
* Corresponding author.

Presented at the 15th Scientific Conference on Micropollutants in the Human Environment, 14–16 September 2022, Częstochowa, Poland

1944-3994/1944-3986 © 2023 Desalination Publications. All rights reserved.

Desalination and Water Treatment 
www.deswater.com

doi: 10.5004/dwt.2023.29332

288 (2023) 151–158
March

Study of adsorption of differently charged dyes by carbon adsorbents

Ihor Borduna,b, Tamara Vasylinychc, Myroslav Malovanyya, Halyna Sakalovac,*, 
Liudmyla Liubchakc, Liubov Luchytd

aDepartment of Ecology and Sustainable Environmental Management, Viacheslav Chornovil Institute of Sustainable Development, 
Lviv Polytechnic National University, Bandera Str. 12, 79013, Lviv, Ukraine 
bDepartment of Electrical Power Engineering, Faculty of Electrical Engineering, Czestochowa University of Technology, Al. Armii 
Krajowej 17, 42-200, Czestochowa, Poland 
cDepartment of Chemistry and Methods of Teaching Chemistry, Faculty of Natural Sciences and Geography, Vinnytsia State Pedagogical 
University named after Mykhailo Kotsiubynsky, Ostrozkoho Str. 32, 21000, Vinnytsia, Ukraine, email: sakalovag@gmail.com 
dDepartment of Foreign Languages, Institute of Humanities and Social Sciences, Lviv Polytechnic National University, Bandera Str. 12, 
79013, Lviv, Ukraine

Received 11 October 2022; Accepted 24 January 2023

a b s t r a c t
The article investigates the adsorption of basic (Methylene blue) and acidic (Congo red) dyes by three 
types of industrial activated carbon synthesized from natural raw materials. Using the method of 
isothermal adsorption/desorption of nitrogen, the porous structure of all types of carbon was stud-
ied, and the effect of the size of the adsorbent particles on the adsorption capacity was shown. It 
was established that the adsorption isotherms of both dyes can be described using the Langmuir 
model. It is assumed that dye molecules are weakly bound to the surface of the carbon material due 
to van der Waals and hydrophobic interactions. It is shown that the adsorption of Methylene blue 
is significantly greater than the adsorption of Congo red. This is due to the peculiarities of the dis-
sociation of the functional groups of dye molecules, as well as the almost twice the length of Congo 
red molecules compared to Methylene blue molecules. It is shown that the boundary amount of 
adsorbed Methylene blue allows us to estimate the specific surface area of microporous activated 
carbon with high accuracy if the hydrophilicity of the surface of this carbon is taken into account.
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1. Introduction

The industrial production of food, pharmaceuticals and 
textiles uses thousands of names of dyes of various origins. 
In addition to the dyes of natural origin, the chemical indus-
try offers new and improves existing synthetic substances, 
providing them with the necessary properties – from smell 
and colour to extending the shelf life of products. Synthetic 
dyes are more stable and often cheaper than natural 
ones, so they are widely used as additives in the pharma-
ceutical and food industries [1,2].

Dyes are divided into anionic (direct, acid and reactive 
dyes), cationic (basic dyes) and nonionic (disperse dyes). 
Chromophores in anionic and nonionic dyes mainly con-
sist of azo groups or anthraquinones. Anthraquinone-based 
dyes are more resistant to degradation due to their linked 
aromatic structures. Metal-complex dyes are mostly synthe-
sized based on chromium compounds. It should be added 
that most often azo dyes are used. They make up 60% of the 
total number of used dyes [3].

However, in addition to the useful properties and 
improvement of product quality, the production and use of 
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dyes are accompanied by the formation of significant vol-
umes of wastewater. The synthetic origin and complex aro-
matic structures of dyes make them stable and difficult to 
biodegrade [3,4]. A study of the ecotoxicity of various dyes, 
which was conducted by the Environmental Toxicology 
Association of the Dye Industry, found that ≥90% of the 
dyes used in the fabric dyeing process have a lethal dose 
value of 50% LD50 ≥ 2,000 mg/kg [5]. The large amount of 
dyes used, their properties and low degradability pose a 
significant threat to the environment and require the devel-
opment of methods for efficient wastewater treatment in 
industries that use dyes. Such wastewater is usually treated 
by physical or chemical methods. These include flocculation 
combined with flotation, electro flocculation, membrane fil-
tration, electrokinetic coagulation, electrochemical destruc-
tion, ion exchange, irradiation, precipitation, ozonation, 
and others [6–10]. The choice of the appropriate treatment 
process is of key importance from the point of view of the 
efficiency and economic feasibility of its application for 
wastewater treatment [11].

Among conventional treatment methods, adsorption 
processes are widely used to achieve the efficient removal 
of dyes from industrial wastewater [12–15]. The use of tra-
ditional activated carbon (AC) turned out to be efficient, but 
quite expensive. Many studies have been conducted inves-
tigating the adsorption properties of low-cost adsorbents 
such as peat, bentonite, metallurgical slag, china clay, corn 
processing waste, wood shavings, and silica [3]. However, 
these inexpensive adsorbents have, as a rule, low adsorption 
capacity and require the use of a large amount of adsorbent 
for efficient wastewater treatment. In this regard, there is a 
need to find such types of AC that would be economically 
attractive, synthesized from readily available raw materials, 
and at the same time possess high efficiency as adsorbents. 
The most attractive raw material for such carbon is the raw 
material of plant origin, which allows the synthesis of AC 
with a wide range of applications both in industry and for 
solving environmental safety problems [16–19].

Among the dyes used as marker substances, the main 
ones are Methylene blue (MB) and Congo red (CR) [20]. 
MB in solution is in cationic form, that is, it is positively 
charged and has a hydrophobic aromatic fragment. MB is 
used to model the adsorption of positively charged low-mo-
lecular-weight substances (alkaloids, histamine, diphen-
hydramine, novocaine hydrochloride, promedol, etc.) on 
negatively charged surfaces. CR belongs to anionic dyes, it is 
used to study the adsorption of negatively charged low- and 
medium-molecular substances (sodium diclofenac, salicy-
lates, analgin, asparkam, salts of barbituric acid, salts of fatty 
and bile acids, etc.) on positively charged surfaces [20].

AC producers often point to a specific application of their 
carbon in a certain narrow field. This is due both to the lim-
itations of the research carried out by the manufacturer and 
to the binding of researchers to the specific recommendations 
of the manufacturer. For example, AC Norit DLC Super 30 
and Norit DLC Supra 30 (Cabot Norit Nederland B.V., The 
Netherlands) are used in scientific publications as an active 
material for the manufacture of supercapacitor electrodes 
[21–25]. You will not find any examples of how these types 
of AC are used as adsorbents because there are no such 
studies. Therefore, we studied the adsorption properties 

of microporous industrial carbon Norit DLC Super 30 and 
Norit DLC Supra 30, which are synthesized from a natu-
ral raw material – coconut shell, concerning the differently 
charged dyes – MB (basic dye) and CR (acid dye).

2. Experiment set-up

2.1. Characterization of activated carbons

To compare the adsorption behaviour of new types of 
carbon, the necessary conclusions can be drawn by compar-
ing the obtained results with the results demonstrated by 
such types of AC that have already been previously studied. 
In our case, to compare the adsorption of MB and CR dyes, 
AC brand BAU-A (Khimprom, Ukraine) was chosen, which 
is also obtained from natural raw materials (birch wood) 
and is widely used in adsorption studies of dyes [26–28].

Although industrially obtained types of AC have appro-
priate quality certificates, many important indicators are not 
provided. For example, the specific surface area is not indi-
cated in the BAU-A carbon certificate. This indicator is pro-
vided for carbon brands Norit DLC Super 30 and Norit DLC 
Supra 30 (1,600 and 1,900 m2/g, respectively). Pohlmann et 
al. [29], the specific surface area determined for Norit DLC 
Super 30 carbon is 1,618 m2/g, which is close to the param-
eter declared by the manufacturer Rodriguez-Romero et 
al. [25], the specific surface area determined for Norit DLC 
Supra 30 carbon is only 1,700 m2/g, which is a lower value 
than the declared value. Therefore, the characteristics of the 
porous structure of these types of carbon were determined 
using the standard method of isothermal adsorption/desorp-
tion of nitrogen at the boiling temperature of (T = 77 K) 
with the help of an automated Quantachrome Autosorb 
Nova 2200e analyzer. Before measurements, samples of all 
materials were pre-degassed in a vacuum at 453 K for 20 h.

Activated carbon was photographed using a scanning 
electron microscope with a low-vacuum camera and a 
REMMA-102-02 energy dispersive microanalysis system. 
This microscope is intended for direct investigation of the 
surface relief of various materials in the solid phase and 
the determination of their elemental composition by X-ray 
microanalysis based on the energies of characteristic X-ray 
quanta in low and high vacuum conditions. Particle sizes 
were estimated using a composite image in backscattered 
electrons. This mode allows obtaining images with phase 
contrast, where each phase of the sample has a luminescence 
brightness, which is proportional to its averaged atomic 
number.

The total volume of pores accessible to liquid was deter-
mined by long-term soaking in heptane that well wets the 
surface of activated carbon. The proportion of hydrophilic 
pores was determined by the amount of water absorbed 
during soaking. Calculation of hydrophilic–hydrophobic 
properties was carried out according to the method [30].

2.2. Adsorption experiments

The study of the adsorption of dyes was carried out 
according to the spectrophotometric methods described by 
the study of Bestani et al. [31] for MB and Paşka et al. [32] 
for СR, using a single-beam spectrophotometer SF-46 with 
a built-in microprocessor, the limit of absolute errors when 
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measuring transmission coefficients in the spectral range 
of 400–750 nm is not more than 0.5%. Cuvettes with an 
optical path length of 10 mm were used for measurements.

To study the adsorption of dyes by industrial AС and 
to construct calibration graphs, control solutions with a 
known concentration were prepared. The calibration graph 
was constructed as follows: a set of aqueous solutions of 
dyes with known concentrations was prepared, and then 
the dependence of the optical density of these solutions 
on the concentration of the dye in the solution was deter-
mined. The measured data were modelled by a linear 
dependence, and equations with corresponding coefficients 
were obtained.

Studying adsorption properties of carbon materials, one 
has to deal with dispersion, where a dye solution acts as a 
dispersed medium, and carbon particles act as a solid dis-
persed phase. To reduce the negative impact of particles, 
which are additional scattering centres, on the final deter-
mination of the dye concentration, the additional separation 
of such a heterogeneous system was carried out using an 
OPn-8 centrifuge for 10 min.

3. Results and discussion

3.1. Activated carbons characterization

When considering AС obtained by an industrial method, 
we have a list of selected parameters. These parameters are 
standardized by various organizations around the world, 
such as the American Society for Testing and Materials 
(ASTM), the American Water Works Association (AWWA), 
the Food and Drug Administration (FDA) in the USA, 
the Japanese Industrial Standards (JIS) in Japan, and the 
European Federation of Chemical Manufacturers Council 
(CEFIC) in Europe [33]. Based on these parameters, AС can 
be characterized by physical and active properties. Both 
types of properties become important factors in the specifica-
tion of industrial carbon. Physical properties include specific 
surface area, density, particle size, mechanical strength, and 
ash content. Activity characteristics are the key indicators 

of the potential effectiveness of AC to remove contami-
nants from water. The activity can be determined using sev-
eral standard methods, which include the determination of 
iodine number, molasses number and MB adsorption. The 
iodine number provides information about the micropores 
(<2 nm) in AС, and therefore reflects its ability to adsorb 
small molecules. The molasses number characterizes mac-
ropores (>50 nm) and is used as a relative reference for 
measuring the capacity of AC for large molecules [33].

However, when we compare the adsorption proper-
ties of AС with different particle sizes, the results may be 
incorrect. This is because adsorption by large AС particles 
proceeds more slowly and is less than by small particles 
[33–36]. Therefore, there is a need to reduce the studied 
types of industrial AС to the same conditions.

AС brands Norit DLC Super 30 and Norit DLC Supra 
30 are visually quite finely dispersed. The technical param-
eters in the accompanying documentation for these types 
of carbon indicate an average particle size of 30 µm in 
both these brands.

However, the scanning electron microscopy (SEM) 
images of these AС types in Fig. 1 show that Norit DLC 
Supra 30 is more monodisperse, and Norit DLC Super 30 
carbon has larger particles.

The other situation is with AС brand BAU-A. More than 
95% of this carbon consists of 1–3.6 mm particles. Therefore, 
it is possible to compare the adsorption properties with 
Norit carbon only with definite grinding of BAU-A carbon 
particles. For a preliminary assessment of the adsorption 
capacity, the particles of this carbon were crushed mechan-
ically and sifted on sieves with the selection of 7 fractions 
with an average particle size of d = 30, 42, 54, 72, 85, 145 
and 200 µm. Carbon of each fraction weighing 2.5 mg was 
placed in 20 mL of an aqueous dye solution and kept for 
24 h. After that, the residual concentration of the dye in 
the solution was determined. The results of the study are 
shown in Figs. 2 and 3.

Having analyzed the graphical dependencies in Figs. 2 
and 3, it is easy to see that the carbon with the smallest par-
ticle size has the best adsorption properties. This result is 

(а) (b)
Fig. 1. SEM image of AС particles of Norit DLC Super 30 (a) and Norit DLC Supra 30 (b) brands.



I. Bordun et al. / Desalination and Water Treatment 288 (2023) 151–158154

understandable, because with the smallest size of the frac-
tion, the surface of the carbon material, which has contact 
with the aqueous solution, is larger. Even though carbon 
with an average particle size of 30 µm exhibits the best 
adsorption properties, further studies of this type of car-
bon were carried out using a fraction with an average size 
of 42 µm. This is because, as a result of the grinding/separa-
tion processes, a very small amount of carbon material with 
a fraction size of 30 µm was obtained, which did not allow 
conducting a full range of research. Therefore, all the fol-
lowing results were carried out with the fraction of BAU-A 
crushed carbon with an average particle size of 42 µm since 
it was obtained in much larger quantities.

The characteristics of the porous structure of AC, espe-
cially the open pores that make it possible to effectively 
adsorb pollutants from the water environment, can be 
established based on simple and reliable methods, among 
which the nitrogen adsorption/desorption method is the 
most common. At the first stage of such research, adsorp-
tion/desorption isotherms are obtained, which are shown in 
Fig. 4. According to the shape of the curves, all isotherms 

can be roughly classified as type II according to the IUPAC 
classification [37], which are characteristic of adsorbents 
with slit-like pores.

A small hysteresis loop at higher relative pressures on 
the curve of nitrogen adsorption/desorption by BAU-A 
carbon is associated with capillary condensation. In open 
pores, the delayed condensation is the result of the meta-
stability of the adsorbed multilayer coating. It follows that 
in the aggregate of such pores, the adsorption branch of the 
hysteresis loop is not in thermodynamic equilibrium. From 
Fig. 4, curve 1, we can conclude that we have a hysteresis 
loop of type H4. H4 loops are often found in aggregated 
zeolite crystals, some mesoporous zeolites, and micro–mes-
oporous carbon [37]. Rouquerol et al. [38] in monograph 
also established that H4-type hysteresis loops are obtained 
on AC and other adsorbents with slit-like pores – mainly in 
the micropores range. Isotherms in Fig. 4, curves 2 and 3, 
are characterized by the divergence of the adsorption and 
desorption lines, especially in the region of low relative 
pressure. This behaviour of isotherms is called low-pressure 
hysteresis, and its causes, according to Rouquerol et al. [38], 
can be:

• Irreversible retention of gas molecules in pores, the 
sizes of which are close to the sizes of these molecules;

• Irreversible chemical adsorbate–adsorbent interaction;
• Swelling of the spatial high-molecular framework of 

the adsorbent.

In the case of AC brands Norit DLC Super 30 and Norit 
DLC Supra 30, the most likely reason may be the first one.

To calculate AC parameters, the obtained isotherms were 
analyzed using the Quantachrome TouchWin programme. 
The specific surface area was determined by the multipoint 
Brunauer–Emmett–Teller (BET) method, the parameters of 
the microporous structure – by the t-method, and the mes-
oporous structure – by the BJH (Barrett–Joyner–Halenda) 
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Fig. 4. Nitrogen adsorption/desorption isotherms of AC brands 
BAU-A (1), Norit DLC Super 30 (2) and Norit DLC Supra 30 
(3), red curves correspond to adsorption and blue curves to 
the desorption of nitrogen.

 
Fig. 2. Dependence of the residual concentration of the MB 
dye solution after the establishment of adsorption equilib-
rium depending on the average particle size of AC BAU-A 
(С0 = 1.5 × 10–2 mmol/L).

 
Fig. 3. Dependence of the residual concentration of the 
CR dye solution after establishing the adsorption equilib-
rium depending on the average particle size of AC BAU-A 
(С0 = 6.5 × 10–2 mmol/L).
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method on the desorption line of the isotherm. The results 
of the calculations of the parameters of the porous struc-
ture with the predetermined hydrophilicity are given in  
Table 1.

3.2. Adsorption isotherms

Adsorption isotherms of dyes from aqueous solutions 
are of great importance for describing how adsorbates 
will interact with carbon and for optimizing the use of AC 
as an adsorbent.

The amount of adsorption of dyes was calculated by the 
difference in concentrations before and after contact with 
the carbon adsorbent. Knowing the initial concentration 
C0, the equilibrium residual concentration of the solution 
Ce, the volume of the solution V and the mass of the adsor-
bent m, it is possible to calculate the adsorbed amount of 
the substance. The amount of adsorption was calculated 
according to the formula [38]:

q
C C V

me
e�

�� � �0  (1)

where qe is the amount of adsorbate on carbon at equilib-
rium, in units of mg/g; С0 is the initial concentration of the 
initial solution, mg/L; Ce is the residual concentration of the 
equilibrium solution, mg/L; V is the volume of the aqueous 
solution, L; m is the amount of used carbon, g.

Based on the obtained adsorption values, the depen-
dences qe = f(C), that is, adsorption isotherms, which are 
shown in Figs. 5 and 6 were constructed.

Analyzing Figs. 5 and 6, we can say that all isotherms 
belong to type II adsorption isotherms, which indicates a 
weak connection of dye molecules with the surface mainly 
due to electrostatic van der Waals interaction and the for-
mation of hydrogen bonds. It allows us to use the Langmuir 
model to analyze all isotherms, which is the best for 
this type of isotherm [19,39].

The Langmuir equation can be used to describe 
experimental adsorption isotherms in the form [38]:

q q
K C C
K C Ce m
L

L

�
� �
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/
/
0

01
 (2)

where qe is the adsorption value, qm is the maximum adsorp-
tion value, C is the equilibrium concentration, C0 is the stan-
dard concentration, KL is the equilibrium constant of the 
process of interaction of the adsorbate with the adsorbent 
(Langmuir constant).

For the analysis of experimental adsorption isotherms, 
it is convenient to use the linear form of the Langmuir 
equation:

1 1 1 0

q q K q
C
Ce m L m

� �  (3)

After constructing the adsorption isotherms in the 
coordinates 1/qе = f(1/C), we obtain a straight line that cuts 
off a segment equal to 1/qm on the ordinate axis. Therefore, 

Table 1
Parameters of the porous structure of the studied AC types

AC type Hydrophilicity, % SBET, m2/g Smicro, m2/g Vtotal, cm3/g Vmicro, cm3/g Vmezo, cm3/g d, nm

BAU-A 53 683 510 0.45 0.21 0.22 2.63
Norit DLC Super 30 69 1,580 1,410 0.82 0.62 0.19 2.08
Norit DLC Supra 30 63 1,865 1,695 0.865 0.73 0.093 1.86
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Fig. 5. Adsorption isotherms of MB of AC brands BAU-A (1), 
Norit DLC Super 30 (2) and Norit DLC Supra 30 (3).
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Fig. 6. Adsorption isotherms of CR of AC brands BAU-A (1), 
Norit DLC Super 30 (2) and Norit DLC Supra 30 (3).
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the maximum amount of absorbed dye qm by the porous 
structure of carbon can be determined from the analysis 
of the linear approximation of the adsorption isotherms. 
Table 2 provides the values of the maximum adsorption of 
dyes by the investigated types of AC, as well as the data 
of the maximum adsorption for other types of AC from 
organic raw materials, which are found in the literature.

The comparison of adsorption values depending on 
the type of dye shows that for all studied types of AC, this 
indicator significantly decreases during the transition from 
MB to CR. High values of adsorption of the basic dye MB 
and much smaller values of adsorption of the acid dye CR 
indicate a significant effect on the adsorption of functional 
oxygen groups on the AC surface. These include carboxyl, 
carbonyl, phenolic and lactone surface groups, which are 
generated during the synthesis of AC [45]. The presence 
of two SO3Na groups in the CR, which dissociate in water, 
causes the molecules of this dye to have a negative electric 
charge. And this leads to electrostatic repulsion from the 
particles of carbon material with the same electrical charge 
and, accordingly, a decrease in adsorption.

The difference between AC adsorption of Norit DLC 
Super 30 and Norit DLC Supra 30 brands of differently 
charged MB and CR dyes is due to the peculiarities of the 
porous structure of these types of carbon. It is known that 
the MB molecule is almost twice as short as the CR molecule. 
The length of the MB molecule is 1.382 nm [46] or 1.447 nm 
[47], and the width is approximately 0.95 nm. The CR mol-
ecule is 2.3 nm [48] or 2.6 nm [49] long. The width of the 
CR molecule is almost the same – 0.93 nm. If we take into 
account the features of the micro- and mesoporous structure 
of Norit carbon presented in Table 1, we can see that Norit 
DLC Super 30 carbon has a smaller specific surface area 
than Norit DLC Supra 30 carbon, but its mesopore volume 
is almost twice as large. This makes most of the pore space 
of Norit DLC Super 30 available for large molecules of the 
CR compared to the more microporous Norit DLC Supra 30.

If we compare the maximum adsorption indicators of 
Norit DLC Super 30 and Norit DLC Supra 30 with these 
indicators for other types of AC (Table 2), we can note 
that the selected industrial carbon has very good adsorp-
tion properties concerning MB, but they are a little lower 

concerning CR. This means that industrial carbon Norit DLC 
Super 30 and Norit DLC Supra 30 can be not only efficient 
AC for the manufacture of supercapacitor electrodes but also 
an efficient adsorbent of positively charged low-molecu-
lar-weight substances from aqueous solutions.

Some data on the adsorption of MB dye on AC are con-
tradictory and ambiguous. Güzel and Tez [50], it is stated 
that the maximum value of MB adsorption at 298 K in AC 
can be used to indicate developed microporosity. Pittman et 
al. [51] found that the surface area determined by the BET 
method from nitrogen adsorption/desorption isotherms can 
be compared with the results obtained from the adsorption 
of MB dye on carbon fibres and activated carbon materials. 
However, Hourieh et al. [52] came to the opposite conclu-
sion and indicated the inaccessibility of the microporous 
AC structure for the MB molecule, which leads to under-
estimated values of the specific surface area calculated 
from the adsorption value.

Since the data in Table 2 indicate the efficient adsorption 
of MB by the AC surface of Norit DLC Super 30 and Norit 
DLC Supra 30, it is possible to estimate the specific surface 
area of the studied types of AC based on the maximum 
adsorption index of this dye according to the formula [53]:

S
q N
M
m A�

�
 (4)

where ω is the area on the surface of the carbon material 
occupied by one MB molecule (nm2), qm is the maximum 
amount of absorbed dye (mg/g), NA is Avogadro’s number, 
М is the molar mass of MB (319.85 g/mol).

As we mentioned-above, the maximum amount of 
dye qm absorbed by the porous structure of carbon can be 
determined from the analysis of the linear approximation 
of adsorption isotherms, but the issue of the area occupied 
by one MB molecule on the surface of the carbon material 
is also ambiguous. For example, the value of 0.69 nm2 was 
used by the study of Khokhlova and Hien [26], the value 
of 1.06 nm2 was substantiated Pahovchyshin et al. [39], the 
area of the MB molecule was chosen to be 1.3 nm2 Bestani 
et al. [31], and 1.97 nm2 Pittman et al. [51]. Therefore, in 
various studies, areas that differ by almost three times are 
calculated. A value of 1.3 nm2 was chosen for the analysis 
of our data. This value has the most complete physical sub-
stantiation from the point of view of the adsorption process, 
namely the charge of the MB molecule, its orientation on 
the surface, as well as the Coulomb repulsion between the 
MB molecules are taken into account. Based on this value, 
the specific surface areas of AC brands Norit DLC Super 30 
and Norit DLC Supra 30 were calculated. The results are 
shown in Table 3.

As can be seen from the data in Table 3, taking into 
account hydrophilicity, it is possible to estimate the value 
of the specific surface area of microporous carbon mate-
rials with fairly good accuracy. Of course, the deviation of 
the value of the calculated surface areas can be either larger 
or smaller. This can be attributed to the fact that the hydro-
philicity was calculated from the volumetric absorption of 
the wetting liquid and water, as well as the different content 
of the total number of surface oxygen-containing groups. 

Table 2
Adsorption properties of the studied AC types

AC type Value of the maximum 
adsorption qe, mg/g

MB CR

BAU-A 235.3 76.9
Norit DLC Super 30 467.3 208.3
Norit DLC Supra 30 507.6 188.7
AC, Palm shell [40] 243.9 –
AC (ZnCO2)-800, Date pits [41] 194.73 35.21
PAC (Norit) [42] 400.0 312.5
AW AC, Ashitaba waste [43] 289.25 345.17
WS AC, Walnut shell [43] 314.19 281.45
AC2, Beet pulp [44] 169.3 –
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The last fact is particularly important because, in an aque-
ous solution, MB has a positive charge and three main amino 
groups, which must be attracted by oxygen-containing sur-
face groups on the AC surface [39]. AC brands Norit DLC 
Super 30 and Norit DLC Supra 30 are manufactured accord-
ing to the same technology using potassium hydroxide as an 
activator, so the calculated areas have a “shift” in the same 
direction relative to the value obtained by the BET method.

4. Conclusions

Thus, the study of the porous structure of industrial AC 
brands Norit DLC Super 30 and Norit DLC Supra 30, pro-
duced from natural raw materials, showed its significant 
influence on the adsorption capacity of carbon during the 
adsorption of dyes. But the type of dye molecules (basic or 
acidic) and the size of these molecules are also important. 
It was determined that AC brands Norit DLC Super 30 and 
Norit DLC Supra 30 have very good adsorption properties 
concerning MB molecules, but they are a little lower concern-
ing CR. Therefore, industrial carbon Norit DLC Super 30 and 
Norit DLC Supra 30 can be used as efficient adsorbents of 
positively charged low-molecular-weight substances from 
aqueous solutions.

It was established that all dye adsorption isotherms can 
be described within the framework of the Langmuir model. 
Based on the simulation results, the specific surface areas 
were calculated by the maximum amount of absorbed dye. 
The analysis of literature data made it possible to use the 
value of the area occupied by one MB molecule on the sur-
face of the carbon material at 1.3 nm2. It was established that 
the method of determining the specific surface area of vari-
ous types of carbon using the absorption of MB from aque-
ous solutions is quite consistent with the results obtained 
using the standard method of nitrogen adsorption/desorp-
tion if the hydrophilic properties of the AC surface are taken 
into account. This method can be used as a simple method 
to estimate the surface area of carbon materials.

For a deeper understanding of the processes of adsorp-
tion of differently charged dyes by carbon adsorbents, it is 
planned to investigate the kinetics of adsorption and the 
influence of the parameters of the solution – dye concentra-
tion, temperature, and hydrogen pH.
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