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Currently significant amounts of wastes, which pose a real 
threat to the natural environment and human health, are 
produced worldwide. One way to get rid of waste materials is to 
dispose them in landfills but some of them no longer perform 
their function due to overfilling. For this reason, scientists pay 
more and more attention to the search for their possible 
disposal and/or recycling as it is impossible to prevent its 
generation completely.  

Recently many researchers have taken up the topic of the 
use of agri-food wastes due to their low cost and widespread 
availability as a starting material for the production of activated 
carbons. As a result, it was found out that organic wastes are 
very successful precursors of organic matter and the obtained 
activated carbons are characterized by a very well developed 
porous structure. The paper presents the literature review 
regarding the possibility of using various waste materials under 
different impregnation and preparation conditions to obtain 
activated carbons with a developed surface area and good 
adsorption properties. 
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1. INTRODUCTION 

 
The development of civilization, associated primarily with the 

consumers’ lifestyle, results in the production of a significant amount 
of goods and thus contributes also to generation of a huge amount of 
wastes [1]. Dozen million of tons of municipal and industrial wastes 
are disposed of each year [2]. According to the Central Statistical 
Office (GUS) data in 2017, 11,968.7 tons of wastes were collected in 
Poland due to human and economic activities. The main source of 
such wastes is the household [3]. Municipal wastes collected  
in 2017 produced by the households (9,971.2 tons) make the vast 
majority that is about 83.3%. The amount of these wastes increased 
by 4.3% compared to that in 2016 [3]. On the average, 312 kg of 
wastes were collected per one inhabitant in Poland. Compared  
to 2016, this amount increased by 9 kg. 

Municipal wastes are a diverse mixture, among others, of 
packaging, green wastes (often biodegradable), mineral components 
and hazardous wastes [4]. About 40% of municipal wastes are 
organic wastes whose main advantage is that they contain over 50%  
of carbon [5]. 

Due to the fact that the wastes generation process can not be 
fully eliminated, the main focus is on finding possibilities of reducing 
their amount and developing methods for their effective disposal or 
reuse. Currently one of the ways to utilize wastes is to store them  
in landfills. This method is the cheapest from the economic point of 
view, however, it can cause hazardous environmental problems. 
Methane, a strong greenhouse gas which intensifies climate changes,  
is released from the landfilled wastes. It is estimated that methane 
emissions from the landfills constitute about 30% of its global 
emissions due to human activities [2]. In addition, depending on the 
structure of the landfill, destruction can be a result of soil  
and groundwater contamination [2, 6]. 

With the increasing human awareness of environmental 
pollution, there is a tendency to prepare biodegradable materials. 
Such wastes are usually stored, incinerated or discharged into the 
soil. Biodegradation processes involving microorganisms are 
beneficial but very slow and often lead to the production of gas 
(methane) as well as toxic leaks [2]. 
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Large diversity of wastes, primarily municipal ones, deposited in 
landfills leads to a loss of raw material resources and an 
environmental burden. Recycling, disposal and utilization of 
secondary raw materials contribute to reduction of the total amount 
of wastes. Therefore, an important element of waste management is 
its processing and sorting, enabling the recovery of raw materials of 
the required degree of purity [6]. Such materials can be converted 
into energy sources through pyrolysis or fermentation, e.g. methane, 
which produces methane-rich biogas, used for energy production [7]. 
Another way to reuse organic wastes or biomass is to transform them 
into activated carbon [7, 8]. One of the most important challenges for 
commercial activated carbon producers is the reduction of carbon 
material production costs. Therefore the use of cheap raw materials, 
such as waste materials with a large carbon content and a low 
content of inorganic compounds allows to minimize production costs 
and thus partially solve problems with residual wastes [8, 9]. 

 
 

2. ACTIVATED CARBON 
 

Activated carbons belong to the group of carbon materials that 
are characterized by an amorphous structure, a large internal surface 
and a high degree of porosity. These materials are characterized by 
high efficiency of electrical conductivity, good thermal stability  
as well as surface reactivity. Activated carbons owe their adsorption 
capacity to a well-developed porous structure which is created by 
micropores (<2 nm), mesopores (2-50 nm) and macropores  
(> 50 nm) [10]. 

Depending on the method of production and potential 
applications [11], there are distinguished: 

‒ powdered activated carbon (PAC); 
‒ granulated activated carbon (GAC); 
‒ extruded activated carbon (EAC) [12]; 
‒ cylindrical, columnar (in the form of pellets) activated carbon 

[13]; 
‒ carbon nanofibers, nanorods [12]; 
‒ fibrous activated carbon [14]. 

The surface of activated carbons may contain heteroatoms, 
among which phosphorus, oxygen, sulfur, hydrogen, nitrogen and 
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halogens stand out [15, 16]. These elements can come from carbon 
material precursors (wastes) and are incorporated into the carbon 
structure in the pyrolysis process. In addition, they can be introduced 
additionally to modify the properties of the resulting carbon 
materials or as a result of contact of the carbon material with the 
surrounding atmosphere [16]. Heteroatoms give specific adsorption 
or catalytic properties to carbons. The dominant element is oxygen 
which is part of the surface functional groups of acid or basic nature 
[17]. The chemical nature and amount of surface oxygen functional 
groups depend largely on the starting material as well as the method 
and activation conditions [18]. Phosphorus is attached to the carbon 
skeleton mainly through oxygen. The most common form is 
pentavalent phosphorus in the form of phosphate groups, however, in 
the process of modification some phosphorus-oxygen bonds can be 
replaced by phosphorus carbon ones. Carbons containing phosphorus 
are characterized by a hydrophilic acid surface and chemical stability 
as well as high adsorption capacity in relation to metal ions and 
organic molecules and significant catalytic activity used, for example, 
in biomass processing [16]. In activated carbons sulfur can occur at 
various degrees of oxidation. This element can be introduced into the 
carbon structure as a result of impregnation, surface function-
nalization, intercalation or doping [19]. The presence of sulfur 
increases the sorption capacity of carbon relative to heavy metal ions. 
Sulfur-doped carbons are used for hydrogen storage and carbon 
dioxide capture or for photocatalytic degradation of pollutants  
[19-22]. Sulfonated carbons (containing -SO3H groups) serve, among 
others, as catalysts in biomass processing and biodiesel production 
[19]. 

Activated carbon may have also protonated (C–OH2+), neutral 
(COH) or ionized (CO–) groups on its surface. Carbons containing 
protonated surface groups are called the H-type carbons while those 
with the ionized groups are called L-type carbons [23]. 

 
2.1. Features of the starting materials used for AC production 

The activated carbon can be obtained from any material that 
contains significant amounts of elemental carbon. The properties of 
the obtained carbon materials depend on the type and characteristics 
of the starting material. On a large scale there are applied organic 
materials with insignificant contamination, such as fossil coal, peat, 
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lignin, wood [24]. However, organic municipal wastes have been 
increasingly used in recent years. They come mainly from 
households. Due to their low cost, universal access and significant 
amounts, they are an excellent starting material for the production of 
activated carbons [25]. Chestnut oak shells [26], potato skins [27], 
spent tea [28], tomato paste [29], fruits of Artocarpus integer [30], 
plum stones [31], cotton [32], nut shells [33] as well as cassava stalks 
[34], coconut shells [35], rice husks [36], corncob [37], acorn husks 
[38], olive seeds [39], corn stalks [40], reedy grass leaves [41], 
pomegranate seeds [42], spent coffee grounds, pomelo skin [43]  
are used. 

Activated carbon produced from the agricultural/household 
wastes can come from various parts of the plant, such as root, stem, 
bark, flower, fruit peel, husk or stone which can be divided into wood 
and non-wood raw materials. Wood raw materials consist mainly 
of cellulose, hemicellulose and lignin while the composition of non-
wood raw materials is much richer. They contain cellulose, 
hemicellulose, lignins, lipids, proteins, sugars, water, hydrocarbons 
and starch. The basic criteria taken into account when choosing a raw 
material include, among others, high carbon content and density, low 
content of inorganic volatile substances, prevalence as well as the 
possibility of producing activated carbon with high efficiency [10]. 

 
2.2. Methods for obtaining activated carbons 

Active carbons are obtained as a result of the pyrolysis 
(carbonization) process and the activation of carbon materials. The 
product obtained as a result of the pyrolysis of the initial raw 
material (so-called pyrolysate or carbonizate) is adsorption-inactive 
and has a very poorly developed surface. In order to develop the 
adsorbent surface, the obtained carbonizate is activated [44]. The 
basic properties of the activated carbon depend mainly on the 
selection of appropriate starting material as well as the type of 
activating agent and the conditions of the pyrolysis process [45]. 

Carbonization is the initial stage of the process of obtaining 
activated carbons. During this time, volatile components are 
desorbed and the organic material is carbonized. The original porous 
structure is also shaped and undergoes significant development in 
the next stage (activation). In the initial stage, the starting material is 
dried at a temperature of about 200°C to reduce the amount of 
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moisture and fractions with lower boiling points. Such a process 
increases the material mechanical strength. The carbonization 
process is carried out in the absence of air, in an atmosphere of inert 
gas, most often nitrogen at a temperature of 500-800°C. In this 
temperature range, as a result of the release of volatile substances, 
the organic mass of the starting material is reduced and the content 
of elemental carbon increases [24, 44]. 

The parameters of the obtained carbon are significantly affected 
by those of the pyrolysis process: 

‒ the atmosphere of the process affects the thermal 
decomposition as well as the course of reactions that occur 
between the pyrolysis products and the carbonaceous 
material. Inert gas removes gases and vapours formed during 
pyrolysis thereby increasing the carbonizate reactivity [44]. 

‒ rate of temperature rise: rapid temperature rise makes it 
difficult to control the formation of the porous structure 
because the individual phases of thermal decomposition and 
the secondary reactions of the pyrolysis products overlap. 
Significant amounts of volatiles are released in a short time, 
which leads to larger pores. The obtained carbonizates are 
characterized by a greater reactivity than those obtained at a 
slow temperature rise. 

‒ the final temperature of the carbonization process affects the 
arrangement of the carbon material in the carbonate. As the 
temperature increases, more energy is needed to break the 
chemical bonds, and the volatile products are distilled off. At 
higher temperatures, condensation processes occur more 
intensively and the resulting material is characterized by a 
greater mechanical strength. 

‒ the ordering of the carbon material is influenced by the time 
it is kept at the final temperature. When the final temperature 
is lower than that at which the main thermal decomposition 
reactions end, a further slow decomposition of the 
carbonaceous material takes place. However, some of these 
processes are inhibited. At a temperature higher than that at 
which the basic processes of thermal decomposition of 
carbon matter end, further internal ordering takes place [44]. 

‒ the number of intermediate stages of the pyrolysis process 
affects the creation of the porous structure of the carbon 
material. Based on the research (own study), it was found 
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that the extension of pyrolysis time allowed to obtain active 
carbons with a very well developed surface by introducing 
intermediate stages. The surface of the activated carbons 
obtained, e.g., as a result of pyrolysis with two intermediate 
stages was twice as large as that of the materials obtained 
from the pyrolysis with one intermediate stage.  

 
Figure 1 shows the examples of pyrolysis processes. 

 
(a) 

 

(b) 

 

Fig. 1. Exemplary diagrams of the pyrolysis process: with one intermediate 
             stage (a) and two intermediate stages (b). 

 
2.3. Activation of carbon material 

Activation is a key step to develop the pore structures of carbon 
materials obtained in the carbonization process. It can be carried out 
in two ways, using physical and chemical activation. 

In the case of physical activation, the material obtained after 
carbonization is activated using an oxidizing gas to develop and 
strengthen the structure of the pores [23]. In the initial phase of 
activation, the oxidizing gas removes more reactive carbon, resulting 
in the opening of previously inaccessible pores and the creation of 
new ones. Further oxidation causes the existing pores to expand. The 
most commonly used oxidizing agents are: steam, carbon dioxide, air 
or mixtures of these gases [23, 24].  

Below are the equations for the oxidation of the carbon surface 
using the selected oxidants: air (reactions 1, 2), CO2 (reaction 3) and 
steam (reactions 4-8). The basic reaction of carbon with steam is 
represented by reaction 4, reactions 5 and 6 occur simultaneously. 
Reactions 6 and 7 show the possibility of obtaining methane [10, 24, 
44, 46]. 
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A. Air: 

C + O2 → CO2   ΔH =  – 387 kJ/mol  (1) 
2C + O2 → 2CO  ΔH =  – 226 kJ/mol  (2) 

 
B. Carbon dioxide: 

C + CO2 → 2CO  ΔH =  + 159 kJ/mol  (3) 
 
C. Steam: 

C + H2O → H2 + CO  ΔH = + 130  kJ/mol  (4) 
C + 2H2O → CO2 + 2H2 ΔH = + 77  kJ/mol  (5) 
CO + H2O → CO2 + H2  ΔH = – 42  kJ/mol  (6) 
C + 2H2 → CH4  ΔH = – 86  kJ/mol  (7) 
2C + 2H2O → CH4 + CO2 ΔH = – 9 kJ/mol  (8) 

 
Carbon oxidation is a complex process, consisting of many 

intermediate stages which include, among others, transport of 
reagents to the surface of carbon particles, penetration into the pores, 
surface chemisorption, chemical reactions and release of reaction 
products [24]. The reaction with air is exothermic (reactions 1, 2), so 
it is difficult to maintain a suitable, constant temperature. In addition, 
oxygen is an aggressive reagent and using it as an oxidizing agent 
causes many difficulties. In many processes, oxygen activation is 
carried out at low temperatures and is combined with the additional 
steam treatment. This method is used for materials with low 
reactivity. 

The main reactions using carbon dioxide (reaction 3) and steam 
(reaction 4) are endothermic. The rate of interactions of carbon 
dioxide with carbon at a given temperature is 30% slower than in the 
case of reaction with steam [24, 44]. However, often slower reactions 
allow better process control. 

One of the most effective methods of surface modification of 
adsorbents with a porous structure is hydrothermal treatment (HTT). 
The course of the process depends on many factors, including the 
primary (initial) adsorbent structure, time and temperature at which 
the process is carried out, phase type (gas, liquid) or environmental 
pH [47]. This process can be carried out in a gaseous environment 
using oxygen, ozone and nitrogen oxides or in the liquid phase using 
hydrogen peroxide, nitric acid, perchloric acid, potassium 
permanganate [48, 49]. The hydrothermal steam treatment at a high 



Organic bio-wastes as potential precursors used for preparation… 17 

pressure is one of the most effective methods of modifying the porous 
structure and adsorbent surface. Under these conditions, particularly 
at temperatures above 200°C, water changes its properties due to the 
disappearance of the original tetrahedral structure [50], gaining 
unusual properties as a solvent or oxidizing medium. 

The amount and type of created oxygen groups depend largely 
on the type of oxidizing agent and temperature conditions of the 
pyrolysis process. Liquid phase oxidation usually leads to the 
formation of significant amounts of acidic oxygen groups. In turn, 
basic groups are formed mainly as a result of chemisorption of 
oxygen on the surface of carbon materials or during the heating of 
acid-type carbons in an inert gas or hydrogen atmosphere [51]. 

Chemical activation is also called wet oxidation. The starting 
material is impregnated or mixed with the activating agent and then 
heat treated at a temperature of 500-900°C in an inert atmosphere. 
The activating factors include ZnCl2, H3PO4, H2SO4, K2S, KCNS, HNO3, 
H2O2, KMnO4, (NH4)2S2O8, NaOH, KOH or K2CO3 [10, 23]. Of these 
activating agents, ZnCl2, H3PO4, NaOH and KOH are the most 
commonly used ones. Many experiments were performed to study 
the effect of individual activating agents on the structure of the 
obtained activated carbons. On their basis, it was found, for example, 
that the activated carbon impregnated with H3PO4 had mesopores in 
its structure whereas the use of ZnCl2 led to the formation of both 
micro- and mesopores [10]. 

Activators basically act as drainage and oxidizing agents. They 
can also prevent the formation of tar or ash, thereby increasing the 
surface of the resulting carbon. Due to the greater reactivity of the 
activating factors, it is often possible to skip the carbonization stage, 
reduce the process temperature as well as the time needed to 
develop the pore structure [23, 51, 52]. 

One of the most important factors taken into account during 
chemical activation is the degree of impregnation (I) with the 
activating factor. It is defined as the ratio of the mass of the activating 
agent to that of the impregnated starting material [25]. The 
impregnation ratio has a very large impact on the pores development.  

The higher impregnation ratio leads to the formation of 
mesopores while the lower one results in the formation of 
micropores. This is due to the fact that a higher impregnation factor 
causes greater swelling and greater release of volatiles which leads to 
pores widening. A lower impregnation coefficient promotes the 
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removal of volatile substances but at the same time it prevents from 
the tarry substances accumulation [53]. 

After applying chemical activation a washing step is necessary 
because the pores of the obtained activated carbon can be occupied 
or blocked by an excessive activating agent or by-products. 
Depending on the activating agent, carbon is washed with acid, alkali 
or water [23]. Unfortunately, washing the final product is often a time 
consuming and expensive stage which confines possibility of the 
obtained materials application. 
 
 

3. LITERATURE REVIEW 
 

Activated carbon is one of the materials widely used in both 
everyday life and industry, due to its very well developed surface and 
porous structure, high reactivity or exceptional physicochemical 
properties, especially those regarding adsorption. Porous carbon 
materials are very often exploited by scientists and representatives of 
the industrial circle owing to the possibility of their use in, among 
others, adsorption, catalysis or separation processes. Due to the high 
adsorption capacity of inorganic and organic substances, they are 
commonly used as adsorbents in the processes of pollution removal 
from air, water and industrial gases [54].  

The properties of activated carbons depend primarily on the type 
of starting material, activation method and pyrolysis process 
conditions. Optimization of carbonization and activation conditions 
allows obtaining carbons with a well-developed surface and porosity 
[55]. 

Table 1 presents the examples of selected waste materials, types 
of activation, pyrolysis process conditions as well as selected 
structural parameters and sorption capacities of specific adsorbents. 
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3.1. Effects of temperature and pyrolysis time 

Kyzas et al. [27] obtained activated carbons from the potato peel 
impregnated with phosphoric acid (V) (Table 1). They conducted 
carbonization in the three temperature variants: 400oC, 600oC, 800oC. 
At the final temperature, the sample was soaked for 2 hours. As a 
result of pyrolysis, carbons were obtained with a yield of 55, 51 and 
49%, respectively. It was found that the increase in carbonization 
temperature caused a gradual decrease in efficiency. This can be 
attributed to the thermal degradation of phosphor-carbon 
compounds present in the carbon material and reduction of 
phosphates to elemental phosphorus, resulting in the formation of 
volatile phosphorus compounds (phosphorus oxide (V) and 
elemental phosphorus). An increase in the temperature from 400 to 
600oC caused a 15% increase in the surface area while a further 
increase in the carbonization temperature to 800oC caused a decrease 
in the specific surface area. It was found that the reduction in the 
surface area could have been caused by the breakdown of the 
structure associated with excessive oxidation of the pore walls inside 
the material. 

A similar relationship was observed by Xu et al. [41], using reedy 
grass leaves impregnated with phosphoric acid (V) as a starting 
material. They carried out the tests changing the temperature (400oC, 
500oC and 600oC for 2 hours) and time (500oC for 1, 3, 4 and 5 hours). 
It was found that the SBET surface area, total pore volume, iodine 
number and micropore volume with the increasing temperature 
activations initially increased and then decreased. The research 
results indicate that the development of porosity below 500°C 
involves primarily the creation of new micropores (or even ultra-
micropores, r <0.7 nm), which expand with the increasing 
temperature. This may be due to the fact that phosphorus  
in the form of various structures present in the impregnated reedy 
grass leaves under such heating conditions tends to boil which causes 
the structure of the carbonized product to develop. At the 
temperature of 500oC, the extension of the activation time caused an 
initial increase in the surface and then its decrease, which could be 
due to the destruction of some pores. The adsorption capacity was 
determined on the basis of the iodine number which  
was even up to about 1100 mg/g for the tested carbons [41]. 
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Research on the use of spent coffee (coffee grounds) 
impregnated with phosphoric acid (V) allowed obtaining carbons 
with the surface area of approx. 460 m2/g (unpublished results). The 
extension of pyrolysis time and the use of intermediate heating stages 
resulted in an almost 2-fold increase in the surface area of these 
materials (Table 1). 
 
3.2. Effects of the impregnation ratio of the activating agent  

Boudrahem et al. [56] used coffee wastes impregnated with 
various amounts of H3PO4 and ZnCl2. They found that the surface 
development was strongly influenced by the amount and nature of 
the activating agent. In the case of both activating agents, they 
obtained the best specific surface parameters at the highest 
impregnation ratio (100%). They showed that with the increasing 
impregnation ratio, the specific surface area of the obtained material 
increases. This may be due to the action of a chemical agent that 
promotes condensation which mainly occurs between the aromatic 
hydrocarbons and tar-forming compounds. They are responsible for 
the formation of large molecules (polycyclic aromatic compounds) in 
the structure of activated products and cause an increase in the SBET 
surface area. The surface areas of activated carbons made from the 
coffee residues impregnated with H3PO4 were much larger than the 
activated carbons impregnated with ZnCl2. The results of heavy metal 
ions (Pb2+ and Cd2+) adsorption tests have shown that the adsorbed 
amount of metal ions increases with the increasing impregnation 
coefficient. This is closely related to the increase in the adsorbent 
surface area, development of microporosity, the presence of acid 
functional groups and a greater number of available adsorption 
centers associated with the increase in the amount of activating 
agent. 

Laksaci et al. [58] used coffee wastes (coffee grounds) 
impregnated with KOH at the three impregnation ratios: 9, 18, 36 
mmol/g. They observed that with an increase in the impregnation 
ratio, the values of structural parameters such as specific surface 
area, total pore volume, volume of micro- and mesopores increase. 
The increase in porosity observed along with the increase in the 
impregnation coefficient could have been caused by the release of tar 
from the crosslinked structures formed as a result of chemical 
treatment. It was shown that the increase in the impregnation ratio 
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led to an increase in the adsorbed amounts of phenol and methylene 
blue. When the impregnation coefficient increased from 9 to 36 
mmol/g, the amounts adsorbed on AC increased from 280 to 906 
mmol/g (MB) and from 1288 to 1615 mmol/g for phenol (Table 1). 

Similar conclusions were drawn by Gonçalves et al. [60] who 
used coffee precursor impregnated with Na2HPO4. They observed 
that as the impregnation ratio increased, the surface area developed 
more efficiently and the amount of adsorbed dyes increased (phenol, 
MB, and Direct Red, Table 1). 

 
3.3. Effects of activation type 

Boonamnuayvitaya et al. [57] prepared activated carbon from 
the spent coffee using physical, chemical and physicochemical 
activation. They employed the following combinations of activating 
agents: CO2, steam, ZnCl2, ZnCl2 + CO2, ZnCl2 + steam. It was observed 
that the surface and pore volume of activated carbon in the presence 
of ZnCl2 were larger than in the case of the systems without ZnCl2. 
According to the literature data [61] ZnCl2 is a dehydrating agent that 
largely influences the pyrolysis process of carbon materials. When 
mixed with the ZnCl2 carbon materials, it binds within the carbon 
structure. During the pyrolysis interactions between the zinc 
compounds and the carbon atoms are found. Under such conditions, 
the distance between the carbon monolayers increases and pores are 
created in the structure. ZnCl2 used during pyrolysis causes that 
hydrogen and oxygen atoms are removed from the starting materials 
in the form of water, not hydrocarbons or oxidized organic 
compounds [61]. The best development of the surface area and 
porosity was observed for the ZnCl2 activated sample in combination 
with CO2. This was associated with the oxidation of the carbon 
surface area in the presence of CO2 which resulted in the broadening 
and opening of closed pores, enabling the simultaneous evacuation of 
ZnCl2. Slightly worse results were obtained for the materials 
activated with ZnCl2 and steam. Water vapour converts ZnCl2 into a 
liquid state which prevents its incorporation into the carbon matrix. 
As a consequence, ZnCl2 could not react effectively and increase the 
pore size [57]. 
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SUMMARY 
 

Nowadays waste materials are one of the most serious problems 
for the society. The amount of waste generated increases year by 
year. Therefore new methods of their utilization and/or reuse are 
being sought. In the case of materials of organic origin, one  
of their management methods is their re-use as starting materials for 
the production of synthetic activated carbons. The paper presents the 
review of the latest, exemplary literature reports on the use of waste 
materials, e.g. solid coffee wastes, cane leaves, olive seeds, rice hulls, 
acorn shells to obtain effective carbon adsorbents. 

The use of organic waste materials allows to obtain effective 
adsorbents from cheap, widely available precursors, in part it can 
also solve problems with the management of significant amounts of 
wastes. In addition, the activated carbons produced from waste 
materials very often have a higher sorption capacity than the 
commercial activated carbons. Due to the diverse compositions of the 
initial wastes, specific functional groups and heteroatoms can be 
present in the obtained active carbons, which are additional 
adsorption and even photocatalytic centers. 

The paper presents the analysis of research results in which 
different starting materials, different activation methods and 
carbonization conditions were used. On their basis, it was found that 
with an increase in the impregnation ratio and longer pyrolysis time, 
better development of surface area and porosity is observed. The 
activated carbons had very good sorption properties in relation to 
toxic or arduous organic substances present in the environment. It 
has been shown that the sorption capacities of the obtained materials 
are closely related to the quality of the starting materials and 
activating factors. 

 
 

REFERENCES 
 

[1] A. Zelga-Szmidla, A. Ociepa-Kubicka, K. Rozpondek, Zeszyty Naukowe 
Politechniki Częstochowskiej Zarządzanie, 31, 294, (2018). 

[2] P. Nowicki, J. Kaźmierczak-Raźna, P. Skibiszewska,  M. Wiśniewska,  
A. Nosal-Wiercińska, R. Pietrzak, Adsorption, 22, 489, (2016). 

[3] GUS, Odpady komunalne i utrzymanie czystości i porządku w gminach 
w 2017 roku, Główny Urząd Statystyczny, Warszawa (2018). 



Organic bio-wastes as potential precursors used for preparation… 27 

[4] J. Baran, Roczniki Naukowe Stowarzyszenia Ekonomistów Rolnictwa  
i Agrobiznesu, 19(3), (2017). 

[5] M. Czop, D. Bistuła, Sz. Nowak, Archiwum Gospodarki Odpadami  
i Ochrony Środowiska, 20, 9, (2018). 

[6] J. Kostecka, J. Koc-Jurczyk, K. Brudzisz, Archiwum Gospodarki 
Odpadami i Ochrony Środowiska, 16, (2014). 

[7] M. Owczuk, D. Wardzińska, A. Zamojska-Jaroszewicz, A. Matuszewska, 
Studia Ecologiae et Bioethicae, 3, 133, (2013).  

[8] K. Kante, C. Nieto-Delgado, J. R. Rangel-Mendez, T. J. Bandosz, J. Hazard. 
Mater., 201, 141, (2012). 

[9] R. H. Hesas, W. M. A. W. Daud, J.N. Sahu, A. Arami-Niya, J. Anal. Appl. 
Pyrolysis, 100, 1, (2013) 

[10] M. A. Yahya, M.  H.  Mansor, W. A. A. W. Zolkarnaini, N. S. Rusli,  
A. Aminuddin, K. Mohamad, F. A. M.  Sabhan,  A. Abdallah, In: AIP 
Conference Proceedings, AIP Publishing, 1972, 030023, (2018)   

[11] D. Cuhadaroglu, O. A. Uygun, Afr. J. Biotechnol.,7, 3703, (2008)     
[12] L. I. Onyeji, A. A. Aboje, Int. J. Eng. Sci. Technol., 3, 8238, (2011)      
[13] W. B. Wan Nik, M. M. Rahman, A. M. Yusof, F. N. Ani, C. M. C. Adnan, 

[in:] Proceedings of the 1st international conference on natural 
research and engineering technology; 2006 

[14] N. H. Phan, S. Rio, C. Faur, L. Le Coq, P. Le Cloirec, T. H. Nguyen, 
Carbon, 44,  2569, (2006)  

[15] A. M. Puziy, O. I. Poddubnaya, R. P. Socha, J. Gurgul, M. Wisniewski, 
Carbon, 46, 2113, (2008) 

[16] A.M Puziy, O. I. Poddubnaya, B. Gawdzik, J.M.D. Tascón, Carbon, 
(2019). 

[17] L. Li, P. A. Quinlivan, D. R. U. Knappe, Carbon, 40, 2085, (2002). 
[18] J. M. Dias, M. C. M. Alvim-Ferraz, M. F. Almeida, J. Rivera-Utrilla,  

M. Sánchez-Polo, J. Environ. Manage., 85, 833, (2007). 
[19] W. Kiciński, M. Szala, M. Bystrzejewski, Carbon, 68, 1, (2014). 
[20] T. J. Bandosz, T.Z. Ren, Carbon, 118, 561, (2017). 
[21] T. J. Bandosz, M. Seredych, Chin. J. Catal., 35, 807, (2014). 
[22] T. J. Bandosz, A. Policicchio, M. Florent, W. Li, P.S. Poon, J. Matos, 

Carbon, 10, (2019). 
[23] M. A. Yahya, Z. Al-Qodah, C.W. Zanariah Ngah, Renewable Sustainable 

Energy Rev., 46, 218, (2015).  
[24] J. Choma, M. Kloske, Ochrona środowiska, 2, 3,  (1999). 
[25] B. H. Hameed, F. B. M. Daud, Journal Chemical Engineering, 139,  48, 

(2008).  
[26] L. Niazi, A. Lashanizadegan,  H. Sharififard, J. Clean. Prod., 185, 554, 

(2018).  
[27] G. Z. Kyzas, E. A. Deliyanni, K. A. Matis, Colloids Surf., A, 490, 74, 

(2016).  

https://www.sciencedirect.com/science/article/pii/S0008622306003150#!
https://www.sciencedirect.com/science/article/pii/S0008622306003150#!
https://www.sciencedirect.com/science/article/pii/S0008622306003150#!
https://www.sciencedirect.com/science/article/pii/S0008622306003150#!
https://www.sciencedirect.com/science/article/pii/S0008622306003150#!
https://www.sciencedirect.com/science/article/pii/S0008622306003150#!
https://www.sciencedirect.com/science/journal/00086223/44/12


Magdalena Zięzio and Barbara Charmas  28 

[28] S. Yaglikci, Y. Gokce, E. Yagmur, Z. Aktas, Environ. Technol., 1, (2019). 
[29] H. Saygılı, F. Güzel, J.Clean. Prod., 113, 995, (2016).  
[30] G. Selvaraju, N. K. A. Bakar, J. Clean. Prod., 141, 989, (2017). 
[31] Ş. Parlayıcı, E. Pehlivan, Powder Technol., 317, 23, (2017).  
[32] K. Sartova, E. Omurzak, G. Kambarova, I. Dzhumaev, B. Borkoev,  

Z. Abdullaeva, Diamond  Relat. Mater., 91, 90, (2019). 
[33] I.A. Aguayo-Villarreal, A. Bonilla-Petriciolet,  R. Muñiz-Valencia, J. Mol. 

Liq. 230, 686, (2017).  
[34] N. S. Sulaiman, R. Hashim , M. H. M. Amini, M. Danish, O. Sulaiman, 

Journal of Cleaner Production, 198, 1422, (2018).  
[35] D. Adinata, W. M. A. W. Daud, M. K. Aroua, Bioresour. Technol., 98, 145, 

(2007).  
[36] K. Le Van, T. T. L. Thi, Prog. Nat. Sci.-Mat., 24, 191, (2014) 
[37] G. O. El-Sayed, M. M. Yehia, A. A. Asaad, Water Resour. Ind., 7, 66, 

(2014).  
[38] C. Saka, J. Anal. Appl. Pyrolysis, 95, 21, (2012). 
[39] S. M. Yakout, G. S. El-Deen, Arab. J. Chem., 9, 1155, (2016). 
[40] D. Yang, L. Jiang, S. Yang, S. Wei, Procedia Eng., 205, 3538, (2017).  
[41] J. Xu, L. Chen, H. Qu, Y. Jiao, J. Xie, G. Xing, Appl. Surf. Sci., 320, 674, 

(2014).  
[42] S. Uçar, M. Erdem, T. Tay, S. Karagöz, Appl. Surf. Sci., 255, 8890, 

(2009). 
[43] X. Ma, F. Ouyang, Appl. Surf. Sci., 268, 566, (2013). 
[44] H. Jankowska, A. Świątkowski, J. Choma, Wydawnictwo Naukowo-

Techniczne, Warszawa, 1985. 
[45] S. Zhang, L. Tao, Y. Zhang, Z. Wang, G. Gou, M. Jiang, C. Huang,  

Z. Zhou, Powder Technol., 295, 152, (2016).  
[46] M. Cempa-Balewicz, M. J. Łączny, A. Smoliński, S. Iwaszenko, J. Sust. 

Min., 12, 21, (2013).  
[47] J. Skubiszewska-Zięba, Adsorption, 16, 485, (2010). 
[48] J. Skubiszewska-Zięba, V.V. Sydorchuk, V.M. Gun’ko, R. Leboda, 

Adsorption, 17, 919, (2011).   
[49] J. Skubiszewska-Zięba, B. Charmas, R. Leboda, P. Staszczuk, P. Kowalczyk, 

P. Oleszczuk,  Mater. Chem. Phys., 78, 486, (2003). 
[50] R. Leboda, A. Dąbrowski, Complex carbon-mineral adsorbents: 

preparation, surface properties and their modification (chapter 1.5), 
In: Adsorption on new and modified inorganic sorbents (Ed. A. 
Dąbrowski, V.A. Tertykh), Stud. Surf. Sci. Catal., Elsevier,  99, 115 
(1996). 

[51] P. Nowicki, R. Pietrzak, Węgle aktywne wzbogacone w azot – 
otrzymywanie, właściwości i potencjalne zastosowanie (chapter 7), 
In: Adsorbenty i katalizatory: wybrane technologie a środowisko  
(Ed. J. Ryczkowski), Uniwersytet Rzeszowski, 129, (2012).  



Organic bio-wastes as potential precursors used for preparation… 29 

[52] Z. Al-Qodah, R. Shawabkah, Braz. J. Chem. Eng., 26, 127, (2009).  
[53] J. Georgin, G. L. Dottob, M. A. Mazuttib, E. L. Foletto, J. Environ. Chem. 

Eng., 4, 266, (2016). 
[54] J. Choma, Inżynieria i Ochrona Środowiska, 16, 163, (2013). 
[55] S. M. Lamine, Ch. Ridha, H. M. Mahfoud, Ch. Mouad, B. Lotfi, A. H. Al-

Dujaili, Energy Procedia, 50, 393, (2014). 
[56] F. Boudrahem, A. Soualah, and F. Aissani-Benissad, J. Chem. Eng. Data, 

56, 1946, (2011).  
[57] V. Boonamnuayvitaya, S. Sae-ung, W. Tanthapanichakoon, Sep. Purif. 

Technol., 42, 159,  (2005).  
[58] H. Laksaci, A. Khelifi, M. Trari, A. Addoun, J. Clean. Prod., 147, 254, 

(2017).  
[59] L. C. A. Oliveira, E. Pereira, I. R. Guimaraes, A. Valloneb, M. Pereirac,  

J. P. Mesquita, K. Sapag, J. Hazard. Mater., 165, 87, (2009).  
[60] M. Gonçalves, M. C. Guerreiro, P. H. Ramos, L. C. Alves de Oliveira,  

K. Sapag, Water Sci.  Technol., 68, 1085, (2013). 
[61] Z. Hu, M. P. Srinivasan, Y. Ni, Carbon, 39, 877, (2001). 

 

 



 


