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ABSTRACT

Report 60 p., 27 fig., 3 tab., 50 sources, 3 app. 
CORROSION, IRON, ADHESIVE PHOSPHATE COATINGS, RUST CONVERTERS, CYCLIC VOLTAGE CURVES
The object of research is adhesive phosphate coatings on the surface of iron samples obtained from phosphating solutions of various natures and rust converters in the presence of accelerators.
The aim of the work is to develop an import-substituting technology for obtaining high-quality adhesive phosphate coatings for effective corrosion protection of iron samples.
Research methods: To control the anticorrosive properties of phosphate coatings on iron samples, independent chemical, physical and electrochemical methods were used.
Solutions for the deposition of phosphate coatings based on rust converters, Phosphomet and Tsinkar with the addition of accelerators of nitrophenol and sodium 3-nitrobenzenesulfonate (m-NBS), hydroxylamine have been developed; the optimal conditions for the formation of phosphate coatings (concentration of the accelerator, temperature, time, stirring speed) have been determined; it was shown that phosphate coatings obtained from a solution containing Phosphomet with additives of nitrophenol and m-NBS have the highest corrosion resistance; new electrochemical methods for determination of corrosion resistance and optimal composition of anticorrosive coatings on steel have been proposed; carried out corrosion tests of phosphate coatings in model and industrial solutions with different mineralization and different pH; the possibility of increasing and stabilizing the corrosion resistance of phosphate coatings in highly saline water of the Pavlodar petrochemical plant is shown.
Basic design, technical and economic indicators: Solutions and conditions for the deposition of phosphate coatings based on rust converters with additives of nitrogen-containing accelerators have been developed. It is shown that the addition of nitrogen-containing accelerators to solutions of rust converters leads to an increase in the corrosion resistance of the deposited phosphate coatings.
Recommendations for implementation and scope: The developed technology for obtaining phosphate coatings on iron samples, as well as chemical and electrochemical methods for controlling the resulting coatings can be recommended for implementation in metal-intensive industries 
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LIST OF ABBREVIATIONS AND SYMBOLS

In this report, the following abbreviations and symbols are used:

	С 
	–   the concentration in the volume of the solution (mol.l-1)

	M
	–   molarity (mol.l-1)

	t
	–   temperature (°С)

	ω
	–   disk electrode rotation speed(rpm-1)

	Ер 
	–   peak potential (B)

	En 
	–   initial potential for get current-voltage curves

	Ek 
	–   finite potential for get current-voltage curves

	S
	–   working surface of the electrode (cm2)

	SAS
	–   surface-active substance

	LCP
	–   paint and varnish coating

	GCS
	–   hot rolled steel

	τ, min
	–   coating formation time

	Km
	–   corrosion rate constant obtained by the gravimetric method (g/m2 h)

	Q mq
	–   amount of electricity in microcoulons

	ЗСА 
	–   Defensive ability according to Akimov (s)






INTRODUCTION

The processes of deposition of anticorrosive phosphate coatings are widely used in industry for solving various technical problems, due to the unique functional properties of these coatings, such as high adhesion to a metal base, high adsorption capacity, high anti-frictional and extrusive properties and low electrical conductivity [1- 4].
Phosphating is currently the most widely used surface treatment for ferrous and non-ferrous metals. This is due to its economy and speed of the process, its ability to provide excellent corrosion resistance, wear resistance and adhesion [5-13].
The main disadvantages of existing phosphating solutions are the content in their composition of toxic nickel ions, nitrite ion, etc .; high energy consumption due to the high operating temperatures of the process 70-90 ° С; evolution of hydrogen, which prevents the formation of dense sediments, high slag formation. In addition, for the implementation of modern phosphating technologies, rather complicated equipment is required, and the processes themselves require strict control, since the properties of the forming coatings strongly depend on such parameters as free and total acidity, temperature, concentration of accelerators, etc. [13-16]. Consequently, the priority directions in improving the phosphating process are: the development of new phosphating solutions, reducing the concentration of the solution, temperature, surface treatment time, simplifying the adjustment, unifying phosphating solutions, increasing economic and environmental feasibility [17-42].
The leaders of developments in the field of phosphating are the German companies Henkel, Chemetall and the American Parker [10-11]. There are practically no domestic high-level developments in this area. World analogues are the intellectual property of developers who produce ready-made compositions for various stages of the formation of anti-corrosion coatings without disclosing their compositions. Therefore, important sectors of the domestic industry, which produce phosphating of metals, depend on foreign manufacturers, whose prices are unreasonably high. In connection with the above, the development of highly effective domestic technologies of anticorrosive coatings that meet increasing requirements corresponds to the validity of the choice of the research direction.
Constantly increasing requirements for protective coatings with anti-corrosion properties lead to the need to improve the process of their formation. This requires reliable, easily determined criteria for the protective properties and quality of the formed anti-corrosion coatings. To date, a large number of methods have been proposed for assessing the protective properties of anticorrosive coatings on a metal surface [28-41]. Since all corrosion processes are caused by the course of electrochemical reactions, electrochemical methods can be used to assess and control the protective properties of anticorrosive coatings [43-49], which are characterized by high speed and measurement accuracy. Therefore, one of the tasks of this work was the development of an easily determined criterion for the optimal composition of the phosphate coating on an iron electrode in the presence of phosphating accelerators by the electrochemical method.
Along with phosphating solutions, rust converters are widely used to obtain anticorrosive coatings, the use of which does not require preliminary treatment of the metal surface, as is the case with traditional solutions. However, methods of accelerating phosphating in solutions of rust converters have not found proper application and remain poorly studied. Therefore, the purpose of this work was to study accelerated low-temperature phosphating on the surface of iron samples from solutions of rust converters using organic nitro compounds as process accelerators; testing of the obtained phosphate coatings in model solutions with different mineralization and in aggressive environments of an oil refinery.
The main objectives of the project for 2020 are:
- Testing of phosphate coatings deposited from solutions of rust converters under optimal conditions with the addition of various accelerators in model solutions with different mineralization.
- Selection of optimal deposition solutions in order to obtain phosphate coatings with maximum corrosion resistance.
- Development of an electrochemical method for determining the optimal composition of anti-corrosion coatings on steel by taking cyclic volt-ampere curves.
- Testing of the developed phosphate coatings in an aggressive environment with different hydrodynamic conditions.
List of interim reports and their inventory numbers.
1 Interim report for 2018 year on the topic: «Development of anticorrosive phosphate materials for oilfield equipment»" inventory No. 0218РК00208. 
2 Interim report for 2019 year on the topic: «Development of anticorrosive phosphate materials for oilfield equipment» inventory No. 0219РК00732.





1 Testing of the obtained phosphate coatings in environments with different corrosiveness
1.1 Research methodology

The formation of protective anticorrosive coatings on steel samples (St. 3) was carried out using phosphating solutions (1-7) with the following compositions:
FR-1 (1): ZnO - 0.145 g/l; MnSO4 ·H2O - 0.061 g/l; HNO3 - 0.083 ml; H3PO4 - 0.184 ml; NaOH - 0.0315 g/l;
FR-1 (2): ZnO - 0.58 g/l; NiNO3·6H2O - 0.26 g/l; HNO3-0.332 ml; H3PO4 - 0.73 ml; NaOH - 0.126 g/l;
FR-1 (3). ZnO - 0.725 g/l; NiNO3·6H2O - 0.33 g/l; HNO3- 0.415 ml; H3PO4 - 0.92 ml; NaOH - 0.1575 g/l;
FR-1 (4). ZnO - 1.16 g/l; NiNO3·6H2O - 0.5208 g / l; HNO3-0.614 ml; H3PO4 - 1.472 ml; NaOH - 0.252 g/l;
FR-2 (1) - ZnO - 0.0263g/l, Ni(NO3)2·6H2O-0.062g/l; Mn (NO3)2.6H2O - 0.025g/l, HNO3-0.083ml, H3PO4 - 0.23ml, NaOH-0.064 g/l;
FR-2 (2) - ZnO - 0.0263 g/l, Ni (NO3) 2 · 6H2O - 0.062 g/l, Mn (NO3) 2 *6H2O - 0.1312 g/l, HNO3 - 0.083 ml, H3PO4- 0.23 ml, NaOH - 0.064 g/l;
FR-3 - ZnO - 0.0677 g/l, Ni (NO3)2  · 6H2O - 0.0408 g/l, Mn (NO3)2 ·6H2O - 0.127 g/l, H3PO4 - 0.226 ml, NaOH - 0, 0376 g/l;
For the deposition of phosphate coatings, the rust preservatives Phosphomet and Tzinkar were also used. Corrosion (rust) converters are specially designed compounds that convert corrosion products (rust) into a strong protective film directly on the treated surface.
Rust converter Tzinkar is used to treat metal (mainly steel) surfaces. The basis of this converter of corrosion products is purified orthophosphoric acid. Manganese and zinc salts are used as active ingredients. It is due to these two components that Tzinkar has a double effect on the surface of the metal. Manganese helps to strengthen the protective layer that forms after the deposition of the converter of corrosion products. The effect of metal alloying is observed. Iron oxide (rust) when exposed to Tzinkar is destroyed and converted into phosphates. 
Phosphomet is a phosphating rust modifier for the treatment of steel, cast iron, galvanized and aluminum surfaces prior to painting. It is an aqueous solution of phosphoric acid, corrosion inhibitors and special targeted additives. Phosphomet is designed to protect metal products (mainly carbon and low-carbon steels and cast iron) from corrosion by converting rust into a protective phosphate film (cold phosphating), forming a chemically bonded layer of insoluble phosphoric acid salts of iron, zinc and manganese. 
As accelerators of phosphating, we used nitrophenol and sodium m-nitrobenzosuphonate, hydroxylamine.
To prepare the solutions, we used chemical reagents of the “pure” and “pure grade” brands and distilled water.
Pretreatment of metal samples made of steel (St. 3) was carried out by degreasing in an aqueous alkaline detergent composition KM-28 TU 2332-162-00209711-2004 with a concentration of 15-20 g/l at a temperature of 60-65°C for 2-10 minutes and then washed with water. The surface of metal samples was cleaned manually with an abrasive material followed by rinsing with distilled water. To improve the quality of surface treatment, a mechanical rotating installation was also used to process an iron sample using an abrasive material. 
The protective and corrosive characteristics of phosphate coatings on steel were studied by the following methods: - drop method (Asimov’s method); by the method of cyclic voltammetry. The drop method is based on the use of a solution of the composition CuSO4 • 5H2O 82 g/l; NaCl 33 g/l; 0.1 N HCl 13 ml /l (so-called Asimov’s reagent) [50]. The protective ability of the coating according to Akimov (ZSA) was determined as the time until the color of the control area under the drop changes from blue to red-brown.
Electrochemical study of corrosion resistance. In order to study the corrosion resistance of the obtained phosphate coatings, the voltammetric method was used [51]. Cyclic current-voltage curves were obtained using a Gamry 3000 potentiostat (USA) in a thermo stated electrochemical cell. The working electrode was an iron (St.3) disk electrode with a visible surface of 0.03 cm2. A platinum electrode with a large visible surface exceeding the surface of the brass electrode by more than 100 times was used as a counter electrode. The potentials given in the article were measured relative to a silver chloride electrode manufactured by Metrom (Switzerland) with a potential of 196 mV relative to a hydrogen electrode. A solution of 0.3 M Na2SO4 was used as the electrolyte. Cyclic current – voltage curves were recorded in the potential region -0.3 ÷ -1.2 V with a potential sweep rate of 20 mV/s. Before obtaining cyclic current-voltage curves, the surface of the working electrode was updated with abrasive material and washed with distilled water. Cyclic current-voltage curves on a phosphate-coated iron electrode were obtained without updating the electrode surface.

1.2 Determination of optimal conditions for the formation of phosphate coatings by the method of cyclic voltammetry 

The approach we propose to determine the corrosion resistance of phosphate coatings is based on a comparison of cyclic volt-ampere curves obtained on the renewed surface of an iron electrode with similar curves obtained on a surface with a phosphate coating. Of particular interest is the use of electrochemical methods for obtaining qualitative and quantitative characteristics, which can be used to establish the electrochemical activity and anticorrosive ability of the obtained coatings in a wide potential range. The use of accelerators of different nature made it possible to obtain phosphate coatings with high anticorrosive properties on iron samples. The protective ability of the formed coatings was assessed by the Akimov drop method in combination with the method of cyclic voltammetry.
Figure 1 shows cyclic current-voltage curves (with a number of cycles of 7) obtained on an iron electrode in the absence of a phosphate coating (Figure 1a) and with a phosphate coating deposited from a phosphating solution FR-2 (Figure 1b) in 0.3 M Na2SO4. According to Fig. 1, on the cyclic current-voltage curves of the iron electrode obtained from a solution of 0.3 M Na2SO4 in the cathode region, the maximum current (A) is observed in the potential region (E ≈ -0.9 ÷ 0.1 V) due to the electroreduction of iron hydroxide compounds formed on the surface of the electrode during anodic polarization. The maximum current (A) was used to judge the corrosion resistance of the formed phosphate coatings. With an increase in the number of cycles (1–7), a systematic increase in the cathode maximum (A) is observed. The cyclic current–voltage curves obtained on an iron electrode with a phosphate coating (Figure 1b) are in many respects similar to the curves obtained on an iron electrode without a coating (Figure 1a). However, for cycles (1-3), the maximum current (A) (Figure 1 b) is noticeably less than the maximum current (A) in Figure 1a. With an increase in the number of cycles (5–7), the maximum current (A) on cyclic current – voltage curves with a phosphate coating (Figure 1b) is noticeably larger than the corresponding maximum on current – voltage curves of an uncoated iron electrode (Figure 1a).

[image: ][image: ]
                                          a                                                                   b
Figure 1 - Cycle current-voltage curves of an iron electrode without a phosphate film (a) and in the presence of a phosphate film (b)

The effect of the number of cycles on the current value of cathode maxima (A) can be more clearly seen in Figure 2, which shows the dependence of the change in the current value of cathode maxima (A) (curves 1.2) for the studied electrodes on the number of cycles.

[image: ]
1 - uncoated; 2 - with phosphate coating
Figure 2 - Dependence of the maximum current (A) on an iron electrode in 0.3 M Na2SO4 on the number of cycles of volt-ampere curves

The observed change in the current value of the cathode maxima during cycling allows us to conclude that the presence of a phosphate coating on the iron electrode leads to a noticeable decrease in the maximum current (A) only in the first cycles (1-3). With an increase in the number of cycles, the increase in the current of maximum (A) with a phosphate coating (curve 2) noticeably exceeds the current value of a similar maximum on an uncoated iron electrode (curve 1). It follows that a systematic change in the course of the cathodic and anodic processes when obtaining cyclic current-voltage curves in the studied potential region does not lead to an increase in the corrosion resistance of the phosphate coatings used, but, on the contrary, contributes to the course of corrosion processes.
In connection with the foregoing, it was of interest to evaluate the effect of phosphate accelerators using hydroxylamine and nitrophenol as an example on the change in the corrosion resistance of phosphate coatings on iron electrodes using the cyclic voltammetry method. Figure three shows the dependence of the change in the current value of the cathode maximum (A) on the cyclic current-voltage curves of a phosphate-coated iron electrode on the concentration of hydroxylamine in the FR-2 phosphating solution on the number of cycles (1-7).

[image: ]
Cycle designations: 1-1; 2-2; 3-3; 4-4; 5 -5; 6-6; 7-7
Figure 3 - The effect of hydroxylamine in a phosphating solution on the cyclic volt-ampere curves of an iron electrode with a phosphate coating during cycling

According to Figure 3, with a small concentration of hydroxylamine in the phosphate solution of the iron electrode on the cyclic current-voltage curves, the cathode current of maximum (A) is practically not observed (Fig. 3, curves 1,2). However, in the case when the concentration of hydroxylamine in the phosphating solution is close to 0.1 g/l, the cathode maximum current (A) within the experimental error becomes unchanged from the number of cycles (1-7). This is most clearly seen in Figure 4, which shows the dependence of the maximum current (A) for different concentrations of hydroxylamine in the phosphate solution on the number of cycles of the current-voltage curves.
According to Figure 4, at a hydroxylamine concentration in the phosphate solution of 0.1 g/l (curve 1), the cathode maximum current (A) remains almost unchanged during the cycling process, while at higher concentrations  is observed an increase in the cathode maximum current ( A) (curves 2, 3). Thus, when the concentration of hydroxylamine in the deposition solution FR-2, equal to 01 g/l phosphate coatings are formed having the highest corrosion resistance.

[image: ]
Hydroxylamine concentration (g / l): 1 - 0.1; 2 - 0.5; 3 - 1
Figure 4 - Influence of the number of cycles of volt-ampere curves on the value of the maximum current (A) at different concentrations of hydroxylamine in the precipitation solution

It should be noted that the determination of the optimal concentration of the hydroxylamine phosphate accelerator based on the change in the maximum current (A) on the cyclic current-voltage curves is in agreement with experimental data obtained from the dependence of the protective ability of the phosphate coatings on the concentration of hydroxylamine determined by Asimov’s method on iron samples. In figure Fig. 5 shows the dependence of changes in the protective ability of phosphate coatings according to the Akimov method on the concentration of hydroxylamine in a phosphate solution.

[image: ]
Figure 5 - Dependence of the corrosion resistance of phosphating coatings on the surface of iron samples deposited from a FR-2 solution on the concentration of hydroxylamine
According to Figure 5, phosphate coatings obtained from a phosphating solution of FR-2 in the presence of 0.1 g/l hydroxylamine possess the greatest anticorrosive protective ability. At higher concentrations of hydroxylamine, the protective ability of the phosphate coating decreases. The data obtained are highly correlated with the results of electrochemical studies.
Of particular interest is the study of the effect of the nature of the phosphate accelerator on the corrosion resistance of the formed phosphate coating. The effect of the nitrophenol concentration in the FR-2 phosphating solution on the corrosion resistance of phosphate coatings by cyclic voltammetry was studied. Figure 6 shows the dependence of the maximum current (A) on the concentration of nitrophenol in the FR-2 phosphating solution for an iron electrode with a phosphate coating (Figure 6a) and the dependence of the maximum current (A) on the number of cycles of the voltammetric curves (Figure 6b).
According to Figure 6a, for the first cycle, there is practically no maximum current (A) on the cyclic current – voltage curves in the studied range of nitrophenol concentrations in the phosphating solution. With an increase in the number of cycles, the maximum current (A) is increases noticeably. Moreover, the maximum increase in maximum current (A) is observed when using deposition solutions containing small concentrations of nitrophenol (curves 1-5). This is most clearly shown in Fig. 6b, which shows the dependence of the change in the maximum current (A) on the number of cycles for the different concentrations of nitrophenol in the phosphating solution. 
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Deposition solution: Phosphomet (a), number of cycles at different concentrations of nitrophenol (b); numbering of cycles: 1 - 1; 2 - 2; 3 - 3; 4 - 4; 5 - 5; 6 -6; 7 - 7 (a); concentration of nitrophenol (g/l): 1-0.078; 2 - 0.25; 3 -1.3; 4- 2.5 (b)
Figure 6 - Dependences of the cathode maximum current (A) on the cyclic volt-ampere curves of the iron electrode on the concentration of nitrophenol

According to Figure 6b, with an increase in the concentration of nitrophenol, a decrease in the maximum current (A) is observed. At a nitrophenol concentration greater than 2 g/l, the maximum current (A) reaches a minimum value for the studied nitrophenol concentrations in the phosphating solution and does not depend on the number of cycles of sequential cycling of current-voltage curves. Therefore, the optimal concentration of nitrophenol, at which the maximum corrosion resistance of the formed phosphate coatings in the FR-2 solution is observed, is a concentration of 2 ÷ 2.5 g/l.
Thus, the use of the electrochemical method of cyclic voltammetry made it possible to establish the optimal concentration of phosphating accelerators of various natures, which provides complete anticorrosive protection of phosphate films on the surface of iron samples and optimal conditions for the deposition of coatings at different concentrations of accelerators. The obtained experimental data are consistent with the independent method for determining the protective capacity by the Akimov method and the electrochemical method based on measuring the polarization resistance from the Tafel curves.
Table 1 shows the corrosion resistance of phosphate coatings, determined by Akimov's drop method sets, formed from phosphating solutions and rust converters under optimal deposition conditions in the presence of various accelerators.

Table 1 - The effect of phosphating accelerators on the corrosion resistance of phosphate coatings on an iron (St. 3) substrate
	Phosphating solution
	Accelerator
	Accelerator concentration, (g / l)
	Temperature
deposition,
(t° С)
	Deposition time (min.)
	Corrosion resistance according to Akimov (s)

	1
	2
	3
	4
	5
	6

	FR-1 (1)
	m-nbs
	1
	40
	10
	9

	
	nitrophenol
	2.5
	40
	10
	10

	
	hydroxylamine
	5
	40
	10
	58

	FR-1 (2)

	 m-nbs
	1
	40
	10
	13

	
	 nitrophenol
	2,5
	40
	10
	18

	
	 hydroxylamine
	-
	-
	-
	-

	FR-1 (3)
 
	 m-nbs
	1
	40
	10
	15

	
	nitrophenol
	2,5
	40
	10
	24

	
	 hydroxylamine
	-
	-
	-
	-

	FR-1 (4)

	 m-nbs
	1
	40
	10
	25

	
	nitrophenol
	2,5
	40
	10
	34

	
	hydroxylamine
	5
	40
	10
	110

	FR-2 (1)
 
	 m-nbs
	1
	40
	10
	13

	
	 nitrophenol
	0,5
	40
	10
	8

	
	 hydroxylamine
	5
	40
	10
	70




Continuation of Table 1
	1
	2
	3
	4
	5
	6

	FR-2 (2)
 
	 m-nbs
	-
	-
	-
	-

	
	nitrophenol
	-
	-
	-
	-

	
	 hydroxylamine
	5
	40
	10
	95

	
FR-3
	 m-nbs
	-
	-
	-
	-

	
	nitrophenol
	-
	-
	-
	-

	
	hydroxylamine
	5
	40
	10
	84

	Tzinkar
	 m-nbs
	5
	40
	10
	180

	
	 nitrophenol
	2,5
	40
	10
	110

	
	hydroxylamine
	5
	40
	10
	93

	Phosphomet
	 m-nbs
	5
	40
	10
	104

	
	nitrophenol
	2,5
	40
	10
	330

	
	hydroxylamine
	5
	40
	10
	27



Based on the studies of the corrosion resistance of the formed phosphate coatings from phosphating solutions and rust converters in the presence of various phosphating accelerators, optimal solutions were selected for the deposition of phosphate coatings on the surface of iron samples with the highest corrosion resistance (Table 1). 
According to Table 1, it was found that the most corrosion-resistant coatings are formed from phosphating solutions Phosphomet and Tzikar in the presence of nitrophenol and sodium m-nitrobenzosulfonate (m-MNB).  Corrosion resistance of phosphate coatings from a Phosphomet solution in the presence of a nitrophenol phosphating accelerator with a concentration of 2.5 g / l is 330 s (according to Asimov’s method). The corrosion resistance of coatings deposited from a Tzinkar solution in the presence of an m-NBS accelerator with a concentration of 5 g/l is 180 s. Corrosion resistance of phosphate coatings, deposited from solutions of phosphating of FR in the presence of accelerators of nitrophenol, m-NBS, hydroxylamine, is much lower compared to solutions of rust converters. An exception is phosphate coatings deposited from a FR-4 solution in the presence of 5 g /l hydroxylamine. The corrosion resistance of such coatings is 110 s.
Consequently, the determination of the optimal concentration of phosphating accelerators in solutions of the Phosphomet and Tzinkar rust converters by the Akimov drop method to a high degree corresponds to the concentrations of accelerators calculated using the cyclic voltammetry method.


1.3 Effect of pH on the corrosion resistance of phosphate coatings deposited from solutions of rust converters

To test the stability of phosphate coatings in media with different mineralization and different pH values, coatings deposited from solutions of the Phosphomet and Tzsinkar rust converters in the presence of nitrophenol and m-NBS phosphating accelerators were selected. Tests of phosphate coatings, which showed the highest corrosion resistance on the surface of iron samples, were carried out in model solutions (GOST 9.502-82), designed to determine the corrosion resistance of coatings with different pH values ​​close to neutral (pH = 6-9). The corrosion resistance of the coatings was determined by the Akimov drop method and electrochemical methods - by the method of taking cyclic volt-ampere curves and polarization curves according to Tafel.
Figure 7 shows the dependence of the corrosion resistance of phosphate coatings deposited from a Phosphomet solution in the presence of 2.5 g/l of nitrophenol in media with different pH values. Deposition conditions: temperature 40 ° C, depositing time 10 minutes, stirring speed 500 rpm.

[image: ]
Figure 7 - Dependence of the protective ability of phosphate coatings deposited from the Phosphomet solution in the presence of nitrophenol on the pH of the solution

It was shown that phosphate coatings deposited from the Phosphomet solution in the presence of a nitrophenol phosphating accelerator at pH = 6.7 have the highest corrosion resistance.
Figure 8 shows the dependence of the corrosion resistance of phosphate coatings deposited by their Tzincar solution in the presence of 5 g/l m-NBS.
[image: ]
Figure 8 - Dependence of the protective ability of phosphate coatings deposited from a Phosphomet solution in the presence of m-NBS on the pH of the solution

It has been shown that phosphate coatings deposited from Tzinkar solution in the presence of the phosphating accelerator m-NBS at pH = 7.8 have the highest corrosion resistance.




2 Experiment of the obtained phosphate coatings in environments with different mineralization
2.1 Experiment of the corrosion resistance of phosphate coatings in environments with different mineralization by the Akimov drip method

Experiment of iron samples for corrosion resistance by the Akimov method were carried out in model solutions No. 1-4, having different mineralization, i.e. different ratios of the starting salts. The composition of the model solutions is shown in Table 2.

Table 2 - Composition of model solutions
	Solution number No.
	Mass concentration, mg/l, component

	
	NaCI
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	1
	243,0
	25,0
	192,0
	8,0
	5,0
	-

	2
	914,0
	250,0
	1924,0
	361,0
	237,0
	-

	3
	-
	-
	213,0
	138,0
	333,0
	-

	4
	-
	-
	319,0
	from 210,0 before 336,0
	500,0
	-

	5
	82,0
	-
	74,0
	80,0
	-
	82,0

	6
	410,0
	-
	296,0
	400,0
	-
	410,0

	7
	30,0
	-
	70,0
	-
	-
	-



A study of the change in the corrosion resistance of iron samples with a phosphate coating deposited from solutions of rust converters Phosphomet and Tzsinkar in the presence of nitrophenol and m-NBS phosphating accelerators, depending on the exposure time in model solution No.1 at a temperature of 30°C and a stirring rate of 500 vol. / min. (Figure 9). Model solution No. 1 is characterized by a low content of mineral salts. The exposure time in model solution No.1 was changed from 30 to 180 min. The corrosion resistance of the coatings was determined by Asimov’s drop method.
According to Figure 9, with an increase in the exposure time of iron samples with a phosphate coating in model solution № 1, an increase in corrosion resistance is observed for all coatings, with the exception of coatings deposited from the Phosphomet + 5 g/l m-NBS solution.
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Phosphating solution: 1 - Phosphomet + 5 g/l m-NBS; 2 - Phosphomet + 2.5 g/l of nitrophenol; 3 - Tsinkar + 5 g/l m-NBS; 4 - Tsinkar + 2.5 g/l of nitrophenol
Figure 9 - Influence of the exposure time of phosphate coatings in model solution No.1 on the change in their corrosion resistance

The greatest increase in corrosion resistance was observed on the phosphate coating deposited from the Phosphomet + 2.5 g / L nitrophenol solution. During the exposure time from 30 to 180 min, the corrosion resistance of this coating increased from 7 to 35 s. Phosphate coatings deposited from the Phosphomet + 5 g/l m-NBS solution showed a decrease in corrosion resistance with an increase in the exposure time in model solution No. 1.
The behavior of the obtained phosphate coatings in the model solution No. 2, characterized by a high content of CI- and SO42- ions, has been investigated (Figure 10).
In model solution No. 2, characterized by a high concentration of MgSO4 and CaCl2 salts, as in model solution № 1, the coatings deposited from the Phosphomet + 2.5 g/l nitrophenol solution showed the highest corrosion resistance -48 s. with exposure time of 120 s. With a further increase in the exposure time, the corrosion resistance of this coating decreased. Corrosion resistance of coatings deposited from Tzinkar solution in the presence of 2.5 g/l of nitrophenol (Figure 4, curve 3) and 5 g/l of m-NBS (Figure 4, curve 4) increases with increasing of exposure time in model solution No. 2.  
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Phosphating solution: 1 - Phosphomet + 5 g / l m-NBS; 2 - Phosphomet + 2.5 g / l of nitrophenol; 3 - Tzinkar + 5 g / l m-NBS; 4 - Tzinkar + 2.5 g / l of nitrophenol
Figure 10 - Influence of the exposure time of phosphate coatings in model solution No. 2 on the change in their corrosion resistance

Thus, an increase in the mineralization of solutions for testing phosphate coatings leads to an increase in the corrosion resistance of phosphate coatings deposited from solutions of Phosphomet + 0.5 g/l of nitrophenol and Tzinkar + 5 g /l of m-NBS, but contributes to a decrease in the corrosion resistance of coatings deposited from a solution of Phosphomet + 5 g / l m-NBS.
The behavior of the obtained phosphate coatings in the model solution No. 3, characterized by a low content of CI- and SO42- and HCO3- ions, has been investigated (Figure 11).
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Phosphating solution 3: 1 - Phosphomet + 5 g/l m-NBS; 2 - Phosphomet + 2.5 g/l of nitro-phenol; 3 - Tzinkar + 5g/l m-NBS; 4 - Tzinkar + 0.5 g/l of nitrophenol
Figure 11 - Influence of the exposure time of phosphate coatings in model solution No. 3 on the change in their corrosion resistance
According to Figure 11, a significant increase in the corrosion resistance of the phosphate coating deposited from the Phosphomet + 2.5 g/l nitrophenol solution is observed in the model solution of 3 (curve 2). With a the exposure time of 180 s. the corrosion, resistance of such a coating increases up to 75 s, which is more higher than the corrosion resistance of these coatings in the solutions 1 and 2. Interestingly, when the exposure in model solution 3, there is no decrease in the corrosion resistance of the coatings deposited from the Phosphomet + 5 g/l solution m-NBS (curve 1). The maximum corrosion resistance of phosphate coatings from Tzincar solution observed in the presence of 0.5 g/l of nitrophenol (curve 3) is 50 s. Corrosion resistance of the coating deposited from a solution of Tzinkar + 5 g/l m-NBS is 32 s.
The behavior of the obtained phosphate coatings in the model solution No. 4, characterized by a high content of Na2HCO3 and CaCI2 has been investigated (Figure 12).
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Phosphating solution 4: 1 - Phosphomet + 5 g / l m-NBS; 2 - Phosphomet + 2.5 g / l of nitrophenol; 3 - Tzinkar + 5 g / l m-NBS; 4 - Tzinkar + 2.5 g / l of nitrophenol
Figure 12 - Influence of the exposure time of phosphate coatings in model solution No.4 on the change in their corrosion resistance

According to Figure 12, with an increase in the  exposure time of phosphate coatings in model solution No. 4, which is characterized by a high content of Na2HCO3 and CaCI2 salts, a significant increase in the corrosion resistance of the coating deposited from the solution of Phosphomet + 2.5 g/l nitrophenol is observed (curve 2). After 180 minutes of the exposure time of the phosphate coating, its corrosion resistance increases to 82 s. Corrosion resistance of the phosphate coating from the solution of Phosphomet + 5 g/l m-NBS (curve 1) practically does not change when tested in model solution No. 4. The corrosion resistance of coatings deposited from a solution of Tzincar + 2.5 g/l of nitrophenol (curve 4) and from a solution of Tzincar + 5 g/l of m-NBS (curve 3) grows with increasing  the exposure time to a lesser extent than the corrosion resistance of coating deposited from the Phosphomet solution + 2.5 g/l of nitrophenol (curve 2).
Thus, when testing phosphate coatings deposited from solutions of rust converters Phosphomet and Tzinkar in the presence of nitrophenol and m-NBS accelerators, an increase in the corrosion resistance of the coatings was observed in model solutions 1-4 with increasing test time. The exception is the coatings deposited from the Phosphomet + 5 g/l m-NBS solution. The corrosion resistance of these coatings decreased with increasing test time or remained unchanged. The highest corrosion resistance of the coatings deposited from the solution of the rust converter Phosphomet + 2.5 g of nitrophenol was observed in the model solution No.4. The corrosion resistance of such coatings was 82 s according to the Akimov method.

2.2 Testing the corrosion resistance of phosphate coatings in environments with different mineralization by the Tafel polarization curve method

In order to obtain independent information on the change in the corrosion resistance of phosphate coatings deposited from solutions of rust converters in environments with different mineralization, along with the Akimov drip method, the Tafel method of polarization curves was used.
Before recording the polarization curves, phosphate coatings were deposited on the surface of the iron electrode from solutions of the Phosphomet and Tzinkar rust converters with additives of nitrophenol and m-NBS accelerators at a temperature of 40°C, a deposition time of 10 min, and a stirring speed of 500 rpm. Then the resulting coatings were annealed in a drying oven at a temperature of 80°C for 15 minutes, after which the Tafel polarization curves were recorded in a 0.3M Na2SO4 solution.
A study of the change in the corrosion resistance of iron samples with a phosphate coating deposited from the Phosphomet solution in the presence of 2.5 g/l of nitrophenol, depending on the time of testing in a model solution No.1 at a temperature of 3°C (Figure 13).
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Deposition solution: Phosphomet + 2.5 g/l of nitrophenol, test time: 1 - 0; 2 - 30; 3 - 60; 4- 90; 5 - 120; 6 - 180 minutes
Figure 13 - Tafel dependences of an iron electrode with a phosphate coating on the test time in a model solution No. 1

According to Figure 13, a change in the test time for iron samples with a phosphate coating in a model solution No.1 leads to a shift in the corrosion potential to the region of negative potential values, which indicates a change in the corrosion resistance of the phosphate coating.
The change in the value of the corrosion potential of iron samples with a phosphate coating from the time of testing in a model solution No.1 is shown in Figure 14.
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Deposition solution: Phosphomet in the presence of 2.5 g/l of nitrophenol, test time: 1–0; 2 - 30; 3 - 60; 4- 90; 5 - 120; 6 - 180 minutes
Figure 14 - Change in the value of the corrosion potential of an iron electrode with a phosphate coating from the time of testing in a model solution No.1

According to Figure 14, with an increase in the test time of the iron electrode with a phosphate coating in the model solution No. 1 from 30 to 90 minutes the corrosion potential determined on the basis of the Tafel curves is shifted to the region of more negative potentials, which indicates a decrease in the corrosion resistance of the coating. However, it can be observed that with a further increase in the test time of the coating in the model solution No. 1 over 90 minutes, the corrosion potential shifts, on the contrary, to the positive region. The lowest corrosion resistance of the phosphate coating was observed at a test time of 90 minutes. With a further increase in the test time, the corrosion resistance of the phosphate coating increases.
Tafel curves were obtained for an iron electrode with a phosphate coating deposited from a Phosphomet + 5 g/l m-NBS solution at a temperature of 30°C, a stirring speed of 500 rpm. from the time of testing in model solution No. 1 (Figure 15).

[image: ]
Deposition solution: Phosphomet + 5 g / l m-NBS, test time (min.): 1 - 0; 2 - 30; 3 - 60; 4- 90; 5 - 120; 6-180
Figure 15 - Tafel dependences of an iron electrode with a phosphate coating in a model solution No. 1

According to Figure 15, with an increase in the test time for iron samples with a phosphate coating in the presence of m-NBS in a model solution No. 1, the corrosion potential shifts to the region of more negative values, which indicates a decrease in the corrosion resistance of the phosphate coating.
The dependence of the change in the value of the corrosion potential of iron samples with a phosphate coating deposited from the Phosphomet solution in the presence of m-NBL on the test time in model solution 1 is shown in Figure 16.
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Deposition solution: Phosphomet + 5 g / l m-NBS, test time (min.): 1 - 0; 2 - 30; 3 - 60; 4- 90; 5 - 120; 6-180
Figure 16 - Change in the value of the corrosion potential of an iron electrode with a phosphate coating from the time of testing in a model solution No. 1

According to Figure 16, an increase in the test time for an iron electrode with a phosphate coating deposited from a Phosphomet + 5 g/l m-NBS solution in a model solution No. 1 from 30 to 60 minutes leads to a significant shift of the corrosion potential to the negative region, which indicates decrease in corrosion resistance of the coating. However, with a further increase in the test time of the coating in the model solution No. 1, the corrosion potential practically stabilizes, which is consistent with the determination of the corrosion resistance of similar phosphate coatings by Akimov's drip method (Figure 3).
The influence of the test time of phosphate coatings in the model solution No. 2, which is characterized by a significantly higher concentration of the initial salts in comparison with the model solution No. 1, has been investigated (Table 2). Figure 17 shows the Tafel dependences of an iron electrode with a phosphate coating deposited from a Phosphomet solution in the presence of 2.5 g/l nitrophenol on the test time in a model solution No.2 at 30°C and a stirring speed of 500 rpm.
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Deposition solution: Phosphomet + 2.5 g/l of nitrophenol, test time (min.): 1 - 0; 2 - 30; 3 - 60; 4- 90; 5 - 120; 6-180
Figure 17 - Tafel dependences of an iron electrode with a phosphate coating in a model solution No. 2

According to Figure 17, increasing the test time for iron samples with a phosphate coating in model solution No. 2 to 120 minutes leads to a shift of the corrosion potential in the area in the positive area. The shift of the corrosion potential to the positive region indicates an increase in the corrosion resistance of the formed coating. The maximum corrosion resistance of the coating is observed when the test time in model solution No. 2 is equal to 120 min. (curve 5). With a further increase in the test time, the corrosion potential shifts to the negative region, which indicates a decrease in the corrosion resistance of the phosphate coating (curve 6).
Figure 18 shows the dependence of the change in the corrosion potential on the test time of phosphate coatings in model solution No. 2, deposited from a solution of Phosphomet + 0.5 g of nitrophenol.
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Deposition solution: Phosphomet + 0.5 g of nitrophenol
Figure 18 - Change in the value of the corrosion potential of an iron electrode with a phosphate coating from the time of testing in a model solution No. 2

The results obtained are in high agreement with the results of the drop method for determining the corrosion resistance according to Akimov (Figure 4, curve 2). It is interesting to note that the testing of phosphate coatings in model solution No. 2, which is distinguished by a higher concentration of initial salts as compared with model solution No. 1, leads to a more significant increase in the corrosion resistance of the phosphate coating.
A study of the change in the corrosion resistance of iron samples with a phosphate coating deposited from the Phosphomet solution in the presence of m-NBS at different test times in the model solution No. 2 (Figure 19) was carried out.
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Deposition solution: Phosphomet + 5 g / l m-NBS; Test time: 1 - 0; 2 - 30; 3 - 60; 4- 90; 5 - 120; 6-180
Figure 19 - Tafel dependences of an iron electrode with a phosphate coating at different test times in a model solution No. 2

According to Figure 19, an increase in the test time of the phosphate coating deposited from the Phosphomet + 5 g/l m-NBS solution in the model solution No. 2 leads to a smaller shift in the corrosion potential as compared to the model solution No.1, which indicates a smaller change in the corrosion resistance of the formed phosphate coating.
 Figure 20 shows the dependence of the change in the corrosion potential at different test times for phosphate coatings deposited from a solution of Phosphomet + 0.5 g of nitrophenol in a model solution No.2. 
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Deposition solution: Phosphomet + 5 g/l m-NBS, test time (min): 1 - 0; 2 - 30; 3 - 60; 4- 90; 5 - 120; 6-180
Figure 20 - Dependence of the change in the value of the corrosion potential of the iron electrode

According to Figure 20, when testing a phosphate coating deposited from a Phosphomet solution + 5 g/l m-NBS in the first 30 minutes there is a shift in the corrosion potential towards less negative values, which indicates an increase in the corrosion resistance of the coating. However, with a further increase in the test time, there is a shift in the corrosion potential towards more values that are negative, i.e. there is a decrease in the corrosion resistance of the phosphate coating. When testing the phosphate coating for 180 min. the value of its corrosion potential becomes equal to the value of the corrosion potential (-0.849V) of the original phosphate coating, not tested in an aggressive environment. 
When comparing the behavior of the corrosion potential of iron samples with phosphate coatings deposited from a Phosphomet solution in the presence of m-NBS, from the time of testing in model solutions 1 and 2, it was concluded that phosphate coatings exhibit greater corrosion resistance in model solution No. 1, while their corrosion resistance decreases in model solution No. 2.
Thus, an increase in the concentration of salts in the model solution leads to a decrease in the corrosion resistance of phosphate coatings deposited from the Phosphomet + 5 g /l m-NBS solution.

Investigation of phosphate coatings in model solution No. 3
Model solution No. 3 differs from model solutions No. 1 and No. 2 in the composition of the initial components. Model solution No. 3 is characterized by the absence of NaCI and MgSO4 salts, as well as by the presence of a high concentration of HCO3-, SO42- and Ca2 + ions (Table 2).
A study of the change in the corrosion resistance of iron samples with a phosphate coating deposited from the Phosphomet solution in the presence of 2.5 g / L nitrophenol, depending on the test time in the model solution No. 3 at a temperature of 30 °C (Figure 21) was carried out.
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Deposition solution: Phosphomet in + 2.5 g / l of nitrophenol; test time (min.): 1 - 0; 2 - 30; 3 - 60; 4- 90; 5 - 120; 6-180
Figure 21 - Tafel dependences of an iron electrode with a phosphate coating on the test time in a model solution No. 3

With an increase in the test time of phosphate coatings in the model solution No. 3 over 60 min. there is a shift in the corrosion potential to the positive region, i.e. an increase in the corrosion resistance of the phosphate coating.
The dependence of the change in the value of the corrosion potential of iron samples with a phosphate coating deposited from the Phosphomet + 2.5 g/l nitrophenol solution on the time of exposure in the model solution No. 3 is shown in Figure 22.

[image: ]
Deposition solution: Phosphomet + 2.5 g nitrophenol, test time (min.): 1 - 0; 2 - 30; 3 - 60; 4- 90; 5 - 120; 6-180
Figure 22 - Change in the value of the corrosion potential of an iron electrode with phosphate coating on the time of testing in a model solution No. 3

According to Figure 22, with an increase in the test time for an iron electrode with a phosphate coating deposited in model solution No. 3 up to 60 min. the corrosion potential, determined from the Tafel curves, shifts towards more negative values ​​by 10 mV, which indicates a slight decrease in corrosion resistance. With a further increase in the test time from 60 to 180 min., there is a sharp shift in the corrosion potential to the positive region by 50 mV, which indicates a significant increase in the corrosion resistance of the phosphate coating. The results obtained correspond to the data on the determination of the corrosion resistance of similar coatings by the Akimov method (Figure 3, curve 2).


3 Testing of the obtained phosphate coatings in corrosive environments with different hydrodynamic conditions
3.1 Determination of the corrosion resistance of phosphate coatings in the waters of the pavlodar petrochemical plant according to the Tafel curves   

To assess the corrosion resistance of phosphate coatings in industrial water of the Pavlodar Petrochemical Plant coatings were selected that showed the highest corrosion resistance in model solutions: phosphate coatings deposited by their solution Phosphomet + 2.5 g/l nitrophenol and Phosphomet + 5 g/l m -NBS.
The composition of the Pavlodar Petrochemical Plant water is shown in Table 3.

Table 3 - Process water composition
	Chemical name
	Unit of measurement
	Found
	Test method

	Hydrogen exponent
	PH units
	5,068
	GOST 26449.1-85

	General hardness
	Mmol/dm3
	0,20
	GOST 4151-72

	Carbonates (CO32-)
	Mg/dm3
	6,0
	GOST 26449.2-85, p. 5

	Calcium (Ca 2+)
	Mg /dm3
	2,0
	GOST 26446.1-85, p. 11.1

	Magnesium (Mg 2+)
	Mg /dm3
	1,2
	GOST 6449.1-85, p. 12

	Sulphates (SO42-)
	Mg /dm3
	6,2
	GOST 4389-72

	Chlorides (CI-)
	Mg /dm3
	10,6
	GOST 4245-72



The anticorrosive properties of the obtained phosphate coatings were evaluated using polarization curves according to Tafel. In this regard, coatings were obtained on the surface of the iron electrode from a Phosphomet solution containing 2,5 g/l of nitrophenol at a temperature of 30 ° C, a deposition time of 10 min, and a stirring speed of 500 rpm. Then the resulting coatings were annelid in a drying oven at a temperature of 80°C for 15 minutes, after which the Tafel polarization curves were recorded in a 0.3M Na2SO4 solution. Figure 23 shows the Tafel curves of a phosphate-coated iron electrode after testing in an aggressive environment (industrial water) for various times.
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Deposition solution: Phosphomet + 2.5 g / l nitrophenol, test time (min): 1 - 0; 2 - 30; 3 - 60; 4- 90; 5 - 120; 6-180
Figure 23 - Tafel dependences of an iron electrode with a phosphate coating on the test time in industrial water

According to Figure 23, the corrosion potential of the phosphate coating deposited from the Phosphomet + 2.5 g /l nitrophenol solution, with an increase in the test time in plant water, shifts to the region of less negative potential values, i.e. an increase in its corrosion resistance is observed.
The dependence of the change in the value of the corrosion potential of iron samples with phosphate deposited from a solution of Phosphomet + 2.2 g /l of nitrophenol, on the time of testing in industrial water is shown in Figure 24.
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Deposition solution: Phosphomet + 2.5 g/l nitrophenol, test time: 1 - 0; 2 - 30; 3 - 60; 4- 90; 5 - 120; 6-180
Figure 24 - Dependence of the change in the value of the corrosion potential of an iron electrode with a phosphate coating on the test time in factory water

According to Figure 24, the most significant shift in the corrosion potential of an iron electrode with a phosphate coating deposited from a Phosphomet + 2.5 g/l nitrophenol solution to the positive region occurs in the first 30 minutes of testing in factory water. The corrosion potential of the coating not tested in factory water is -0.884 V, and with a test time of 30 minutes its value was -0.850 V. However, it can be observed that with a further increase in the test time of the phosphate coating in the plant water, the corrosion potential changes insignificantly.
Consequently, the test of phosphate coatings deposited from the Phosphomet solution in the presence of 2.5 g /l of nitrophenol leads to a significant increase in its corrosion resistance at the beginning of the test, in the first 30 minutes. Subsequently, an increase in test time helps to stabilize the phosphate coating.
A different picture is observed in the study of the corrosion resistance of phosphate coatings deposited from the Phosphomet solution in the presence of m-NBS after testing them in an aggressive environment (factory water). Figure 25 shows the Tafel dependences obtained on an iron electrode with phosphate coatings deposited from a Phosphomet solution in the presence of m-NBS, after testing in industrial water for various times.
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Precipitation solution: Phosphomet + 5 g / l m-NBS, test time (min.): 1 - 0; 2 - 30; 3 - 60; 4- 90; 5 - 120; 6-180
Figure 25 - Tafel dependences of an iron electrode with a phosphate coating at different test times in industrial water

Based on the experimental data obtained, the dependence of the change in the value of the corrosion potential of the iron electrode with a phosphate coating on the test time in industrial water was obtained (Figure 26).
According to Figure 26, an increase in the test time of a phosphate coating deposited from a Phosphomet + 5 g/l m-NBS solution industrial water in the first 30 min leads to a significant shift in the corrosion potential to the positive region (-0.808V), which is due to an increase in corrosion resistance in comparison with the coating not tested in aggressive environment (-0,849V). With a further increase in the test time, a reverse shift of the corrosion potential to more negative values ​​is observed, i.e. there is a decrease in the corrosion resistance of the coating and its further stabilization. When comparing the Tafel dependences shown in Figures 23 and 25, it can be concluded that with a short test time of up to 30 min. in an aggressive environment (plant water), the corrosion resistance of phosphate coatings deposited from the Phosphomet solution in the presence of nitrophenol and m-NBS increases. Further increase in the holding time from 90 to 180 minutes leads to stabilization of the corrosion resistance of phosphate coatings deposited from the Phosphomet + 2.5 g / L nitrophenol solution and to a slight decrease in corrosion resistance with further stabilization of the phosphate coatings deposited from the Phosphomet + 5 g/l m-NBS solution. 
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Deposition solution: Phosphomet + 5 g / l m-NBS
Figure 26 - Dependence of the corrosion potential of an iron electrode with a phosphate coating on the test time in industrial water

Thus, on the basis of the carried out studies of the corrosion resistance of phosphate coatings deposited from solutions of rust converters in the presence of accelerators, it was found that phosphate coatings deposited from a solution of the rust converter Phosphomet in the presence of 2,5 g/l nitrophenol have the highest corrosion resistance in aggressive waters of the Pavlodar petrochemical plant. 



3.2 Determination of the corrosion resistance of phosphate coatings in the waters of the pavlodar petrochemical plant with different hydrodynamic conditions

The effect of the stirring rate during testing of phosphate coatings deposited from a Phosphomet solution in the presence of 2.5 g/l of nitrophenol and 5 g/l of MNBS was studied.
Figure 27 shows the change in the corrosion resistance of phosphate coatings depending on the test time in the water of the Pavlodar petrochemical plant. Determination of corrosion resistance was carried out by Asimov’s drop method.
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Precipitation solution: 1 - Phosphomet + 5 g/l m-NBS; 2 - Phosphomet + 2.5 g/l nitrophenol
Figure 27 - Effect of stirring speed during the test of the phosphate coating in the industrial water

According to Figure 27, the corrosion resistance of phosphate coatings deposited from the Phosphomet solution decreases with an increase in the mixing rate of the industrial water. The greatest change in resistance is observed in phosphate coatings deposited from a solution of Phosphomet + 5g/l m-NBS. With a change in the stirring speed from 200 to 700 rpm, the corrosion resistance of this phosphate coating decreases from 35 s to 12 s by the Akimov method. Corrosion resistance of the coating deposited by their solution Phosphomet + 2.5 g/l of nitrophenol changes to a lesser extent with increasing stirring speed. With a change in the stirring speed from 200 to 700 rpm, the corrosion resistance of the coating decreases from 29 s to 15 s. With a test time of 120 min. and a mixing rate of the industrial water of 500 rpm, the corrosion resistance of the coatings deposited from both solutions has the same value of 18 s.
Thus, a change in hydrodynamic conditions when testing phosphate coatings deposited from a solution of the Phosphomet rust converter leads to an insignificant change in their corrosion resistance.


CONCLUSION
 
For the period of work from 2018 to 2020 systematic, complex and applied research was carried out to develop high-tech processes for the formation of anticorrosive phosphate coatings, based on industrial rust converters, taking into account modern requirements and trends
In 2018, according to the schedule and terms of reference, the optimal conditions for the formation of adhesive phosphate coatings on iron samples (time, temperature, stirring rate) were determined by the chemical method and using cyclic volt-ampere curves according to the change in the value of the maximum current (A) from phosphating solutions FR- 1; FR-2; FR-3 and FR-4.The results are compared between the protective properties of the phosphate film by the Akimov drop method and the method of cyclic voltammetry. The effect of the accelerator of the phosphating process, hydroxylamine, on the corrosion resistance of phosphate films on iron samples is considered. The optimal concentration of hydroxylamine for the formation of a phosphate film on an iron electrode was determined. Using scanning electron microscopy, the structure and elemental composition of the coatings being formed have been established. It has been shown that the most dense and fine-grained coating is observed when using FR-1 (4) as a phosphating solution having the following composition: ZnO - 1.16 g/l; NiNO3.6H2O - 0.5208 g /l; HNO3 0.614 ml; H3PO4 - 1.472 ml; NaOH - 0.252 g /l with the addition of 0.5 g |/l of hydroxylamine.
In 2019, according to the schedule and terms of reference, solutions for the deposition of phosphate coatings based on rust converters, Phosphomet and Tzinkar with additives of nitrophenol and sodium 3-nitrobenzenesulfonate accelerators were developed; the optimal conditions for the formation of phosphate coatings (concentration of the accelerator, temperature, time, stirring speed) have been determined; it was shown that phosphate coatings obtained from a solution containing Phosphomet with additives of nitrophenol have the highest corrosion resistance; an electrochemical method is proposed for determining the corrosion resistance of phosphate coatings, based on measuring the ionization current of an iron electrode at a certain potential on cyclic volt-ampere curves; Corrosion tests of phosphate coatings were carried out using the Tafel method of polarization curves and the Akimov method. A study of the effect of accelerators of the phosphating process of nitrophenol and m-NBS on changes in the surface structure of the deposited coatings, roughness, thickness and adhesion was carried out.
Conclusions on the results of the research work done in 2020:
1 A new electrochemical method for determining the optimal composition of anticorrosive coatings on steel has been proposed. The composition of the formed phosphate coating is determined by the value of the concentration of the accelerator, which does not depend on the number of cycles of the cyclic volt-ampere curves of the steel electrode.
2 It has been shown that the developed electrochemical method for determining the optimal composition of phosphate coatings is in high agreement with the determination of the optimal composition by Akimov's drop method.
3 The use of the electrochemical method of cyclic voltammetry made it possible to establish the optimal concentration of phosphating accelerators of various natures, which provides complete anticorrosive protection of phosphate films on the surface of iron samples and optimal conditions for the deposition of coatings at different concentrations of accelerators.
4 It has been shown that phosphate coatings deposited from a solution of the Phosphomet rust converter in the presence of phosphating accelerators nitrophenol and sodium m-nitrobenzenesulfonate (m-NBS) have the highest corrosion resistance
5 It was found that the optimal concentration of nitrophenol, at which the maximum corrosion resistance of the formed phosphate coatings in the Phosphomet solution is observed, is a concentration of 2–2.5 g / l.
6 The effect of pH on the corrosion resistance of the formed phosphate coatings has been studied. It was shown that phosphate coatings deposited from Phosphomet solution in the presence of nitrophenol phosphating accelerator at pH = 6.7, as well as phosphate coatings deposited from Tzincar solution in the presence of m-NBS phosphating accelerator at pH = 7.8 have the highest corrosion resistance.
7 The change in the corrosion resistance of phosphate coatings was investigated when testing them in model solutions differing in composition and different contents of the initial components.
8 It has been shown that an increase in the mineralization of solutions for testing phosphate coatings leads to an increase in the corrosion resistance of phosphate coatings deposited from solutions Phosphomet + 0.5 g /l of nitrophenol and Tzinkar + 5g /l of m-NBS, but contributes to a decrease in the corrosion resistance of coatings from the Phosphomet solution + 5 g /l m-NBS.
9 The highest corrosion resistance of coatings deposited from a solution of a rust converter Phosphomet + 2.5 g/l of nitrophenol was observed in a model solution characterized by a high content of Na2HCO3 and CaCI2. Corrosion resistance of such coatings was 82 s according to Akimov's method.
10 The obtained coatings were tested in environments with high mineralization (industrial water of the Pavlodar petrochemical plant). The highest corrosion resistance was shown by phosphate coatings deposited from the Phosphomet rust converter solution in the presence of 2.5 g /l of nitrobenzene. Moreover, at the beginning of the test, there is an increase in the corrosion resistance of phosphate coatings with their further stabilization.
The use of an integrated approach to the development of adhesive phosphate coatings based on rust converters, as well as the study of the anticorrosive properties of the obtained coatings using independent, modern, high-resolution chemical, physical and electrochemical methods of analysis, complementing each other, allow us to conclude that the solution of the tasks posed is complete.
The developed domestic import-substituting technologies for obtaining adhesive phosphate coatings are distinguished by low energy consumption, since the coating is applied at a temperature of 25-30 ° C; high manufacturability, since it is not required to strictly control the parameters of the solution and the phosphating process itself the absence of hydrogen evolution, which contributes to good adhesion of phosphates to the metal surface; lack of sludge and negative impact on the environment; low cost and time of formation of a phosphate coating and can be recommended for use at industrial facilities (chemical, metallurgical, machine-building and oil-producing industries).
The established patterns in the formation of adhesive low-temperature phosphate coatings based on rust converters are characterized by scientific novelty and relevance. The foregoing allows us to conclude about the high scientific and technical level of the completed report, comparable to the research of leading specialist from foreign countries.
Based on the results of research on the project: 
For 2020, 6 articles were published: 1 article in a foreign scientific publication with a nonzero IF; 4 articles in Scopus databases with nonzero IF and 1 article in a domestic scientific publication with nonzero IF and 1 abstracts at an international conference. 
For 2018-2020, 8 articles were published: 1 article in a foreign scientific publication with a non-zero IF; 5 articles in Scopus databases with non-zero IF and 1 article in a domestic scientific publication with non-zero IF and 1 abstracts at the International Conference.
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TECHNICAL SPECIFICATIONS AND
CALENDAR WORK PLAN
Under the contract № 173 dated 15.03.2018 of the year
 JSC " D.V. Sokolsky Institute of Fuel, Catalysis and
Electrochemistry"

1 By priority: 1. Rational use of natural resources, including water resources, geology, processing, new materials and technologies, safe products and structures
1.2 By sub-priority: 1.2 By sub-priority: Applied research: 1.17 Production and processing of metals and materials
1.3 On the project topic: IRN AR05133055 "Development of anticorrosive phosphate materials for oilfield equipment"
1.4 The total amount of the project is 36,240,000 (thirty six million two hundred forty thousand) tenge, including with a breakdown by years, for the performance of work in accordance with paragraph 3:
- For 2018 - in the amount of 12,000,000 (twelve million) tenge;
- For 2019 - in the amount of 12,108,000 (twelve million one hundred eight thousand) tenge;
- For 2020 - in the amount of 12,132,000 (twelve million one hundred thirty-two thousand) tenge.

1. Characteristics of scientific and technical products by qualification characteristics and economic indicators 

2.1 Direction of work: electrochemistry, corrosion protection.
2.2 Field of application: The obtained scientific results can be applied at industrial facilities of heat power and oilfield equipment.
2.3 End result:
- For 2018: A study of the formation process of phosphate coatings on a steel base will be carried out;
- For 2019: The functional characteristics (corrosion resistance, stability) of the resulting phosphate coatings will be investigated. 1 article will be submitted to the press in a peer-reviewed foreign scientific publication, indexed in the Web of Science or Scopus databases with a non-zero impact factor.
- For 2020: Pilot tests close to industrial conditions will be carried out. 3 articles will be submitted for publication: including - 1 article for a peer-reviewed foreign scientific publication, indexed in the Web of Science or Scopus databases with a non-zero impact factor; 1 article in a peer-reviewed Russian scientific publication with a non-zero impact factor and 1 article in a peer-reviewed foreign journal with a non-zero impact factor.
2.4 Patentability: patentable
2.5 Scientific and technical level (novelty): The novelty of the project is due to the comprehensive study of a wide range of issues related to the establishment of patterns of the influence of organic nitrogen-containing compounds on the course of the process of low-temperature accelerated phosphating, the development of the composition of the phosphating solution and the conduct of pilot tests, developed phosphate coatings, in conditions approximate to industrial.
2.6 The use of scientific and technical products is carried out by the Customer.
2.7 Type of use of the result of scientific and (or) scientific and technical activities: The research results will be published in priority journals in Kazakhstan, Russia and far abroad, as well as discussed at prestigious international conferences on this topic.


	Task number, stage
	Name of work under the Agreement and the main  implementation stages
	Period of execution
	Expected Result

	
	
	Starting
	ending
	

	2018 year

	1
	Investigation of the formation process of phosphate coatings on a steel base.

	January 2018 
	Until 1st of November
2018
year.
	A study of the formation (choice of solution composition, temperature, deposition time, hydrodynamic conditions) of phosphate coatings on a steel base will be carried out.

	1.1
	Determination of optimal technological parameters (choice of the solution composition) for the deposition of phosphate coatings.
	January 2018
	Until 1st of November
2018
year.
	The technological parameter will be determined - the optimal composition of the solution for the deposition of phosphate coatings on a steel base will be selected.

	1.2
	Determination of optimal conditions for the formation of phosphate coatings (temperature, time, stirring speed)
	January 2018 
	Until 1st of November
2018
year.
	The optimal conditions (temperature, time,  stirring speed) for the formation (deposition) of phosphate coatings will be determined and selected.

	1.3
	Study of the resulting phosphate coatings using the method of cyclic voltammetry.
	January 2018 
	Until 1st of November
2018
	The corrosion resistance of phosphate coatings will be investigated using cyclic voltammetry method. 

	1.4
	Study of the resulting phosphate coatings using physicochemical research methods.
	January
	Until 1st of November
2018
year.
	The elemental, chemical composition and thickness of the obtained phosphate coatings will be investigated using physicochemical research methods.

	2019 year

	2
	Study of the functional characteristics of phosphate coatings.
	January 2019 year.


	Until 1st of November
2019
year..
	The functional characteristics (influence of process accelerators, corrosion resistance, stability) of the resulting phosphate coatings will be investigated.

	2.1
	Investigation of the effect of accelerators on the corrosion resistance of phosphate coatings on a steel base by the Akimov drip method and the method of cyclic volt-ampere curves.
	January 2019 year.

	March 2019 year.

	The study of the influence of process accelerators on the corrosion resistance of phosphate coatings on a steel base will be carried out by the Akimov drip method and the method of cyclic volt-ampere curves.

	2.2
	Determination of the optimal conditions for the formation of phosphate coatings in presence of accelerators using the Akimov method and the method of taking cyclic volt-ampere curves.
	April 2019 year.

	June 2019 year.

	The optimal conditions for the formation of phosphate coatings (the effect of temperature, time, hydrodynamic conditions, the effect of subsequent processing) on a steel base in the presence of accelerators using the Akimov drop method and cyclic volt-ampere curves will be determined.

	2.3
	Corrosion testing of phosphate coatings from polarization curves according to Tafel.
	July 2019 year.

	September 2019 year.
	Kinetic parameters of corrosion processes will be established from polarization curves according to Tafel.

	2.4
	Conducting corrosion tests using the polarization resistance method. Study of the resulting phosphate coatings using physicochemical methods.
Submit for publication 1 article to a peer-reviewed foreign scientific publication indexed in the Web of Science or Scopus databases with a non-zero impact factor.
	October 2019 year.
	Until 1st of November
2019
year.
	Accelerated corrosion testing of phosphate coatings using the polarization resistance method will be carried out.
A study of the resulting phosphate coatings will be carried out using physicochemical methods.
1 article will be submitted for publication in a peer-reviewed foreign scientific publication, indexed in the Web of Science or Scopus databases with a non-zero impact factor.

	2020 year

	3
	Testing of the obtained phosphate coatings in environments with different corrosivity.
	January 2020 year.
	Until 1st of November
2020
	The obtained phosphate coatings will be tested in environments with different corrosivity.

	3.1
	Testing of the obtained phosphate coatings in solutions with different pH values.
	January 2020 year.
	March 2020 year.

	The obtained phosphate coatings will be tested in solutions with different pH values.

	3.2
	Testing of the obtained phosphate coatings in environments with different mineralization.
	April 2020 year.

	June 2020 year.

	The obtained phosphate coatings will be tested in environments with different mineralization. 1 article will be submitted for publication to a peer-reviewed foreign scientific publication indexed in the Web of Science or Scopus databases with a non-zero impact factor.

	3.3
	 Testing of the obtained phosphate coatings in aggressive media with different hydrodynamic conditions.
	July 2020 year.
	September 2020 year.
	The obtained phosphate coatings will be tested in aggressive environments with different hydrodynamic conditions.

	3.4
	Preparation of the final report. Prepare 3 articles: including - 1 article for a peer-reviewed foreign scientific publication, indexed in the Web of Science or Scopus databases with a non-zero impact factor; 1 article in a peer-reviewed domestic scientific publication with a non-zero impact factor and 1 article in a peer-reviewed foreign journal with a non-zero impact factor.
	October 2020 year.
	Until 1st of November
2020
year.
	A final report will be prepared. 3 articles will be published: including - 1 article in a peer-reviewed foreign scientific publication, indexed in the Web of Science or Scopus databases with a non-zero impact factor; 1 article in a peer-reviewed  domestic scientific publication with a non-zero impact factor and 1 article in a peer-reviewed foreign journal with a non-zero impact factor.


	By customer:
Chairman of the State Committee 
"Science Committee of the Ministry of 
Education and Science of the Republic of 
Kazakhstan"
________________Abulkasova A.S.
	From the Contractor:
General Director of JSC " D.V. Sokolsky Institute of Fuel, Catalysis and Electrochemistry "	

________________   Zhurinov M.




APPLICATION С

Methods for determining the optimal composition of anti-corrosive coatings on steel

The developed method for determining the optimal composition of anti-corrosion coatings on steel using the method of cyclic voltammetry was proposed to improve the measurement accuracy, significantly reduce the research time, and create the possibility of a differentiated selection of solutions and conditions for the deposition of an anti-corrosion coating.
The determination of the optimal composition of the anticorrosive coating is carried out in a three-electrode electrochemical cell using a Gamry 3000 potentiostat (USA). The working electrode is a disk electrode made of steel (St. 3) with a visible surface of 0.07 cm2. A silver chloride electrode saturated in a KCl solution with a potential of 196 mV relative to the hydrogen electrode is used as a reference electrode. The auxiliary electrode is a platinum electrode with a visible surface of 2 cm2. The surface of the working electrode is preliminarily exposed in a solution for the deposition of an anticorrosive coating with a different composition for 10 minutes at a temperature of 40 °C with stirring, then washed with distilled water and cyclic volt-ampere curves are recorded in an aqueous solution of 0.3 M sodium sulfate in the potential range from -0.3 V to -1.2 V. Then, graphs of the dependence of the maximum current value at E = -0.9 ± 0.1 V on the composition of the precipitation solution for all cycles are plotted and the optimal composition of the solution is determined at which the value maximum current does not depend on the number of cycles.
To confirm the reliability of the results by the proposed method, in parallel, the optimal composition of the anti-corrosion coating was determined by Akimov's drip method. The data obtained by the two methods completely coincide. The time spent on determining the optimal composition of the anticorrosive coating according to the proposed method is ≈ 45 min., which is 20-25 times less than the time spent by the existing methods for determining the protective ability of anticorrosive coatings on steel.
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Jlonoanmreannoe cornamene Ne 2
& J10roBopy na rpanToRoe GuuANCHpOBANIE
Ne 173 o «I5» mapra 2018 roxa

dd» 10 »2019 rona

©. Hyp-Cyaran

Tocyapetaentioe yupexiente «Komurer Haykn Munmerepersa odpasosanis
W Haykn PecriyGamkn Kasaxcraim, ivenyemoe B faibheiitiem 3akasunk, B auie
Tpencenatens AGyiikacosoii Anapsi Caiipanosiibl, 1G/iCTBYIONIEro Ha OCHOBAHHN
Tonowenns o KowireTe Haykn, yTBepiaeHHoro npukasom OTBETCTBEHHOIO
cexperaps 10 mions 2018 Ne 169-K, u npukazom Munkctpa oGpasosanis n Hayki
PecnyGanki Kasaxcran ot 22 mas 2019 Ne 52- KK C OAHOW CTOPOHBI i
AkunonepHoe 00iitecTso «MHCTHTYT ToNMBa, KaTatisa W dieKTpoxiMii W, JLB.
COKOARCKOTON, HMeHyeMoe B AatbHeiiuiem Hcnomnutens, s iiie [eneparbioro
Jwpektopa Kyphinos  Mypar,  jeficTRyioliero a ocHosankn  Yerasa,
yisepicieniioro 17 wioans 2015 roia ¢ Apyroii  C1OpOHLI, J@iee COBMCCTHO
imenyenbie «CTOPORBIY, Ha octioBanii craten 401, 402 ['pakianckoro Kotexca
Pecny6ankn Kasaxcran, Hocranosneins IpasnTensersa PecnyGamky Kasaxeran ot
25 was 2011 roga Ne 575 «O6 yreepiaciuin Ilpasun Gasosoro, rpaHTOBOro,
[POrPAMMHO-11C/IBOr0 (PHHAHCHPOBAHMS HAYUHOM W (M) HAydHO-TEXHHYECKOI
sesteasioctiny Tocranosnenis Tpasirenscrsa Pecny6auki Kasaxcran ot 16 vas
2011 rota Ne $19 «O HAUHOKATLHBIX HayUHbIX COBETAX) H [1POTOKOTLHONO PELICHHs
HauioaIbHOr0  HaydHOro  COBCTA 10 NPHOPHTETHOMY  HANIPaBICHHIO
«PalMOHATBHOC HCMOAB30BAHHE TPHPOAHbIX PECYPCOB, B TOM WHCIC BOAIBIX
PCCYPCOB, [€0N0FHA, N1ePepaBoTKa, HOBbIE MATEPHATH! W TCXHOAOIHH, Ge30nachhic
witeans w koneTpykimu» (lpotokon Ne 7 ot 03 cenrtaGps 2019 1), axiosm:in
nactosiice Jlonoannreaboe coraaiienne k Jlorosopy Ne 173 o1 «15» mapra

2018 rona (1aniee — JloroBop) M NPHILLIK K COMMAIIERHIO O HHIKECIEAYIOIEM:

1. Tlpwiokenns 1.4 u 1.5 Jloroopa M3nokuth B 1OBOW peiakiun B
COOTBETCTBHM C NIPHIOKEHHAMH K HACTOALIEMY JI0NONHHTEALHOMY COMAIIEHHIO,

2. Hactosuiee JlONoaHUTEILIOC COIVIALIEHHE ABAACTCH HEOTHEMISMOI HacThio
Jlorosopa Ne 173 or «I5» mapra 2018 roja # BCTynaer B Cily C MOMCHTA
noankcanus Croponami u aeiicTsyet 10 31 nexaGps 2020 roza.

3. Venosus Jlorosopa Ne 173 ot «15» mapra 2018 roza, He 3arpomyThic
HACTOANM JLONONHHTENBHBIM COIIALICHHEM, OCTAIOTCA B HEU3MEHHOM BHiE, W
CTOpPOHDLI I0,ITREPANAIOT 110 WM CBOM 00s3aTe/IbeTRA.
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4. JIONOHUTENBHOE COINAIEHHE COCTARNEHO B ABYX IKIEMIIAPAX, 110 OAHOMY
IK3EMNIAPY JUIA KQKAOH W3 CTOPOH, MMEIOLLMX OIMHAKOBYIO KOPHANYECKYIO CHIY.

HOpuanteckue aapeca cTopou:

«Gakazumkr: «Henoanurean»:

I'Y «Komuter nayki MuHucTepeTBa  AKUHOHEHOE 061LecTBO «MHCTHTYT
o6pazoBanus u Hayku PecnyGinku TONJIHBA, KATANH3a H YIEKTPOXHMHH
Kasaxcran» 1m.J1B.CoKolbekoron

010000, . Hyp-Cysrrar, 050010, r. Anmarsi,

npocnext Monrizik Ex, 8 yn. Kynaesa 142

BUH 061140007608 BHUH 080 340 006 579

BUK KKMFKZ2A BUK HSBKKZKX

MUK KZ92070101KSN0000000 HHK KZ53 6010 1310 0000 9274
Kée 11 KGe 16

PI'Y «Komurer Kasnaueiictsa BAHK AO "Hapoaniii bank Kasaxcrana"
Musicrepersa duiiaicon PK» Ten. 8727 (291-58-08), (291-60-42)

TMpeacenarean

Abyaacosa A.C.
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Ipuaowenns 1.5
& JlonoauTebHOMY coratieniio Ne 2

0 Jlorosopy Ne 173 o «15» mapra 2018 roza
Wa rpaiToRoe duiancHpoBaie

TEXHHYECKASI CHEUHOHKAINS W

KAJIEH/IAPHBIN TUIAH PABOT

1o Jlonommrensiomy cormameniio No 2
x Jlorosopy Ne 173 o «15» wapra 2018 roza

1.AO Huerury

Tomama, waraan wtestpoxuu . JUB. Cokoineroron

11 o npmopntery: 1. Paonaiunoe HCoTm3onaiie IPHPOANLIX. B TOM YHCIE BOALIX
PecypeoB. 1eoI0rMA. NEpepabOTKA. HORb MATCPHAIB M TEXHOIOMHH, OClONACHIE HIACHA W
KoncTpyKuti

1.2 To noanpwopirery: 1.2 To noanpuoputery: TIPHKTAINbIC HaYWHbie HCCICAOBANHS:
1,17 [poussozcTho 1 0GpaGoTKa METALIOB H MATCPHAIO

13 Ho tewe npoekra: HPHAPOS133055 «PaspaGoTka antikopposmomsibix docdatitbix
NATEPHATIOR 1A HE{TENPOMBICIOROTO 0GOpY0RNHS

1.4 OGuas cywa 1poekta 36 240 000 (PHAUATH WIECTH MILTHONOB BSCTH COPOK THCH)
TeHIE. B TOM HHEAE ¢ PAIGHBKOI 110 FOaM, IS BBINOJINCIHA PAGOT COIACHO MyHKTy3:

- 1a 2018 roa - 8 cymme] 2 000 000 (ABeHaAATh MUILIMOHOR) TeHIE:

-1 2019 1o - b cymvie 12 108 000 (1aeauath MAIHONOR CTO BOCEMD Thics) Tent

- na 2020 ron - wocywme 12132000 (ABCHaaTh MIAIMONOB CTO TPHAUATH BC
ThiCRUMTONIC,

1. XapaKmepucmuKa nayuno-mexuuseckoi npodyKuuM no KeauGUKaKUON IO
npusaKaN u IKoHOMULECK E NOKaIAMENU
2.1 Hanpamierie paGoThi: 21CKTpOXHMi, JAILTA OT KOPPO3HH
2.2 OGnact npumencnis: [oTydenHbic HayHHbie PEIyABTATH MOTYT GhiTh IPHMENCHE Ha
11bIX OGTEKTAX TEIL0IHCPIETHAECKOTO W HE(TENPOMHIC;IOROrD 0GOpY-0H)
2.3 Kowewnmiit perysuar:

-5 2018 rox: byler nposeneno ucneioBanme npotccea Gopunposais doedaribix
noKpbITHiL Ha CTaNHON OCHOBE;

-3 2019 rox; BylyT HeCneoBanbl (pyHKUHONAIbHbIE XaPAKTEPHCTHKH (KOPPOIHOHHAZ
CTOiiKOCTH, CTAGHILHOCTS) oAy aeMbX pocharix noKpLITHi. Byser omyGrmkosana | crates
B DENCHMPYEMOM 3apYGERHOM HAYUHOM WYL, MIVIEKCHpYEMbili B Oasax amithix Web of
Science win SCOPUS ¢ HENYACBHM WMIAKT-(aKTOPON,

< s 2020 rox Byayr nposeiewh MWIOTIME  MCNMTAHWA. NDHOMEKCHNMC K
HPOMBIILIEHNbIN YCAOBMAN. BY1yT OnyGAWKOBANM 3 cravem: B Tow wncic - | crates w
PEHCIIMPYCMOM 3pyGEANOM HAYSHOM WIIAMMH. MICKCHPYeMBIR B Gatax aamibix Web of
Science 1 SCOpUS ¢ HeNyIEBHIM HMIAKT-GAKTOPOM: | CTATHA B PELCHIUPYEMOM OTCUCCTRENHOM
HayWHOM AYPHAE ¢ HEHYACBM HMIAKT-DIKTOPOM i | CTATHA B PEUCHMPYCMOM 1apyGEKIOM
KYPHAIE ¢ HENYICRBIM UMIIAKT-DAKTOPOM.

HpoMB
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2.4 Haren rocnocotnoe h: IATeHToCHocooHa

25 Hayano-rexunucckuii  ypowenn  (nomwwia):  Howwswa npoexta  olycionnena
KOMILICKCHOR  1IpOPAGOTKO/i WIMPOKOTO  KPYra  BONPOCOB. CBASGHHBIX C  YCTaHOBAEHMEM
JAKOHOMEPHOCTEH  BAMAHMA OPraHMUCCKUX A3OTCONCPKANMX  COCAMHEHMH HA npoTEKaHMe
npoliecca  HHIKOTCMICPATYPHOTO  YCKOPEHNOTO  (ociiaTHpobanis, paspaboTkoli  coctasa
ochaTHPYIOILIEro PACTBOPA 1 IPOBCAEHHEM MHIOTHAIX HCTBITAHMH, paspaGoTankbix pacdatibix
TIOKPHITHH. B YCTIOBHAX, IIPHOIOKCHHIX K IPOMBIILICHHHIM,

2.6 MEn0b10BAIHE HAYIHO-TEXINECKOT TIPOAYKIIMH OCYIECTRARETCA: JaKAIIHKOM.

2.7 Bi:A HNOARIOBANHA PEIYALTATA HayHNOH 1 (1) HaYHIHO-TEXHICCKOT ESTENbHOCTH:
PesyIbTaTh weeiieaonanitii GyAyT oty GMKOBAIL B IPHOPHTETHbX ypHarax Kasaxcraria, Pocciit
 Aabliero 3apyGerkbA. a Takie OBCYAUIEHb A NPECTIRIILX MEKIYHAPOLHBIX KOHBEPEHLILSX 110
@Ol Temarike.

3. Hanvenonanme pasoT, cpoKI WY PEIBAIII 1 PERyALTT

Uingp | Hawvenonanwe paot no | Cpok minoancims | Ommnacsuit pesyanrar 71
3aanHs. | JlOTOBOPY H OCHOBHUIE ITANbI €10 |t
omana_| BLnOHEHIA | Mavano oronsanme| |
2018 101 ]
T [Wiccaeaopane npouecca [Siwsaps | Jlo | Byaer nposeacso necneaosanme W
| dopmmposanus pocdarisix 20181 | 1nosGpa | hopumposasms (ssiGop cocrasa
‘ NOKPHITHIE Ha CTAALHON OCHOBE. | 2018r. | pacTeopa. Temnepatypa. Bpevia

| OCAKAEHHS. TWIPOHAMMHECKHE
ye108) dochaTHEIX NOKPHITHII Ha
| |cransnoi ocnose.
Awsaps | Jlo | byaer onpeneaen Texwonorwaeckii

11| Onpeaenenie ommumanubx

| Texsonoruueckwx napaverpos | 2018 | 1n0AGPA |napasierp - BuGpaH onTHMATLHS
(BeiGop cocTasa pacTsopa) | 2018r. |cocran pacTeopa A1 OcaieHis |
|ocamaennn docarnbix nOKpUTHA. bochaTmIX NOKPLITHIT Ha CTRILHOM
| Jocane )
i2 OUPEACACIIE OHTHM LI | Shmaps. Jlo [byayT oupeieneni u sbiGpan
| yenoeuit dopumposanis 120181, | Inoabps |onTimankHue ycoBus (TemnepaTypa.
| doccarmsix nokpurTiii 2018r. [spews, cropocTs nepemeumpaa)
TeMNEPATYpa, BPEMS, CKOPOCTH. hopmupoBatis (ocanaeris)
nepeviemBanma) (hoChaTHBIX MOKPLITHIL
13 [Mecienonanne nonywacwix | Ausaph | Jlo | Byaer necieaonana Kopposmonnan
ocaTHLIX HOKPLTHIT ¢ Henoa- | 20187, | 1HORGPA (crofiKocTs docthaTisix noKpsITHii ¢
30BIHHEM METOND LMKTHYECKOR 20186, |ucnonsionatmem wetora
BOALTAMIIEPOMETPHH UHKINHECKOF BOASTAMIEPOMETDHH,
Heenciosanie noaynacmbix Susap | o | byayT HeeneaoBans memenTHbI,
ocdhariuix nokpuTHii ¢ 2018, | 1noaGpa | xuwisecknit coctas u Torua.
reneosme dummo- | 20185 nonywacwn doccpariu noxpuTHit ¢

NHMHHECKHY METOAON | enOnI0BIHHEN (HIMKO-
| necreaomami | | ek 5 e
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3 Wecaconanue dyimimonatsues | Siusaps | Jlo | byayT uecacionans
XBpAKTEpHCTHK OcdaTHIX 20195 | 1nostps | dymemonamse xapaxtepucTiin
HOKPBITHIT 2019r. | (RamsHme yoKOpHTEACH IpoLiceca.

KOppoTMorIan CTOMKOCTS.,
CTADHILHOCTS) N0y HaENbIX |
doccaThbex nokpuTH.
[Mccacaonanme nansmn Smaps | Mapr | byAct npoBeseno nec.ieaoanne
yexoputeneii wa xopposmonmyio 20197, | 2019r.  [wawAms yekoputeaeii npouecea a
[ croiioct poccarbix oKphTiE | KoppoMOHHYIO CTOKOCTS (ochaTbIX
12 CTARNO OcHHORE KaneabbN | KPLTW Ha CTa1bHOM OCHORE
METOAOM AKHMOBA H METOOM HBIM METVIOM AKiMOBa 1 1
LMKICERH BOATAMICPIBIY RENTE— |
| KpHabix. [BoAbTAMIEpHBIX KpHBbIX.

22 [Onpeacaenne onmmanbiux Anpein| Mionb | byayT onpeaeaeiiv ontivansibie
yeaommi opuupoRanus 2019, | 20191, | yeaonus opmmponanms docdars
ochatibix HOKpH it B THOKPBITHIE (WIMAHE TeMIIEPTY P,
HPHSYTCTRIN yckopHICI ¢ | | speerm. ruapommassccki
MCHOILIOBANMEM METOE AKMMORA | i ’)-.. OBHIL. BAMAHME NOCAEAYIOWEH
W METO/IOM CHATIA LMKIHAECKHN | 0GpaGoTKH) Ha CTAIBHOR OcHOBE B
BOLTAMNEPHLIX KPHBLIX. PHCYTCTBHM yeKOpHTEAEH ¢

| HCTIONLIOBANHE KATICALHOFO MeTO 8
AKHMOBA W UHKIHHECKHX
] B | bOnLTAMDCDHbIX KpHBLX H

23 TIposeaenie KoppoIHONHBIN [Miaas T Cenmatpy [ Byayr yeranosacuu kuwetnicckine
neniranwii ocdarsiy nokphiTwit | 2019r. | 2019t | napametpi kopposHommeix
3 THOADH O KPABHIN 110 | npotieccon w3 noAxpHIMONHBLX
| Tapeso, Kkpusbix 10 Tadeio. |

347 [TIpoBeACHHE KOPPOSHONHEIX [Owrabpsl i | Byay™ nposeachs yoxopenmme |
| ucnbrmanmii ¢ wenorsiosanmes | 2019r. | 1wosGpa | koppOsHOINLIE HenbITaNMA |
vieroaa noaspmsanmonoro | | 20190, | ocdarimy nokphTHii ¢

conpatnmiciig. Mecaconaime HEHOALIOBAIMEM METOAD |
oy aesbi docdatimiy | | Hoanpusaumontoro conpoTuRICHI.
HOKPHTHIE ¢ HCHOATORAIHEM i Byaer nposeaeHo necaeaosanme
| HIHKO-XHMHUECKH METOAOB, noAysaeMbix pocaTbix NOKpHTHI |
TMoaars 8 nevas | cTathio 8 © HEnoAbIOBaHHEM DHIHKO- ‘
| peuensupyemoe apyGemnoe XHMHUECKHX METOA0B. |
| mayunoe wizanme, unaexcupyemoe | Byaer onyGaikosana | craun ®
|1 G s Web of Scence | | PeUEIIHPYENOM 3apyBEARIOM
WM SCOPUS € Hewy IeRbIM HMNAKT- HAYHHOM WIAAHHK. HHIEKCHDYEMOE B
axtopom | Gasax 2annbix Web of Science win
SCOpUS ¢ HEHYICBBIM WMTAKT-

- - — daxropow.

2020 v, |
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