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Abstract: The article investigates the corrosion protection properties of N20 grade steel in a 0.5 M HCI solution of
dicyandiamide (DTSDA). The study examines the gravimetric analysis of corrosion protection properties at different temperatures
and concentrations. The adsorption of the inhibitor onto the metal surface is analyzed using Frumkin, Tyomkin, and Langmuir
isotherms. By employing the Langmuir isotherm, the equilibrium constant, Gibbs energy, enthalpy, and entropy values of the
adsorption process are determined.
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Introduction. Inhibitors are commonly used for corrosion protection to decrease
the corrosion rate of metals and alloys exposed to aggressive environments in industrial
settings [1,2]. N20 steel, known for its special properties and affordability, finds extensive
usage in various industries. However, long-term use of N20 steel presents challenges,
particularly its low resistance to corrosion in acidic environments. Corrosion inhibitors
have been investigated in several studies as a means to slow down the corrosion rate [3].
The utilization of inhibitors is an effective and practical method for safeguarding mild
steels and metals from corrosion, particularly in acidic solutions where oxidation
processes are prevalent [4].

Metal materials are widely used in the production industry and construction.
However, their corrosion in industrial settings can cause environmental damage and
pollution [5]. To address this issue, there is a growing focus on developing new
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multifunctional inhibitors that can prevent chemical, electrochemical, microbiological
corrosion, as well as salt deposition, while ensuring environmental safety. Industrially
developed countries have made progress in using and developing various
multifunctional inhibitors, such as those based on phosphate and phosphonic acids,
organophosphate derivatives [6], and their complexes with polyelectrolytes and metal
ions [7]. Research has been conducted on the corrosion of steel samples in different
environments using newly developed oligomeric salts derived from organic compounds
[8]. The results showed that the protective effect of these salts increased with higher
molecular mass and hydrocarbon radicals.

Materials. Protection of N20 steel from corrosion is a pressing problem in the field
of materials science, chemistry and technology. Steel N20 belongs to the family of carbon
steels, its composition is as follows: Fe 98%, Sr <0.25%, Su <0.30%, Ni <0.30%, Mn 0.35-
0.65%, As 0, 08%, Si 0.17-0.37%, S 0.17-0.24%, R <0.035% and S <0.040%. Before the
experiment, the metal samples were cleaned and polished using various sandpapers
(from 400 to 1200). The clean metal plates were then washed three times with distilled
water and alcohol, after which they were dehydrated with acetone and air dried. All
experiments were carried out in a background solution of 0,5 M hydrochloric acid at
temperatures of 303, 313, 323 and 333 K. The N20 steel sample chosen for gravimetric
studies had the shape of a plate measuring 2 cm wide, 3 cm high and 3 mm thick.

Research methods. The gravimetric method is intended to determine the corrosion
rate of metals in environments with and without an inhibitor depending on the change
in mass [9]. This method determines the degree of corrosion under conditions of different
concentrations and in a certain temperature range. After keeping the samples in working
solutions for 5 days, the corrosion products are removed and the corrosion rates are
determined in an environment without an inhibitor (Wo) and in its presence (Winn) (1).

(mq-m3)-10000
W= ST (1)
where: W — corrosion rate (g/cm*hour), m: and m2 — mass of the plate before and
after the experiment (g), S — surface of the plate (cm?), t — time of the experiment (hour).

Based on the values of Wo and Winn, the braking coefficient vy (2), the degree of

protection 1n (3) and the degree of surface filling 0 (4) are found by the following

equations:
n=(1- %) -100% 3)
0= (1-3) 4)

Thermodynamics of adsorption. For a more complete description of the
adsorption characteristics of the inhibitor under study on the steel surface,
thermodynamic values were calculated through the adsorption isotherms of Langmuir
(5) [10], Frumkin (6) and Temkin (7):

CI/IHI‘ _ 1 i
T - K ads + Cmg (5)
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0 rav
1_§gm exp(—=2f0grav) = KaasCinn (6)
exp(fOinn) = KaasCinn )

where: Cinn is the inhibitor concentration in solution (mg/l), 0 is the degree of
complete coverage, Kads is the adsorption equilibrium constant.

The Langmuir isotherm provides more information about the mechanism of
interaction between the steel surface and the inhibitor. Using the value of Kass determined
from the relationship between Cinh and Cinn/0 using the Langmuir isotherm, the standard
Gibbs energy [11] of adsorption AG®ass was determined in the temperature range 303 —
333 °C according to equation (8):

AGY ;. = —RTIn(1000K ,4) (8)

where: Kas — the adsorption equilibrium constant, R - 8,314 J/moleK, T -
temperature (K), the amount of water in the solution is 1000 (g/1).

AGaqs = MHgqs — TASgqy )

Using equation (9), a graph of the dependence of AHads on temperature is plotted,
and the values of AHadas and AS.as are found at the point of intersection with the ordinate
axis and along the tangent of the straight line [12].

Understanding the activation kinetics and thermodynamics of the corrosion process
provides crucial insights into the mechanisms of action of inhibitors [14]. This is achieved
by determining the activation energies of inhibitors through measuring corrosion rates
at various temperatures and concentrations [14]. The activation energy is calculated by
comparing corrosion rates in the presence and absence of an inhibitor, using the

Arrhenius equation (10):

Wgraw = Aexp (_Rb;a) (10)

where: Ea - activation energy (kJ/mol), R - universal gas constant (8.314 J/moleK), T
- temperature (K), A - pre-exponential Arrhenius coefficient.

Based on the corrosion rates obtained at different temperatures and concentrations,
a linear graph is plotted showing the relationship between log W and 1000/T [15]. The
slope of this line is then determined. The tangent of the angle a (tga) in this graph is
linked to the activation energy by the equation: tgat = -Ea / (2.303¢R).

To calculate the values of activation enthalpy (AH.) and entropy (AS.) [16], utilize
the transition state equation (11) along with the graphical representation as described in
reference [17]:

Woraw = % exp (%) exp (_%) (11)
where: h - Planck’s constant (6.626¢10-34 m2kg/s) and N - Avogadro’s constant.

The activation enthalpies are determined from the slopes of the graph, using the
equation tga = -AHa / (2.303 * R), where tga is the tangent of the angle a in the graph.
The activation entropy is found at the point of intersection with the ordinate axis [log
(R/Nh) + (ASa /2.303 * R)].

Results. To obtain additional information about the protection mechanisms, the
coating of DCDA inhibitor on the surface of N20 steel was studied as a function of
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concentration at 50, 100, 150 and 200 mg/L at different temperatures (see Table 1). With
increasing concentration, an increase in inhibitor protection (ncrav.) and surface coverage
(Ocrav.) was observed. This is explained by the fact that more inhibitor molecules cover
more corrosion centers and reduce the corrosion process.

Table 1. Corrosion efficiency of the DCDA inhibitor in a background solution at various
temperatures and concentrations.

T, K C,mg/l W, (mg/cm?h) Y N, % 0
- 1,0672 . - -
50 0,2582 4,130 75,79 0,7579
303 100 0,2105 5,066 80,26 0,8026
150 0,1454 7,334 86,37 0,8637
200 0,0894 11,928 91,62 0,9162
- 1,1741 - - -
50 0,3111 3,772 73,49 0,7349
313 100 0,2749 4,269 76,58 0,7658
150 0,1823 6,438 84,47 0,8447
200 0,1716 6,839 85,38 0,8538
- 1,2509 - - -
50 0,3728 3,356 70,20 0,7020
323 100 0,3381 3,701 72,98 0,7298
150 0,3102 4,034 75,21 0,7521
200 0,2674 4,679 78,63 0,7863
- 1,3748 - - -
50 0,4809 2,860 65,03 0,6503
333 100 0,4542 3,028 66,97 0,6697
150 0,4334 3,173 68,48 0,6848
200 0,3989 3,447 70,99 0,7099

As the temperature increases, the corrosion rate and the level of protection of the
inhibited system decreases. At a temperature of 303 K, the level of protection in
concentrations of 50-200 mg/l was 75.79-91.62%, and at a temperature of 313 K 1crav. the
value was 73.49-85.38%, 70.20-78.63% at a temperature of 323 K and 65.03-70.99% at a
temperature of 333 K (Table 1).
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Figure 1. Frumkin (a), Temkin (b) Langmuir adsorption isotherms (c) and Ellingham
diagram (d) of DCDA on a metal surface.

In order to comprehensively understand the adsorption mechanism of the DCDA

inhibitor on the steel surface, Frumkin, Temkin, and Langmuir isotherms were examined.
Analysis of the correlation coefficient (R?) from these isotherms revealed that the
adsorption of the inhibitor on the metal surface is not accurately described by the
Frumkin and Temkin isotherms (Fig. 1a, 1b). However, the correlation coefficient

indicated a consistent alignment with Langmuir's theory of monomolecular adsorption
(Fig. 1c).

The correlation coefficient derived from the linear form of the Langmuir isotherm
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supports the adherence of the process to Langmuir's theory of monomolecular
adsorption (Fig. 1a). With increasing temperature, the decrease in the Gibbs energy value
during the adsorption process suggests its spontaneous nature (refer to Table 2).
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Table 2. Thermodynamic functions of the adsorption process in a background solution
with the participation of DCDA.

T, K Kaas R2 AGads AHads ASaas,
kJ/mol kJ/mol

303 53,6682 0,9983 -27,42 32,109 0,1954

313 62,3830 -28,72

323 99,6115 -30,89

333 163,961 -33,23

Conclusions. Furthermore, the graphical calculation using the Ellingham diagram
indicates a change in standard enthalpy (AHadss = 32.11 kJ/mol) during the adsorption
process, signifying its exothermic nature (Fig. 1d).

Alongside the standard enthalpy change, a standard entropy change was also
identified (ASads = 0.195 J/mol) (refer to Table 3). The adsorption process results in an
increase in disorder due to the rapid formation of the interaction complex with inhibitor
molecules compared to the action of water on the steel surface, leading to a positive value
for entropy.

References

1. Rajabov Yu.N., Akbarov H.I. Aminotiokarbamid asosidagi oligomer ingibitorlar
sintezi va po‘lat bilan ta’sirlashish termodinamikasi // SamDU Ilmiy axborotnoma 2021-yil,
5-son (129) 14-20 b.

2. Turaeva H. K., Rajabov Y.N., Akbarov X.I. Electrochemical study of (Z)-4-(tert-
butylamino)-4-oxobuten-2-acid synthesis and inhibition properties // Scientific and Technical
Journal of NamIET. Namangan-2022. Volume-7, Issue-2. ppm. 173-178.

3. Berdimurodov E., Kholikov A., Akbarov K., Guo L., Kaya S., Verma K., Dagdag O.
New and green corrosion inhibitor based on new imidazole derivate for carbon steel in 1 M
HCI medium: experimental and theoretical analyses // International Journal of Engineering
Research in Africa. — Trans Tech Publications Ltd, 2022. — T.58. — C. 11-44.

4. Rajabaliyev N., Rajabov Yu. Nig'matillayeva M., Akbarov X. Disiandiamid
ingibitorining Lengmyur izotermasi yordamida termodinamik tadqiqoti // “3amonasuii
PUBMK-KMMEBUIT TAaAKUKOT YCyAAapUMHUHT MAMMIT Ba MINAad YMKApUII cOXacuUAaru
mHrerpauysicu” PecrryOanka nammit-amaanii Koupepennyscy. TomkenT-2023. 198-199 b.

5. Berdimurodov E., Eliboyev I., Berdimuradov K., Kholikov A., Akbarov K., Dagdag
O., Arrousse N. Green [B-cyclodextrin-based corrosion inhibitors: Recent developments,
innovations and future opportunities /Carbohydrate Polymers. — 2022. — C. 119719.

6. Berdimurodov E., Kholikov A., Akbarov Kh., Guo L., Abdullah A.M., Elik M. A
gossypol derivative as an efficient corrosion inhibitor for St2 steel in 1 M HCI+ 1 M KCl: An
experimental and theoretical investigation //Journal of Molecular Liquids. —2021. — T. 328. —
C. 115475.

7. Paxa6os 0., Hurmatnaasaesa M., Akbapos X. N20 mapkaau myaaTHu KOppo3usAaH
XUMOsI KUAUIIAQ AULMaHAVAaMII/ MHIMOMTOPVHNHT aacopOLyoH xoccaaapu // «Korunank
Ba MeTaaayprus (paHMHUHI 4043ap0 Macadadapu» MaB3ycuAaru pecriyOArKa MAMMIIA-
aMaanit amxyMann. Oamaank-2023. 141-142 6.

T
121
Vol. 9 Issue 2 www.niet.uz
2024




NamdTI
ILMIV-TEXNIKA

\®

Scientific and Technical Journal of NamIET

8. Paxmonos X.A., Paxa6os IO.H., Axbapos X.JI. IIjaar xopposmuscura kapiim
VHIMOUTOPAAPHUHI KMHETUK Ba TepMoAuHaMMK Taakukoru // “Kimyo va kimyo ta’limi
muammolari” mavzusidagi respublika ilmiy-amaliy anjuman materiallari. Qo’qon-2022.
123-124 6.

9. Akbarov Kh.I.,, Eshmamatova N.B., Fayzullaev N.I, Kalyadin V.G., Azimov L.A.
Synthesis and Physico-Chemical Properties of Oligomeric Inhibitors of Corrosion on the Base
of Nitrogen, PhosphorousContaining Compounds // International Journal of Advanced
Science and Technology. Vol. 29, No. 5, (2020), -C. 6489-6506.

10. Okewale A.O., Adesina O.A. Kinetics and Thermodynamic Study of Corrosion
Inhibition of Mild Steel in 1.5M HCl Medium using Cocoa Leaf Extract as Inhibitor // J. Appl.
Sci. Environ. Manage. Vol. 24 (1) January  2020. -C. 37-47.
https://dx.doi.org/10.4314/jasem.v24il.6

11. Berdimurodov E., Kholikov A., Akbarov Kh., Guo L., Abdullah A., Elik M.
A gossypol derivative as an efficient corrosion inhibitor for St2 steel
in 1 M HCl + 1 M KCl: An experimental and theoretical investigation //
Jour. of Molecular Liquids 328 (2021) 115475. doi.org/10.1016/j.molliq.2021.115475

12. Berdimurodov E., Kholikov A., Akbarov Kh., Guobao Xu., Aboubakr M.A.,
Morteza H. New anti-corrosion inhibitor (3ar,6ar)-3a,6a-di-p-tolyltetrahydroimidazo[4,5-
d]imidazole-2,5(1h,3h)-dithione for carbon steel in 1 M HCl medium: gravimetric,
electrochemical, surface and quantum chemical analyses // Arabian Journal of Chemistry-
2020. doi: https://doi.org/10.1016/j.arabjc.2020.08.025

13. Berdimurodov E., Kholikov A., Akbarov Kh., Obot 1., Guo L. Thioglycoluril
derivative as a new and effective corrosion inhibitor for low carbon steel in a 1 M HCI
medium: Experimental and theoretical investigation // Journal of Molecular Structure
MOLSTR 130165. doi.org/10.1016/j.molstruc.2021.130165

14. Akinbulumo O., Odejobi O., Odekanle E. Thermodynamics and adsorption
study of the corrosion inhibition of mild steel by Euphorbia heterophylla L. extract in 1.5 M
HCI. // Results in Materials 5 (2020) 100074. doi.org/10.1016/j.rinma.2020.100074

15. Berdimuradov K., Berdimurodov E., Eliboev I, Azimov L. Rajabov Y.,
Mamatov J., .. & Akbarov K. Imidazole-and Imidazoline-based Corrosion Inhibitors
//Handbook of Heterocyclic Corrosion Inhibitors. — CRC Press, 2023. — C. 55-73.

16. Borikhonov B., Kholikov A., Akbarov K. Elyor Berdimurodov, Khasan
Berdimuradov, Ilyos Eliboev, Lazizbek Azimov, Yusufboy Rajabov, Jaykhun Mamatov.
Covalent and noncovalent surface functionalization of nanomaterials (for enhanced
solubility, dispersibility and corrosion prevention potential) //Corrosion Prevention
Nanoscience: Nanoengineering Materials and Technologies. — 2023. — C. 37.

17. Berdimurodov E., Berdimuradov K., Eliboev I, Azimov L., Rajabov Y.,
Mamatov J., Akbarov K. Chemical Methods of Heavy Metal Management—Filtration, Ion
Exchange, and Electrolysis //Heavy Metals in the Environment: Management Strategies for
Global Pollution. — American Chemical Society, 2023. — C. 229-245.

122
Vol. 9 Issue 2 www.niet.uz
2024



NamdT1
ILMIV-TEXNIKA

\®;

Scientific and Technical Journal of NamIET | ISSN 2181-8622

CONTENTS

PRIMARY PROCESSING OF COTTON, TEXTILE AND LIGHT

INDUSTRY

Usmanova N., Abdukarimova M., Kamolova M., Ismoilova S.

Research on the process of building dress shapes in 3d space 3
Rayimjonov M., Rahimov F., Sarimsakov A., Muradov R.
Increasing the efficiency of retaining device for fine and large heavy 13
mixtures in cotton raw materials
Kosimov A., Ahmadjanov S.
Design of the mechanical properties of the fabric used by wind yarn 19
spinning from cotton and polyester fibers
Salokhiddinova M., Muradov M.
Ways to improve the efficiency of moving device used in air transportation 27
of cotton
Nazarova M.
Research of methods of antibacterial treatment of textile materials 33
Sheraliyeva R., O’ralov L.
Study of technological indicators of two-layer knitted fabrics obtained on 37
long Xing LXA 252 knitting machine
Turdiyeva O’., Khojiyev A.

42

Mathematical modeling of the development technology of selected leather
for the transformation assortment

GROWING, STORAGE, PROCESSING AND AGRICULTURAL

PRODUCTS AND FOOD TECHNOLOGIES

Uzaydullaev A.

Research on the food safety of pomegranate juice and concentrate 49
production technology

Kuzibekov S. 56
Safety studies in soybean oil production process

Ismoilov K., Khamdamov A.

Acceleration of heat and matter exchange processes in the final distiller with ~ 62
a convex-concave plate

Abdullaeva B., Soliev M. 67
Method of making syrup for cold drinks

Meliboyev M., Qurbanov U.

Compounds that determine their nutritional value based on the types of 73

food products

370
Vol. 9 Issue 2
2024

www.niet.uz



Scientific and Technical Journal of NamIET ISSN 2181-8622

Nishanov O’., Atakhanov Sh., Mamajanova M.

Effect of energy drinks on the human body 7
Ikromova Y., Nuriddinov Sh., Hamdamov A. 4
Optimization of heat load in three-stage distillation of vegetable oil micelles 8
Turg'unov Sh., Mallabayev O.

: : : : 90
Use in a new receptor in functional bread making

CHEMICAL TECHNOLOGIES

Ergashev O., Bakhronov Kh., Esonkulova N., Asfandiyorov M.,
Akhmadov M., Absalyamova I. 95

Determination of the inhibitory efficiency of the inhibitor synthesized based
on maleic anhydride by the electrochemical method

Ergashev O., Rakhmatkarieva F., Davlatova O.

Mechanism of H2O vapor adsorption in a type zeolites. The adsorption 102
isotherms.

Yoqubjonova M., Boymirzaev A.

Biomedical properties and applications of chitosan derivatives 107
Rajabaliyev N., Rahmonov J., Nigmatillayeva M., Rajabov Y.,
Akbarov Kh.

116

Thermodynamic study of the anti-corrosion properties of diciandiamide in

an acid environment

Ochilov A., Urinboeva M., Abdikamalova A. Kuldasheva Sh.,,
Eshmetov I. 123
Study of rheological flow curves of ED20 emulsions

Nozimov E., Sultanov B., Kholmatov D., Sherkuziev D., Nodirov A.
Phosphorus fertilizer technology activated from phosphorus powder and 129
mineralized mass

Kadirova M., Sabirov V.

Results of mechanochemical synthesis of methylene blue complex with 135
d-metals

Jalilov A., Sottikulov E., Karimova M., Boymirzaev A

Synthesis of polycarboxylate plasticizer based on acrylic acid and apeg and 142
its gel chromatographic analysis
Khusenov A., Ashurov M., Abdullaev O., Rakhmanberdiev G.

Determination of optimal conditions for the extraction of gelatin from 149
secondary local raw materials

Lutpillaeva M., Hoshimov F., Ergashev O.

Synthesis of silver nanoparticles using various reducing agents and 155
stabilizers

371
Vol. 9 Issue 2 www.niet.uz
2024



Scientific and Technical Journal of NamIET ISSN 2181-8622

Akhmadjanov I., Djalilov A., Karimov M.

Studying isotherms of adsorption and desorption of nitrogen on a sorbent 164
synthesis for selective extraction of lithium

Kalbaev A., Salixanov A., Seitnazarova O., Abdikamalova A.

Change of cation exchange capacity during the thermal treatment of 171
bentonite and their textural characteristics

MECHANICS AND ENGINEERING

Obidov A., Shamshitdinov M., Mashrabboyev I.
Reduce energy consumption by adjusting the electrodvigate speed of the 178
linter device

Haydarova R.

Development of boundary conditions for mathematical models of unsteady 184
water movement in water management facilities

Bekmirzayev D., Qosimov E., Ismoilov A.

Consequences of earthquakes and preventive measures based on foreign 189
experiences
Aliev R., Eraliyev A., Nosirov M., Mirzaalimov A., Mirzaalimov N.

Investigation of an improved solar water heater in comsol multiphysics 196
software

Obidov A., Akhmadalieva D., Otaqo‘ziyev D.

Development of an experimental construction of a device for cleaning from 202
small piece of contaminants

Obidov A., Mirzaumidov A., Abdurasulov A., Otaqo‘ziyev D.

Deformation of the shaft in torsion and the effect of torsion along with 208
bending

Matkarimov P., Juraev D., Usmonkhujayev S.

Study of stress-strain state of an earth dam using a three-dimensional model 217
of the structure

Mamajonov Sh.

Methods of determining the efficiency of the cotton regenator in the cleaning 228
process

Xuramova X.

Establishment of the device for separation of fibers suitable for spinning 236
from the waste of the cotton cleaning process

Kholboyeva Sh., Kosimov A.

Principles of classification of costs to ensure product quality in production
Kholboyeva Sh., Kosimov A.

243

Methodological processing of quality control of technological processes of 249
manufacturing enterprises

372
Vol. 9 Issue 2 www.niet.uz
2024



Scientific and Technical Journal of NamIET ISSN 2181-8622

Shoxobidinova Sh., Kosimov A., Mamadaliyeva D.

General guidelines for quality management and technologies in the 255
metallurgical industry supply chain
Sheraliyeva R., O’ralov L.

Study of technological indicators of two-layer knitted fabrics obtained on 262
long Xing LXA 252 knitting machine
Tuychiev T., Turdiev H., Rozmetov R., Shorakhmedova M.

Effect of screw cleaner on cotton spinning

ADVANCED PEDAGOGICAL TECHNOLOGIES IN EDUCATION
Kayumov M.

267

272

Enlightenment movement of Jadids in Khiva khanate

Alikhanov M.

Constitutional reforms in Uzbekistan during the years of independence
Alikhanov M.

The struggle for constitutional monarchy in the khanate of Khiva at the 283
beginning of the XX century

Azibaev A.

Forecasting GDP growth and GDP per capita in Uzbekistan by the ordinary 289
least squares (OLS) regression analysis

278

Tuychibayeva G., Kukibayeva M.

296

Overwiev of teaching English to teenagers in Uzbekistan secondary schools

Ismailova Z.

Methodology for improving lexical competence of future english language 301
teachers

Xuramov L.

307

Algorithms for modeling function and medical signals in wavelet methods

ECONOMICAL SCIENCES

Bekmirzayev B.

Agriculture development in ensuring economic security in Uzbekistan: 316
theory, analysis and prospects

Mirzatov B.

Social evaluation of the youth behavior and value sphere in Namangan 323
region

Khojimatov R.

329

The development competitiveness of silk industry in Namangan region

Maksudov A.
The development and formation of competition of the market for the 335
products of the sewing and knitting industry

T —
373
Vol. 9 Issue 2 www.niet.uz
2024




Scientific and Technical Journal of NamIET ISSN 2181-8622

Maksudov A.
Government support of the garment and knitting industry within the scope 341
of business activity

Yuldasheva D. 1
Personnel competencies in the field of tourism personnel management 346
Abdieva N.
Development of small business and private entrepreneurship with the help 350
of investments
Abdieva N.
The labor market and its effect on the economy 357
Yuldasheva D., Hashimov P.

: o 365
Tax systems and their assessment criteria

o —
374
Vol. 9 Issue 2 www.niet.uz

2024



