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Vinnytsia National Agrarian University
ALLOYING STEEL AS AN EFFECTIVE PROTECTION AGAINST CORROSION

Steel corrosion is a serious problem for many industries, including construction, mechanical engineering, and other engineering
disciplines. This article examines the impact of alloying on enhancing the corrosion resistance of steel by introducing elements such as
chromium, nickel, molybdenum, vanadium, and copper into its composition.

The main focus is on the mechanisms of action of each of these alloying elements. Chromium forms a passive oxide layer on the
steel surface, which prevents the access of oxygen and moisture, thereby inhibiting corrosion processes. Nickel increases the overall
resistance of steel to oxidation and corrosion, especially in aggressive environments such as acids. Molybdenum contributes to the
improvement of resistance to pitting and chloride-induced corrosion, reducing the likelihood of corrosion cracking.

The article also analyzes the technological aspects of the alloying process, including electrothermal and metallothermic methods
of introducing alloying elements. Special attention is paid to process parameters that affect the quality and uniformity of the distribution of
alloying elements in the alloy.

Compared to other methods of protecting steel from corrosion, such as coatings (paints, varnishes, zinc coatings) and the use of
corrosion inhibitors, alloying has several advantages. It provides long-term protection and effectively reduces corrosion damage even in the
most aggressive operating conditions.

In conclusion, it is summarized that alloying steel is one of the most effective methods of enhancing its corrosion resistance. The
correct choice of alloying elements and their concentrations can significantly extend the service life of steel products, reduce maintenance
and repair costs. The research results have important practical significance for engineers and technologists, contributing to the development
of new materials with improved properties and the improvement of existing steel protection technologies.

Keywords: steel corrosion resistance, steel alloying, chromium, nickel, molybdenum, vanadium, copper, passive layer, pitting
corrosion, chloride corrosion, electrothermal alloying.

IocranoBka npodaemu

Koposis crami € cepiio3HOIO mpoOieMor0 s  0aratboxX Tamy3edl MPOMHCIOBOCTI, BKITIOYAIOUU
OyAiBHULITBO, MalIMHOOYyBaHHS Ta iHII iH)XeHepHi Aucuuiuiink. KoposiiiHi mpoliecu Mmpu3BOIATH O 3HAYHHX
CKOHOMIYHUX BTpAT 4Yepe3 MOUIKOKCHHS 1 MepeAYacHU! BUXIN 3 JIaay CTajJeBHX KOHCTPYKIIA Ta BHPOOIB.
TpanuuiliHi METOAM 3aXHUCTY CTali, Taki SIK HAHECEHHS [TOKPUTTIB Ta BUKOPUCTAHHS 1HTiOITOPIB KOPO3ii, HE 3aBXKIU
3a0e3neuyroTh JIOCTATHIM pIBEHb 3aXHUCTy, OCOOJMBO B arpecMBHHMX cCepeloBuIlaX. BUHHMKae HEOOXIAHICTH Yy
NOIIYKY Oibll e(eKTUBHUX CIOCOOIB MiJBUILEHHS KOpO3ilHOI crifikocti crami [1]. JleryBanus craii, ToOTO
BBCJCHHS B II CKJAJ CHCHiaJbHUX XIMIYHHX CIIEMCHTIB, € IEPCICKTUBHUM HAMPSIMKOM JUI BUPIMICHHS i€l
npobnemu [2]. OxHaK, HEOOXIAHO MIMOIIE TOCTIAUTH MEXaHI3MH il pi3HUX JIETYIOUMX CIIEMEHTIB Ta iX BIUIMB Ha
KOPO3iiHi BIACTHBOCTI CTaJli, @ TAKOXX PO3POOHUTH ONTUMAJIbHI TEXHOJIOTIYHI IPOLIECH JIETyBaHHS.

AHaJii3 0CTaHHIX JKepeJt

OcraHHI TOCHIPKCHHS IMIATBEPIKYIOTh 3HAYHHUN IIPOTpec y pO3yMiHHI BIUIMBY JIETYBaHHS HA KOPO3iiHI
BJIaCTHBOCTI cTaii. BOHM BKa3yloTh Ha KIIOWOBY POJIb PIi3HHMX JIETYIOUHMX €JIEMEHTIB, 30KpeMa XpOMYy, HIKEIIo,
MOJTiOZIeHy, BaHAIil0 Ta Mifi, y ¢GOpMyBaHHI 3aXMCHHUX OKCHIHHUX IIapiB HA MOBEPXHI MeTaly, sIKi 3amo0iraroTh
PO3BUTKY KOpO3iiHMX TporieciB [3]. Hanpuknan, 1ocimimkeHHs MOKa3ylOTh, IO XPOMOBI CTalli YTBOPIOIOTh CTiHKi
MACUBYIOYI AP OKCULY, K1 JO3BOJISIOTH 3aXUCTUTH METaJ BiJl BIUIMBY KHCHIO Ta BOJOTH. Hikenb momae CTiHKOCTI
JI0 KOpo3ii B arpecMBHUX XIMIYHO aKTHBHHMX CEPEJOBHINAX, TAKMX SK KHUCIOTH, TOII SK MOJiOIeH i BaHamii
MOKPAIIYIOTh CTIMKICTh O TOYKOBOT KOPO3ii Ta KOPO3ii B XJIOPUIHUX CEPEIOBHUIIAX.

JlonaTkoBO, BHUCBITJICHO 3HAYEHHS TEXHOJIOTIYHMX AaCHEKTiB MPOIECiB JIETYBaHHA, TaKHX SK
SJIEKTPOTEPMIYHE 1 METAIOTEPMIYHE JICTYBaHHS, SIKi BIUIMBAIOTh Ha OJHOPIAHICT PO3IOALTY JISTYIOUHX €JIEMCHTIB y
craeBoMy cmasi [4]. Lli mociiukeHHS CHPHSAIOTH PO3pOOLI ONTHUMANbHUX TEXHOJIOTIH JIeTyBaHHS, IO
MaKCUMi3yIOTh KOPO3iifHy CTIHKICTh CTali i 3HWKYIOTh BUTPATH HA i €KCILTYaTAaIlif0 Ta 00CIYTOBYBaHH.

MeTo10 podoTH €: TOCHIKEHHS Ta aHaNi3 BIUIMBY JIETYBaHHS Ha Ii/IBUILEHHS KOPO3iHHOI CTifiKOCTI cTai.
OCHOBHI IIiJIi BKJIIOYAIOTh BMBYECHHS MEXaHI3MIB Jii Pi3HHX JIETYIOUHMX EJIEMEHTIB (XpoMy, HiKelro, MoiibjeHy,
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BaHai10, Mii) Ha GOpMyBaHHS 3aXHMCHUX MOKPUTTIB Ha MOBEPXHi CTai, aHaJi3 TEXHOJIOTIYHUX aCTEKTIiB MPOIIECiB
JIETYBaHHS, MIOPIBHSIHHS €()eKTHUBHOCTI JIETYBAHHS 3 IHITUMH METOJaMH 3aXHCTY BiJl KOPO3ii, a TAKOX BCTAHOBJICHHS
NPaKTHYHUX PEKOMEHJALIN Ul ONTUMIi3alil BUKOPHCTAHHS JITOBAaHMX CTaled y BUPOOHMYMX Ta IHKECHEPHHX
3aCTOCYBaHHSIX.

Bukiag ocHOBHOro MaTepiany

OCHOBHI JIeryIo4i KOMIIOHEHTH, SKi BUKOPHUCTOBYIOTbCS JUISl TIJBUILEHHS KOPO3IMHOI CTIMKOCTI
NPEeM31HUX CIIJIaBiB, BKIIOYAIOTh XPOM 1 HiKeJb. TakoX MOXYTh 3aCTOCOBYBATHChH JIIOMiHIN, Mi/lb, TUTaH, HIOOIH
Ta iHIII €IEMEHTH.

Hanpuknan, crans mapku 12X18HI10T BiZHOCHTBCS IO BHCOKOJETOBAaHMX XPOM-HHKEJICBHX CIUIABIB i,
3aBIIKU MOEIHAHHIO XIMIYHUX €JIeMEHTIB y ii CKiaji, Mae MiABHINEHY CTiMKiCTh mo Koposii [5]. OmHaKk KOXeH 3
BBEJICHUX KOMIIOHEHTIB BIIIMBAE JIAIIC HA TTEBHI aHTUKOPO3iiiHiI BIACTUBOCTI METaIYy:

e XpoM yTBOPIOE HA MOBEPXHI MeTaly MAaCHBHHI 3aXWCHWH IIap TMiJ BIUIMBOM KHCHIO, SKHUH 3amobirae
YTBOPEHHIO 1piKi.

e Hikenb crabinizye ayCTEHITHY CTPYKTypYy MeTaily, HaJlaloud HOMY BHCOKY MIIIHICTb 1 €IaCTHYHICTb, 1
TaKOX 3a100irae pXKaBiHHIO ITPH ITOIIKO/PKEHHI IIOBEPXHEBOT'O LIAPY, 30KpeMa B MICISIX 3BapHHX 3'€/HAHb.

e MouibaeH 3anobirae yTBOPEHHIO TOUYKOBOI KOPO3ii 1 MiABUIILY€E CTIHKICTh A0 OKUCIEHHS IPU BHCOKHX
TeMIIepaTypax.

e TuraH He BIUIMBAa€ Ha 3arayibHy CTIMKICTh METally O OKHCIIEHHS, aje 3aro0irac MiXKpUCTaJI4Hii
KOpO3ii, 0 T03BOJISIE CTBOPIOBATH CTIiKi 0 pyHHYBaHHS 3BapHi KOHCTPYKIIT i BUpOOW, IO HE MiIAI0THCS BILIUBY
XJIOPUIHUX 10HIB [6].

JleryBaHHs1 METaJIiB MOXKE BUKOHYBATHCS [BOMa criocodamu: 00'eMHUM abo noBepxHeBuM. [Ipu 06'eMHOMY
JIeTyBaHHI KOPUCHI XiMi4HI €JIeMEHTH BBOJAATHCS Y BECh 00'€M IUIABICHOTO CIUIABY, Y TIOBEPXHEBOMY JIETYBaHHI -
JIUIIE B TOBEPXHEBHH MIap Ha TTMOWHY He Oinbmie 1-2 MM.

OcHOBHHI MeTON 00'eMHOrO JIETYBaHHS - CIIJIABJIEHHSI OCHOBHOTO METAJTy 3 JIETYIOUUMH KOMIIOHEHTaMHU Y

TUTENbHUX, THAYKI[IHHUX, MTyroBHX, IUIA3MOBHX Mevax Ta iHmUX. OJHAK OpPU bOMY CIOCO0I MOMJIHBI BEJHKI
BTPAaTH AKTHBHHX XIMIYHHMX CIIEMCHTIB, TaKUX sIK THUTaH, MOiOmeH, xpom Tomio [7]. s 3MeHIIeHHS BTpaT
KOPHUCHHUX J00aBOK 3aCTOCOBYIOTBCS JIMTATypU - PI3HOMAHITHI KOMIIOHCHTH, IO IiJABHMIIYIOTh €()EeKTUBHICTH
NpoLeCy IUIABJICHHS MeTayly. Y HIKEIEBUX CIUIaBaX B SIKOCTI JIMI'aTyp BHKOPUCTOBYIOTH aIIOMiHIH, Mapraselip,
LUPKOHI# 200 IMHK.
[ToBepxHeBe neryBaHHs nependadae qudysiiHe HACHYSHHS 30BHINTHROTO MIapy METaly i 9ac TepMidHOi 0OpOOKH
(B pimkii abo ra3oBiii ¢a3zi). Takox icHye TBepaodasHUII METOHA, SKHH TONATa€E B HAHECEHHI JICTYIOUHX
KOMIIOHEHTIB Y BUTIISAI mMapy MOTPiOHOI TOBIIMHH 1 HOTO MOJNANBIIOMY PO3IUIABICHHI AT YTBOPEHHS HOBOTO
CITaBy Ha MIOBEPXHi OCHOBHOTO MeTaiy Tabun.l.

Ta6muus 1
BnuiuB TOBIIMHM JIeTOBAHOI0 LIAPY HA CTIHKICTH 10 KOPO3ii
ToBmMHA JIErOBaHOTO MIAPY CrilikicTb 10 KOpO3ii
Jo 25 mxm Huspka
25-50 MKM [omipHa
50-100 MM Cepenns
TTonax 100 Mxm Bucoxka

OcHOBHa izest Tmoysirae B TOMY, IO JICTOBAaHMH Iap Ji€ sk Oap'ep, 0 3amo0irae KOHTaKTy MeTaly 3
arpecUBHUMH CEPEIOBHIIAMH, TAKUMH SIK BOJA YU KHUCIOTH, SIKIi MOXYTb CHPHUYMHITH OKHCICHHS METaily
(xopo3ito). Orxe:

e Jlo 25 mkMm (MikpoMeTpiB): B TOHKHX JieroBaHux Imapax Oap'epHa (yHKLis MOxke OyTH HEOCTATHBOIO
JUIi TIOBHOTO 3aXHCTy MeTajly, OCOOJMBO B arpecMBHHMX cepeloBHIIax. lle Moxe NpU3BOIUTH 0 LIBHIKOTO
MIPOHUKHEHHS arpeCUBHUX PEYOBHUH 1, BIAIOBIAHO, 10 HU3BKOI CTIHKOCTI 10 KOPO3ii.

e 25-50 MkM: Y npoMy Jiama3oHi TOBIIMHA IIApy BXe MoxKe 3a0e31edyBaTy MOMIPHUH 3aXHCT, OCKUIBKI
OLThINA KUTBKICTh MaTepially BiJOKPEMITIOE METAII Bijl 30BHIIIHEOTO CEPEIOBHIIIA.

e 50-100 mxm: Ilap Takoi TOBIIMHU 374aTeH 3a0e3ledyBaTH CEPETHIO CTIMKICTh, OCKUIBKH BiH
e(eKTUBHIIIE 3aXHIIIa€ METAN Bijl 30BHILIHIX (aKTOPIB.

e Ilonan 100 MmxM: Brcoka TOBIIWHA JIETOBAHOTO MIApy 3HAYHO MIABHINYE CTIHKICTH O KOPO3ii, OCKUIBKH
BOHA CTBOPIOE MIITHUI 1 CTIHKHI Oap'ep, SKUI MaiKe MOBHICTIO 130JIF0€ METAJI BiJl arPECHBHOTO cepeaoBuia [8].

Tabmurs 2
BeaununHa cTpyMy 1Jisl pi3HMX BHAIB JIeTyBaHHS
Tun neryBanus Cuna crpymy (Amnepu)
[HayKmiiiHe JIeTyBaHHS 500-2000
JlyroBe neryBaHHs 100-500
Enextpoximiune 1-10

Ili meromu AEMOHCTPYIOTh IMIMPOKHH CHEKTP MOXIMBOCTEH MAJs JIETYBaHHS CTali 3alie)KHO Big mOTped y
KOHKPETHHUX BIIACTHBOCTSIX Marepially, epeKTUBHOCTI MPOIECY Ta €KOHOMIYHHX OoOMexeHb. BubOip onTUMaisHOTO
METOJy JIETYBaHHS 3aJIS)KHUTh BiJl KOHKPETHUX YMOB BUPOOHUIITBA 1 BUMOT JIO SIKOCTi KiHIIEBOTO MPOIYKTY TalJI. 3.

266 Herald of Khmelnytskyi national university, Issue 4, 2024 (339)




TexHiuHi HayKu ISSN 2307-5732

Tab6muus 3
BnuinB cuium cTpymy i yacy HaHeceHHsl HA TOBIIMHY IIapy
Cuna crpymy (Amnepu) ToBmmHa mapy (MikpomeTpu) Yac HaHeceHHs (TOAMHHU)
10 5 20
20 10 10
30 15 7
ToBLMHa wapy (MikpomeTpu) Yac HaHeceHHs (rogmHu)
25
g 20
e
+ 15 /
£ 10
S /
o 5
0

0 5 10 15 20 25 30 35
Cuna ctpymy, A

Puc. 1. 3anexkHicTh TOBIIMHY IIAPY HAHECEHOT0 JIETYI0YOro MaTepiaiy Bil yacy Ta CHJIH CTPYMY

Cuna cTpyMy € OJHMM i3 KJIIOYOBHX IapaMeTpiB y HpOLECi eNeKTPOXIMIYHOTrO JIETYBaHHS, SKUi
Oe3nocepeIHBO BIUTUBAE HA SIKICTh 1 XapaKTEPUCTHKH YyTBOPEHOTO JeroBaHoro mapy. [Ipu 30i1b1IeHH] cuitn cTpymy
3a3BMYail 30LIBLIYETHCS MIBUAKICTh OCAIKCHHS JIETYIOUNX €JIEMEHTIB 1, BIJNOBIIHO, TOBIIMHA APy 3MEHIIYETHCS
3a ofHaKOBMU 4yac. B Tabnmii HaBeqeHI 3HAUEHHS JEMOHCTPYIOTH II0 B3a€EMO3B'S3aHICTH: 31 301TBIICHHAM CHIU
CTPYMY TOBILMHA IIAPY 3MEHIIYETHCS, 1110 BUMArae MEHIIOT0 4acy JUIsl JOCSTHEHHS MOTPiOHOT TOBLIMHH.

BucHoBknu

JocmimkeHHsT TATBEPDKY€E, MO BBEACHHS JICTYIOUMX CIIEMCHTIB, TaKHMX SK XPOM, HiKellb, MOJNiOJEH,
BaHAI{ Ta 1HIII, 3HAYHO MiABHUIIYE KOPO3iifHYy CTIHKicTh cTami. I{i eeMeHTH yTBOPIOIOTh 3aXHCHI OKCHIHI Iapu Ha
MOBEPXHI METaNy, sIKi 3a100irafoTh MPOHUKHEHHIO BOJH i KUCHIO, THM CAMHUM 3HIDKYIOUH PU3UK PrKABIHHS.

KoxkeH neryroumii eneMeHT Ma€ CBOi yHIKalbHI BIACTUBOCTI, IO CHPHUSIOTH IiJBUINCHHIO CTIHKOCTI IO
Kopo3ii. Hampukman, XpoM yTBOpIOE TACHBHUI OKCHIHWH IIap, HIKEIb CTAa0LTI3ye AayCTEHITHY CTPYKTYpy, a
MOJIIO/ICH MOTIEPEHKYE TOYKOBY KOPO3ito.

ITopiBHSHO 3 TpagWUiIHHUMHM METOAAMH, TaKHUMH SIK MOKPUTTS ab0 BHUKOPHCTaHHA iHriOITOpIiB KOpPO3ii,
JieryBaHHs 3a0e31edye TpUBaINi Ta epeKTUBHUI 3aXKCT HABITh y BUCOKOArPECUBHHUX YMOBAX €KCILTyaTallil.
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