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Abstract. Heterogeneous systems including natural carbon matrices in the solid phase and aqueous solutions of low 

molecular weight organic compounds with positive and negative variations from ideality in the liquid phase are con-

sidered. The technical characterization of the considered supramolecular ensembles on the basis of brown coal of the 

Kara-Keche deposit (Kyrgyzstan), humic acids and humine extracted from it is given. Functional analysis of the sam-

ples was carried out using FTIR spectroscopy. The morphology of the surface of the considered carbon matrices has 

been investigated, in different points of which the local microelement composition has been established. An X-ray 

phase analysis of Kara-Keche brown coal and humic acids and humine extracted from it was carried out. The isothermal 

adsorption of bipolar molecules of glycine and urea, neutral D-glucose from aqueous solutions on solid carbon sorbents 

has been studied. An assumption has been made about the adsorption of low molecular weight organic compounds 

from aqueous solutions on humine and Kara-Keche coal in irregularities and pores of the carbon matrix of sorbents, 

for humic acids – on surface reaction centers. Due to its developed pore structure and resistance to acids and alkalis, 

humine from Kara-Keche coal is recommended for the purification of industrial wastewater from low molecular weight 

organic ecotoxicants. 
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Introduction. Purification of wastewater from industrial plants remains one of the main envi-

ronmental problems, the solution of which will help combat the threat of pollution of natural objects. 

A material of natural origin – brown coal – is widely used as an absorber of ecotoxicants. The main 

advantages of this sorbent are high sorption capacity, environmental friendliness and a wide range of 

applications. It has a heterogeneous structure, which consists of a huge number of different functional 

groups [1-3]. Brown coal is a potential source of humic substances (HS), which have a wide spectrum 

of effects. Their content in brown coals ranges from 20 to 90 %. The share of the mineral part is about 

52 % [4]. Brown coal from the point of view of solid-state chemistry is an interesting object for 

mechanochemical oxidation aimed at increasing the content of humic acids and chemical modification 

of their structure. The most studied is the solid-phase treatment of brown coal with alkalis, leading to 

an increase in the extractability of humic acids [5]. 

A large number of reviews are devoted to humic substances [6-8], which have a variety of spe-

cific properties that ensure their wide practical use. The works [9-11] note the ability of humic acids 
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(HA) to effectively bind metal cations. The processes of binding of copper, nickel, cadmium ions, 

ferricenium cations and methylene blue from aqueous solutions on humine (residual coal) and humic 

acid of Kara-Keche brown coal have been studied in detail [12,13].  

The interaction of organic compounds with HS allows their use in the production of microferti-

lizers, feed and food additives, and as enterosorbents for water purification and detoxification of land 

from petroleum products [14-16]. Research continues on the development of technical specifications 

for the use of products based on recycled organic waste as sorption material for the treatment of 

domestic, industrial and technological wastewater from organic and inorganic components [17,18]. 

The interaction of HS with mineral particles of the soil with the formation of organomineral com-

plexes determines their use as structure formers and soil ameliorants [19]. The prospects of using 

humic preparations for restoration of disturbed areas are investigated by assessing the relationship 

between their biological activity and structural-group composition [20-22].  

Various thermodynamic and kinetic models are used to describe the sorption process involving 

HS [23-25]. Using these models, as well as ideas about the supramolecular nature of HS, it is possible 

to understand the mechanism of the process, select the most effective sorbents and optimal conditions 

for sorption [26-28]. 

Insufficient attention is paid to adsorption of low molecular weight organic compounds from 

aqueous solutions on humic acids and especially on humine extracted from brown coals [29-31]. 

There are few publications in the scientific literature on functional and local trace element composi-

tions, surface morphology of brown coal-based carbon sorbents, humic acids and humine extracted 

from them [32-34].  

The limited information causes the actuality of studies of surface properties in heterogeneous 

systems including water-organic solutions with positive and negative variations from ideality, which 

are contained in wastewater of chemical, pharmaceutical, electrical engineering. The treatment of 

wastewater from low molecular weight organic compounds is an important environmental protection 

goal. At the same time, humin (residual coal) as a spent carbon sorbent can be utilized by combustion 

in power plants as a refined fuel. 

The aim of the work is the physicochemical characterization of brown coal of Kara-Keche de-

posit (Kyrgyzstan), humic acids and humine extracted from it, determination of their classification 

features, study of isothermal adsorption of low molecular weight organic compounds from aqueous 

solutions on the obtained natural carbon matrices. 

Methods. One of the ways to extract humic acids from brown coals is alkaline extraction [35]. 

At the first stage of humic acid and humine extraction, decalcification of the sample was carried out 

to free the coal and organic compounds contained in it from calcium ions, which form difficultly 

soluble humates with humic acids. For this purpose, a sample of coal was filled with 0.005 n solution 

of Н2SO4 at the rate of 5-6 liters per 1 kg of coal, stirred for 15 min on a rotator and left for 24 h. 

After settling, the acid solution was drained and discarded along with the undecomposed plant mate-

rials that floated to the surface. Upon exposure to mineral acids, aluminium and iron partially pass 

into solution, which also contributes to the release of humic substances.  

After decalcification, the coal was washed with distilled water and humic acids were extracted 

with 0,1 n NaOH solution at the rate of 6-7 liters per 1 kg of coal. Stirred for 15-20 min on a rotator, 

then the suspension was allowed to stand for 24 h followed by separation of the solid phase by centrif-

ugation at 4000 rpm. The mother liquor was sodium humates, the undissolved precipitate was the non-

hydrolysable part of the charcoal (humine).  

Humine was placed in a 10-litre container, poured with distilled water, mixed thoroughly and 

allowed to stand for two days. After settling, the upper clear layer was drained (by decantation) and 

the lower layer was centrifuged on an OS-6M centrifuge at 4000 rpm for 15 min.  
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The resulting humic precipitate was rewashed six more times to remove residual amounts of humic 

acids and small dispersed sols, which give colour to the solutions. After final centrifugation, the pre-

cipitate was placed on glass and dried at room temperature. It was then dried in a desiccator for one 

hour at 90-100 C, crushed and ground in a mortar to a powdery state. The obtained humic sample 

from Kara-Keche coal was sieved on sieves with 0.25 mm mesh diameter (60 mesh). Humine was 

stored in tightly corked bouquets for further research.  

The solution after coal leaching usually contains some amount of mineral impurities in the form 

of a fine suspension, from which were freed before the humic acids were precipitated. For this purpose, 

the alkaline solution was centrifuged at 4000 rpm. To precipitate humic substances a small amount of 

concentrated H2SO4 at the amount of 2.0-2.5 ml per 1 liter of alkaline solution was added to the 

obtained solution (until the first signs of coagulation). The loose precipitate of humic acids was cen-

trifuged to separate it from the solution, transferred to a filter and washed several times with distilled 

water to neutral pH value. The crude preparation of humic acids contains a certain amount of hi-

matomelanic acids, for the separation of which the precipitate was washed with ethyl alcohol, and the 

himatomelanic acids passed into solution.  

The wet humic acid precipitate was air-dried for one or two days and then pe-recrystallised. For 

purification from small amounts of impurities humic acids were again dissolved in a small amount of 

0.1 n NaOH solution at the rate of 30 ml of alkali per 10 g of humic acids, stirred for 15 min and 

stood for 24 hours. The humic acids were further extracted from the alkaline solution. The purified 

humic acid preparation was then air dried and ground to a powder-like state and sieved on sieves with 

a mesh diameter of 0.25 mm. The obtained preparation was stored in the desiccator.  

Discussion of results. Ash content Aa and moisture Wa of the analysed sample of Kara-Keche 

coal, humic acids and humine extracted from it were obtained according to the methods of [36] 

(Table 1).  

 
Table 1 

Moisture and ash content of Kara-Keche brown coal, humic acids and humine extracted from it,  

elemental analysis in count to ash-free, anhydrous mass of samples 

Object of the study Wa,  % Aa,  % Сh,  % Sh,  % Нh,  % Nh,  % Оh,  % Н/С О/С 

Brown coal (CK) 2,54 22,90 72,33 1,21 4,72 0,98 20,76 0,78 0,22 

Humic acids from coal (HA) 3,63 10,70 70,90 1,22 3,56 0,62 23,70 0,60 0,25 

Humine from coal (HU), washed 7,35 20,52 78,75 1,29 3,94 0,00 16,02 0,60 0,15 

 
The carbon content of humine increases and the oxygen content decreases markedly compared 

to humic acids and coal itself (Table 1). Humic acid structures were estimated from the hydrogen-to-

carbon and oxygen-to-carbon content ratios using the Van-Crevelen graph-static analysis method. 

According to classification criteria, the humic acids extracted from Kara-Keche coal belong to the 

class of humic acids from brown coals and the black soil. 

Functional analysis of Kara-Keche coal, humic acids and humine extracted from it by FT-IR 

spectroscopy. Near-infrared spectroscopy is widely used in both qualitative and quantitative analyses 

[37, 38] and is also used in the study of brown coals.  

Figure 1 shows the IR spectra of all investigated samples recorded on Varian FT-IR spectrom-

eter in tablets with KBr in the ratio 1:300, frequency range 4000-450 cm–1, as well as the maxima 

of characteristic absorption bands of the most important atomic groups of the investigated sub-

stances.  

 



 

 

Journal of Mining Institute. 2024. Vol. 267. P. 402-412 

© Sultan O. Karabaev, Aleksandr V. Kharchenko, Irina P. Gainullina, Valentina A. Kudryavtseva,  

Tatyana D. Shigaeva, 2024 

405 

This is an open access article under the CC BY 4.0 license  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Comparative analysis of IR spectra of Kara-Keche brown coal, humic acids and humine showed 

that all samples contain condensed aromatic systems, aliphatic and alicyclic hydrocarbon groups, as 

well as oxygen-containing functional groups (carboxyl, carbonyl, hydroxyl).  

All samples contain mineral components. The relative quantitative content of functional groups 

in the studied samples was estimated by the ratio of the peak areas of the absorption bands of oxygen-

containing groups to the peak areas corresponding to aromatic polyconjugated systems (1600 cm–1) 

and aliphatic substituents at 2920 cm–1. The ratio of optical densities of absorption bands of alkyl 

substituents to aromatic fragments showed the predominance of aromatic fragments (A2920/A1600). 

Humic acids contain more alkyl substituents than humine. The relative amount of hydroxyl groups 

(A3400/A1600) in HA and HU is low compared to brown coal. Carboxyl groups (A1720/A1600) are much 

more prevalent in humic acids than in humine and coal.  

From the data of Fig.1, it is also evident that in HA and HU, carboxyl groups are predominant 

over alkyl substituents, the ratio A1720/A2920 for both samples is greater than one. For coal the situation 

is opposite – the ratio A1720/A2920 is much less than unity. It can be stated that IR spectra of Kara-

Keche coal, humic acids and humine extracted from it are similar. The main characteristic absorption 

maxima for humic substances are found in all samples. The differences are observed mainly in in-

tensity – humic acids are dominated by oxygen-containing groups, while coal is dominated by alkyl 

substituents. More aromatic fragments are observed in the composition of humine. At the same 

time, differences in broadening and shifts of absorption bands of absorption spectra of Kara-Keche 

coal, humic acids and humic acid can be associated with both different chemical environment within 

the structural units of the studied objects and intermolecular interactions. Therefore, and taking into 

account the fact that the investigated carbon matrices are chemically heterogeneous supramolecular 

systems, comparative analysis of their IR spectra before and after adsorption will not provide objec-

tive information about the nature of the functional groups of coal, humine, and humic acids involved 

in the binding of urea, glycine, and D-glucose, respectively. 

Scanning electron microscopy of Kara-Keche brown coal, humic acids and humine extracted 

from it. The analytical sample of Kara-Keche coal was examined on a TESCAN VEGA 3 LMH  

Group 
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Fig.1. Infrared spectra, maxima of characteristic absorption bands of the most important atomic groups  

of the of Kara-Keche brown coal, humic acids and humine extracted from it 



 

 

Journal of Mining Institute. 2024. Vol. 267. P. 402-412   

© Sultan O. Karabaev, Aleksandr V. Kharchenko, Irina P. Gainullina, Valentina A. Kudryavtseva,  

   Tatyana D. Shigaeva, 2024 

406 

This is an open access article under the CC BY 4.0 license  

  

microscope with a secondary electron detector. The surface morphology of humine and humic acid 

samples was examined on a JEOL JSM 6510 scanning electron microscope using an SEI secondary 

electron detector and a BEC reflected electron detector.  

Figure 2 shows photos of analytical samples of Kara-Keche brown coal, humic acids and humine 

extracted from it. The conglomerate of the raw coal sample has a lamellar structure, with a partially 

faceted structure observed for the constituent particles. Upon higher magnification of the sample sur-

face, it can be seen that the coal has a poorly developed porous surface, due to which its negligible 

adsorption properties can be expected to manifest. Humic acid particles of quasi-crystalline form are 

grains of various sizes not exceeding 100 μm. The surface of humic acid particles is flat, not penetrated 

by pores and capillaries, without any kind of roughness.  

Humine, in contrast to humic acids, are particles of irregular, splintered shape up to 100 μm. Par-

ticles with developed, porous surface are present. The maximum size of individual pores of humic acid 

reaches 200 nm.  

 

Fig.2. Surfaces of Kara-Keche brown coal, humic acids and humine extracted from it at different magnifications 

CK CK HU HU 

HA HU HA 
HA 
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Also shown in Fig.2 are photographs of 

humic acids and humin from Kara-Keche 

brown coal, taken using a reflected electron 

detector. The surface of humic acid and hu-

mine is homogeneous grey colour with rare 

small light inclusions representing more oxi-

dized fragments in the structure of the studied 

substances or zones with increased content of 

ash elements. 

As a result of the surface evaluation of the 

studied samples, considering only one physical 

aspect - the surface configuration, one can ex-

pect different adsorption mechanisms – from 

monomolecular in humic acid, to volumetric 

filling of micropores – in humine and coal.  

Energy dispersive spectra of Kara-Keche 

coal, humic acids and humine extracted from 

it. The analysis of local elemental composition 

at given points of the studied samples of humic 

acids and humine was carried out on a JEOL 

JSM 6510 scanning electron microscope, a ni-

trogen-cooled energy dispersive spectrometer 

NSS7 was used as a detector. The local content 

of various elements in the Kara-Keche coal 

sample was determined on a TESCAN VEGA3 

LMH microscope using an X-ACT EDS  

analyzer. 

The study of the local elemental 

composition for all three samples was carried 

out in several morphologically different 

surface specimens. Data on the relative content 

of elements of the selected candidates, are 

shown in Fig.3. The quantitative content of  

elements at different points of the surface of 

the investigated samples of coal, humic acids 

and humine varies considerably (given in 

atomic per cent). The obtained result indicates 

that the studied samples of natural carbon ma-

trices are chemically heterogeneous, dispersed, 

microheterogeneous supramolecular systems. 

X-ray phase analysis of Kara-Keche coal 

powders, humine and humic acids extracted 

from it. An optimal set of methods for analyz-

ing natural substances also includes X-ray 

phase analysis [39]. The powders of coal, hu-

mic acids and humine extracted from it were 

analysed on a Panalytical X'Pert Pro X-ray dif-

fractometer (Philips) at the wavelength of cop-

per K radiation λ = 0.154 nm.  

 

Fig.3. Energy dispersion spectra at given points  

on the surface of Kara-Keche brown coal, humic acids  

and humin extracted from it 
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Figure 4 shows the diagram of mineral composition of Kara-Keche brown coal. The radiographs 

were recorded in GIXD geometry at 1 and 5 in the range of 20-80° (step 0.05°, time per step 2 s).  

The analysis of the diffractograms and the search for candidate matches according to official 

PDF databases showed the presence of various modifications of graphite, silicon dioxide (quartz), 

aluminosilicates (zeolite), various carbides, carbide-nitrides and silicon nitride-oxides in the brown 

coal sample.  

X-ray radiographs of humine and humic acids have the view of a broad line (halo) characteristic 

of amorphous materials (Fig.4). However, the presence of peaks in humine (residual coal) samples 

indicates the presence of structural formations similar to Kara-Keche brown coal.  

Adsorption of low molecular weight organic compounds from aqueous solutions on Kara-Keche 

coal, humic acids and humine extracted from it. The adsorption studies used carbon sorbents whose 

particle sizes did not exceed 0.25 mm (60 mesh). Urea, glycine, D-glucose were chosen as adsorbates 

characterised by different type of variations from ideality in aqueous solutions. They are representa-

tives of different classes of organic compounds that are of interest to specialists in biochemistry, 

biotechnology, ecology, and materials science. The bipolar molecules of urea and glycine are charac-

terised by self-association in aqueous solutions, which determines their positive variations from 

ideality. Heteroassociation of the components of the aqueous solution of D-glucose underlying the 

mechanism of mutarotation of the monosaccharide suggests negative deviations from ideality in 

this binary system.  

Conductivity and liquid chromatography methods were used to determine glycine concentrations 

in aqueous solutions. The polarimetric method was used to determine the concentration of D-glucose 

in aqueous solutions. The concentration of urea in aqueous solutions was determined chromato-

graphically on a JASCO-HPLC high-efficiency liquid chromatograph.  
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Fig.4. Diffraction spectra of Kara-Keche brown coal, humine and humic acids extracted from it 
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Heterogeneous equilibrium in the system sorbent in solid phase – aqueous-organic solution was 

established during 24 h in dry-air thermostat at T = 298 K. The phases were stirred every 15 min for 

the first two hours. After 24 h the phases were separated on a syringe filter with a pore size of 1-2 µm. 

Adsorption values were calculated using the equation: 

0 р( )
1000

c c V
a

m


  , 

where c0 and cp – initial and equilibrium concentrations of adsorbate, M; V – volume of solution from 

which adsorption occurs, l; m – mass of adsorbent, g; 1000 – conversion factor of the obtained result 

in another unit of measurement – mmol/g. 

The calculated adsorption values for each composition of the aqueous-organic solution were av-

erages of three or four parallel tests with an accuracy of 10 % relative error.  

The dependence of the above methods of determining the concentrations of urea, D-glucose, and 

glycine on the acidity of the medium allowed us to conclude that there were no noticeable changes in 

the acid-base manifestation in the studied systems after adsorption.  

Visualization of experimental data of isothermal adsorption is presented in Fig.5. The series on 

adsorption of urea, glycine, D-glucose from aqueous solutions on Kara-Keche brown coal, humic acids 

and humin extracted from it, respectively, are shown. Differences are observed for adsorption of gly-

cine and urea on humic acids compared to brown coal and humine. In this case, the adsorption of  

D-glucose from aqueous solution on coal was found to be negligible. It can be assumed that for bipo-

lar molecules of urea and glycine both physical adsorption and chemosorption on brown coal, humic 

acids and humine extracted from it are realised. 

For a neutral monosaccharide molecule, only the formation of weak hydrogen bonds can be ex-

pected with the adsorption centres of all investigated carbon sorbents. 

The reversal of the series for adsorption of urea and glycine on humic acids is due to the binding 

of glycine to the surface carboxyl groups of the carbon matrix of the sorbent matrix. The greater 

polarity of urea compared to glycine obviously affects its preferential adsorption in the pores, rough-

ness of brown coal and humine.  

In order to evaluate possible adsorption mechanisms in the studied systems, the data of Fig.5 are 

considered in the framework of ideas about monomolecular adsorption and volumetric filling of 

sorbent micropores using the Langmuir and Dubinin – Radushkevich equations. The results of calcu-

lations are given in Table 2.  
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Fig.5. Isotherms of adsorption of urea, glycine, D-glucose from aqueous solutions on Kara-Keche brown coal,  

humic acids and humine extracted from it at 298 K 
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Linearisation of experimental data with high correlation coefficients on adsorption of investi-

gated organic compounds from aqueous solutions on lignite, humine extracted from it is provided in 

coordinates of the Dubinin – Radushkevich equation, and for humic acids – in coordinates of the 

Langmuir equation. 
 

Table 2 

Adsorption of urea, glycine, D-glucose from aqueous solutions on Kara-Keche brown coal, humic acids and humine extracted 

from it at 298 K in coordinates of the Langmuir and Dubinin – Radushkevich equations 

Sorbent Sorbat 
The equations of linear regression in coordinates 

of Dubinin – Radushkevich and Langmuir equations 

Correlation 
coefficient kcorr 

Adsorption а∞, 
mmol/g 

CK Urea lna = 7.47 + 1.21ln(cр/20) 0.99 1752.7 

Glycine lna = 3.20 + 071ln(cр/3.4) 0.78 24.6 

HU Urea lna = 9.17 + 1.17ln(cр/20) 1.00 9604.6 

Glycine lna = 8.91 + 2.80ln(cр/3.4) 0.94 7405.7 

D-glucose lna = 1.85 + 0.08ln(cр/4.7) 0.98 6.4 

HA Urea cр/a = 0.009 + 0.105cр 1.00 9.5 

Glycine cр/a = 0.0003 + 0.018cр 1.00 55.5 

D-glucose cр/a = 0.011 + 0.610cр 1.00 1.6 

 

The obtained result suggests adsorption of low-molecular organic compounds from aqueous so-

lutions on humic and coal mainly in irregularities and pores of carbon matrices of the studied sorbents. 

On humic acids, on the contrary, the binding of the considered sorbates is provided mainly on their 

surface reaction centres. It is obvious that adsorption of urea, glycine, D-glucose from aqueous solu-

tions on brown coal, humic acids and humine extracted from it is caused by a number of forces, 

including physical and chemical interactions of sorbate molecules with functional groups of carbon 

matrices of the studied sorbents. 

The obtained values of the limiting adsorptions of urea, glycine, D-glucose from aqueous 

solutions on Kara-Keche brown coal, humic acids and humine extracted from it were used to estimate 

the specific surface area of these carbon sorbents. For this, using the 3D demo version of Chemical 

Office, the area occupied by sorbate molecules on the solid surface was calculated (Fig.6). From the 

histogram of Fig.6, it can be seen that humene 

has the highest specific surface area compared 

to humic acids and coal. Obviously, the result 

obtained is due to the developed, porous struc-

ture of the humin established by morphologi-

cal studies.  

Conclusion. The studied natural carbon 

matrices – Kara-Keche brown coal, humic  

acids and humine extracted from it – are 

amorphous, chemically heterogeneous su-

pra-molecular systems with structural for-

mations.  

On humic and Kara-Keche brown coal, 

volumetric filling of sorbent micropores with 

urea, glycine, D-glucose from aqueous solu-

tions is carried out. Surface adsorption of in-

vestigated low molecular weight organic com-

pounds from aqueous solutions takes place on 

humic acids.  

Fig.6. Specific surface area of Kara-Keche brown coal,  

humic acids and humine extracted from it, determined  

by glycine, urea and D-glucose 
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In the range of considered natural carbon matrices, humine has the highest limiting adsorption 

capacity with respect to urea, glycine and D-glucose from their aqueous solutions. Due to the de-

veloped pore structure, stability in acids and alkalis, humine of Kara-Keche brown coal can be 

recommended as an effective sorbent for treatment of industrial wastewater from low molecular 

weight organic compounds. 
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