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2. The durability of low-alloy ferrite-pearlite class pipe steels and their welded joints in a neutral soil environment
under cathodic polarization

Pedepar:

1. B mucepTauiiiniil pob0Ti BUKOHAHO aKTyajlbHE HAyKOBO-TIPAKTMYHE 3aBJJaHHS — BU3HAYEHO CTIMKIiCTb cTasnen
dhepuTo-TIepIiTHOTO KJIaCy, 3 IKMX MOO0YA0BaHi MaricTpasbHi razonposoau Ykpainu, 09I'2C, 17T1C, 10I2D5b ta
3BapHUX 3'€JJHaHb, [IPOTU KOPO3iIHOIO PO3TPiCKYBaHHS y IPYHTOBOMY cepenoBulli 3 pH, HabmmXeHuM 1o
HENUTpasbHOTO (MOJLleJIbHOMY I'PYHTOBOMY €JIeKTPpoJIiTi NS4), 3a kKaTofHOI nossipusalii B HopmosaHoMy JICTY 4219
nianasoHi 3axvcHUX noteHnianis Bix -0,750 go -1,050 B. ['azoTpancnopTHa cucrema YKpaiHu BKIIIOYAE MEPEKY
MariCcTpasibHUX ra30IpPOBO/LiB LOBXKUHOIO PUOIN3HO 40 TUCSY KM, B OCHOBHOMY ITiZI3€MHOTO MTPOKJIaAaHHs. Iy ix
3aXUCTY Bifl [PYHTOBOI KOpPO3ii 32CTOCOBYIOTh KOMIJIEKCHU ITPOTUKOPO3ilHUI 3aXUCT (3aXUCHUMU NOJIIMEPHUMU
[IOKPMBAaMU Ta €JIEKTPOXIMIUHMI — HaBeJE€HHIM KaTOJHOI nojsipu3aii). Lie nae 3Mory 3HU3UTH IBUIKICTb KOPO3ii
CTaJli 10 TEXHIYHO AonmycTUMOro piBHs (MeHule 0,01 Mm/piK). B 0CHOBOIIONIOXKHOMY JOKYMEHTI OO0 3aXUCTY
MmarictpasibHUX TpyoornpoBoiB Bin koposii JCTY 4219 BcTaHOBJIEHO Aiana30H 3aXMCHUX IToTeHuianiB Big -0,850 B



1o -1,150 B (BimHOCHO MinHOCY/Ib(QATHOTO €EKTPOLy NOPiBHIHHS, 11O BiATIOBifae noteHuianam Big -0,750 no -1,050
B BiZHOCHO X710puCPiGHOrO eeKTPoLy). Ajie LOCBiL eKCcIlyaTalii okasye, 0 HaBiTh IIPU MigTPUMYBaHHi
IIOTEHI}jajly B LIbOMY Jlialla30Hi He BUKJIIOYeHa iMOBIpHICTb PO3BUTKY Pi3HUX BUIIiB KOPO3ii, HaliHEe6e3NeyHI UM 3
SIKMX € KOPO3iliHe pOo3TpiCKyBaHHs. IMOBIpHO, 110 I piBeHb MOTEHLialy KATOJHOIO 3aXUCTY TAKOX I10-PiZHOMY
BIUIMBATAME HA PO3BUTOK LIbOTO sBUILIA. [Ipo61eMa KOpo3iltHOTO pO3TPiCKyBaHHS FOCTPO CTOITh B CBiTi 3 60-X POKiB
MUHYJIOTO CTOPiYY4, i HACJ/IiIKV TEXHOT€HHUX aBapill Ha ra30npoBOaX, CIPUYMHEH]I KOPO3iiHUM PO3TPiCKyBaHHSIM,
TOPKAIOTbCs1 0€3MEKU JII0Jeil Ta €KOJIOorii Ha 3HaYHUX TepUTOpisix. YacTka aBapiil, CIpUYMHEHa KOPO3iHUM
po3TpicKyBaHHSM focsirae 40%. BpaxoByioun He6e3eKy Ta MaCIITaOHICTb KOPO3ifHOrO PO3TPiCKyBaHHH,
BKJIMBICTb JI€TAJIbHIIIOTO BUBYEHHS KOPO3iTHOTO PO3TPiCKyBaHHS MariCTpajbHUX ra30MpPOBOJiB 3i CTayen
(epuTO-TIePJIiTHOTO KJIACy B yMOBax KaTOJHOTO 3aXUCTY € aKTyaJIbHOIO. MeTa po60TH — BU3HAUUTU CTiMKiCThb
craseil pepuTo-nepJliTHOTO KJacy, 3 sIKUX 06y 1oBaHi MaricTpasbHi razonposoau Ykpainu, 09T2C, 17T1C, 10T20b
Ta 3BapPHUX 3'€[JHaHb, IIPOTH KOPO3il1HOrO PO3TPiCKYBaHHS y [PYHTOBOMY cepefoBulli 3 pH, HabmmKeHUM 10
HEeNUTpasbHOro (MOJleIbHOMY I'PYHTOBOMY eJ1eKTpoJiiTi NS4), 3a kaTonHOiI ossipusalii B Hopmosanomy JJICTY 4219
IianasoHi 3axuCcHUX norexHnianis Bifg -0,750 go -1,050 B BinHOCHO X710pUACPiOHOrO €/1eKTPOY IOPiBHSIHHSI.
HaykoBa HOBU3HA OJI€P>KaHUX PE3yJIbTaTiB. 1. PO3MMUPEHO yIBIEHHS PO CTiMKIiCTh CTajlel (PEPUTO-MEPITHOTO
xiacy 09I'2C, 17T'1C ta 10I'2®B npoTu KOpo3iitHOro po3TpiCKyBaHHS y IPYHTOBOMY cepenoBulli, 3 pH, HabIKeHuM
IO HEUTPaJIbHOTO (MOZEJIbHOMY I'DYHTOBOMY €J1eKTPoJIiTi NS4), 3a KaToAHOI ogpu3allii, sike MoJsirae y Tomy, 1o
3aJ1€KHO Bifl piBHS KaTo/HOI nossipusaliii B HopmosaHomy ICTY 4219 nianasoni 3axucHUx norexuiasnis Big -0,750
1o -1,05 B xopo3iliHe po3TpicKyBaHHS BifOyBa€eThCs 32 MEXaHi3MaMHU JIOKAJIbHOTO aHOJHOTO PO3YMHEHHS,
BOJHEBOTO PO3TPiCKyBaHHS ab0 3MilllaHUM, a [1ialla30HU [IOTeHLiasiB [Iii 3a3HaY€HUX MEeXaHi3MiB BifIpi3HSIOTbCS 1151
cTasieil pi3HOro xiMiuyHOTro ckjaay. 2. Brieplie BCTaHOBJIEHI I'PaHMLi Aialla30HiB [IOTEH1iaiB, 32 SIKUX Bil0yBA€TbHCS
3MiHa ME€XaHi3My KOPO3iiHOrO pPO3TPiCKyBaHHS CTajlel (epUTO-NepIiTHOrO KjIacy MOLEJIbHOMY T'PYHTOBOMY
enekTposiiTi NS4 B HopmoBanomy JICTY 4219 nianazoHi 3axucHux notexuianis. s craneit 09I2C, 17T'1C ta 10T20b
3MillaHMi MexaHi3M peasisyeTbcs B gianazoHax: Bif -0,850 B no -1,000 B, Big -0,800 B mo -0,980 B, Big -0,750 1o -
1,050 B, BinnoBigHO. 3a MOTeHiaiB MO3UTUBHININX HIDKHBOI TPaHULli Jlie MeXaHi3M JIOKaJIbHOTO aHOHOTO
PO3YMHEHHS, BiJl €eMHillle BepXHbOI I'PaHuLi — BOZHEBOrO PO3TPiCKyBaHHS. 3. Briepie BCTaHOBJIEHO, 1O 3BAPHi
3'enHanHA 3i cTasi 10I'2QB He cXuibHi 10 KOPO3iiIHOro PO3TPiCKyBaHHS 32 BOJHEBUM MEXaHi3MOM B HOPMOBAaHOMY
JCTY 4219 nianas3oHi 3axucHUX NoTeHLjatiB Bif -0,750 1o -1,05 B y MofieIbHOMY I'PYHTOBOMY €J1eKTpOJTiTi NS4.
PyliHyBaHH$ 3BapHOTO 3'€JHAHHS BilOyBAETHCS TI0 OCHOBHOMY MeTaJly, 1o AOBeAeHO MeTanorpadivHumMu
TOCIIIPKEHHSIMU Ta Y3TOIKYEThCS 3 BUMAAKaMU KOPO3ilfHOTO PO3TPiCKYBaHHS Ha MariCTpaJIbHUX ra3onpoBOax. 4.
Briepiue BcTaHOBJIeHA IPaBOMIPHICTb 3aCTOCYBaHHS KoeQillieHTy CXUJIBHOCTI 10 KOpO3iiiHOro po3TpickyBaHHs KS,

BBEIEHOTI'O J1s1 OCHOBHOTI'O METAJI JIS1 IOPiBHSJIBHOT'O OLIIHIOBAHHS CTiMKOCTi 6e37edeKTHUX 3BapHUX 3'€THAHb.
b

2. The actual scientific and practical problem is performed in the dissertation work - the resistance of ferrite-
pearlite class steels, which are used in the main gas pipelines of Ukraine, 09G2S, 17G1S, 10G2FB, and welded joints,
against stress-corrosion cracking in a near-neutral pH soil environment (model soil electrolyte NS4) under
cathodic polarization in the standardized DSTU 4219 range of protective potentials from -0.750 to -1.050 V was
determined. The gas transportation system of Ukraine includes a network of main gas pipelines approximately
40.000 km long, mostly underground. To protect them from soil corrosion, complex anti-corrosion protection is
used (protective polymer coatings and electrochemical protection - applying the cathodic polarization). This
makes it possible to reduce the corrosion rate of steel to a technically acceptable level (less than 0,01 mm /year). In
the fundamental document on the protection of main pipelines from corrosion, DSTU 4219, the range of protective
potentials from -0,850 V to -1,150 V (relative to the copper sulfate reference electrode, which corresponds to
potentials from -0,750 to -1,050 V relative to the silver chloride electrode) is established. But operational
experience shows that even when the potential is maintained in this range, the possibility of the development of
various types of corrosion is not excluded, the most dangerous of which is stress-corrosion cracking. It is likely
that the level of cathodic protection potential will also have a different effect on the development of this
phenomenon. The problem of stress-corrosion cracking has been acute in the world since the 60s of the last
century, and the consequences of man-made accidents on gas pipelines caused by stress-corrosion cracking affect



the safety of people and the environment in large areas. The part of accidents caused by stress-corrosion cracking
reaches 40 %. Considering the danger and scale of stress-corrosion cracking, the importance of a more detailed
study of the stress-corrosion cracking of main gas pipelines made of ferrite-pearlite-class steels under cathodic
protection conditions is relevant. The purpose of the work is to determine the resistance of the ferrite-pearlite
classes of steels, which are used in the main gas pipelines of Ukraine, 09G2S, 17G1S, 10G2FB, and welded joints,
against corrosion cracking in a soil environment with a pH close to neutral (model soil electrolyte NS4), under
cathodic polarization conditions in the normalized DSTU 4219 range of protective potentials from 0,750 to -1,050 V
relative to the silver chloride reference electrode. Scientific novelty of the obtained results. 1. The concept of the
resistance of ferrite-pearlitic steels of the 09G2S, 17G1S, and 10G2FB classes against stress-corrosion cracking in a
near-neutral pH soil environment (model soil electrolyte NS4) under cathodic polarization has been expanded,
which consists in the fact that depending on the level of cathodic polarization in the normalized DSTU 4219 range
of protective potentials from -0,750 to -1,05 V, stress-corrosion cracking occurs by the mechanisms of local anodic
dissolution, hydrogen cracking, or mixed, and the potentials ranges of these mechanisms differ for steels of
different chemical composition. 2. For the first time, the limits of the potential ranges at which the stress-
corrosion cracking mechanism of ferrite-pearlite class steels in the model soil electrolyte NS4 in the normalized
DSTU 4219 range of protective potentials changes. For steels 09G2S, 17G1S and 10G2FB, the mixed mechanism is
implemented in the ranges: from -0,850 V to -1,000 V, from -0,800 V to -0,980 V, from -0,750 to -1,050 V,
respectively. At potentials more positive than the lower limit of that ranges, the mechanism of local anodic
dissolution operates, and at potentials more negative than the upper limit of that ranges - hydrogen cracking
occurs. 3. It was established for the first time that welded joints of 10G2FB steel are not susceptible to stress-
corrosion cracking by the hydrogen mechanism in the range of protective potentials from -0,750 to -1,05V
normalized by DSTU 4219 in the NS4 solution. The breaking of the welded joint occurs on the base metal, which is
proven by metallographic studies and is consistent with cases of stress-corrosion cracking on main gas pipelines.
4. For the first time, the legality of using the coefficient of susceptibility to stress-corrosion cracking KS,
introduced for the base metal, for the comparative assessment of the stability of defect-free welded joints has
been established.
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dopma ByacHOCTI: Jlepkasna

Cdepa ynpaBiiHHS: HaujonasnbHa akajiemis HayK YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJIl04Hi BiZoMOCTi

BnacHe IlpizBume Im's I10-6aTbKOBI Makcumos Cepriit FOpitiosud
rOJIOBH pagu

BaacHe IlpizBuime Im's I10-6aTbKOBI Makcumos Cepriit FOpiiioBud
roJIOBYIOYOrO Ha 3aciJaHHi

BiamoBiganbHUH 32 MiITOTOBKY ITonomaprosa €srewis FOpiiBHa

00JIIKOBHX JOKYMEHTIB

Peectparop VkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIOBiZaJIbHUM 3a peecTpallilo HayKOBOi IOpyenko TeTsaHa AHaToiiBHA

OisIIBHOCTI




