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USE OF ELECTRIC ARC METALLIZATION TO PROTECT METAL SURFACES FROM
CORROSION: A STUDY ON THE EXAMPLE OF STEEL 45 AND 30HGSA WIRE

Abstract: The effect of protective coating applied to steel 45 made of 30HGSA wire by electric arc
metallization on corrosion resistance compared to untreated steel 45 was investigated. The test methodology
included electrochemical analyses such as polarization curves. The results showed that steel 45 coated with
30HGSA wire shows significantly higher corrosion resistance compared to standard steel 45.

The result of this study confirms the significance of electric arc metallization technology as an effective
way to improve the corrosion resistance of steels. The application of protective coating of 30HGSA wire on
steel 45 not only improves its characteristics, but also provides opportunities for more durable use in
aggressive environments. Also, these methods can be adapted for other types of materials, which opens new
perspectives in the field of steel structures protection. This research can serve as a basis for the development
of new norms and standards in metal fabrication and processing. These results provide valuable scientific data
that can contribute to the development of improved corrosion resistant materials for applications in critical
industries such as oil and gas, marine and construction projects, and mechanical engineering, where material
reliability is a key factor.
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Introduction

Corrosion of steels used in mechanical engineering is a significant issue that affects the
durability, safety, and performance of machines and structural components. Steel, an alloy primarily
composed of iron and carbon, is widely employed in mechanical engineering due to its strength,
ductility, and cost-effectiveness. However, its susceptibility to corrosion, particularly in harsh
environments or when protective measures are inadequate, remains a major drawback [1-2].

The study of steel corrosion in mechanical engineering and industrial applications is not only
essential for extending the service life of materials but also for reducing costs, enhancing safety,
protecting the environment, and ensuring compliance with regulatory standards [3-6]. To improve
the performance of 45 steel, a coating using 30KhGSA wire, which contains chromium and silicon,
was applied. This composition provides the coating with enhanced corrosion resistance. Chromium
imparts increased corrosion resistance, while silicon contributes to the formation of dense and
durable protective layers [7-8]. The use of 30KhGSA wire as a coating material significantly improves
the corrosion resistance of 45 steel.

To evaluate the effectiveness of these coatings, electrochemical methods-such as polarization
curve measurements-offer valuable insights into the behavior of protective layers in aggressive
environments [9-10]. These methods allow for the analysis of current protection strategies and
enable predictions of metal behavior over the long term.

The purpose of this study is to assess the impact of a protective coating, applied via electric
arc metallization using 30KhGSA wire, on the electrochemical corrosion resistance of 45 steel. The
study aims to compare the corrosion resistance of treated and untreated steel to determine the
effectiveness of this coating in improving the corrosion properties of structural materials. The results
will inform recommendations for utilizing advanced protection technologies in industries where
corrosion poses a critical challenge.
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Materials and Methods of Research

Corrosion tests were conducted using the potentiodynamic method with a single-channel
potentiostat-galvanostat (model CS300M) in a 3% NaCl solution at a temperature of £25°C. To define
the test area, materials such as adhesive tape were used, while a protective varnish coating was
applied to isolate the non-tested regions of the sample. It is crucial that the surface areas of the
samples under analysis be identical during potentiodynamic testing, to ensure that the results
obtained under the same conditions are comparable.

In one glass cell, the reference electrode (R) with a known constant potential was a silver
chloride electrode filled with NaCl solution. The second cell contained the auxiliary electrode (C),
which was a platinum electrode, and the working electrode (W), consisting of the test samples of 45
steel with and without a coating. The surface area of the working electrode was maintained at 1 cm?.
The cells were connected by a salt bridge containing sodium chloride, with both sides covered by
filter paper to prevent the mixing of solutions between the cells. This setup ensured the accuracy of
the potential measurements, as mixing could distort the results. Before installation into the test
circuit, the samples were cleaned and degreased using ethyl alcohol.

The working electrode (steel samples) served as the object of study, which acted as an anode
during the corrosion process. When the working electrode lost electrons (oxidized), it functioned as
an anode. The auxiliary electrode (platinum) acted as the cathode, supplying current for the reactions
occurring at the working electrode.

The CS Studio6 software was used to determine the values of potential, current density,
corrosion rate, and Tafel slopes (ba, bc). The graphs were plotted in logarithmic form, with the current
density scale presented logarithmically. In addition, the software allowed for visual monitoring of the
curve construction on the computer.

Results and discussion

During the experiment, a graph of polarization curves was obtained (Figure 1).
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Figure 1 — Polarization curves of samples in 3% NaCl solution

Polarization curves are constructed by applying a variable electric potential to the sample and
measuring the corresponding current density response. These curves visually represent how the
corrosion behavior of the material changes under different electrochemical conditions. A key
parameter in electrochemical studies is the corrosion potential (Ecorr), which reflects the metal's
tendency to corrode in a specific environment. A lower Ecorr value indicates increased corrosion
activity, suggesting accelerated material degradation.

The corrosion current density (Icorr), measured during polarization tests, is directly related to
the rate of corrosion processes. Higher values of Icorr indicate more intense material degradation
and, consequently, a lower effectiveness of protective coatings or reduced corrosion resistance of
the material. Tafel slopes, obtained from the linear portions of the polarization curves, characterize
the kinetics of anodic and cathodic reactions on the metal surface, providing insight into how changes
in potential influence the rates of these reactions.

The polarization parameters of the samples after the experiment are summarized in Table 1.
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Table 1 — Polarization parameters of samples

Samples -Ecorr (MB) Icorr (Alcm?) reorr(Mm/a) b;’afel tilts (ka))C
Initial 454,87 1,6481E-05 0,19334 61,785 277,99
With coating 394,2 6,5093E-06 0,076362 42,783 82,834

During the electrochemical tests, it was found that both samples exhibited negative corrosion
potentials, a characteristic feature of oxidative (anodic) processes in electrochemical corrosion. A
negative potential indicates that the metal tends to lose electrons, contributing to its dissolution as
an anode. Observations revealed that the corrosion current density of the coated sample was
significantly lower than that of the uncoated 45 steel sample, indicating a reduced corrosion rate.
This confirms that the 30KhGSA wire coating effectively decreases the corrosion rate compared to
standard 45 steel.

Additionally, the Tafel slopes for the coated sample were shallower in both the anodic and
cathodic regions, suggesting a reduced dependence of the corrosion reaction rate on potential
changes. This may indicate a more stable electrochemical system, further emphasizing the
effectiveness of the protective coating. Flatter Tafel slopes suggest that the system is less sensitive
to fluctuations in reaction dynamics in response to external electrical stimuli. This highlights that the
coating not only provides protection against corrosion but also stabilizes the material's behavior
under varying operational conditions. These results support the potential for using specialized
coatings to enhance the corrosion resistance of structural materials, particularly in aggressive
environments.

Conclusion

Based on the obtained results, it can be concluded that the application of protective coatings
made from 30KhGSA wire is an effective method to significantly enhance the service life of 45 steel
in corrosive environments. This finding offers valuable insights for industries, particularly those where
high corrosion resistance of materials is critical.
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METAINN BETTEPIH KOPPO3UALOAH KOPFAY YLUIH SNEKTP AOFAINbIK METANOAHObLIPYAbI
KONOAHY: 45 BOJIAT NEH 30XICA CbIM MbICAJbIHOA 3EPTTEY

AHOamna: 30XICA cbimbiHaH 45 6onamka KondaHbinambiH KOPFaHbiW XabbiHbIHbIH 31eKmp OOFarbiK
memandaHOobIpy a0iciH KondaHblir, eHOenmezeH 6onam 45neH canbicmbipraHda Koppo3susira mesimoirieiHe
acepi 3epmmey xypaidindi. CbiHaK adicmemeciHe nonspusayusi KUCbiKmapbl CUSIKMbI 311€KMPOXUMUSIIIbIK
mandaynap Kipdi. Homuxenep cmaHdapmmei 45 6onamneHr canbicmbipraHda 30X CA cbiMbiMeH KanmarfFaH
45 6o1ammabiH Koppo3usira meaimoiniei alimapribikmal XXofapbl eKeHiH Kepcemmi.

Ocbl 3epmmeydiH HomuxxeciHOe 6onnammapdbiH Koppo3usira me3simoinieiH apmmabipyObiH muimdi 8dici
pemiHde anekmp dorarsbiKk MemarndaHObIpy MexXHOM02UsICbIHbIH MaHbI30bIbifbl danendeHodi. 45 6onammaH
30XTICA cbiMmbIHbIH KOpFaHbiw xabbiHbIH natdanaHy OHbIH curiammamarnapbiH XaKcapmblr KaHa Kolimadobl,
COHbIMEH Kamap agpeccusmi opmada y3ak mep3imOi natidanaHy mymkiHOieiH 6epedi. CoHdali-ak, byn adicmep
backa mamepuandap mypnepiHe bedlimdenyi MyMKiH, 6y Memaril KOHCMpyKyUsinapbiH KopFay canacbiHOa
)KaHa nepcriekmusanapobl awaosbl. byn 3epmmey memandapobi eHOipy MeH eHOeyde xXaHa HopMmasiap MeH
cmaHOlapmmapObi a3iprieyee Heeid bona anadbl. byn Hemuxenep mamepuas ceHimOiniai Hezaisei ghakmop
6osbin mabbinambiH MyHal XeHe 2a3, MEeHi3 XeHe KYpbibIC Xobanapbl XeHe MalluHa xacay CUsSKMbI
MaHbI30bl cananapda KondaHy YWiH XXakcapmbliraH Kopposusira mesimOi mamepuandapobl 83ipneyodi
JKeHindememiH KyHObI fbiribiMU 0epekmepdi 6epedi.

Tylin ce30ep: Kopposusra mesimoinik, 6omam 45, anekmp OoracbiHbIH MemarndaHybl, XabbiH,
b6ankumsiH 6or1am cbim
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NUCNOJIb30BAHUE JNEKTPOAYIOBOW METANNU3ALUU ONA 3ALLUTHI
METANNUYECKMX MNOBEPXHOCTEW OT KOPPO3UWN: UCCNIEAOBAHUE HA NPUMEPE CTAJIN 45
N NPOBOJIOKU 30XICA

Bbirio nposedeHo uccriedogaHue 8USHUE 3aWiUMHO20 MOKPbIMUS, HAHECEHHO20 Ha cmasb 45 u3
npoeosnoku 30XITCA memodom anekmpody2080U Memasiudayuu, Ha CornpomueriseMocms KOppo3uu Mo
cpasHeHuro ¢ HeobpabomaHHoU cmanbo 45. Memoduka ucnbimaHull  ek/oYana rnpogedeHue
3MIEKMPOXUMUYECKUX aHa/lu308, maKux Kak rnosisipusayuoHHbIe Kpueble. Pe3ynbmamel rnokasarsu, 4mo cmarib
45 ¢ nokpbimuem u3 npoeosrioku 30X CA nokasblieaem 3HadyumesibHO 6oree 8bICOKYI0 KOPPO3UOHHYHO
cmoUKocmb o CpasHeHU co cmaHdapmHoUl cmaribio 45.

B pesynbmame 0OaHHo20 uccriefogaHusi nodmeepxdaemcsi  3Ha4YUMOCMb  MexHosnoauu
anekmpodyeoeol Memarnnu3ayuu Kak 3ghgekmusHo2o criocoba rnosbileHUs KOpPO3UOHHOU cmolKkocmu
cmarnel. lNpumeHeHue 3aWUmHo20 rnokpbimus u3 rnpogonoku 30XICA Ha cmarnb 45 He monbKo ynyduwaem
eé xapakmepucmuku, HO U ripedocmassnsem 803MOXHocmu 0 6oee 00/1208€4HO20 UCIM0Mb308aHUS 8
agpeccusHbix cpedax. Takxe, OaHHbie MemoObl Mo2ym 6bimb adanmuposaHbl Ornsi Opyeux muros
Mamepuarnos, 4Ymo OmKpbI8aem HO8ble Mepcriekmusbl 8 obracmu 3awumsl MemanioKoOHCmpyKyul. 9mo
uccrnedogaHue MoXem Criy>Kumbe 0CHO80U 05151 pa3pabomku HOBbIX HOPM U cmaHdapmos 8 ripousgodcmee u
obpabomke memarnnos. dmu pe3ynbmamabi Npedocmassisiom UeHHbIe Hay4YyHble daHHbIe, KOMOopbie Moaym
criocobecmeogame paspabomke yryYuweHHbIX KOPPO3UOHHO-CMOUKUX Mamepuasios 0J151 MPUMEHEHUST 8 Makux
KpUMuUYeCcKU B8axKHbIX ompacsisix, Kak Heghmeza3oeasi MpOMbIWIEHHOCMb, MOPCKUE U CmpoumersibHble
poeKkmbl, MawuHocmpoeHue, 20e HadexHOCMb Mamepuaros s18111emcs KIo4esbiM (hbakmopom.
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Knrodeeblie cnoea: KOppO3UOHHasi cmoukocmb, cmanb 45, anekmpodyzoeass Memasiusayus,
rOoKpbIMue, PO8OJIOKa CmalsibHasi Hariago4yHas.
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