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Abstract. In the presented work, an attempt was made to extract humic acids from the Shubarkol field to create 

environmentally safe structural meliorants for the prevention and/or restoration of eroded soil s of the Republic. The 

choice of domestic lignite and humic acid as structural components has taken into account their naturalness and safety 

for the environment. The influence of five factors (extraction temperature and time, alkali concentration, ratio o f coal 

to alkaline solution and mechanical grinding time of coal) on the extraction of humic acids by probability planning 

method was studied. The IR spectroscopy method showed that humic acids have more active acid groups than 

primary coal. 

Keywords: humic acid, coal, Shubarkol deposit, extraction, probability planning method, structuring, separation, 

grinding. 

 

The environmental safety of any state as a component of national security becomes a prerequisite for Sustainable 

Development and is the basis for preserving natural systems and maintaining the proper quality of the environment. 

Desertification and land degradation are global and environmental problems of our republic. In Kazakhstan, 

significant areas (more than 70% of the territory) are subject to some degree of desertification and degradation 

processes, which leads to the withdrawal of land from agricultural turnover. This is due to extensive agricultural 

activities, contamination of mineral deposit development territories, areas of transportation and processing of 

hydrocarbon raw materials, including with petroleum products and radioactive compounds [1-2]. Among the main 

tasks to prevent these processes are the restoration of degraded land and soil fertility. This process can be carried out 

by various methods [3-6].  

As shown in the literature, humic acids are a complex mixture of high-molecular natural organic compounds 

formed by the decomposition of dead plants and their subsequent humification (biochemical transformation of 

decomposition products of organic residues into humus in the presence of microorganisms, water and oxygen). A special 

feature of humic acids is the saturation of their molecule with amino, Amido, methoxyl, carboxylic, phenolic and 

alcohol hydroxyls, quinoid groups [4-8].  

The importance of humic compounds is explained by their physical and chemical properties (sorption, ion 

exchange, hydrophilic). Salts of alkali metals of water-soluble humic acids are able to adsobate on the surface of phase 

separation by hydrophilic and hydrophobic particles. Therefore, the study of the structure and composition of humic 

acids, structural properties in the process of restoration of eroded soils is one of the problems that requires in-depth 

examination [6-13]. 

The purpose of this work is to determine the optimal conditions for the extraction of humic acids from the coal of 

the domestic Shubarkol field and to study the content of the released humic acids by physical and chemical methods and 

use them as a strong natural structure safe for ecollogy in the future for the restoration of degraded deposits. 

Materials and methods of practice. Experiments [14] were carried out on the unit with a periodic mixing mode at 

atmospheric pressure according to the methodology. The temperature of the process was changed from 20 to 80 °C, and 

the concentration of Alkali was changed from 0.5 to 2.0%. The extraction of humic acids was studied at intervals of 15 

to 60 Minutes. Mechanical grinding of coal was carried out from 10 to 40 minutes. The results of the experiments were 

evaluated by the yield of humic acids. 

Results and discussion. In this work, optimization of the process of separation of humic acids from brown coal of 

the Shubarkol field was carried out. [15] in the work, the yield of the product depended on many factors, the most 

important of which were temperature, concentration of reactive substances, exposure time, and other factors. It has been 

shown that the simultaneous influence of several factors on the technological process at certain values can give a real 

and repeated result. Thus, it is established that the technological process can be optimized using rational planning 

methods for multi-factor experiments. To determine the optimal parameters for obtaining humic acids, laboratory 



experiments were conducted using the method of experimental probabilistic-deterministic planning. To this end, we 

studied the effect of five factors on the output of humic acids (Table 1). At four levels, a Five-Factor experience 

planning Matrix was created and studies were conducted. 

 Table 1 

Factors under study and their levels 

Factors 
Levels 

1 2 3 4 

Х1- separation temperature, С 20 40 60 80 

Х2- extraction duration, min 15 30 45 60 

Х3- alkaline concentration, % 0,5 1,0 1,5 2,0 

Х4- ratio of coal and alkali solution 1:25 1:50 1:75 1:100 

Х5- mechanical coal grinding time, min 10 20 30 40 

 

The total number of experiments was determined by squaring the number of levels to 16 (Table 2). As can be seen 

from Table 2, each row of the Matrix corresponds to the conditions of the experiment. The matrix structure assumes that 

each level of any factor meets each level of all other factors once. To do this, each level of each factor is set several 

times, just like the accepted levels. This provides an average effect of any factor when selecting the results of any factor 

at any level of any factor, which makes it easier to find optimal conditions for the process even for a relatively small 

number of experiments using the laws of Mathematical Statistics. 

Table 2 

5-Factor planning matrix for a 24-level experience 

 

The quantitative results of experiments, such as the yield of humic acids from coal, are presented in the matrix in 

the form of measurement, measurement functions, where measurement - corresponds to the results of the experiment, 

measurement–is calculated according to the generalized equation obtained after processing the results of the experiment. 

Using experimental values of individual functions, their sampling was carried out by levels (Table 3).  

Table 3 

Experimental values of independent functions 

Factor 1 2 3 4 Yорта 

Y1 50,4 50,9 59,6 61,6 55,6 

Y2 49,4 50,2 62,9 59,8 55,6 

№ X1 X2 X3 X4 X5 Yexperience,% Ycalculation,% 

1 20 15 0,5 25 10 35,9 62,1 

2 40 30 1,0 50 10 36,8 53,7 

3 60 45 1,5 75 10 56,3 51,8 

4 80 60 2,0 100 10 71,2 56,4 

5 20 30 1,5 100 20 70,4 41,8 

6 40 15 2,0 75 20 54,0 35,2 

7 60 60 0,5 50 20 73,4 65,6 

8 80 45 1,0 25 20 82,4 84,3 

9 20 45 2,0 50 30 39,6 44,4 

10 40 60 1,5 25 30 39,3 74,1 

11 60 15 1,0 100 30 69,4 44,2 

12 80 30 0,5 75 30 54,4 55,9 

13 20 60 1,0 75 40 55,5 53,1 

14 40 45 0,5 100 40 73,4 53,2 

15 60 30 2,0 25 40 39,3 59,8 

16 80 15 1,5 50 40 38,3 48,2 



Y3 59,3 61,0 51,1 51,0 55,6 

Y4 49,2 47,0 55,1 71,1 55,6 

Y5 50,1 70,1 50,7 51,6 55,6 

 

For this purpose, the sum of the results of the first four experiments is divided into four, the same calculations are 

made with the sum of the next four experiments, and so on. the method of sampling the remaining functions remained 

unchanged, but at the same levels, the following scattering of values was observed. 

The values in Tables 1 and 3 are drawn on graphs (Figure 1). The selection and calculation of empirical formulas 

for describing a curve using the least squares method was carried out [13]. The calculated values for all individual 

dependencies and dependencies are shown in Table 4. 

Table 4 

Calculated values of individual functions 

Function 1 2 3 4 5 

Y1 = 0,2115x + 45,05 49,1 53,5 57,6 62,1 55,6 

Y2 = -0,0043x2 + 0,6177x + 39,725 48,0 54,1 58,5 61,3 55,5 

Y3 = -1,8x2 - 2,46x + 62,05 60,5 57,8 54,3 49,8 55,6 

Y4 = 6959,2x2 + 436,29x + 42,599 47,5 49,2 54,0 71,6 55,6 

Y5 = -0,0478x2 + 2,2385x + 35,475 53,6 61,1 59,5 48,7 55,7 

 

The significance of each function was checked using a non - linear generalized correlation coefficient (formulas 1, 

2).  
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where, R – generalized correlation coefficient; N – number of points to describe; K – number of factors taken for 

the study; Yт– results of the experiment (Table 2); Yе – calculated results (Table 2); Yор. – experimental average values 

(Table 3).  

Since the influence of only one factor is taken into account, Yорта - for the studied case, N=4, k=1 coincided with 

the overall average. The results of calculating the multiple nonlinear correlation coefficient and its significance are 

shown in Table 5. As can be seen from Table 5, individual dependencies: extraction temperature, extraction duration, 

alkali concentration, coal-alkali solution ratio are important, and the time of mechanical grinding of coal is not 

important. Therefore, the change in function 5 is not included in the area of the limit deviation of the results of the 

experiment. 

 Table 5 

Correlation coefficient and significance of independent functions 

Function R tR 
The importance of the 

function 

1 0,90 9,47 > 2 Important 

2 0,82 5,01 > 2 Important 

3 0,76 3,59 > 2 Important 

4 0,98 49,49 > 2 Important 

5 0,21 0,43 > 2 It doesn't matter 

 

Graphs of the dependence of humic acid output on temperature (A), extraction time (B), alkaline concentration (B), 

coal:alkaline ratio (C), mechanical grinding time (D) of coal (Fig. 1 A-G) 
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After determining the significance of individual functions, the Protodiakonov equation for each optimization 

parameter was developed: 

 

YП =  

 

Substituting the levels of factors for each of the 16 Matrix experiments in the equation, Table 2 shows that for each 

experiment, the sum of Yесептеу,% calculated. 

Thus, we found optimal conditions for the release of humic acids from the coal of the shubarkol deposit, which are: 

extraction temperature - 80; duration of the experiment - 45 minutes; concentration of alkali - 1.0 %; ratio of coal and 



alkali solution-1:25. The duration of mechanical processing of coal is 20 minutes. The composition of primary coal and 

humic acids separated from coal by IR spectroscopy was studied. 

In the extraction of humic acids from coal, alkali solutions are considered the main reagents. This is because humic 

acids in alkaline solutions are converted to Salts with a higher degree of ionization in aqueous solutions than acids: 

(НСООН)nHum + nNaOH  (NanOOC)Hum + nH2O 

Table 6 

Characteristics of IR spectra of coal and humic acids  

(s.-strong bands, mb. - medium bands, wb-weak bands) 

Absorption 
Frequency, см-1 

Primary coal Humic acid 

νOH 3300 (s.) 3390 (s.) 

νCH 2922 (s.) 2922 (s.) 

νC-H - 2824 (mb.) 

νC=O - 1730(s.) 

νC=C 1625 (s.) 1599 (s.) 

δC-O 1399 (mb.) 1374 (mb.) 

νCOC 1270 (wb.) 1250 (wb.) 

νC-O 1230-1150(mb.) 1230-1150(mb.) 

  

In the IR spectra of humic acids, absorption bands were observed in the zone 2824 cm-1, which belongs to carboxyl 

groups that differ from the primary coal, and in the zone 1730 cm-1, which belongs to the arena groups. Additional 

characteristics of the IR spectra of the resulting humic acids are presented in Table 7. 

Table 7  

Characteristics of IR spectra of humic acids 

Nature of oscillation Compound type Frequency, cm-1 Pace  

с-о phenols 1230-1140 average 

с-о phenols 1310-1410 average 

с-о primary alcohols 1075-1000 weak 

с-о primary, secondary alcohols 1350-1260 weak 

он(байл.) alcohols 3440-3550 average 

он(байл.) phenols 2500-3200 average 

сос aromatic and arylalkil esters 1230 average 

с=о carboxylic acids 1700 күшті 

с=с arenes 1580 average 

с-н arenes 3030 average 

сн methylene groups in the benzene ring 2975-2950 average 

NH secondary amines 1650 weak 

c-н purine cycles 
1000-960, 

825-775 
weak 

=сн diene hydrocarbons 640 strong 

 

As shown by the results of the IR spectrum, it was found that humic acids contain different functional groups with 

high reactivity. It is proved that there are electron – donor functional groups such as >S=O, –Soon,–s-on, Ar–on, =N-N, 

≡N, etc. (Table 7). 

Thus, the optimal conditions for the separation of humic acids from the lignite of the domestic Shubarkol deposit 

were determined and the composition of the separated humic acids was studied by IR spectroscopy and shown to be an 

important raw material for obtaining interpolimeric complexes. 
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