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ABSTRACT: To justify the process of obtaining a new liquid fertilizer of complex action based on them, the solubility
in aqueous systems was studied, including: urea - dibasic monoethanolammonium citrate - water. Data on the solubility
of the components in the urea - dibasic citric acid monoethanolammonium - water system are not available in the
literature. To characterize the behavior of the starting components in polythermal conditions, this system was studied
from -38.6 to 60°C. The system CO(NH,), - 2NH,C,H,OH - H3CsHs0O; - H,O was studied by six internal sections: of
these, I-III from the side CO(NH), - H,O to the pole 2NH,C,H,OH - H3;C¢Hs0O-, and 1V-VI from the 2NH,C,H,OH -
H3C6H5O7 - Hzo to the tOp of CO(NH2)2

KEY WORDS: Urea Ammonium Nitrate (UAN), liquid nitrogen fertilizer (LNF), physiologically active substances
(PAS), citric acid, monoethanolamine (MEA), urea (carbamide), water, solubility, visual polythermal method.

I.LINTRODUCTION

The global introduction of chemicals for farming has led to the formation of a powerful international industry for their
production, as well as a wide network of logistics and distribution [1]. According to the International Association of
Fertilizer Manufacturers, compared with the 60s of the last century, the global consumption of mineral fertilizers by
2015 increased by almost 6 times [2]. Currently, the market is one of the most monopolized [3]. The largest producers
on it are five countries: China, USA, India, Russia and Canada. Ha atu rocymapcTBa npuxourcsi okoiio 60% oT Bcero
00BEMa MPOU3BOIMMOIT arpoXuMHUIecKoi npoaykuuu [4, 5].

A high degree of concentration of the production of mineral fertilizers is confirmed by the fact that 15 countries
account for almost 80% of the global ammonia output; 85% of phosphorus ore production is concentrated in 10 states;
More than 85% of the global volume of potassium chloride is produced in 6 countries [6, 7]. At the same time, the
demand for nitrogen fertilizers increases by 1.4%, phosphorus fertilizers - by 2.2%, potash fertilizers - by 2.6% [8-10].

Currently, more than 180 million tons of NPK are used annually in world agricultural production. According to FAO
estimates, the global fertilizer production in 2013 amounted to 183.4 million tons, the annual growth of nitrogen
fertilizer production is 10% [11]. Along with solid nitrogen fertilizers, their liquid forms are used all over the world.
The range of liquid nitrogen fertilizers used in agricultural production includes liquid ammonia (anhydrous) (82.3% N),
aqueous ammonia (16-24% N), urea-ammonium nitrate (UAN) (total content of N ammonia, amide and nitrate N, from
28 to 34%) [12, 13].

In Uzbekistan, the production of mineral fertilizers is one of the most developed segments of the chemical industry.
However, the measures implemented are clearly not enough for a radical improvement of the technical condition of
production, a significant reduction in the cost of production and increase its competitiveness in the foreign market. It is
completely obvious that the long-term effectiveness of the chemical industry should consist in the transition to new
technologies that make it possible to transform the existing raw materials base into highly liquid products.
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Among them, solutions of UAN (12.5 million tons) and liquid NH3 (~ 6.5 million tons) dominate. It is in the countries
of North America (USA, Canada) that their share in the assortment of fertilizers is very high (~ 35%), including 50% in
the group of nitrogen. In Western Europe, the proportion of liquid forms is noticeably smaller than in North America,
and amounts to 10-15%. In Denmark, a high level of liquid ammonia; in France and Austria, UAN is actively used [14,
15]. UAN (urea-ammonium nitrate) is a liquid fertilizer that is a mixture of a solution of urea and ammonium nitrate.
UAN is a light colored liquid having a density of 1.26 - 1.34 g/cm® and containing 28-32% nitrogen. It consists of a
solution of ammonium nitrate - 38-43% and urea - 31-42%. When combining urea and ammonium nitrate, the
solubility of the mixture increases. UAN is used for main application and foliar top dressing. The combined use of
fertilizers and plant protection products can significantly reduce the cost of introducing chemicals. Great opportunities
in this direction are presented by the use of UAN. When using UAN tank mixtures with additives, an increase in action
can be observed and it is possible to reduce the doses of the latter without reducing their agrochemical effectiveness.
Therefore, of great interest is the study of the combined use of UAN with other plant protection products: fungicides,
growth regulators, insecticides [17]. Currently, much attention is paid to the integrated use of liquid fertilizers. From
the literature review it follows that the integrated use of liquid fertilizers with plant growth stimulants play a crucial
role in the development of plants and to obtain effective yields. The system of applying liquid fertilizers with intensive
technologies for cultivating crops is calculated to obtain high yields [18].

1. SIGNIFICANCE OF THE SYSTEM

The main focus of the article is on how the visual-polythermic methods can be used to predict the formation factors of
new compounds in a wide temperature range. A study of the literature review is presented in section Ill, the
methodology is explained in section IV, section V covers the experimental results of the study, and section VI discusses
the future study and conclusion.

I1l. LITERATURE SURVEY

As was excellent in the literary review, the introduction of physiologically active substances into the composition of
fertilizers accelerates the growth and development process, as well as increases the yield and quality of crops.

In this regard, in order to characterize the behavior of urea and the constituent components of physiologically active
substances, with their joint presence, as well as to justify the process of obtaining a new liquid fertilizer with a complex
effect based on them, the solubility in aqueous systems was studied.

Data on the solubility of the components in the urea - dibasic citric acid monoethanolammonium - water system are not
available in the literature. To characterize the behavior of the starting components in polythermal conditions, this
system was studied from -38.6 to 60°C. The binary systems that make up this system are well covered in the literature
[19] and are consistent with our results.

IV. METHODOLOGY
The study of heterogeneous phase equilibria using the visual - polythermal method [20].

According to the visual-polythermal method, the temperature of the appearance of the first crystals was observed with
uniform cooling or disappearance of the last crystals with slow heating and continuous stirring of the solutions.
Solubility was determined in a test tube, closed with a stopper, with a stirrer and a thermometer with a division value of
0.1°C. For uniform cooling, the test tube was placed in an external test tube - a clutch located in the cooling mixture.
Heating is also carried out through the coupling, cooling is carried out in Dewar vessels with liquid nitrogen or dry ice.

The composition and crystallization temperature of nodal invariant points and the nature of the change in the saturation
line of two coexisting solid phases were determined by constructing the projection of the polythermal solubility curves
on the corresponding lateral water sides of the system. The composition points corresponding to the solubility
isotherms were found by interpolating data on polythermal sections.

The construction of polythermal solubility diagrams of the studied systems was carried out by us in a right triangle. The
concentration of solutions is expressed in mass percent [21].
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V. EXPERIMENTAL RESULTS
The system CO(NH,), - 2NH,C,H,OH - H3CsHs0; - H,O was studied by six internal sections: of them I-11l from the

side CO(NH2)2 - HzO to the pole 2NH2C2H4OH : H3C6H507, and IV-VI from the side 2NH2H2C2 : H3C6H507 - Hzo to
the top of CO(NH,), (Fig: 1).
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Fig 2: System solubility diagram: CO(NH,), — 2NH,C,H,0H - H3C¢HsO; — H,0.

Based on the solubility polytherms of binary systems and internal sections, a polythermal solubility diagram of the
CO(NHy), - 2NH,C,H,40OH - H3CsHs0O; - H,0 system from the total freezing temperature (-38.6°C) to 60°C, on which
ice crystallization fields are distinguished, was constructed , urea, monohydrate and anhydrous bisubstituted citric acid
monoethanolammonium. One triple and five double nodal points of the system were established that correspond to the
joint crystallization of three and two different solid phases (Table 1). In the polythermal solubility diagram, isotherms

Copyright to IJARSET www.ijarset.com 10319


http://www.ijarset.com/

ISSN: 2350-0328
International Journal of Advanced Research in Science,
Engineering and Technology
Vol. 6, Issue 8, August 2019

are plotted inside the crystallization fields every 10°C. Projections of polythermal curves on the urea - water and
dibasic monotanolammonium - water sides were constructed.

Table 1. Double and triple points of the system: CO(NH,), - 2NH,C,H,OH - H;CgHs0- - H,O

The composition of the liquid phase, %
2NH,C,H,OH - T, °C Solid phase
CO(NH,), Ho GO H,0
41,9 - 58,1 | -185 Jlen + CO(NH,),
39,2 12,1 48,7 | -22,0 Also
38,1 24,9 37,0 | -26,0 "
38,4 35,9 25,7 | -331 "
38,7 43,2 18,1 | -343 "
39,4 42,5 18,1 '38,6 CO(NH2)2 + .He[[ + 2NH2C2H4OH N H3C6H507 N Hzo
- 67,0 33,0 '23,0 Jleng + 2NH2C2H4OH . H3C6H507 . Hzo
7,6 63,0 29,4 | -245 Also
17,2 57,2 25,6 | -28,0 "
31,6 37,9 30,6 | -345 "
_ 77,0 23,0 26,0 2NH2C2H4OH : H3C6H507 : H20 + 2NH2C2H4OH :
H3C6H507
5,0 75,4 196 | 248 Also
10,7 63,2 26,1 | 24,4 "
18,4 59,1 22,5 | 23,6 "
43,8 56,2 - 20,0 "
45,0 55,0 - 18,0 CO(NHz)Z + 2NH2C2H4OH ° H306H507 ° H20

VI. CONCLUSION AND FUTURE WORK

In the studied temperature and concentration range, the system components retain their individuality, and, consequently,
the necessary physiological activity.

A feature of the solubility polytherm of the studied system is that when a dibasic monoethanolammonium of citric acid
is introduced into a system saturated with urea, the crystallization temperature of solutions corresponding to
crystallization decreases.

An analysis of the polythermal solubility diagram shows that in the CO(NH,), - 2NH,C,H,OH - H3CgHs0; - H,O
system, the salting out effect of dibasic monoethanolammonium of citric acid on urea is observed.
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