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ABSTRACT: The solubility of the NaClO3-CO(NH,),-N(C,H,OH)s-HNOs-H,0 system from the freezing point (-44.2)
to 60.0°C was studied. A polythermal solubility diagram was constructed, on which the crystallization fields of ice,
NaClO;-CO(NH,),, CO(NH,),, and N(C,H,OH)s-HNO;, are demarcated. The system belongs to a simple eutonic type.
The physicochemical properties of the system [60%NaClO3CO(NH,),+40%H,0]-N(C,H,OH);*HNO; were also
studied and a “composition-properties” diagram was constructed based on the obtained data.
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ILINTRODUCTION

The main factor in growing high and high-quality crops is the rational use of chemicals. Especially defoliation is one of
the important conditions for successful and high-quality harvesting of raw cotton in the pre-breeding season [1]. In this
regard, special attention is paid to the production of highly effective, low-toxic and physiologically active defoliants.
Existing chlorate-containing defoliants based on chlorates do not meet modern requirements for defoliants. It is known
that the defoliating effect of chlorates is always to one degree or another accompanied by a desiccation effect [2, 3].In
the synthesis of new effective defoliants, the use of ethanol ammonium nitrate, which is a plant growth stimulator, is of
considerable interest. Therefore, as a result of adding this substance to the composition of the defoliant, the drug
acquires physiological activity [4].

The aim of this study was to obtain a new effective, physiological active cotton defoliant based on mono
carbamidochlorate, produced in the domestic industry and ethanolammonium nitrate, which is an effective additive to
chlorate-containing defoliants.

In the present work, we present new data obtained on heterogeneous phase equilibrium in a system with the
participation of water, sodium chlorate, urea, and ethanol ammonium nitrate; its polythermal solubility diagrams are
constructed. To justify the process of obtaining a complex acting defoliant containing physiologically active substances,
the “composition-properties” of the system [60%NaClOz-CO(NH,),+40%H,0]-N(C,H,0H)s-HNO; were studied.

ILLITERATURE SURVEY

Kucharov X.et al [5] Clarified the interaction of components in the system of sodium chlorate, triethanolamine and
water. The system has been studied over a wide temperature range. It is established that the sytem belongs to a simple
eutonic type.

Authors HamdamovaSh.Sh. and Mirzaev N.A. [6] investigated the solubility of the magnesium chlorate-tetranolamine-

water system using the visual-polythermal method at temperatures from -56.0 to 31.2 °C. The polythermic diagramme
of solubility was built, on which bordered the fields of crystallization of an ice, sixteen, twelve and six-aqua
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magnesium chlorate, treethanolamin and new substances with the structure MgOHCIO3 -N(C,H4OH);-2H,0O and
(C,H40OH);-HCIO; are established. The compounds were identified by chemical and physical chemical methods of
analysis.

Khudoyberdiev F.I. [7] studied the solubility in the NaClO3-3CO(NH,),-N(C,H40H);-C4H4N,0,-H,0 system by using
a visual polythermal method. The solubility diagram of the system is constructed in the temperature range (-23.9) to
60°C in order to justify the conditions for the synthesis of a new compound based on the starting components.

I.METHODOLOGY

The solubility polytherm of the NaClO3;CO(NH,),-N(C,H;0H)3-HNO3z-H,O system was studied by the visual
polythermal method [8]. To identify the components of the system, chemical and physicochemical methods of analysis
were used. Quantitative chemical analysis of sodium solid phases was carried out by flame photometry [9], the
chlorate-ion content was determined by the volume permanganometric method [10] and carbon, nitrogen, and hydrogen
by elemental analysis [11].The relative density was determined by the pycnometric method [12] using a capillary
pycnometer of 5 and 10 ml. The pH of the solutions was measured according to the procedure [13] with a FE20
METTLER TOLEDO pH meter. The kinematic viscosity of the solutions was determined on a VPZ capillary
viscometer [14] with a capillary diameter of 1.16-1.84 mm. The refractive index was determined on an IRF 454
refractometer of the BM model in the range from 1.2 to 1.7 with one refractometric block [15].

IV.MATERIALS

In our studies, we used NaClO3-CO(NH,),, synthesized by alloying carbamide with sodium chlorate at a molar ratio of
1: 1. After the formation of a homogeneous melt of the starting components, crystals of the compound
NaClO;-CO(NH,), were isolated by cooling.

The binary NaClO3;-CO(NH,),-H,0 system was studied by us in the temperature range from -33.0 to 100.0 °C. On the
solubility curve of the system, the crystallization branches of ice, urea, sodium monocarbamidochlorate were
established. The results obtained are consistent with the literature data presented in [16].

Triethanolammonium nitrate was synthesized based on nitric acid and triethanolamine, taken at a molar ratio of 1: 1. It
is a brown colored fluid solution at 25 °C with a pH of 6.08.

V. RESULTS AND DISCUSSION

The solubility in the N(C,H,0H)3-HNO3-H,O system was studied by us in the temperature range from -19.0 to 1.0 °C

(Fig. 1). The solubility diagram of the N(C,H;OH);HNO3-H,O system is characterized by the presence of two

branches of ice crystallization and N(C,H,OH)s-HNO;. The eutectic point of the system corresponds to 81.75%
N(C,H,OH)5;-HNO; and 18.25% H,0, at a temperature of -19.0 °C.
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Fig. 1. The solubility diagram of the N(C,H,OH);-HNO3-H,0 system
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The NaClO;-CO(NH,),-N(C,H,OH);-HNOs-H,0 system was studied using seven internal sections from -44.2 to 60 °C.

On the polythermal solubility diagram, the fields of crystallization are distinguished: ice, NaClO;-CO(NH),, CO(NH,),

NaClOs*CO(NH:): %

NaCl0s-CO(NH:)2

N(C2H4+OH)3-HNO3

H:0 1120 11 40 11160 V80 -19

N(C2H4OH)3-HNO3,%
Fig. 2. Polythermal solubility diagram of the NaClO3;-CO(NH,),-N(C,H40H)3*HNO3-H,0 system

The ice and urea crystallization fields in the diagram are delimited by a curved line connecting points A and B. At the
eutectic point of the system, the concentration of components is 22.2% NaClO3;CO(NH,),, 69.6% N(C,H;OH);-HNO;
and 8.2% H,0. The crystallization temperature of point C (-19.0) °C, the concentration of triethanolammonium nitrate
is 81.75%, and water is 18.25%. The fields of urea and triethanolammonium nitrate are delimited by a curved line
between points B and D.The crystallization temperature of point D is (-35.6) °C, the concentration of
NaClO5;-CO(NH,), and N(C,H,OH)3-HNO; is 2.4% and 97.6%, respectively. The crystallization fields of sodium and
urea monocarbamidochlorate are delimited by a curve connecting the points of the diagrams E and F. The double and
triple points of the NaClO3-CO(NH,),-N(C,H40H)3-HNO3-H,0 system are shown in Table 1.

Table 1. Double and triple points of the NaClO3-CO(NH,),-N(C,H,0OH);-HNO3-H,0 system

Composition of the liquid phase (%) Te Solid phase
NaClOs;- | HNOs- N(C,HsOH) | H,0 (°O)
CO(NH,). 3
61.2 - 38.8 -33.0 Ice + CO(NHy),
58.4 8.2 334 -33.2 The same
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55.2 17.8 27 -33.6 -I1-
50.0 29.8 20.2 -33.8 -I1-
38.2 49.0 12.8 -36.8 -I1-
22.2 69.6 8.2 -44.2 Ice +CO(NH2)2+HN03'N(C2H4OH)3
16.0 73.4 10.6 -35.4 Ice +
HNO3-N(C,H;0H)3
8.8 77.8 13.4 -26.8 The same
4.0 80.0 16 -21.6 -I1-
- 81.6 18.4 -19.0 -I1-
2.4 97.6 - -35.6 CO(NH2)2+HNO3-
N(C;H40H)3
67.4 - 32 37.2 NaClO3-CO(NH,), +
CO(NH>),
66.2 6.8 27 36.8 The same
64.2 14.2 21.6 36.2 -I1-
56.4 34.6 9 32.2 -/1-
42.6 57.4 - 23.6 -I1-

Projections of the system were constructed on the sides of sodium monocarbamidochlorate - water A and on the sides
of triethanolammonium nitrate - water B (Fig. 3.).
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Fig. 3. Projections of the NaClO3-CO(NH,),-N(C,H,OH)3-HNO3-H,0 system:

A-NaClO;-CO(NH,),-H,0; B-N(C,H,0H)s:HNO3-H,0

In order to justify the process of obtaining a defoliant based on sodium monocarbamidochlorate and
triethanolammonium nitrate, we studied the solubility and rheological properties of the components in the system
[60%NaClO;-CO(NH,),+40%H,0]-N(C,H40H)3-HNOs.
The system [60%NaClO3:CO(NH,),+40%H,0]-N(C,H40H)3-HNO3; was studied by the solubility method, measuring
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density, viscosity, pH and refractive index, the results are shown in Table 2. The composition — properties diagram is
constructed »Of this system (Fig. 4.).

Physico-chemical and rheological properties of the system
[60%NaC|O3’CO(NH2)2+40%Hzo]'N(CzH4OH)3'HN03

Components Solid phase
content, %
+N . g E £
T 2 5 = = =
Iofe) % ET |25 |2 2=
O T = S I <
S Q g 32 S
o< T S > o
s S
= I
S 4
©
100 - 13.0 1.425 1.82 6.01 1.4153 Ice + CO(NH,),
93.3 6.7 9.2 1.422 1.94 6.02 | 1.4172 The same
85.2 14.8 45 1.412 2.06 6.02 | 1.4206 -Il-
79.0 21.0 0 1.402 2.25 6.03 | 1.4232 -Il-
735 26.5 -3.0 1.392 2.44 6.03 | 1.4252 -Il-
68.1 31.9 -6.5 1.383 2.56 6.04 | 14274 -Il-
61.6 38.4 -11.0 1.372 2.84 6.04 | 1.4308 -1l-
56.6 43.4 -14.0 1.363 3.11 6.05 | 1.4357 -1l-
50.7 49.3 -18.5 1.354 3.48 6.05 | 1.4353 -1l-
45.0 55.0 -22.0 1.345 3.77 6.06 | 1.4370 -/l-
40.0 60.0 -25.5 1.348 4.03 6.07 | 1.4397 -/l-
26.6 73.4 -35.4 1.332 4.38 6.07 | 1.4415 -/l-
18.3 81.7 -21.2 1.307 5.55 6.07 | 1.4472 CO(NHy),+
N(C2H4OH)3HN03
8.2 91.8 -7.5 1.297 6.18 6.08 | 1.4498 | Ice + HNO3 N(C,H,OH);
- 100 1.0 1.292 6.59 6.08 | 1.4525 The same
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pH tC d,g/em’ n,mm7s n
A A A A

11,400 1 7,5 11,4550
11,350 1 6,0 1 1,4450
11,340 1 4,5 11,4350

11,250 + 3,01 1,4250

41,200 + 1,5 11,4150

[60%NaCl03-CO(NHz)2 20 40 60 80 100 N(C2H+OH)3-HNO3,%
+40%H20]
Fig. 4. The composition-property diagram of the system [60%NaClO3;-CO(NH,),+40%H,0]-N(C,H,OH);-HNO;
at 25 °C depending on the density change (1); pH of the medium (2); viscosity (3); refractive index (4);
crystallization temperature (5).

Studies have shown that when (74.67%) triethanolammonium nitrate is added to the studied saturated sodium
monocarbamidochlorate solution, a decrease in the crystallization temperature of the solution is observed from 13.0 to
(-35.4) °C, density from 1.425 to 1.292 g/cm? and viscosity increase from 1.82 up to 6.59 mm?/s, medium pH from 6.01
to 6.08, refractive index from 1.4153 to 1.4525.At the eutectic point, two solid phases crystallize - urea and
triethanolammonium nitrate. As the solubility study showed, a further increase in the concentration of
triethanolammonium nitrate in a saturated solution of systems from 73.6 to 100% leads to an increase in the
crystallization temperature from (-35.4) to -1.0 °C.

VI. CONCLUSION

The NaClOs;-CO(NH,),-N(C,H,;0H)3-HNO3-H,0O system under study belongs to the simple eutonic type, and no new
compounds were found.

Since this system has not been previously studied, the data we have obtained are a scientific reference for masters and
doctoral students working in this field.

Based on the results of the study, a physicochemical substantiations of the processes for obtaining a new defoliant was
established.

With the aim to develop technologies for the production of new effective defoliants and determine their composition,
studied the solubility of the [60%NaClO;-CO(NH,), + 40% H,0] - N(C,H4OH)s;-HNO; system, «composition-
property».On the basis of the data obtained, a polythermal solubility diagram and a «composition-property» diagram of
the system was constructed. The data obtained are used for fundamental investigation into the analysis of salt systems
as reference data.
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