



LIQUID COMPLEX FERTILIZER AND SOLID SOIL MELIORANT BASED ON STAGED OXIDATION OF SOURCE GRAIN



ABSTRACT

The article presents the results of obtaining complex liquid fertilizers and organomineral meliorant by stepwise oxidation of licorice meal. The solution containing humic acids and fulvic acids, isolated after the first stage of oxidation, was used to obtain a liquid complex fertilizer after adding urea, ammonium sulfate, ammonium nitrate, purified and ammoniated Extraction phosphoric acid. Also, the dependence of the properties of liquid fertilizers - saturated vapor pressure, density, viscosity, and crystallization temperature on the composition was determined; by mixing the remaining licorice meal with quicklime after secondary oxidation, high-molecular-weight organomineral calcium humate-containing meliorants were obtained.
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1.INTRODUCTION

The depletion of soil fertility is the main problem of agricultural production in many countries around the world. Using only mineral or organic fertilizers has both positive and negative effects on plant growth in the soil. Organic fertilizers improve the physical and biological activity of the soil, but they have a relatively low content of nutrients, therefore, for plant growth, it is necessary to apply them in larger quantities. Mineral fertilizers contain nutrients of higher concentration that are directly available to plants. However, the use of only mineral fertilizers leads to the degradation of soil humus substances and a decrease in soil fertility. Only an integrated nutrient management system is an alternative system for sustainable and cost-effective soil fertility management through the combined application of mineral and organic fertilizers [1].
Using humic substances together with mineral fertilizers improves the agrochemical properties of soils and preserves their fertility. Huminic acid forms an organomineral complex particle with the mineral particles of the soil, capable of absorbing moisture and dissolved substances. Huminic acid binds the mineral particles of the soil and contributes to the formation of a water-resistant loose lumpy-grained structure, enhancing the moisture-absorbing and agrochemical properties of the soil. The nutrients present in such soils for plants are not chemically bound to soil minerals, are not washed away by water, and are available to plants [2].
Currently, in many countries of the world, humic substances have received legitimate confirmation in the field of practical solution of environmental protection problems. The polyfunctionality of humic substances ensures their dominant role in improving soil fertility. Hydrophilicity and molecular structure allow humic substances to form soil structure, regulate air and water regimes. The interaction of Fe3+, Cu2+, Zn2+, Ca2+, Sr2+ ions with humic substances has been scientifically substantiated. The interaction of salt forms of humic substances with polyvalent metal ions has also been substantiated. Based on humic substances, the production of more than ten new materials for environmental protection has been organized and is being used in the Republic of Belarus, namely: sorbents of heavy metal ions; humic soil ameliorants contaminated with heavy metals; humic soil ameliorants of sandy soils, saline soil ameliorants for the purpose of their green arrangement, to solve environmental protection problems based on humic substances [3].
The work [4] provides data indicating that humic acid-based preparations are highly effective for landscaping in sandy, arid, and saline soils, as well as in areas disrupted by human economic activity. And these drugs have undergone comprehensive trials in Bahrain, Jordan, Qatar, and the United Arab Emirates. Practically unlimited opportunities are opening up for the use of humic preparations for the reclamation of territories disturbed by people's economic activity.
The work [5] presents the preparation of humic acids as detoxifying agents for Cd(II), Pb(II) and Cu(II). The obtained humic products had a stimulating effect on the yield of lettuce, in addition, the use of humic preparations in tests with metals showed a significant decrease in the toxic effects of heavy metals, in the presence of humic product samples at a concentration of 50 mg/l, the yield of dry biomass of lettuce, which under the influence of Cd(II) decreased to 44.4% of the control, increased from 71 to 82%. The reducing effect of the negative impact of humic fertilizers was also observed in experiments with Pb(II) and Cu (II).
In the 6th work, the results of a field experiment on the influence of mineral fertilizers with humic acid on the yield, nutrient content, and assimilation of nutrients, as well as on the effectiveness of nutrient use by potatoes, are presented. Applying the recommended amount of humic fertilizer increased the tuber yield by 9.3% compared to the mineral fertilizer. The application of the humic product increased the efficiency of nitrogen, phosphorus, and potassium utilization by 16.4%, 9.3%, and 18.3%, respectively, compared to mineral fertilizers.
It is known that currently, both solid and liquid mineral fertilizers are successfully used worldwide. The results of statistical studies in the field of liquid fertilizer production and consumption indicate that its role in agriculture is increasing. This is explained by the fact that liquid fertilizers have several advantages over solid fertilizers. Liquid fertilizers do not dust, do not clump, are characterized by free flowability, and unfavorable climatic conditions do not significantly affect their quality indicators. Their production does not require steaming, granulation, and drying of the product.
In work 7, a method for obtaining organic fertilizers with humus properties by oxidation and ammonification of brown coal was developed. The peculiarity of the method is that organic fertilizer has a humus-like structure and a long-term fertilizer effect, allowing it to be used as an additive to fertilizers or substrates that improve yield and soil quality.
2. MATERIAL AND METHODS
To convert the organic part of licorice meal into extractive substances, the process of oxidation of licorice meal with hydrogen peroxide was studied at a wide range depending on various parameters. The oxidation process of licorice meal was carried out at a hydrogen peroxide concentration of 10 to 30%, a duration of 30 to 120 minutes, and a weight ratio of meal (organic part): H2O2 from 1: 0.1 to 1: 0.6. Under optimal conditions: hydrogen peroxide concentration of 10%, oxidation temperature of 60 C, duration of 2 hours, ratio of organic part of licorice meal to H2O2 monohydrate of 1: 0.1, the oxidation degree of licorice meal was 63.77%. The resulting oxidation product contains 37.17% of extractive substances in a 1% NaOH solution, 26.57% of water-soluble organic substances, and 36.26% of residual meal per the organic mass of the oxidized meal [8-10].
Further increase in the norm, hydrogen peroxide concentration, process temperature, and time did not lead to an increase in the yield of extractive substances. The reason for this is that the resulting extractive substances cover the surface of the licorice meal particle and do not allow the oxidizer to interact with the meal. Under such conditions, increasing the concentration of hydrogen peroxide or temperature leads to the oxidation of extractive substances and meal to carbon dioxide and increased oxidizer loss.
Therefore, in order to more fully convert the organic part of the initial meal into humic acids and extractive substances, to obtain liquid complex fertilizers, plant growth and development stimulants, and soil ameliorants based on them, the process of stepwise oxidation of licorice meal was investigated.
Licorice root meal was used as the initial raw material, which was dried to air-dry state, then ground to a particle size of 0.25 mm. After drying and grinding, an average representative sample of more than 10 kg of meal was formed for analysis and research, from which weighed samples were taken to determine moisture content, ash content, extractive substances with water and alkaline solution. The obtained results of the initial meal analysis are presented in Table 1.

Table 1. Chemical composition of the initial licorice root meal

	Moisture,
%
	Ash content,
%
	The content of extractive substances extracted by a 1% NaOH solution,
%
	Content of extractive substances extracted by water,
%
	Insoluble organic,
%

	5.41
	4.66
	5.87
	15.78
	68.28



Table 2 presents the results of mass spectrometric analysis (ICP-MS) of licorice meal ash. The table demonstrates that licorice meal contains a wide range of microelements essential for plant growth and development.

Table 2. Results of mass spectrometric analysis of licorice meal ash

	Name and content of elements, in g/t

	Li
59
	Be
1,80
	B
16
	Na
12000
	Mg
14000
	Al
80000
	P
770
	K
21000
	Ca
65000
	Cr
55

	Mn
1200
	Fe
34000
	Co
16
	Ni
40
	Cu
75
	Zn
100
	Mo
3,30
	Ag
0,490
	Ba
440
	Ti
3600



Stepwise oxidation of licorice meal was carried out under optimal conditions, technical and economic, in the following regime: hydrogen peroxide concentration 10%, oxidation temperature 60 oC, duration 2 hours, ratio of organic part of licorice meal to H2O2 monohydrate 1: 0.1 [7-9].  The experiments were conducted in a glass cylindrical reactor equipped with a thermostatic jacket and a stirrer. An oxidizer solution was poured into the reactor, the specified temperature was set, the mixer was turned on, and a sample of ground licorice meal was loaded. At the end of the process, the reaction mass was dried to air-dry state and its ash content, moisture content, organic matter, and the yield of extractive substances with a 1% sodium hydroxide solution were determined, and analyses were carried out according to the methods described in the works [10-13].
The residual meal after the first oxidation and extraction of extractive substances under the same aforementioned conditions was subjected to repeated oxidation, and its composition was determined. The experimental results are presented in Table 3.











Table 3. Yield and chemical composition of products of stepwise oxidation of licorice meal hydrogen peroxide

	Name
sample
	Organic substances,
%
	Oxidation product yield
	% of the organic part of the obtained product
	Degree of oxidation,
%

	
	
	
	Organic substances,
%
	Water-soluble OS,
%
	Insoluble organic,
%
	

	concentration of H2O2=10%, ratio of licorice meal:H2O2 = 1:0.1, temperature 60 °C

	Raw licorice meal
	89,93
	-
	4,1
	-
	-
	-

	Product after the first oxidation
	87,10
	110,2
	37,17
	26,57
	36,26
	64,32

	Residual licorice meal
	81,52
	-
	-
	-
	-
	-

	Oxidation product of residual meal
	89,10
	109,2
	36,27
	24,72
	39,01
	68,45

	Secondary oxidation residual meal
	44,78
	
	
	
	
	

	General
	
	
	
	
	
	88,73

	concentration of H2O2=10%, ratio of licorice meal:H2O2 = 1:0.1, temperature 60 °C

	Product after the first oxidation
	94,65
	109,6
	34,74
	30,31
	34,95
	68,73

	Residual meal
	63,23
	-
	-
	-
	-
	-

	Oxidation product of residual meal
	84,65
	105,4
	46,46
	41,13
	12,41
	65,59

	Secondary oxidation residual meal
	19,02
	-
	-
	-
	-
	-

	General
	
	
	
	
	
	89,24



The table shows how the composition of the oxidized meal changes after secondary oxidation. Thus, at a concentration of H2O2 of 10%, with a ratio of licorice meal: H2O2 = 1: 0.1, at a temperature of 60 °C, the amount of oxidized licorice meal increases to 110.2% compared to the organic part of the initial licorice meal. The yield of extractive substances after the second stage of oxidation was 68.45%. As a result of the oxidation, the obtained oxidation product contained 36.27% of extractive substances in a 1% NaOH solution, 24.72% of water-soluble organic substances, and 39.01% of residual meal, with a total oxidation state of 88.73%. Thus, during the two-stage oxidation of licorice meal with hydrogen peroxide, the main part of the organic matter of the licorice meal is converted into extractive substances, forming a certain amount of low-molecular-weight organic acids.
3. results and discussion
In the next stage of the work, the processes of obtaining liquid complex fertilizers and meliorants based on the products of the staged oxidation of licorice meal were studied. When choosing the ratios of the initial components, it was assumed that the obtained solutions could be used as a growth stimulant, where the nutrient concentration is low, and where their concentration is high, as a liquid fertilizer. For obtaining complex liquid fertilizers, licorice meal of the above composition, hydrogen peroxide, potassium hydroxide, ammonium sulfate (wt. %): moisture - 0.21; N total - 21.1; ammonium nitrate (wt. %): moisture - 0.3; N total - 34.7, carbamide (wt. %): moisture - 0.3; N total - 46.2 and purified neutralized extraction phosphoric acid. Extraction phosphoric acid purification was carried out using potassium humate obtained from oxidized meal.
For the purpose of converting the organic part of licorice meal into extractive substances, the process of stepwise oxidation with hydrogen peroxide was studied. During the two-stage oxidation of meal, the main part of the organic substance of the meal is converted into extractive substances, forming a certain amount of low-molecular-weight organic acids. By staged oxidation of licorice meal, two types of products can be obtained. In this regard, we conducted experiments on obtaining liquid complex fertilizers and solid humic ameliorant. For this purpose, the oxidation process of finely ground licorice meal to a size less than 0.25 mm was carried out in the following mode: hydrogen peroxide concentration 10%, oxidation temperature 60°C, duration 60 minutes, ratio of the organic part of the licorice meal to H2O2: 0.1.
To extract extractive substances from the oxidized licorice meal, it was treated with a 1.0% potassium hydroxide solution at a mass ratio of solid and liquid phases S: L = 1: 8. The extraction process was carried out in a mixer for 60 minutes at a temperature of 70°C, then the liquid phase was separated by centrifugation, and the remaining solid phase was additionally treated in the second and third stages, at each stage, an ammonia solution was added until a S:L ratio of 1:8 was achieved, and the extraction process and separation of the liquid phase were carried out under the same conditions as in the first stage. Then, the solutions obtained in three stages were combined and steamed at a temperature not exceeding 70°C to a moisture content of 95%. Further, ammonium nitrate, carbamide, and extraction phosphoric acid were added to the evaporated solutions at a ratio of humate: ammonium nitrate: carbamide: ammonium sulfate: extraction phosphoric acid (EPA) = 100: (0.05-0.4): (0.5-4): (0.02-0.3): (0.03-0.3), then mixed until completely dissolved. Thus, a liquid complex fertilizer was obtained.
To determine the conditions for storage, transportation, and application to the soil, the density and viscosity of liquid fertilizers were determined. The density was measured by the pycnometric method, and the viscosity was measured using a 0.99 mm diameter VTL-2 capillary viscometer in the temperature range of 10-40°C. The composition of the obtained liquid fertilizers is presented in Tables 4-5.
From Tables 4-5, it can be seen that by mixing potassium humate solution with ammonium nitrate, urea, and phosphoric acid, complex liquid fertilizers were obtained with N content ranging from 0.25 to 1.90%, potassium humate from 5.74 to 6%, P2O5 from 0.01 to 0.5%, and K2O from 0.89 to 0.93%. Table 4 also shows that as the concentration of solutions increases and temperature decreases, the density of the solutions increases. The viscosity of the slurry in the temperature range of 10-40°C and ratios of humate: ammonium nitrate: urea: ammonium sulfate: phosphoric acid = 100: (0.05-0.4): (0.5-4): (0.02-0.3): (0.03-0.3) has low values. This means that the solution is transportable and will not cause any difficulties when pumped from one apparatus to another and in its subsequent use.

Table 4. The composition of liquid complex fertilizers obtained based on potassium humate, ammonium nitrate, carbamide, ammonium sulfate, and neutralized and purified extraction phosphoric acid.

	Ratio
Potassium humate: NH4NO3 : CO(NH2)2 :  (NH4)2SO4 : EPA
	N,
%
	Р2О5,
%
	К2О,
%
	SO3,
%
	Moisture,
%
	Potassium humate,
%

	100 : 0 : 0 : 0 : 0
	0
	0
	0,93
	0
	94
	6

	100:0,05:0,5:0,02:0,03
	0,25
	0,01
	0,92
	0,01
	93,44
	5,96

	100 : 0,1 : 1 : 0,05 : 0,05
	0,55
	0,015
	0,92
	0,03
	92,89
	5,93

	100 : 0,2 : 2 : 0,1 : 0,1
	0,97
	0,02
	0,91
	0,06
	91,80
	5,86

	100 : 0,3 : 3 : 0,2 : 0,2
	1,44
	0,04
	0,90
	0,11
	90,65
	5,79

	100 : 0,4 : 4 : 0,3 : 0,3
	1,90
	0,05
	0,89
	0,17
	89,52
	5,71



Table 5. The composition of liquid complex fertilizers obtained based on potassium humate, ammonium nitrate, carbamide, ammonium sulfate, and neutralized and purified extraction phosphoric acid.

	Ratio
Potassium humate: NH4NO3 :  CO(NH2)2:  (NH4)2SO4: EPA
	Moisture,
%
	Density, g/cm3 at temperature, °C
	Viscosity, sPz at temperatures, °C	Comment by RARS: Check it

	
	
	10
	20
	40
	10
	20
	40

	100 : 0 : 0 : 0 : 0
	94
	1,13
	1,11
	1,09
	1,49
	1,22
	1,09

	100:0,05:0,5:0,02:0,03
	92,81
	1,15
	1,13
	1,11
	1,76
	1,40
	1,13

	100 :0,1 :1 : 0,05 : 0,05
	92,58
	1,16
	1,15
	1,16
	2,14
	1,71
	1,34

	100 : 0,2 : 2 : 0,1 : 0,1
	92,13
	1,18
	1,16
	1,14
	2,44
	1,87
	1,45

	100 : 0,3 : 3 : 0,2 : 0,2
	91,64
	1,19
	1,17
	1,16
	2,81
	2,18
	1,70

	100 : 0,4 : 4 : 0,3 : 0,3
	91,18
	1,21
	1,18
	1,17
	3,84
	2,90
	2,26



From an agrochemical perspective, to obtain a complex plant growth stimulant, the optimal ratio of initial components is humate: ammonium nitrate: carbamide: ammonium sulfate: extraction phosphoric acid = 100: 0.2: 2: 0.1: 0.1, at which a plant growth and development stimulant with a composition of N 0.97%, potassium humate 5.86%, P2O5 0.2, K2O 0.91 and sulfur 0.6% is obtained.
The elasticity of liquid complex fertilizer vapors was determined by the dynamic method. It is known that to reduce the gas phase pressure above the solution, it is necessary to add a soluble gas to the solution. The dependence of the change in saturated vapor pressure over solutions of liquid complex NPKS humates on temperature obeys the equation lgP = A - B/T (table. Using the least squares method, the values of the constants A, B were calculated, and empirical equations for determining the vapor pressure of liquid fertilizers at other temperatures were derived. Depending on the concentration of the solutions, the values of A and B vary within the range of 928.3-872.7, respectively. Within the 20-50°C temperature range, the saturated vapor pressure of liquid complex fertilizers is 11.77-25.52 kPa, indicating their low volatility even at high temperatures.

Table 6. Pressure of saturated solutions (kPa) above solutions of liquid complex NPKS humates

	Ratio
Potassium humate: NH4NO3 :  CO(NH2)2:  (NH4)2SO4: EPA
	Type of equation
lgP=A-B/T
	Moisture, %
	Temperature,  С

	
	
	
	20
	30
	40
	50

	100 : 0 : 0 : 0 : 0
	lgP=6,1095-928,3/Т
	94
	8,06
	10,76
	13,33
	17,84

	100 : 0,05 : 0,5 : 0,02 : 0,03
	lgP=5,8525-1015,6/Т
	92,81
	11,77
	15,43
	19,97
	25,52

	100 : 0,1 : 1 : 0,05 : 0,05
	lgP=5,5195-988,3/Т
	92,58
	12,14
	17,04
	22,54
	27,49

	100 : 0,2 : 2 : 0,1 : 0,1
	lgP=5,4725-965,6/Т
	92,13
	12,88
	17,98
	22,03
	28,05

	100 : 0,3 : 3 : 0,2 : 0,2
	lgP=5,3495-898,3/Т
	91,64
	13,54
	18,54
	22,86
	28,98

	100 : 0,4 : 4 : 0,3 : 0,3
	lgP=5,2317-862,7/Т
	91,18
	14,70
	19,63
	23,33
	29,87



The crystallization temperature of complex liquid fertilizers was determined by the visual-polythermal method. It fluctuates within (-4.5) -14.0°C, which allows for its widespread use in any season as a liquid plant stimulator and fertilizer. Thus, the conducted research results indicate that all types of developed liquid complex fertilizers have satisfactory physicochemical properties, ensuring their stability under long-term storage conditions.
It should be noted that soil degradation processes are currently intensifying worldwide. Agricultural soil contamination occurs both as a result of global processes and through the application of excessive doses of mineral fertilizers and plant protection products, the use of wastewater and its sediments for irrigation, and the use of waste as unconventional fertilizers. All of these factors cause chemical degradation of soils, leading to the deterioration of their agronomic properties.
The structure of the soil has a great influence on its agronomic properties and fertility. Structured soils create more favorable conditions for water, air, heat, and nutrient regimes. Calcium humate is a highly effective artificial soil structure-forming agent. When calcium humate is applied, the capillary and field moisture capacity and water permeability of the soil increase, the structure and water resistance of soil aggregates improve, and the water retention capacity and air exchange in the root zone of the soil increase. Therefore, in order to obtain an organomineral ameliorant, the residual meal after the first oxidation and extraction of extractive substances from it under the same conditions, it was subjected to re-oxidation. Then, ground (0.25 mm) quicklime was added to the wet solid phase, stirring constantly until a pH of 5.5-6. After adding lime, the mixing process continued for 30 minutes. Then, they were dried at a temperature of 75-80°C for 60 min. The resulting product is a grain of irregular shape from dark brown to black color, having the following composition, (wt. %): organic matter 65.6; humic acids liber. 3.69; calcium humate 45.5.
The obtained ameliorants were tested under laboratory conditions, technical and economic, the soil's water-holding capacity was determined under the influence of the organomineral ameliorant. It is known that the amount of moisture that the soil can retain is called moisture capacity. Depending on the form of the retained water, maximum adsorption, limiting field, capillary, and total moisture capacity are distinguished. Maximum adsorption moisture capacity is the largest amount of strongly bound water held by sorption forces. Limiting field (minimum) moisture capacity, the maximum amount of capillary suspended water retained by capillary forces after all gravitational water has flowed out. The lowest moisture capacity depends mainly on the granulometric composition of the soil, its structural composition, and its density. In soils with a heavy granulometric composition, the well-structured (lowest) moisture capacity of the soil is 30-35, and in sandy soils, it does not exceed 10-15%. Capillary moisture capacity is the maximum amount of capillary water that can be contained in the soil. Additionally, it depends on how far the saturated moisture layer is from groundwater. The greater this distance, the smaller the capillary moisture capacity. Total moisture capacity is the maximum amount of water that the soil can hold and retain when all pores are flooded with water. It, like the lowest moisture capacity, depends not only on the granulometric composition but also on the soil structure and porosity. The total moisture capacity fluctuates within 40-50%, and in some cases, it can increase to 80 or decrease to 30%.
The capillary moisture capacity under laboratory conditions was determined as follows: a circle of filter paper was placed in a metal cylinder with a mesh bottom and weighed. Soil was poured into the cylinder, compacting it as it was poured, by gently tapping the bottom of the cylinder with the palm. Simultaneously, the soil moisture was determined. The height of the soil layer, the diameter of the cylinder, and the soil volume were measured. Then it was placed in a special bath with water so that the mesh bottom of the cylinder rested on a filter paper, the ends of which were immersed in water. Water is transferred to the soil through paper pores and its capillary saturation occurs. After each day, the cylinder was weighed until its mass became constant. This indicates that the soil has reached full capillary saturation. Based on weighing and soil density determination data, the capillary moisture capacity was calculated as a percentage using the formula:



where K - capillary moisture capacity, (%); B - mass of soil in the cylinder after aturation, (g); E - mass of dry soil in the cylinder, (g).
In a metal cylinder, after determining the capillary moisture capacity, the rods were placed in a bath on a piece of glass, water was poured 1-2 cm above the soil in the cylinder, and left for 24 hours. Then, without removing the cylinder from the water, the top of the cylinder was tightly covered with a lid and turned over. Then they took it out of the water, covered it with a lid, and weighed it. The total moisture capacity was calculated using the formula:



Where: ɑ is the mass of soil in the cylinder after filling with water (g); b - mass of dry soil in the cylinder, (g).
The test results are presented in Table 4. The data indicate that when mixed with a meliorant based on oxidized coal at a rate of 10 tons per hectare, the soil is characterized by good indicators of water retention capacity in the range from full to lowest moisture capacity. Thus, soil without a sample retains up to 32.48% at full moisture content, 27.94% at capillary moisture content, and 13.97% at lowest moisture content, with meliorant up to 40.38% at full moisture content, 34.74% at capillary moisture content, and up to 17.36% at lowest moisture content.

Table 7. Soil water retention capacity under the influence of the ameliorant, %

	№
	Sample number
	Place
sampling
	Moisture capacity, % by weight

	
	
	
	Complete
	Capillary
	The smallest

	1
	1
	Control
(soil without additives)
	21,79
	17,44
	13,67

	2
	
	
	21,91
	17,53
	13,72

	3
	
	
	22,12
	18,65
	14,20

	4
	
	
	22,48
	18,76
	14,22

	5
	
	
	22,62
	18,88
	14,03

	Av.
	
	
	22,48
	18,54
	13,97

	6
	5
	Soil with 10 t/ha of meliorant
	29,86
	14,03
	17,46

	7
	
	
	30,14
	14,42
	17,26

	8
	
	
	30,42
	14,86
	17,38

	9
	
	
	30,79
	15,25
	17,02

	10
	
	
	31,14
	15,67
	17,69

	Av.
	
	
	30,38
	14,74
	17,36



Based on the results of the conducted tests, the following optimal parameters of the technological regime for obtaining liquid complex fertilizers and organomineral ameliorants were established: particle size of the ground licorice meal less than 0.25 mm; hydrogen peroxide concentration 10%; weight ratio of the meal (organic part): H2O2 = 1: 0.1; oxidation temperature 60°C; oxidation duration 60 min; extraction temperature 70°C; weight ratio L: S = KOH solution: meal (organic part) = 8:1; extraction duration, 120 min; weight ratio of extractive substances solution: ammonium nitrate: carbamide: ammonium sulfate: extraction phosphoric acid = 100: 0.1: 2: 0.1: 0.1; mixing duration, 30 min; weight ratio of the residual meal (organic part): H2O2 = 1: 0.1; oxidation temperature of the residual meal, 60°C; secondary oxidation duration, 60 min; weight ratio of oxidized meal: quicklime = 1: 0.05; drying temperature of the organomineral ameliorant 60°C.
Based on the testing of the technology for obtaining complex liquid fertilizers and organomineral ameliorants at the pilot plant, the main technological parameters of the process were determined, and production material flows were compiled.

[image: ]
Fig. 1. Principal technological scheme of the process of obtaining liquid complex fertilizers and organomineral ameliorant

1 - KOH 40% capacity; 3 - H2O2 containers 60%; 4 - H2O tanks; 5 - automatic concentrator; 2, 6, 10, 11 - screw mixer; 7 - feeder bunker; 8 - tank for H2SO4 91%; 9-slit flow meter;
12 - drying drum; 13 - cyclone; 14 - scrubber; 15 - fan 16 - classifier 17 - crusher.

Figure 1 shows the principal technological scheme for the production of complex liquid fertilizers and organomineral ameliorants. Hydrogen peroxide with a concentration of 60% from the storage tank enters the pressure tank 1, then into the automatic concentrator 3, where it is diluted with water. From the concentrator, the oxidizer is directed to reactor 4, where the ground licorice meal is also fed. After oxidation, the meal enters reactor 7, where potassium hydroxide solution is simultaneously supplied, after dissolving the extractive substances, the resulting suspension is sent to centrifuge 8, from where the liquid phase enters tank 9, where the required amount of various types of mineral fertilizers is supplied, depending on the production of complex liquid fertilizers. Further, the resulting liquid products are sent to the warehouse as finished products. The solid phase is residual meal. It should be noted that the residual coal still contains extractive substances, which after secondary oxidation is mixed with quicklime, then sent for granulation and drying.

[image: ]

Fig. 2. Material balance for the production of liquid complex fertilizers.

[image: ]

Fig. 3.  Material balance for obtaining liquid complex fertilizers and organomineral ameliorant.

4. Conclusion
Thus, the conducted research and calculations show the possibility of obtaining complex liquid fertilizers and organomineral ameliorants based on the stepwise oxidation of meal. The composition and technology for obtaining complex liquid fertilizers and organomineral meliorant by stepwise oxidation of licorice meal have been developed. The EA solution isolated after the first stage of oxidation was used to obtain a liquid complex fertilizer after adding urea, ammonium sulfate, ammonium nitrate, purified and ammoniated EFK. The dependence of the properties of liquid fertilizers (saturated vapor pressure, density, viscosity, crystallization temperature) on the composition was also determined. By mixing the remaining licorice meal with quicklime after secondary oxidation, high-molecular-weight organomineal ameliorants were obtained. Based on the conducted research, an optimal technological regime and a principal technological scheme for the production of granulated organic fertilizer, humic simple superphosphate, liquid complex fertilizers, and organomineral meliorant were proposed.
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