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Study of steel corrosion inhibition with the use of secondary waste

Abstract. The article investigates the inhibition of steel corrosion by phosphorus-containing
oligomeric inhibitors. In the experiment, samples of carbon steel of the following chemical
composition (mass %) were tested: 0.19 carbon, 0.075 manganese, 0.055 phosphorus, 0.625 iron,
0.047 sulfur, and 0.008 others. Tafel graphs were compiled to provide a deeper understanding of
the kinetics of cathodic and anodic corrosion reactions. It was found that the polarization data at
500 mg/l of the phosphorus-containing oligomer PSK-1 in 1M HCI have a significantly higher
inhibition efficiency of 97.76%, respectively.
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Introduction

Carbon steel is one of the most widely used materials in the industry due to its high availability,
physical and chemical characteristics, and relatively low cost [1]. These characteristics guarantee the
widespread use of carbon steel in several areas such as chemical processing, spatial construction, metal
processing, seawater, and oil refining [2] or minimize it by introducing compounds of phosphorus-
containing polymers and oligomers into a corrosive environment [3].

The addition of polymeric chemical compounds to a corrosion solution to reduce corrosion (HCI,
H2504, H3POs, and HNOg) is referred to as a corrosion inhibitor by forming a protective layer on the
surface of the steel, and this form of corrosion protection is called inhibition [4]. In addition,
phosphorus-containing polymers are adsorbed on the steel surface due to physical, chemisorption,
and/or physicochemical adsorption [5]. Chemical adsorption distributes or transfers the load from the
phosphorus-containing polymer to the surface of the metal, which leads to the development of a
covalent bond of a coordinated type. However, physical adsorption is a van der Waals and electrostatic
interaction between loaded phosphorus-containing polymers and the metal surface of the contaminated
metal. Phosphorus-containing polymers having active sites (especially heteroatoms such as O, N, and
S), aromatic rings, epoxy groups, phosphorus atoms, and m-electrons can be used as steel corrosion
inhibitors [6].

The purpose of this article is to study a phosphorus-containing oligomer as a carbon steel
corrosion inhibitor in an aggressive solution (IM HCI). The influence of a phosphorus-containing
oligomer based on phosphorus (V)-chloride with cyanuric acid (PSK-1) at various concentrations was
evaluated using potentiodynamic polarization.

Experimental part

In the experiment, samples of carbon steel of the following chemical composition (mass %) were
tested: 0.19 carbon, 0.075 manganese, 0.055 phosphorus, 0.625 iron, 0.047 sulfur, and 0.008 others. The
used solution (1M HC1) was analyzed based on 37% HCI using a dilution with bidi stilled water. The
concentration range from 100mg/1 to 500mg/1 is realized, and the surface of carbon steel used is 1 cm?2.
The structure of the studied phosphorus-containing oligomeric PSK-1 inhibitor is shown in scheme-1.
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Synthesis of a phosphorus-containing oligomer PSK-1

The device for electrochemical measurements consists of three-electrode cells, namely the counter
electrode (platinum), the reference electrode (Ag/AgCl), and the working electrode (carbon steel),
respectively. The electrochemical measurement is connected to the SP-200 with a signal amplitude (10
mV) [6].

The obtained results and their discussion. Tafel graphs were compiled to provide a deeper
understanding of the kinetics of cathodic and anodic corrosion reactions. Graphs of potentiodynamic
polarization of the carbon steel sample in an aggressive solution (IM HCI) without inhibitor and with
different concentrations of phosphorus-containing oligomer after30 minutes of immersion at 298 K are
shown in Fig. 1. Corresponding electrochemical corrosion variables, such as corrosion current density
(icorr), corrosion potential (Ecorr), inhibition efficiency (nrattel (%)), cathode (s) and anode30 minutes of
immersion at 298 K are shown in Fig. 1. Corresponding electrochemical corrosion variables, such as
corrosion current density (icorr), corrosion potential (Ecorr), inhibition efficiency (nratte1(%)), cathode ((3s),
and anode(pa) The Tafel constants are determined by the Tafel slope and are shown in Table 1.

It is known that the electrochemical reaction of carbon steel in 1M HCI solution without an
inhibitor is a cathodic reaction associated with proton reduction (reduction) 1 reduction (1 reduction).
The corrosion inhibition efficiency (newte (%)) was calculated by formula 3.

2H ++2e- > H2 1
Fe < Fe2 + + 2e- 2)
Ntatel (%) = (1 - iinh /i0) x 100 (3)

where i0 and iinh are the corrosion current density not inhibited and the corrosion current density
suppressed by different PSK-1 concentrations, respectively.
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Table 1

Different polarization parameters for carbon steel are not inhibited and are not inhibited by
different concentrations of PSK-1 at 298 K.

C trati . TiltSlopes
Inhibitor oncentration, mg -Ecorr (mB) Leorr (mB AeC-l) Tl(o/o)
/1 (A/cm2)
-Bs Pa
Noinhibitor
439,7 7 193,1 4 -
(1M HCI) 0 39, 3973 93, 9
100 451.7 83.1 68.7 59.2 79.08
200 412.1 41.5 57.9 41.1 89.55
PSK-1
300 423.3 31.7 60.3 44.9 92.02
400 416.2 23.1 69 41.3 94.18
500 421.4 22.3 69.4 42.6 97.76
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Picture 1. Polarization curves of carbon steel in 1M HCI, uninhibited and inhibited by various
concentrations of PSK-1 at 298 K

Electrochemical parameters can be calculated based on Tafel plots [3]. The current densities of
cathodic and anodic corrosion decreased significantly with increasing concentration of PSK-1 in 1M
HCI, indicating that the phosphorus-containing oligomeric inhibitor may also affect cathodic and
anodic reactions (equations 1 and 2). As shown in Table 1, corrosion current densities indicate a
significant decrease with increasing PSK-1 concentration. As a result, it is assumed that the increase in
PSK-1 minimizes the dissolution of iron. Corrosion potential shift (Ecr) was evaluated according to
formula 4, values (Ecorr) are negligible or equal to zero. In addition, the likelihood of corrosion is caused
by a geometrical obstacle on the surface of carbon steel when using a phosphorus-containing oligomer.
If Ecorr values are below 85 mV, the inhibitor can be considered a mixed type of inhibitor [4].
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In the case where the Eworr value was negative below -85 mV, the phosphorus-containing oligomer
can be attributed to the cathodic inhibitor type, while a positive value above +85 mV could be assumed
to be the anodic inhibitor type [4]. In this article, the Ecorr value of the polymer was -451.7mV, so it is
classified as a mixed-type inhibitor. The addition of PSK-1 phosphorus-containing oligomer to the 1M
HCI solution significantly affected the slope of the cathode leg, the decrease in the corrosion current
density of the cathode leg, the decrease in the corrosion current density of the cathode leg may indicate
that the mechanism of hydrogen generation was changed due to the adsorption of PSK-1 on the metal
surface.

AEcorr = Ecorr —=EO 4)

where E0 and Einh mean that the corrosion potential is not inhibited and the corrosion potential is
inhibited by different concentrations of PSK-1, respectively.

Conclusion

Thus, the corrosion inhibition efficiency of a phosphorus-containing oligomer (PSK-1) on carbon
steel was investigated in an aggressive solution using potentiodynamic polarization. The polarization
parameters at 500mg/l of PSK-1 phosphorus oligomer in 1M HC1 have a significantly higher inhibition
efficiency of 97.76%, respectively, and the inhibition efficiency of PSK-1 phosphorus oligomer increases
with inhibitor concentration.
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P. AypayOaesal, X. beknasapos?, A. Acamatannos!, H. IOcynosal
IKapaxainax memaexemmix yHusepcumemi, Hyxic, ©30excman
2Taurkernm XuMus-mexHoAOZUSABLK eblAbIMU-3epmmey utcmumymeot, Tawkenm, O30excman

BoaaTTeIH KOPPO3USICBHIH TeXeyai KOCaAKbl KaaabIKTapAbl IaligalaHa OTHIPBIIL 3epTTey

Anparma. Makaaaga ¢ocdopsl Oap oamroMepai MHrMOMUTOpAAp OOAATBIHBIH KOPPO3NSACHIH
TeXXeayi 3epTresedi. DKCIepUMeHTTe KeAeci XMMMUIABIK KypaMAarbl KOMipTeKTi 00AaTThIH yAriaepi
cbiHaAARI (Mac. %): 0,19 xemipreri, 0,075 mapraners, 0,055 ¢pocdop, 0,625 temip, 0,047 kyxipT >xone 0,008
T.0. KaTtoaTs! 5keHe aHOATHI KOPpO3Usl peaklisilapbhIHbIH KMHETUKAChIH TepeHipek Tyciny ymrin Tadean
rpadukacer >xacaaapl. 500 mr/a ¢ochoprr 6ap PSK-1 oauromepinin 1 m HCL-ae moaspusariys
AepekTepi corikeciHie 97,76% MHrnonpaey Tuimailirine e eKeHAiri aHbBIKTaAAbL.

Tyiiin cesaep: KOpposus MHIMOUTOPAAPE], MeTaaa Kopposwsckl, pocdop (V) - xaopug, iyuaHyp
KBIIIIKBLABI.

P. Aypay0Oaesa!l, X. beknazapos?, A. Acamaraunos!, H. IOcymniosa!
IKapaxainaxckuii zocydapcmeentolil yrusepcumem, Hyxyc, Ysbexucman
2TawkceHmcKuil HAYHHO-UCCACDOBAMEADCK UL UHCIUMYM Xumuveckotl mexrorozuu, Taukenm, Ysbexucmar

MCCAEAOBaHI/Ie I/IHI‘I/I6I/IPOBaHI/I§I KOppo3um ctaamn € CIt0aAb30BaHIeM BTOPUYIHbBIX OTX0OA40B

Annsotamust. B cratee mccaegosaHo MHrnOuposaHne Kopposun craan ¢pocdopcoseprKaniuMm
OAWTOMEPHBIMI MHIMOUTOpaMm. B sKkcrneprmmeHTe OBLAM MCIIBITaHBI OOpasIbl YTA€POAUCTON CTaAu
CAeAyIOIIero XMMIIecKoro cocrasa (Mac. %): 0,19 yraepoaa, 0,075 mapranma, 0,055 ¢pocdopa, 0,625
xeae3sa, 0,047 ceps u 0,008 mpounx. Aas 604ee rayOOKOTO IIOHMMaHNs KMHETUKM KaTOAHON 1 aHOAHOM
peakiuit kopposun Oblam  nocrpoensl rpaduku  Tadeas. bblao ycraHOBA€HO, YTO JaHHBIE
noaspusanyu 1pu 500 mr/a pocdopcogepskammero oanromepa PSK-1 8 1M HCl umeroT 3HaunTeAbHO
6oaee BBICOKYIO 9P PEeKTUBHOCTS MHIMOMPOBaHNUA - 97,76% COOTBETCTBEHHO.

KaiogeBbie caoBa: MHIMOUTOpPEI KOpPpoO3uy, Kopposus MerTaaaos, ¢docpop (V)-xaopua,
IIMaHypoBasi KICAOTa.
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