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Abstract

The article presents investigation results of #gularities of stress corrosion cracking (SCC) aftmlable rolling X70
pipeline steel under the influence of various fest@orrosion-active environment, potential, pretsulated stresses, periodic
wetting, etc. Factors, acting in the conditiongha gas pipe mains operation, were simulated iraheratory conditions and
their influence on the SCC susceptibility of X70 pgteel was investigated. It was found that in N&dt®n, potential shifting
to the cathode area promotes the increasing @@ susceptibility of X70 steel. Under cathodic prtitan at potential equal to
-1.0 V, the fracture characteristics change, dl@r@iomponent appears in the fracture, and theficmaft Ks increases compared
to the breaking of samples without cathodic pontinder such a potential there may appear sofiferetices in the SCC
susceptibility of X70 steel, which have a minoustural features: steel with less contaminationaf-metallic inclusions is less
susceptible to brittle cracking. Accumulated cydicesses, periodic wetting, the presence of ogatwith different transient
resistance and the stress concentrator promofadhrease of the degree of SCC susceptibility of Xip@lme steel at a potential
of -1.0 V.

Keywords:alternating wetting; cathodic polarization; low allegt pipe steel; near-neutral environment; slow streite test;
stress-corrosion cracking.

The system of trunk oil and gas pipelinesof three groups of factors: mechanical stress, ipec
significantly affects the ecological state of theenvironmental influences and properties of mgthl
environment, which is especially evident in acctden The influence of the external environment on the
therefore, studying the laws of the phenomenaldst emergence and development of SCC, regardless of the
to them is of great scientific and practical impode. mechanism of influence, is possible only in comdit
The most dangerous phenomenon, which is diffiault tof pipeline insulation destruction [2}:4This position
predict and prevent, is stress corrosion crackihg, underlies all research in this direction. World enignce
occurrence and development of which reduces tiidestaand statistics on accidental damage resulting f&@C
operation of the gas transmission system. Opeitiorshow that gas pipe mains with a polymer tape caver
experience shows that even with proper functioihg most prone to the emergence and development of SCC,
the cathodic protection system, both on straightvse especially those on which insulation is applied emd
and spiral-seam pipes with film and rubber-bitumegperating conditions.
insulation, stress corrosion cracking (SCC) caretbgy Corrosion damage under the influence of stresses
in the places of its defects and disbondments. Th&n occur and develop in various types of soilghwi
importance of a more detailed study of this phenwme different aggressiveness and degree of moisture [5]
determines the relevance of research in this dinect Moreover, their formation occurs by various

mechanisms depending on the corrosiveness of the

Analysis of recent research and publications medium[6-9].

The mechanism of the flow of corrosion processes A number of works [10-13] have also been

under _the cpnditions of a comprehensive ?OfrOSiQﬂbvoted to studying the effect of cathodic protattof
protection differs from other types of corrosiondan trunk gas pipelines, but no direct relationshipwien
destruction, since a number of factors influencesst the value of the protective potential and the philiigt
corrosion cracking. Researchers from different ¢0e® of the occurrence and development of stress-camosi
found that SCC develops under the SImUltaneousmCtldefects has been found. There is an Opinion that th
state of “overprotection” causes hydrogen evolytion
which activates embrittlement processes. According

* Corresponding author: the author [14], such assumptions are not confirmed
Inyrkova@gmail.com practice. _ _
) ] ) The study of the influence of metallurgical factors
© 2020, Ivano-Frankivsk National Technical is given special attention due to the fact thatistteally
University of Oil and Gas. and experimentally, both foreign and domestic
All rights reserved. researchers have confirmed the tendency to stress
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corrosion cracking of metal pipes made using certai Mechanical properties: yield strength is in the
technologies [14]. The main factor provoking theange from 498 to 513 MPa (according to technical
emergence and development of the SCC is tlspecifications, not less than 441 MPa); tensilergfth
accumulation of nonmetallic inclusions, which ards in the range from 600 to 603 MPa (according to
cathodes with respect to the metal matrix. Thiside technical specifications, not lower than 588 MPa),
electrochemical “dissolution” of the metal arouritet elongation is in the range from 21.5 to 24.2 %n@éad
inclusions caused by the action of soil electrolytevalue is not lower than 20 %).
Modern researchers say that the imperfection of the Treatment solution: NSsolution (0.037 KCI g/l +
structure and the presence of dislocations ararihima  0.559 NaHCQ g/l + 0.008 CaGl g/l + 0.089 MgSQ@
manifestations of metallurgical factors. Moreoveoth  g/l) with sodium-potassium phosphate buffer soluiio
the situation, in which structural defects are fedm the ratio 9:1. Phosphate buffer solution containe
during the manufacture of pipes, and cases of thg15 M of NaHPO,2H,0 and 1/15M of K,HPO,4[1§].
development of structural imperfections under the The samples were stretched in the air and in
influence of operational factors are equally redpemh  solution at a speed of T0s™ on an AIMA-5-1 tensile
as dangerous. There is an opinion [16] that thesting machine. The cross-sectional area of thmplkes
microstructure of the material is much greater tt@ in the operating part wasx3 mnf, and the length of the
level of strength, and it affects the sensitivibylrrittle  working part was 42 mm.
fracture [15, 1B During the studies, various internal and external

The purpose of the work is to establish theactors that may be present on the existing gaslipip
influence of a complex of factors, acting in theyere modeled. A more detailed methodological
conditions of trunk pipelines operation, on theapproach to reproduction under laboratory condstitsn
sensitivity of pipe steel to stress corrosion chagk given in previous workgl7, 19, 20.

The tasks of work are as follows: The tests were carried out at a corrosion potential

to substantiate the methodology and develop gnd at potentials of -1.0 and -2.0 V (relative ke t
methodological approach to accelerated research gHloride-silver electrode, ch.s.e.). The potentiab set
stress corrosion cracking in laboratory conditidns using a PI-50-1.1 potentiostat and a PR-8 programme
modeling operational and metallurgical factors tmaty The sensitivity to SCC was evaluated by the
be present on the trunk gas pipeline section; dimensionless coefficient, which was calculatedhes

to study the influence of individual factors andratio of the relative narrowing of the sample i® tir
their combinations on the patterns of stress c@mmnos

cracking of controlled-rolled pipeline steel (forand in solutionK =% [21].
example, X70 pipeline steel). s

Materials and research methods Research results and their analysis

For the manufacture of samples, there were used When conducting studies to establish the causes of
fragments of a two-seam pipe with a diameter ofc1429as pipelines destruction in Ukraine, the spedsles
mm with a wall thickness of 15.7 mm from X70 steeF- O. Paton Electric Welding Institute discovered
(pipe A) and a single-seam pipe with a diameter4go factors, which led to the development of stressason
mm with a wall thickness of 17.5 mm from controlledcracking. For example, for the Urengoy-Pomary-
steel X70 (pipe B), respectively. The chemicaPzhgorod gas pipeline, the list of factors is prese in

composition of the base metal of the studied piges Table 1. _ o
given in Table 1. Figure 1 shows photographs of a pipe section with

The microstructure of the steels of both pipes i8 tape cover and the pipe surface at the poinsuttire
similar — ferrite-pearlitd17]. However, there are some °f the gas pipeline. _
differences: pipe A is characterized by a large S0, theé gas pipe mains are of a long-term
contamination with non-metallic inclusions, largerOP€eration. The section is located near the compress
ferrite grains (9—10 number for pipe A and 10—1 ftation, and there are laid p_|p_es_from qontrollqtﬁbd
numbers for pipe B according to the State Standart/O Steel. Soil corrosion activity is medium (résigy
GOST 5639-82), slightly more banding (4 points, ro#21—28) Ohrfin, pH value is 7.8). For protection against

B for pipe A and 2 points, row B — for pipe B aatiog ~ corrosion, there were used a Polyken 980-25 tape
to GOST 5640-68). coating with a wrapper Polyken 955-25 of constarcti

Table 1 — The chemical composition of the base métaf the studied pipe samples

Sample Mass fraction of elements, %
characteristics| C Mn Si S P Al Ni Mo Ti B Nb Cr
PipeA 0.089+ 1.33—|0.238-{0.004-{0.012-0.031 0.05-

0.101| 1.45 | 0.272| 0.005| 0.017| 0.032 0.04 /| 0.03| 0.007 0.06 0.027] 0.04
Pipe B 0.119 1.48 | 0.357| 0.003| 0.01§ 0.034| 0.05 | 0.03| 0.005 <0.02| 0.028| 0.05
Not more than

-3-995-81

TU 14-3-995-8 0.12 | 1.70] 050 0.010 0.020.050] — | 030| - | 0.08 0.0 -

ISSN 2311—1399. Journal of Hydrocarbon Power Engin  eering. 2020, Vol. 7, Issue 1 9



L. I. Nyrkova

Carbonate
deposits

Wrinkles at
the type cover

Figure 1 — Photos of a pipe section with a tape cew(a) and the pipe surface of the destroyed pipe
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Figure 2 — Protective potentials (with ohmic compoent, E,, and polarizing, E,q),
the potential gradient, grad E, measured during grand-based technical diagnostics in 2003 and 2004

(2+2) and electrochemical protection. Accordingtie By means of corrosion and mechanical studies at
results of surveys of the corrosion protection letlee  the corrosion potential, at a cathodic protectioteptial
value of protective potentials is within the noripal of -1.0V, which was in the range of protective
State Standard DSTU 4219-2003 (Fig. 2). polarization potentials normalized by DSTU 4219-200
Corrosion activity of the soil (estimated by théera [22], and a potential that was greater in absolatele
of corrosion of the pipe metal during the period ofhan the maximum protective potential, -2.0 V (F3,
maximum increase in groundwater level) is from @@0 it was found that the shift of the potential to taghodic
0.36 mmlyear, that is, it is high; there are formedrea from the corrosion potential contributed to an
corrosion ulcers on the pipe surface under an eéal increase in the sensitivity of X70 pipeline steelSCC.
coating. This was confirmed by the increase in the sharthef
The transient electrical resistivity of the proteet brittle component in the fracture and the coeffitief
cover is probably less than a normalized one, gtiah propensity toKs.
the value of the transverse potential gradient hedc Since, in accordance with the regulatory
100 mV in some places. The gas pipeline is roated i

ravine, that is, in difficult _cllmat|c and te_chncrge protective potential without an ohmic componentnis
conditions. In addition, the site has a deflection. the range from -0.85 to -1.05V (relative to c)s.e.
Based on the aforementioned, operational faCtOWhich corresponds to from 0.75 to -1.05 V (relatioe
are simulated in Iabora_lto_ry conditior_ms a_\nd thei{:h.sa.), it has been of interest to investigate the
|nfluence on the characterlst_lcs of.corrosmn craglof influence of various factors on the sensitivitystéel to
X70 pipeline steel has been investigated. the SCC at a potential that lies precisely in taisge,
for example, -1.0 V.

documents of Ukrainf22] the normalized value of the
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Table 2 — Characteristics of factors at a pipelinsection

Factors | Characteristics of factors
Information on a pipeline and characteristics of the area

Pipeline category according to Construction Stagslamd| 1

Regulations SNiP 2.05.06 (para. 2.1)

Stationing, km 3.178 from the compressor station

Start of operation 1982

The date of failure or accident 2003

The date of last examination 2005

The distance from the compressor station, km 3.178

Gas pressure, MPa 6

Location of the pipeline section In the ravine

Interchangeable wetting (thaw) The pipeline sectisnlocated under a watgr
body

Highways, power lines (voltage above 30 kV), raijwa Highway, power lines

within a radius of 1000 m

Intersection with other technological facilities Mechnological facilities

Depth of the section, m 1.2-1.6

Soil type Loam and loess-like sandy loam, from soft to stiff
ones

Electrical resistivity of the soil, Ohimim From 21 to 28

Soil pH 7.8

The rate of instantaneous corrosion of the pipeah@tthe| 0.36

occurrence level, mm/year

I nformation about the production technology and mechanical properties of pipes

Production technology Single-seam

Steel grade X70

Diameter, wall thickness, mm 1420x15.7

I nformation about the production technology and mechanical properties of pipes
Standard tensile strength, MPa 588
Standard yield strength, MPa 461
Protective Cover I nformation

Type of protective cover design Polyken 980-25 wrgptape with a Polyken

955-25 wraping tape (2+2)
Survey Data

Information on the results of previous inspectiaigidents| Corrosion cracking in 2003

Protective potential with ohmic component at thetisa of | From -1.4 to -1.56

destructionB

Protective potential polarizingg From -1.0 to -1.05

Transverse gradient of potential, mV From -3 ta0-10

Place of pipe defect on the conditional dial, hours between 5 and 7, pipe rupture

Rupture orientation At a distance of 2.5 mm from the weld along the
axis of the pipeline

The effect of pre-cycling when completely The influence of microstructure features when
immersed in a solutiorThere is a short area of viscouscompletely immersed in a solutiohen laying pipe
fracture on the curve of the sample fracture after mains, pipes that are connected may differ, forgla,
process of cycling (Fig. 4, curve 2), while theseno in production technology, have a slightly different
such area on the curve of the sample fracture én timicrostructure, and the like. The results of corapiae
initial state (curve 3). There can be noted similastudies of the sensitivity to stress corrosion kirag of
characteristics of the samples destruction: therea i samples made of A and B pipes were examined irildeta
brittle component in the fracture of both samplegarlier, where it was found that at a potentiallo® V,
(Fig. 4, sample 3). But it was cycling that hadldit which approaches the maximum protective potential,
effect on the index of corrosion and mechanicdlistpg  some differences in the sensitivity to SCC sengjtiof
of X70 pipeline steel: the coefficient of propegsibr X70 pipeline steel may appear, which have minor
SCC practically has not change and has amounted sivuctural features (Fig. 4, curves 2 and 4, sasipland
about 1.65 (1.7 for the sample in the initial Stated). It has been suggested that higher bonding ptiepe
(Fig. 5). of steel with respect to the cathodic potential rbay
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Figure 3 — The curves of mechanical fracture of X7@ipeline steelsamples in the air and
corrosion-mechanical fracture in an NS4 solution avarious potentials (a) and photos of samples fragtes (b)
under these conditions

associated with less pollution by non-metallic uistbns protected pipelines under the exfoliated cover,ndur

[17]. long-term operation with cathodic polarization, rthe
The effect of a stress concentrator whewgan occur its destruction, the products of whichm ca

completely immersed in a solutioft is seen from affect the steel’'s tendency to SCC [24]. To do,thie

Fig. 4, curve 5, that the relative elongation & fample studied the patterns of corrosion-mechanical detstm

in the presence of SC is less compared to the ssmpbf samples in the presence of a polymer primer unde

that have been tested under the influence of otheonditions of periodic wetting. In the presence aof

factors. A brittle component is present in the matof cover (Fig. 4, curve 7), the nature of the samples

its destruction, which is confirmed by an increab¢he destruction is similar to the nature of the destamcof

Ky coefficient to[11.87 (Fig. 4, sample 5). samples without a cover (curve 2), that is, theungpof

The effect of periodic wetting with a solutidks it the samples occurred almost without plastic
is known from the experience of the operation angleformation. This correlated with a coefficier{g
maintenance of GMs, an abnormally large number ofalue of 1.7. Therefore, under conditions of peidod
corrosion lesions in the form of cracks on the oputewetting, the presence of a polymer primer at amgatk
surface of the pipe is formed when crossing rivars, close to the maximum protective value, -1.0 V, only
ravines and wetlands. In addition, the intensitytid  slightly changes the coefficientg value (Fig. 5).

SCC process in these areas increases over time: new Summing up the results of experimental studies,

defects appear in those areas where they were R -an draw the following conclusions.
previously, and continue to form in those areasreshe

they have already been detected and removed [23]. cgnclusions
Therefore, the effect of this factor has been itigated.
As noted above, at a potential of -1.0 V, sampfes7® There has been developed a methodological

pipeline steel are sensitive to brittle fractureha initial approach to accelerated research of the stresssimnr
state and after cycling with complete immersids  cracking in laboratory conditions by modeling
coefficient values are 1.7 and 1.65, respectivelyder operational and metallurgical factors, which may be
conditions of periodic wetting with a protectivepresent on the section of the pipe mains.

potential of -1.0V, B samples also break at almost Studies have found that in a solution with a pH
maximum load, there is no area of viscous fracturedlose to neutral at a potential of -1.0V, which
(Fig. 4, curve 6). This is accompanied by a sigaift approaches the maximum protective potential, fractu
increase in sensitivity to SCCK( coefficient value characteristics change as compared with fractura at

increase td2.15) (Fig. 4) and, accordingly, an increas&0MosIon potential. The rupture of the samplgghai

in the share of brittle fracture (Fig. 4, sample 6) potential occurs at the maximum stress, th(_ar_eblstﬁe
The effect of polymer primers during periodiccomponent in the fracture, an&g coefficient of

wetting with a solutionThe pipe mains are operated insensitivity to brittle fracture rises from 1.24 (at

the conditions of complex protection: anti-corrasio corrosion potential) to 1.7 (at the potential -¥)0

coatings and with the help of -electrochemical It has been experimentally proven that, at a

protection, but it is impossible to completely gaitthe potential of -1.0 V, the presence of factors sushte

pipe metal from the influence of the externaprevious cycling of the samples in the elastic isact

environment. Since SCC occurs on electrochemicpkriodic wetting, the presence of coatings witlfiedént
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Figure 5 — The influence of operational and metalltgical factors on the sensitivity of X70 pipeline ®el
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transition resistance, and
concentration additionally increase the sensitivitly
X70 steel to the stress corrosion cracking. Acaadd
this potential, all other factors being equal, som
differences in the sensitivity to brittle fractuogé X70
pipes with different manufacturing techniques afest
pipes, such as with less contamination by non-rietal
inclusions, may be less sensitive to brittle freetu

The sensitivity of X70 steel to stress corrosion

cracking increases significantly if the cathodidgudial

the presence of stress
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BnnuB 30BHILWIHIX Ta BHYTPILWHIX YAHHUKIB
Ha KOpO3iNHe pOo3TpPiCKyBaHHS HU3bKONeroBaHoi TPyoHoi ctani

JI. I. Hupkosa

Incmumym enexmpo3zeaproganns im. €.0. [lamona HAH Ykpainu;
11, ¢yn. Kasumupa Manesuya, m. Kuig-150, 1103150Vkpaina

HaBeneno pesynbratu AOCHIDKEHHsS BIUIMBY €KCIUTyaTalliiHMX Ta METaIypriiHMX YHHHUKIB. KOPO3iiHO-
AKTHBHOTO CEpE/IOBHINA, MOTEHIially, MONEPeHbOr0 HAlpalloBaHHs, IEpioJNYHOr0 3MOYYBaHHS Ha KOpO3iiiHe
postpickyBanns (KP) Husbkoseroanoi tpy6Hoi crani X70. B nabopaTopHux yMoBax 3MOAE/IbOBaHI (akTopH, L0
JIIOTH B yMOBAaX €KCIUTyaTalii MaricTpajJbHUX Ia30IPOBOJIIB, T JOCIIHKEHO iX BIUIMB Ha YyTJIMBICTH TPYOHOT cTasi
X70 no KP. Beranosineno, mo y pozurHi NS4 3mimieHHS NOTEHLialy B KaTOAHY OOJIaCTh CHPUSIE ITiJBHIICHHIO
cxwibHOCTI TpyOHOI crtami mo KP. 3a morenmiany katomHoro 3axucty -10 B 3MiHIOIOTBCS XapakTEepUCTHUKU
pyHHYBaHHS, 3'IBISETHCS KPUXKa CKIIAZ0BA B 3JIaMi Ta 301IbITyeThCst KoedimieHT Kg MopiBHSIHO 13 pyiHYBaHHSIM 0€3
HaBeJCHHS MOTEHINaTy. 32 MbOT0 MOTEHIiaTy MOXKYTh MPOSBIATHCS JESKi BiAMIiHHOCTI y cxmibHOCTI 10 KP crami
tuny X70, siKi MarOTh HE3HAYHI CTPYKTYPHI OCOOJHMBOCTI: CTajllb 3 MCHIIOK 3a0pYAHCHICTIO HEMETaICBUMHU
BKJIIOYECHHSMH MEHII CXHWJIbHA JI0 KPHXKOro pyHHyBaHHA. HakomuueHi IMKIM 3MiH HalpyXeHb, NEpiOAnYHE
3MOUYYBaHHs, TPHUCYTHICTh MOKPHBIB 3 pI3HMM TNEPEXiJHAM OIOPOM, HASBHICTh KOHIIEHTpaTOpa HAINpPYyKEHb
CIPHUSIOTH MiABUINECHHIO CTYMEHI0 cxunbHOCTI cTami X 70 mo KP 3a moteniany -1.0B.

KirodoBi ciioBa: kamoowa noaspusayisi; KoposiliHe pO3MPICKYE8AHHS;, Memoo Oedopmayii 3 NOGLIbHOW

WBUOKICMIO; HU3bKOAe208aHa cmaib mpybrnozo copmamenmy X10; cepedosuwya 3 pH, O1usbkum 00 HelimpaibHux;
nepioouuHe 3MOYYEaAHHSI.
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