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2. Theoretical and experimental principles of evaluation and prevention of corrosion cracking of steels in main gas
pipelines under the conditions of their cathodic protection

Pedepar:

1. Y nuceprauiiiHiii po60Ti BUPilIEHO HAYKOBO-TIPUKJIAJHY NIPO6JIEMY — BCTAHOBJIEHO 3aKOHOMIPHOCTI KOPO3iliHOTO
PO3TPiCKyBaHHS CTajell MariCTpajabHUX ra30NpPOBOLIB [IPY iX KATOJHOMY 3aXUCTi, PO3B’SI3aHHS SKOi pO3MINPIOE
PO3yMiHHS M€XaHi3My KOPO3iIHOTO PO3TPiCKyBaHHS MariCTpaJIbHUX Ia30IIPOBO/IB, IO JA€ MOXKJINBICTb HAYKOBO-
OOI'PYHTOBAHOTO MiIX04y A0 BUOOPY CIIOCO6IB 10r0 NonepeyKeHHs. 3alpOIIOHOBAaHO Ta HAYKOBO OOI'PYHTOBAHO
METOM0JIOTII0 OLIHIOBAHHA CXUJILHOCTI cTajli X70 10 KOPO3iiTHOTO PO3TPICKyBaHHS IIPU KaTOLHOMY 3aXUCTi: BBEIEHO
KoedilieHT CXUIIBHOCTI 1O KOPO3ifHOT0 po3TpicKyBaHHs Ks, B IKOMYy ypaxoBaHO 3MiHY BiTHOCHOTO 3BY’KYBaHHSI
3pasKa y IOBITPi TOPiBHAHO 3 PO3YMHOM, Ta KPUTEPIN CXUJIBHOCTI 10 KOPO3iMHOro pO3TPicKyBaHHA KS IOpiBHIOE
abo 6inbiue 1,6, NifTBEpIKEHUN Pe3yIbTaTaMU JIAOOPATOPHUX Ta HATYPHUX BUNPOOYBaHb. BUsIBIIEHO KOMILJIEKC
YMHHUKIB, 0 CIPUYMHSIOTh AETPajiallilo 3aXMCHUX N0JIIMEPHUX [TOKPUBIB (30KpeMa CTPiYKOBOTr0) — HasIBHICThb
Ie(eKTy B IOKPUBi, KOHTaKT 3 KOPO3UBHUM CEpPEIOBUIIEM Ta KaTOJHA NoJisipu3aLiis. MeTonoM iHppauepBOHOi
CIIEKTPOCKOMIi MiATBEPIKEHO Nerpagalilo IPYHTYBAJILHOrO LIapy CTPIiYKOBOTO IIOKPUBY i OBEAEHO, 1O
IIPUCYTHICTb IPOAYKTIB AE€CTPYKLi IOKPUBY y PO3UMHI MifiBULIyEe CXUIbHICTb TPYOHOI CTali 10 KOPO3iltHOTO
po3TpicKyBaHHS. [I71s1 cTasiell pisHOi MIIJHOCTi 3aIIPOIIOHOBAHO HOBUM CIIOCIO OL[iHIOBAHHS iX CXMUJIBHOCTI O
KOpO3il1HOTrO PO3TPiCKYBaHH, 3aCHOBAHWI Ha aHAJIi3i JOBXMHY CIIAJHUX JiJITHOK KPUBUX PYMHYBaHHS, Ta BBEL,EHO
BinnosinHuit koedinient Kt. 3a remneparypu 50 oC BCTaHOBJIEHO BIUIMB BJIACTUBOCTEN CTal€BOi OCHOBU Ha
KaToJIHe BifillapyBaHHs NOKPUBIB: Ha cTasi X80 npouec BifgmapyBaHHs repebdirae inTeHcuBHille, HixX Ha X70, mo
006YMOBJIEHO 3HMKEHHSIM MOTEHIialy BUAiIEHHS BOJHIO Ha cTasi X80 Ta 6y10BOI0 IPUIIOBEPXHEBOTO MIApY.
ExcriepuMeHTaIbHO I0BENIEHO, 10 iCHY€e TPH 00J1ACTi IOTEHIialiB, B SKMX KOPO3iliHe po3TpicKyBaHH4 cTaji X70
BifOyBa€eThCs 3a PisHUMU MexaHi3MaMu: IIPU NOoTeHnianax gojatHimux -0,75 B — 32 MexaHi3MOM JIOKaJIbHOTO
aHONIHOTO PO3YMHEHHSI, B 061acTi noreHniamiB Big -0,75 B 1o -1,05 B mie 3mimanuii MexaHi3am KOPO3iltHOTO
PO3TPiCKyBaHHS (JIOKQJIbHE aHOJHE PO3YMHEHHS Ta BOJHEBE OKPUXUYEHHS [1epebiraloTb OJHOYACHO), 3a IIOTEHLliaiB
Bim'eMHime -1,05 B - 3a MexaHi3MOM BOZHEBOTO OKpPUXYEHHS. 3aKOHOMiIPHOCTi KOPO3ilfHOTO PO3TPiCKyBaHHS
IiATBEpAKeHi 3MiHOI0 KOPO3ilTHO-MeXaHIYHUX BIaCTUBOCTEN CTajli, oliHeHux KoediieHToM Ks, Ta
dpaxrorpadiyHMMU O3HAKaMU PYIHYBaHHS. 3HIKEHHS KaTOJAHOIO IIOTEeHIialy 10 MiHiMalbHOro 3axucHoro -0,75 B
(x.c.e.) crpusie 36€peKEHHIO 3aXUCHUX BJIACTUBOCTEH N10JIiIMEPHUMU [TIOKPUBAMU: HOBUM i HITYYHO 3iCTapeHUM
cTpiukoBuM - B ~9,4 i ~26,9 pasiB, BiAIIOBiHO; HOBUM TibpU-€IIOKCUAHUM — B ~3,3 pasy, ITYIHO 3iCTApEHUM — B
~1,7 pasiB; HOBUM Ta LITY4YHO 3icTapeHUM MOJiypeTaHOBUM — B ~20 pasiB. Po3po6sieHo Ta BIPOBaIKEHO METOAUKY
BM3HAUEHHSI IOTEHIiITHO KOPO3ilHO-He0e31eYyHUX JiISTHOK MariCTpajbHUX ra30lpOBO/IiB B yMOBaX KaTOJHOIO
3aXMCTy Ha OCHOBi 004K CJIEHHS IMOBIPHOCTI KOPO3ilIHOTO PO3TPiCKyBaHHS 33 JAHMMU MTPOEKTHOI, BUKOHABYOI,
eKCILTyaTaliiHOI JOKyMeHTallii Ta pe3ysibTaTaM Ha3eMHOTO TEXHIYHOTO 1iarHOCTyBaHHSI i Ja60paTOPHUX
IOCJiI)KeHb 3 IOAAJIbIINM PaHKyBaHHSIM JIIJITHOK 3a CTyIleHeM MOTeHLiHOI Kopo3iliHoi Hebe3neku. PesynbraTu
pob6oTu BUKOpucCTaHi rpu po3pobaenni COY 60.3-30019801-070, ICTY H b A.3.1-29, aminu N2 1 no [ICTY 4219.

2. In the dissertation work, a scientific and applied problem is solved - the regularities of corrosion cracking of
steel of main gas pipelines under their cathodic protection are established, the solution of which expands the
understanding of the mechanism of stress corrosion cracking of main gas pipelines, which makes it possible to
scientifically substantiate approaches to the choice of methods for its prevention. The methodology for
assessment the susceptibility of steel X70 to CC under cathodic protection conditions has been scientifically
substantiated, a coefficient of susceptibility to CC Ks in which the changing of plastic properties of metal in the
corrosive environment in comparison with its properties in air was takes into account been offered. An assessment
criteria of susceptibility of pipe steel to CC was introduced: if Ks is equal or more than 1,6 steel is susceptible to
CC, which confirmed by the results of laboratory and field studies. A complex of factors which are causing the
degradation of protective polymer coatings (in particular, polymer tape coating), namely the presence of a defect
in the coating, its contact with a corrosive medium and cathodic polarization was revealed. By the method infrared
spectroscopy the degradation of the primer layer of the polymer tape coating was confirmed and it was proved



that the presence of degradation products of polymer tape coating in the solution increases the susceptibility of
pipe steel to CC: increases from ~1,7 in the solution in which polymer coating was not in contact to ~2,63 in the
solution after contact with the cover. Under conditions of long-term operation at constant deformation in the
model soil electrolyte at a potential close to the maximum protective -1,0 V, for X70 steel is more susceptible to
subsurface corrosion, and for X80 - intergranular fracture caused by hydrogen. For steels of different strength
level, a new method for assessment of their tendency to CC was proposed, based on the analysis of the length of
the descending sections of the fracture curves, and the corresponding coefficient Kt is introduced. It was
established that at the temperature 50 oC the properties of the steel substrate make the effect on the cathodic
disbondment of polymer coatings: on steel X80, the disbondment process of the coating proceeds more intensively
than on X70, which is due to decreasing in the hydrogen evolution potential on steel X80 and the structure of the
near-surface layer. It has been experimentally proven that three potential regions exists in which the CC of X70
steel proceeds according to different mechanisms: at potentials more positive than -0,75 V - by the mechanism of
local anodic dissolution, in the potential range from -0,75 V to -1,05 V, a mixed mechanism of CC acts (local anodic
dissolution and hydrogen embrittlement occur simultaneously), at potentials more negative than -1,05 V - by the
mechanism of hydrogen embrittlement. The regularities of CC are confirmed by the changing in the corrosion-
mechanical properties of steel, estimated by the coefficient Ks, and by fractographic signs of destruction.
Decreasing of the cathodic potential to the minimum protective potential -0,75 V (c.s.e.) provides the preservation
of the protective properties of polymer coatings: new and artificially aged tape coating - by ~9,4 and ~26,9 times,
respectively; new hybrid-epoxy coating - by ~3,3 times, artificially aged - by ~1,7 times; new and artificially aged
polyurethane coating - by ~20 times. A methodology for identifying of potentially corrosive dangerous areas of gas
pipelines under cathodic protection was developed and implemented which is based on the calculation of the
probability of corrosion cracking using on the data of design, executive, operational documentation and the results
of ground technical diagnostics and laboratory studies. The probability of corrosion cracking on sections of three
main gas pipelines of Ukraine is estimated. It is shown that in regions that are identified as potentially corrosive
dangerous, failures due to corrosion cracking were detected. It is confirmed that the developed methodology
allows to determine the regions of gas pipelines of increased corrosion danger quite accurately. The results of the
work were used in the development of SOU 60.3-30019801-070, DSTU N B A.3.1-29, changes No. 1 to DSTU 4219.
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