Development and Electrochemical Evaluation of Environmentally Friendly Green Inhibitors Based on Citrullus Lanatus for Protection against Corrosion of Ferroalloys
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Abstract: Today corrosion in the world over time leads to the loss of the natural state of metal materials and environmental pollution. As a result of adsorption interaction with metal, one of the urgent tasks today is the development of new effective inhibitors as a result of studying how its protective properties manifest themselves at different temperatures and reaction mechanisms. Iron-based alloys, which are the main materials of modern equipment and technologies, undergo corrosion as a result of the influence of moisture, atmospheric oxygen, nitrogen, sulfur oxides, and other chemically active substances. In the world, the growing demand for inhibitors that increase the effectiveness of metal corrosion protection, the creation of new inhibitors based on the type of protection, technical and economic aspects, is one of the urgent tasks of today. From an ecological point of view, chemically synthesized inorganic and organic corrosion inhibitors are distinguished by the fact that they do not cause significant environmental damage. As a result, interest and demand for green corrosion inhibitors are growing worldwide. Green inhibitors have several advantages: they do not harm the environment, are free from harmful toxins, and also retain their beneficial properties. They are inexpensive synthesized inhibitors. Therefore, in this work, the corrosion-inhibiting properties of green citrullus lanatus extracts based on local raw materials were studied. It was observed that these citrullus lanatus green inhibitors reduce metal corrosion and have high effectiveness, further increasing protection due to the duration of the inhibitor's effect. Based on the conducted electrochemical and gravimetric methods, such parameters as corrosion current, braking coefficient, corrosion rate, degree of protection as well as optimal temperature and concentration using green inhibitors, were determined.
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INTRODUCTION 
As a result of adsorption interaction with metal, one of the urgent tasks today is the development of new effective inhibitors as a result of studying how its protective properties manifest at different temperatures and reaction mechanisms. Iron-based alloys, which are the main materials of modern equipment and technologies, undergo corrosion as a result of the action of moisture, oxygen in the air, nitrogen, sulfur oxides and other chemically active substances [1]. In the chemical industry, large-scale measures are being implemented to organize scientific research at a high level in the direction of developing the production of new types of products and providing the local market with import-substituting chemical reagents, and certain results are being achieved. For this reason, the demand for economically inexpensive, harmless inhibitors obtained from local raw materials is growing. In this work the corrosion-inhibiting properties of green inhibitors obtained from local raw materials were studied [2].
It is known that almost all natural extracts are mainly composed of organic compounds with complex molecules, which maintain their integrity through various chemical bonds. N, O, S and sometimes P are heteroatomic in there molecules. Elements exist in various functional forms, are divided into different groups in molecules, and form chemical substances. Based on the electron-donor-acceptor mechanism, it is observed that Fe2+ ions are adsorbed on the metal surface owing to π-bonds with the participation of electron pairs of Fe atoms and ions, protecting it from external influences [3].
METHODS 
In this work were used such methods as IR spectroscopy, optical emission spectrometry, high-performance liquid chromatography, electrochemical and gravimetric methods, open electron potential change, the polarization curves, the polarization resistance, the gravimetriy, analysis of kinetic study results, adsorption isotherms of inhibitors, and adsorption thermodynamics.
It is known that the inhibitory properties are stronger in compounds containing the functional groups
-NH2, =NH, CN, N=O, C=C, –C=O, OH, P–O-H, P=O, COO-; in some metals. The protective effects of inhibitors based on organic compounds are very diverse, and each has its own unique mechanism [4].
The IR spectrum of the Citrullus lanatus sample extract in Figure 1 show that the functional groups in the sample exhibit stronger protective properties as a result of the adsorption interaction of the inhibitor with the metal. In the IR spectrum of watermelon extract (YI-1), signals belonging to the NH2 group can be seen in the region of 3354.47 cm-1; OH group at a frequency of 2976.27 cm-1; low-intensity vibrations belonging to CH2 in the region of 2929.33 cm-1; vibrations belonging to OH in the regions of 2898.93 cm-1; –C=O at a frequency of 1647.69 cm-1; symmetrical C=C bonds in the regions of 1452.58-1418.94; and deformation-changing symmetrical vibrations belonging to C-H in the region of 1382.47-1327.89 cm-1. Valence vibrations belonging to –P=O in the region of 1274.46 cm-1; In the 1086.27-1044.26 cm-1 region, asymmetric signals belonging to 
the C-N-C bond were observed; in the 878.21 cm-1 region signals belonging to the P-O-P bond were observed. 
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FIGURE 1. IR spectrum of Citrullus lanatus sample extract
Depending on the structure and composition of the medium, inhibitors can be in the form of cations, anions, and neutral molecules. They interact electrostatically or chemically with the metal surface, strengthening the layers as a result of physical adsorption or chemisorption, which leads to a slowdown in the corrosion process. It has been found that these properties usually lead to sufficiently effective results due to the presence of atoms or functional groups in the molecules that provide an active adsorption center for the inhibitor to interact with the metal. They may contain nitrogen, phosphorus, oxygen, and carboxyl groups, which adsorb on the metal due to donor-acceptor and hydrogen bonds. It can be expected that the small ionization potential of electron-donating molecules, their opposite charges, the protonated state of the nitrogen atom center, and the somewhat positively charged hydrogen atom with the metal surface, due to coordination or hydrogen bonds, are the best inhibitors [5]. The addition of these compounds to the solution protects metals from corrosion and prevents the formation of excess salts. The inhibitory effect is believed to be stronger in compounds containing the functional
groups -NH2, =NH, CN, N=O, –P=O on some metals.
In this work, the results of the determination of macro and microelements in the content of samples of melon crops Citrullus lanatus were obtained using the AVIO 200 (ISP – OES) optical emission spectrometric method. The amounts of metals and non-metals in Citrullus lanatus extracts from green inhibitor samples were determined by elemental analysis. The analysis showed that the content of nitrogen and phosphorus in Citrullus lanatus was somewhat higher, and these results were consistent with those obtained using the IR spectroscopy method, meaning that the functional groups identified from the extract samples once again confirm the data.
TABLE 1. Elemental analysis of non-metals determined by optical emission spectrometry in Citrullus lanatus extract
	Sample name
	P 313.617
(mg/10g)
	N 
397.197
(mg/10g)
	S
 181.975
(mg/10g)
	C 
378.421
(mg/10g)
	H 
278.577
(mg/10g)
	O
 324.245
(mg/10g)

	Citrullus lanatus 
	55,144
	42,364
	1,958
	58,997
	7,244
	78,147



The presence of several different functional groups in each sample makes its inhibitory effectiveness stronger and its duration of action longer. Elemental analysis analysis allows you to determine what atoms (elements) the substance under investigation is composed of. Elemental analysis is one of the most important tasks in studying the properties and characteristics of any chemical reagent. The elemental composition of a substance must be known to control the raw materials used in any production, as well as to analyze the extracted samples [6].
TABLE 2. Elemental analysis of metals determined by optical emission spectrometry in Citrullus lanatus extract
	Name
	Cu 327.393
(mg/10g)
	Co 228.616
(mg/10g)
	Si 251.611
(mg/10g)
	Mg 285.213
(mg/10g)
	K
766.490
(mg/10g)
	Mn 257.610
(mg/10g)
	Fe 238.204
(mg/10g)
	Na 589.592
(mg/10g)
	Zn 206.200
(mg/10g)

	Citrullus lanatus
	0,036
	0,003
	1,842
	15,395
	242,394
	0,095
	0,799
	12,014
	0,146



The element analysis laboratory is of great importance in obtaining environmentally friendly, low-toxic reagents, especially for the use of inhibitors in various metiums to protect equipment from corrosion in ferrous and non-ferrous metallurgy, oil production, refining, agriculture and many other industries. The effectiveness of the inhibitors was investigated using electrochemical methods.
The curves of Citrullus lanatus extract samples were obtained by the open electron potential change method. Tap water (Fon-3), pH=6.7, was selected as the corrosive medium. 45 steel samples were used in this process. Open circuit potential (OCP) refers to the potential difference between a working electrode and a reference electrode in the absence of an applied current. Monitoring OCP is important in determining the required immersion time to reach steady state before performing electrochemical experiments. 
During the research, tests were conducted with a sample of steel 45. It was observed that when a green inhibitor was introduced, the efficiency of the system was higher compared to the background solution.
We can see these results in Figure 2. The results shown indicate a significant increase in OCP potency for the three inhibitors. After about 40 and 50 seconds, the potentials reach stable maximum values, which represents a quasi-stationary state that remains unchanged. The stabilization of the open-chain potential confirms the effective adsorption of inhibitors onto the carbon-containing steel surface. The results of the change in the open electron potential of steel grade 45 in an aqueous medium with the addition of various inhibitors at a concentration of 30 mg/l. Citrullus lanatus inhibitor samples were studied in a medium with background (3).
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FIGURE 2. Open electrode potential change of steel 45 sample upon introduction of citrullus lanatus inhibitor
The difference between the corrosion potentials (Ecorr) for the inhibited and uninhibited systems was less than 0.420 mV, indicating that the introduced green inhibitors were of mixed type[6]. It is concluded that the inhibitor chemically and physically adsorbed on the metal surface and can form a protective layer. In addition a change in the EOCP potential is observed after the addition of inhibitors. This change indicates the protective effect of inhibitors, that is, they prevent the interaction and binding of ions contained in the inhibitor to the metal surface. Thus, the ability of inhibitors to form a protective network plays an important role in increasing the corrosion resistance of the CS electrode.
This study highlights the importance of OCP measurements, as they help to understand the initial interactions between inhibitors and the metal surface, which provides insight into their effectiveness in preventing corrosion.
The polarization curve method is considered one of the express methods for determining the effectiveness of inhibitors, helping to obtain faster results than gravimetric methods, and is included in the group of electrochemical methods. Analysis of polarization curves can be used to describe the electrochemical corrosion of metals in various environments.
In this work, the change in corrosion current and potential was analyzed in a steel 45 sample. In this case, using the polarization curve method, a sample of steel 45 with pH=6.7 was studied in an aqueous medium with the addition of 30 mg/l of the inhibitor (Fon-3) compared to citrullus lanatus. From the polarization curves of the green inhibitors, we can see that their corrosion potential shifted somewhat and the corrosion current decreased sharply.
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FIGURE 3. Results obtained using the polarization curve method when the citrullus lanatus inhibitor was 
added to the steel 45 sample (Fon-3)
The polarization curve method helps to obtain results in complex conditions including differa corrosive mediums. To do this, the peaks in the corrosion current dependence are obtained by changing the curves in the cathodic and anodic processes. A potentiostat, programmer and voltmeter are used to obtain these results. Various mineral compositions of water have been used as corrosive medium.
TABLE 3. Results of the effectiveness of inhibitors determined by the method of polarization curves in 
solution at 25oC (Fon-1)
	Inhibitor
	С, (mg/l)
	i, (mА/sm2)
	γ
	θ

	(Fon-1)
	30
	0,68
	–
	–

	Citrullus lanatus
	
	0,054
	12,59
	0,92

	(Na-KMS+DEAF)
	
	0,061
	11,15
	0,91

	(Na-KMS+AF)
	
	0,074
	9,18
	0,89

	NaKMS·Na5P3O10
	
	0,102
	6,66
	0,85

	Na-KMS·H3PO4
	
	0,122
	5,57
	0,82



Polarization curves can be automatically monitored by potentiostats with a given electrode potential or programmed changes over time, gradually changing their speed while maintaining given electrode value [7,8]. At determination the degree of complete coverage, green inhibitors were found to be the best inhibitors. It can be seen that the value of the degree of full coverage increased to 0.82-0.92. If the value of the degree of complete coverage approaches 1.0, then this confirms the high effectiveness of the introduced inhibitors.
In the research work, electrochemical resistance spectroscopy (ECS) or the polarization resistance method were used for 45 steel samples. In this work, a corrosive medium with citrullus lanatus in a system with the introduction of an inhibitor pH=6.7 was used. The obtained curves show how the electrochemical kinetic parameters of the corrosion and inhibition processes on the metal surface change.
Protective layer is formed on the metal surface as a result of changes in the electrochemical kinetic parameters of the corrosion and inhibition processes. This is explained by the presence of nitrogen and phosphorus in the composition of green inhibitors. As a result of these formed bonds, the metal surface can be inhibited and protected by a film. This effectiveness can be explained by the formation of a thin protective layer of nitrogen- and phosphorus-containing green inhibitors in the steel sample, which, in turn, coat the steel surface and slow down or stop the rate of corrosion decomposition.
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FIGURE 4. Citrullus lanatus (Green inhibitor-1) with a steel 45 electrode and change in polarization resistance (Fon-3)

These curves show that citrullus lanatus has good inhibitory properties. The difference between the maximum and minimum values of the phase angle curves obtained in the inhibited and uninhibited systems is significantly increased. From the resistance values, it can be seen that a protective layer is formed on the metal surface with the introduction of the inhibitor Citrullus lanatus. The idea that the mechanism of inhibition in aqueous media can only be judged approximately, and that it proceeds according to a specific mechanism, leads to incorrect conclusions. This result can be explained by the formation of a thin protective layer on the steel surface, which, in turn, blocks it and inhibits the corrosion decomposition rate.

RESULTS AND DISCUSSION 
Gravimetric results
The influence of concentration on the inhibition efficiency was studied. In his work, conducting experiments to determine the effectiveness of inhibitors by gravimetric method in different temperature ranges and at concentrations provides a lot of information about the mechanism of inhibition. To determine the optimal concentration of the study objects in background solutions, studies were conducted at various concentrations of inhibitors. According to the results of the conducted research, the optimal concentration of inhibitors was 30 mg/l. According to the results of the study conducted at concentrations of 10, 20, 30, 40 mg/l, it was observed that with increasing concentration, the degree of protection and the degree of surface coverage initially increased significantly and subsequently remained practically unchanged (Table 4). Therefore, inhibitors were obtained at a concentration of 30 mg/l. According to the results of the study of the concentration dependence of the degree of protection in the working solution (Fon-3), the objects showed a higher degree of protection compared to the working solutions (Fon-1) and (Fon-2). The Citrullus lanatus inhibitor showed high effectiveness (93.01%).

TABLE 4. Concentration dependence of the degree of protection of inhibitors in solution at a temperature of 298 K (Fon-3)
	C, mg/l
	Ingibitorlar samaradorligi, %

	
	Na-KMS∙H3PO4
	Na-KMS∙Na5P3O10
	Citrullus lanatus

	10
	69,95
	73,08
	77,78

	20
	83,45
	86,01
	88,12

	30
	87,42
	88,12
	93,01

	40
	87,69
	88,29
	93,17


Using the gravimetric method, the duration of the inhibitor's action was determined from 15 to 30 days. 
The results obtained during the study were carried out in various background solutions, which are presented in Table 5, and the corrosion rate, braking coefficient () and degree of protection (Z) were determined. It was noted that nitrogen and phosphorus-containing green inhibitors reduce metal corrosion and have high effectiveness, and owing to the duration of the inhibitor's effect, it’s protection is further enhanced.

FIGURE 5. Dependence of the degree of protection of inhibitors in the background-3 solution on the 
concentration (T=298 K).

This can be explained by the fact that the compounds used as inhibitors have a high degree of protection against the action of active particles of metal surfaces and corrosive media. By selecting the composition of the inhibitor, the passivation of the medium causing metal corrosion and the decrease or cessation of high adsorption activity of the metal surface are achieved. This effect can be explained by the formation of a thin protective layer on the steel, which blocks the steel surface and reduces the rate of corrosion damage.
TABLE 5. The values of the inhibitor braking coefficient (γ), degree of protection (Z), determined by gravimetric method in various working solutions at T=298 K for 15 and 30 days
	Inhibitor
	K,
g/ (cm2•hour)
	γ
	Z, %
	K,
g/ (cm2•hour)
	γ
	Z, (%)

	Fon-1 (pH=5,3)
	15-day result
	30-day result

	
	2,61
	-
	-
	2,43
	-
	-

	(C2H5)2NH∙ H3PO4
	0,450
	5,8
	82,73
	0,398
	6,10
	83,65

	C6H5NH2∙ H3PO4
	0,335
	7,79
	87,15
	0,271
	8,96
	88,83

	Na-KMS∙H3PO4
	0,272
	9,66
	89,55
	0,231
	10,52
	90,46

	Na-KMS∙Na5P3O10
	0,246
	10,61
	90,57
	0,204
	11,91
	91,58

	Citrullus lanatus
	0,212
	12,43
	91,87
	0,182
	13,3
	92,48

	F-2(pH=8,9)
	3,84
	-
	-
	3,57
	-
	-

	(C2H5)2NH∙H3PO4
	1,030
	3,72
	73,17
	0,899
	3,97
	74,81

	C6H5NH2∙H3PO4
	0,667
	5,75
	82,61
	0,591
	6,04
	83,44

	Na-KMS∙H3PO4
	0,590
	6,50
	84,62
	0,491
	7,27
	86,24

	Na-KMS∙Na5P3O10
	0,567
	6,84
	85,23
	0,456
	7,83
	87,21

	Citrullus lanatus
	0,367
	10,46
	90,44
	0,319
	11,19
	91,06

	Fon-3
	2,97
	-
	-
	2,73
	-
	-

	(C2H5)2NH∙H3PO4
	0,605
	4,90
	79,61
	0,540
	5,05
	80,21

	C6H5NH2∙H3PO4
	0,577
	5,15
	80,56
	0,517
	5,28
	81,04

	Na-KMS∙H3PO4
	0,472
	6,29
	84,09
	0,343
	7,96
	87,42

	Na-KMS∙Na5P3O10
	0,427
	6,96
	85,62
	0,352
	7,75
	88,12

	Citrullus lanatus
	0,227
	13,08
	92,35
	0,191
	14,29
	93,01



It should be noted that the change in the value of the corrosion rate indicates on increasing in the number of functional groups on the active surface of the metal during the experiment. In some aggressive and even passive states, a sufficiently high rate of corrosion was observed, which slowed down with the introduction of green inhibitors into the system [9,10]. Through experiments conducted in weakly acidic and alkaline mediums, it was established that among the investigated compounds there are corrosion inhibitors that effectively protect steel samples, such inhibitors include (C2H5)2NH∙H3PO4, C6H5NH2∙H3PO4, Na-KMS∙H3PO4, Na-KMS∙Na5P3O10, citrullus lanatus. The constant influence of the medium on the inhibitory properties of compounds is explained by their adsorption properties, which depends on the electron density of nitrogen and phosphorus atoms. The inhibitors effectivness depends on concentration and a high degree of coating of the surface area of steel in the solution is clearly demonstrated on the formation of monolayers as a result of adsorption [11-13]. According to the results of the study conducted in the Fon-3 solution at a concentration of
30 mg/l, the subjects of the study varied from 79.61 to 92.35% for 15 days and to 80.21 for 30 days. Indicated a degree of protection up to 93.01%. Fon-3 solution in both Fon-1 and Fon-2 solutions was observed (Table 5).
The kinetic and thermodynamic parameters of green inhibitors, the corrosion rate and surface coverage levels were determined at various concentrations and temperatures (Table 6). Increasins in the degree of inhibitor protection (Z%) and the degree of surface coverage (θGrav.) was observed with increasing concentration. Owing to large number of inhibitor molecules close more corrosion centers and reduce corrosion. As a result, the corrosion rate (K) decreases. 
Using the presented tables, the influence of temperature on the corrosion rate and the degree of protection in systems without inhibitors and with green inhibitors was studied. With increasing temperature, the corrosion rate of steel 45 samples in systems without inhibitors increased sharply, what be explained by the fact that as a result of the increased influence of the aggressive medium on the metal surface, Fe easily was oxidized. At using the inhibitor Citrullus lanatus, the corrosion rate decreased compared to the medium without the inhibitor. With increasing temperature, the corrosion rate and the degree of protection of the inhibited system decreased. At a temperature of 298 K and a concentration of 10-40 mg/l, the degree of protection was 
80.05-93.01%, respectively, while at a temperature of 308 K The Z% value was 77.17-90.81%, at 318 K it was 71.29-83.19%, and at 328 K it was 63.58-74.98%. A decrease in the degree of protection with increasing temperature is associated with the adsorption of the inhibitor on the metal surface. 
TABLE 6. Anti-corrosion effectiveness of the Citrullus lanatus inhibitor in Fon-3 solution at various temperatures and concentrations
	Ingibitor 
	Т, К
	Cing, mg/l
	K, mg/cm2∙h
	γ
	Z, %
	θGrav

	Citrullus lanatus
	298
	-
	2,730
	-
	-
	-

	
	
	10
	0,545
	5,0125
	80,05
	0,8005

	
	
	20
	0,331
	8,244
	87,87
	0,8787

	
	
	30
	0,191
	14,29
	93,01
	0,9301

	
	
	40
	0,174
	15,69
	93,62
	0,9362

	
	308
	-
	3,010
	-
	-
	 

	
	
	10
	0,687
	4,3802
	77,17
	0,7717

	
	
	20
	0,319
	9,4251
	89,39
	0,8939

	
	
	30
	0,277
	10,881
	90,81
	0,9081

	
	
	40
	0,241
	12,484
	91,99
	0,9199

	
	318
	-
	3,310
	-
	-
	 

	
	
	10
	0,950
	3,4842
	71,29
	0,7129

	
	
	20
	0,770
	3,4842
	76,74
	0,7674

	
	
	30
	0,460
	3,4842
	82,53
	0,8253

	
	
	40
	0,556
	3,4842
	83,19
	0,8319

	
	328
	-
	3,590
	-
	-
	 

	
	
	10
	1,307
	2,7457
	63,58
	0,6358

	
	
	20
	1,140
	3,1496
	68,25
	0,6825

	
	
	30
	0,917
	3,917
	74,47
	0,7447

	
	
	40
	0,898
	3,9968
	74,98
	0,7498



Inhibitor molecules are adsorbed on the metal surface through chemical and physical adsorption. In physical adsorption, with increasing temperature, the electrostatic interactions between the inhibitor molecules and the steel surface decrease, which leads to a decrease in the values of Z% and θGrav. In general, a decrease in θGrav. indicates that desorption is higher than adsorption. The stability of the degree of protection with increasing temperature without a sharp decrease (93.01-74.98%) is the result of chemical adsorption.
These results confirm that the citrullus lanatus inhibitor effectively protects the 45 steel  sample at temperatures of 298-328K. Among the objects of the study, citrullus lanatus samples showed high effectiveness as a green inhibitor. To obtain more information about the coating of the steel surface of the inhibitor and its protection mechanisms, the temperature dependence of the degree of protection of the citrullus lanatus inhibitor was studied.
Analysis of the results of kinetic research
Adsorption isotherms and adsorption thermodynamics of inhibitors
To obtain complete information about the mechanism of adsorption of citrullus lanatus green inhibitors on the steel surface, which have shown high efficiency, Frumkin, Tyomkin and Langmuir isotherms were obtained at various temperatures and concentrations.

FIGURE 6. Frumkin isotherms for the adsorption of Citrullus lanatus inhibitor (Fon-3) on the metal surface in solution
To obtain the Frumkin isotherm, a graph of the dependence of lg [θ/ (1-θ) ] on lg Cing was constructed
(Fig. 6). The values of the correlation coefficient for each temperature (for Citrullus lanatus 0.9768; 0.933; 0.9636; 0.9501).

FIGURE 7. Tyomkin isotherms for the adsorption of Citrullus lanatus inhibitor (Fon-3) on the metal surface in solution
A graph of the dependence of the value of θ on lg Cing for the Tyomkin isotherm was constructed (Fig. 7). The values of the correlation coefficient for each temperature (for Citrullus lanatus 0.9694; 0.8904; 0.9704; 0.9558). The fact that the values of the correlation coefficients according to the Frumkin and Tyomkin isotherms are not close to one indicates that the adsorption of the inhibitor on the metal surface does not proceed according to these theories.

FIGURE 8. Langmuir isotherms for the adsorption of Citrullus lanatus inhibitor 
(Fon-3) on the metal surface in solution
From the dependence of C/θ on Cing, the Langmuir isotherm was obtained (Fig. 8). The value of the correlation coefficient of the experimental results obtained from the linear form of the Langmuir isotherm, close to one, showed that the process obeys to theory of monomolecular adsorption.
The monomolecular adsorption theory, based on the Langmuir isotherm, provides more information about the mechanism of interaction between the steel surface and the inhibitor. Using the Kads value determined by the Cing and Cing/θ dependence on the isotherm, the standard Gibbs energy of adsorption ∆Gads value 293 - 323K (Fig. 9). As a result of the experiment, it was established that the Gibbs energy decreases with increasing temperature, which indicates a spontaneous process. Compared to the rate of interaction of the steel surface with water, the chaos increases due to the high rate of complex formation when interacting with inhibitor molecules.

FIGURE 9. Temperature dependence of ∆Gads on the inhibitor Citrullus lanatus
Therefore, the adsorption entropy has a positive value (Table 7). With negative enthalpy, an exothermic process is observed during adsorption.
TABLE 7. Thermodynamic functions of the adsorption process of Citrullus lanatus inhibitors in a background-1 solution
	Citrullus lanatus
	Т, К
	Кads
	R²
	∆Gads,
	∆Hads, kJ/g
	∆Sads, J/(g*K)

	
	298
	42,4448
	0,9782
	-26,39
	-12,289
	47,6

	
	308
	38,3142
	
	-27,01
	
	

	
	318
	33,1126
	
	-27,50
	
	

	
	328
	26,983
	
	-27,81
	
	


The effectiveness of the inhibitor has increased with increasing it’s concentration, but it was found that its action is limited. In this case, the duration of the inhibitor's action and lifespan are limited. In addition, owing to the interaction of the inhibitor with conductive ions in the metal solution, as well to the formation of refractory products and protective layers, they stop or slow down the corrosion process.
CONCLUSION 
In conclusion, it can be said that highly effective green corrosion inhibitors based on citrullus lanatus have been identified. Based on the conducted electrochemical and gravimetric methods, such parameters as corrosion current, braking coefficient, corrosion rate, degree of protection as well as optimal temperature and concentration using green inhibitors, were determined.
The most suitable protection mechanism of the developed inhibitors is the adsorption equilibrium constant and the degree of complete coverage due to the formation of poorly soluble compounds with iron ions and the formation of a layer. The effect of intramolecular synergism of green inhibitors based on Citrullus lanatus due to the presence of various functional groups was observed, and it was shown that such inhibitors form dense layers on the metal surface what lead to an increasing in the inhibiting effect.
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1	10	20	30	40	69.95	83.45	87.42	87.69	2	10	20	30	40	73.08	86.01	88.82	89.29	3	10	20	30	40	77.78	88.12	93.01	93.17	4	10	20	30	40	81.55	91.25	94.82	94.95	5	10	20	30	40	83.71	93.23	95.54	95.67	



298 K	
1	1.3010299956639813	1.4771212547196624	1.6020599913279623	0.60341843623255143	0.85997982553468821	1.0898299804848113	1.1200602771165187	308 K	
1	1.3010299956639813	1.4771212547196624	1.6020599913279623	0.52894258875971856	0.92557355337633151	0.99481816429012426	1.0601081027736468	318 K	
1	1.3010299956639813	1.4771212547196624	1.6020599913279623	0.3949954222164837	0.51841208446986786	0.67431894012641513	0.69450341085805301	328 K	
1	1.3010299956639813	1.4771212547196624	1.6020599913279623	0.24198058211985296	0.33235892608479911	0.46493053903911913	0.47665813072813074	



298 K	
1	1.3010299956639813	1.4771212547196624	1.6020599913279623	0.63397716962043904	0.86736145501913897	1.2796687724681839	1.3308503782351935	308 K	
1	1.3010299956639813	1.4771212547196624	1.6020599913279623	0.52943575565336054	0.74823921381537095	1.0879599638660036	1.1180759434384289	318 K	
1	1.3010299956639813	1.4771212547196624	1.6020599913279623	0.4466159438931292	0.52820340847076008	0.65209873358133763	0.84788422106603212	328 K	
1	1.3010299956639813	1.4771212547196624	1.6020599913279623	0.27880663159968688	0.40437502234591777	0.5532232492750816	0.59692099186482739	



298 K	
10	20	30	40	12.492192379762649	22.760896779333105	32.439446366782008	43.03388918773534	308 K	
10	20	30	40	12.958403524685759	22.373867322966774	33.036009250082593	43.482987281226215	318 K	
10	20	30	40	14.027212792818068	26.062027625749284	36.350418029807344	48.08270224786633	328 K	
10	20	30	40	15.728216420257942	29.304029304029303	40.284678393984152	53.347559349159773	



y = -0,0476x - 12,289
R² = 0,9782
298	308	318	328	-26.388206718047567	-27.011664764580512	-27.503096977734955	-27.810037639805977	
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Abstract:


 


Today corrosion in the world over time leads to the loss of the natural state of metal materials and 


environmental pollution.


 


As a result of adsorption interaction with 


metal, one of the urgent tasks today is the 


development of new effective inhibitors as a result of studying how its protective properties manifest themselves at 


different temperatures and reaction mechanisms.


 


Iron


-


based alloys, which are the main 


materials of modern equipment 


and technologies, undergo corrosion as a result of the influence of moisture, atmospheric oxygen, nitrogen, sulfur oxides, 


and other chemically active substances.


 


In the world, the growing demand for inhibitors that increase t


he effectiveness of 


metal corrosion protection, the creation of new inhibitors based on the type of protection, technical and economic aspects, 


is one of the urgent tasks of today.


 


From an ecological point of view, chemically synthesized inorganic and orga


nic 


corrosion inhibitors are distinguished by the fact that they do not cause significant environmental damage. As a result, 


interest and demand for green corrosion inhibitors are growing worldwide. Green inhibitors have several advantages: 


they do not har


m the environment, are free from harmful toxins, and also retain their beneficial properties. They are 


inexpensive synthesized inhibitors. Therefore, in this work, the corrosion


-


inhibiting properties of green citrullus lanatus 


extracts based on local raw m


aterials were studied.


 


It was observed that these citrullus lanatus green inhibitors reduce 


metal corrosion and have high effectiveness, further increasing protection due to the duration of the inhibitor's effect.


 


Based on the conducted electrochemical and


 


gravimetric methods, such parameters as corrosion current, braking 


coefficient, corro


sion rate, degree of protection


 


as well as optimal temperature and c


oncentration


 


using green inhibitors, 


were determined.
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adsorption, electrochemical, corrosion rate, degree of protection, braking coefficient.


 


INTRODUCTION 


 


As a result of adsorption interaction with metal, one of the urgent tasks today is the development of new 


effective inhibitors as a result of 


studying how its protective properties manifest at different temperatures and 


reaction mechanisms. Iron


-


based alloys, which are the main materials of modern equipment and technologies, 


undergo corrosion as a result of the action of moisture, oxygen in t


he 


air, nitrogen, sulfur oxides


 


and other 


chemically active substances


 


[1]. In the chemical industry, large


-


scale measures are being implemented to organize 


scientific research at a high level in the direction of developing the production of new types of prod


ucts and 


providing the local market with import


-


substituting chemical reagents, and certain results are being achieved. For 


this reason, the demand for economically inexpensive, harmless inhibitors obtained from local raw mat


erials is 
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