and K2CO3  [4].  

Considering the major competition on the world market for 

activated carbons, the various methods for obtaining chemically 

activated carbons are continuously improved and as of the moment, 

the data in this area are above all company secret [13]. 

 

Figure 1. Technological chart of the production of powder activated carbon 

via zinc chlorination activation  

3.1. Physical activation. 

The main principle of obtaining activated carbon consists of the 

fact that the carbon containing material is subjected to preliminary 

selective thermal treatment with follow-up activation under the 

relevant conditions, as a result of which the specific surface 

increases and the porous texture develops. 

During the activation of the carbon containing material, 

significant decrease of the mass of the solid substance takes place. 

Under suitable production conditions this results in equivalent 

increase of the porosity [14]. The part of the precursor (carbon 

containing material), which burns in the process of activation is 

called burn-off rate. The most important factor defining the 

capability of these materials to activate, appears to be the quantity 

of the volatile components [15].  

Oxygen (air), water steam and carbon dioxide are usually used 

for physical activation [3;5;16]. This type of activation has a 

selective nature however in this case, a danger exists of non-

controlled increase of the carbon burn-off, and therefore as 

activating agents, water steam and carbon dioxide are preferred. 

The activated carbons with best characteristics are obtained at 

burn-off rate 50 %. At burn-off rate 50-75 %, heterogenous porous 

activated carbons are obtained with bidisperse micro-porosity and 

developed mesoporosity (micro-mesoporous activated carbons), 

whereat at burn-off rate higher than 75 %, the activated carbons are 

with strongly developed macro-porosity, the so called pre-activated 

activated carbons. 

3.2. Chemical  activation. 

There is an impressive variety of references to chemical agents 

used for obtaining activated carbon [17]. For instance, the use of 

various carbonates or acetates in their quality of chemical agents 

which at high temperature emit oxidative effective gases of the type 

О2, СО2, etc., favor the formation of more homogeneous and 

strongly developed system of pores with various ratio of the micro- 

and mesopores. Publications are in place with data for chemical 

activation with potassium carbonate whereat the formation of 

porous structure has been reached at the expense of partial 

destruction of the carbon skeleton. Budinova and coauthors also use 

the potassium carbonate as an activating agent for obtaining 

activated carbon based on raw materials of vegetable origin and 

wastes from the production of antibiotics [17]. The authors prove 

that the activated carbons obtained this way possess a high 

adsorption capacity due to the presence of large amount of 

micropores and almost full absence of mesopores. There are data 

published also for the chemical activation of carbon containing raw 

materials via using nitric acid, hypochlorates, bichromates, etc. [18-

19].   

The chemical activation uses mainly non-carbonized starting 

materials such as peat, waste wood biomass [5;15;20]. Various 

waste slimes are currently used which, after the activation, are used 

as cheap sorbents for the purification of soils from heavy metals or 

for the purification of waters from the tailings ponds. 

The transformation of the precursors referred in activated 

carbon runs under the impact of dehydrating agents at high 

temperature. In this case, the oxygen and hydrogen selectively and 

completely separate from the carbon containing material 

accompanied by carbonization and activation (usually at 

temperatures lower than 923К). 

The woods, one of the most suitable for chemical activation 

carbon containing precursor, contains for instance about 49% 

oxygen and about 6% hydrogen, recalculated for dry and ash-free 

mass. The brown coals contain accordingly 25 and 5%.  

In the capacity of activating agents, phosphoric acid, zinc 

dichloride, potassium sulphide are used in technology [5]. Besides, 

the following chemical substances can be used, possessing 

dehydrating effect – potassium rhodanide, sulphuric acid, etc. zinc 

dichloride [15] which as of the moment have not found any serious 

industrial application. Various combinations of chemical and/or 

chemical and physical activation are possible. If the activation at 

first takes place with ZnCl2, and then potassium carbonate is added, 

a product of high adsorption capability might result [20]. A 

combination of chemical activation with phosphoric acid and 

following activation with water steam, enriched with air is also an 

option [20]. The chemical activation in rotary furnace for 3 hours of 

a precursor, with phosphoric acid and zinc dichloride as activators 

enables the obtaining of formed product with competitive 

robustness to the carbons activated with water steam [5].  
КОН takes a more special position as a chemical activator, as it 

has been proven that it “splits” the graffiti micro crystallites in 

layers among which the micropores are formed. Therefore, КОН is 

an effective activator also for the carbonized carbon containing 

materials [13;15;16]. Despite of the interest to the КОН activation, 

the literature lacks more detailed information about the “Amoco” 

technology for the production of activated carbons through it.  

The method is relatively new and is considered as extremely 

perspective since it is in the foundation of all technologies for the 

production of activated carbons intended for “HighTech” products. 

It has been first introduced by the American company “Amoco” in a 
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product with the commercial signification АХ-21 [21]. This is the 

activated carbon (industrial product with the highest specific 

surface, 2600 m2/g). Similar textural parameters are also displayed 

by another activated carbon – Maxsorb, of the Japanese KNCarbon 

Tech Co., Ltd (~ 3000 m2/g), designated for purification of 

halogenated carbohydrates of potable waters.  

The most suitable precursors for the production of such 

activated carbons is considered to be the petrol coke but also coals, 

wood and lignocellulosic wastes, waste biomass of the agriculture.  

 

Conclusion 

The activated carbons appear to be extremely valuable 

industrial product whose production and assortment continuously 

expand. The modern trends in the technological development of the 

activated carbons are two – activated carbons with ultrahigh textural 

parameters and carbons based on the maximal utilization of the 

carbon containing industrial, agricultural and municipal wastes. 

The above referred chemical activation enables the obtaining of 

activated carbons with very good parameters despite of the fact that 

the published materials for it are less compared to those for the 

steam gas activation; the interest to it nonetheless big.  
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