OIL AND GAS TRANSPORTATION

Corrosion degradation of pipeline steels with diffe rent strength grades

O.l. Zvirko*

Karpenko Physico-Mechanical Institute of the National Academy of Sciences of Ukraine;
5, Naukova Str., Lviv, 79060, Ukraine

Received: 14.06.2017  Accepted: 30.06.2017

Abstract

Ukrainian gas mains steels, taking into accountr thge, are subjected to aging and degradationchwigads t
deterioration of their properties, especially metbal ones. Degradation of mechanical propertiesteéls is intensified t
corrosion in the course of which hydrogen evolves ia absorbed by metal, so the metal becomes tledbri

The aim of this work is to define sustibflity of pipeline steels with different strengtirades to corrosion degradal
during their long-term service. The comparativelisof corrosion and electrochemical behaviour of liieyed gas pipelir
steels with different strength grades in NS4 aqeesmlution, simulating soil environment, has beamied out.Pipeline stee
with three strength grades in different states théas-received state and after laegn operation have been investigated.
influence of long-term operation on cosion and electrochemical properties of steelshieen analysed. It has been found
the 17H1S steel (steel is equivalenits?2 strength grade) is characterized by the lowestosion resistance among the stu
steels, and the highest corrosion resistance isdlyfor the X70 steel in both studiesfates. Corrosion and electrocherr
characteristics of pipelines steels with differstiength grades in the NS4 environment have begrifisantly deteriorated di
to long-term service. It has been found out thatrele of corrosion degradation caused by Itarg: operation of gas mains is
highest for the high strength X70 steel. Electraaical activation of pipeline steels caused by thaig-term serviceomes ot
in an increase of cathodadanode processes intensity, increase of corrasiment density, decrease of polarization rescs
and in a shift of corrosion potential values toveardore negative ones for degraded steels compadthdsigels in the initi
state.
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Introduction electrochemical corrosion in the moisture condertsed
the inner surface of the pipeline proceeds with the

Ukrainian gas transportation system is amelease of hydrogen, which is therefore absorbetl an
important object for ensuring energy security ofdlke  diffuses into metal. Therefore, hydrogenation oé th
and EU. The main gas pipelines, due to their age, ametal of the gas pipeline during its long-term @pien
subject to aging and degradation, which causes tiepossible both from the outer (in case of violatof
deterioration of their properties, first of all, amanical the integrity of the protective coating) and inner
ones. The degradation of the mechanical propedfies surfaces. Due to the log-term mutual impact of
the steels is intensified due to corrosion, dumvitich hydrogenation and working stresses on the pipeline
the hydrogen is absorbed by the metal, and thelmetdeel, their properties deteriorate.
becomes embrittled. The most dangerous consequence The problem of aging and degradation of steels of
of hydrogen embrittlement of metal during its opierm main oil and gas transit pipelines has been extehysi
is a significant reduction of its resistance tottlari investigated recently. In particular, in [1, 4-T]has
fracture, which may lead to rapid failure of pipeli been defined that prolonged exploitation of pipedin
with significant negative consequences [1, 2]. transporting a petroleum product (oil, gas, etayses a

The experience of operation of gas transit pipslinesignificant deterioration of their mechanical pradjes,
indicates an increase in failures with an incréasthe especially the resistance to stress corrosion trgck
duration of operation due to material aging. On¢hef However, for the integrated evaluation of the téchin
main reasons of pipeline failures is stress coorosi condition of the pipeline steels which have been
cracking, which is initiated from their outer swda operated for a long time, it is necessary to take i
However, studies [3] have found that transportiig caccount their possible corrosion degradation caused
natural gas, containing residual moisture throughdit both by external and internal corrosion. The resalt
pipelines is also a hydrogenated environment sinceimerous studies [8-10] have been published,
concerning the determination of the effects of
aggressive soil environment on resistance of pipeli
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intensifies operational degradation of metal. Aeseof Study results and their discussion
studies are devoted to the issue of corrosion degjmn
of structural steels of various long-term operated Electrochemical studies have shown that the
responsible objects [1, 11-12]. investigated pipeline steels in the initial state a
Continuous mutual impact of the corrosion andaharacterized by active behavior in NS4 aqueous
hydrogenation factor and working stresses duringolution upon condition of natural aeration (Fiy—1no
operation results in pipeline steels degradatidnis| inactive plots has been detected on the polarizatio
important to investigate the sensitivity of pipelisteels curves. The nature of the polarization curves dral t
of different strength grades to corrosion degraati intensity of the cathodic and anodic processes7iils
during their long-term operation. and X60 tubular steels are similar. The electrodbaim
This study seeks to establish the tendency dfehavior of X70 pipeline steel differs from other
pipeline steels of different strength grades taasion investigated steels. In particular, as it can Endeom

degradation during their long-term operation. Fig. 1 the intensity of the corrosion process obDXfeel
. is lower than that of 17H1S and X60 steels. The
Materials and methods of research presence of boundary diffusion currents in cathuodés

The objects of research are gas pipelines steels @fPolarization curves shows that the corrosioncpss
different strength grades: 17H1S (strength grage), IS limited by the stage of diffusion of the depdar.
X60 andX70 in different states — as-received and after
long-term operation. Fragments of pipes bein “g
investigated were cut from main gas pipelines afte§
different periods of their operation: 17H1S — 3@ng = 10* 4
X60 — 25 years anl70 — 37 years. In order to compare =
the behavior and properties of steels, samples alste .
taken from stock pipes (back-ups) made of steels 0y
various strength grades (X52, X60 and X70). Sampl¢
for electrochemical studies were cut in the form o ]
plates and ground all surfaces. Prepared samples w
degreased with acetone and applied an insulating pa

coating on all sample surfaces, except for thectede 107 5

electrochemical studies (are®.5-0.6 crf) and plots &£ O

for current supply. -1.0 0.8 -0.6 -0.4 0.2 0.0
To study the electrochemical behavior of steel E,V

and to detrmine their tendency to corrosive degdrada Figure 1 — Potentiodynamic polarization curves for
during long-term operation, electrochemical tesisen 17H1S (1), X60 (2) and X70 (3) pipeline steels ihe

been carried out using a potentiodynamic metho@ Th initial state, traced in the aqueous solution NS4
steels have been tested in NS4 aqueous solutidohwh

on the basis of mineralization level simulates soil The electrochemical characteristics of the
environment. Corrosive solution has been treateflvestigated pipeline steels are given in TableThe
neither during the preparation stage nor duringté® mechanism of corrosion is the same for all inveséd
itself. The temperature of the corrosive medium waseeels, as evidenced by the Tafel constants whalses
293 + 1 K. The polarization curves have been takea are close to each other. 17H1S steel with the lowes
Bio-Logic SP-300 potentiostat at the potential s6a@  strength grade is characterized by the lowest s@mmno
velocity of 1 mV/s, using a standard three-eled#ro durability: it has the highest value of corrosiamrent
electrochemical cell with a saturated silver-silvegensity, the lowest value of polarization resistaaod
chloride reference electrode and an auxiliary plati  the most negative value of corrosion potential (@db).
electrode. A sample of the investigated pipelineelst At the same time, it should be noted that X60 steel
has served as a working electrode . close to 17H1S steel according to its corrosion
According to the results of the tests, performegesistance. In particular, the values of the cdoros
with the help of EC-Lab Express software, using theurrent density and the polarization resistancé7¢1S
method of extrapolation of the Tafel sections lné t and X60 steels differ slightly. However, the vaafethe
obtained  potential-dynamic polarization curves weorrosion potential of 17H1S steel is more negaifve
defined basic electrochemical characteristics, sagh compared to the X60 steel. The high-strerng#d steel
corrosion potential &, corrosion current densitycok,  has the highest corrosion resistance in NS4 aqueous
the Tafel constants.tand h of the cathode and anodesolution, as evidenced by its electrochemical biemav
reactions respectively. The polarization resistaRse and electrochemical parameters. It is charactertaed
has been calculated in accordance with the StermryGethe most positive corrosion potential value, thevdst

equation [13]: corrosion current density value and the highest
AE/Ai = R, = Klicor, (1) polarization resistance value.
where K = kb, /[2.3(b+ b)] is a constant; p b, are The electrochemical behavior of pipeline steels of

various strength grades in NS4 aqueous solutioer aft

the Tafel constants of the cathode and anode oacti their long-term (25-37 years) operation has been

respectively.
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studied. As it can be seen from Fig. 2 the intgrsitthe  the current density of corrosion and a decreasthen
corrosion process on the exploited steels increaseslues of the polarization resistance compared thiéh
significantly if compared with the steels in thdtiml  steels in the initial state (Table 1-2).
state. Such growth can be characteristic for adl th It is established that the degree of corrosion
investigated steels. As a result of exploitatiohe t degradation caused by long-term operation is differ
corrosion potential of steels shifts toward morgative for steels of different grades strength in NS4 agse
values. In particular, the values of the corrosiosolution. In particular, the degree of corrosion
potentials of X60 steel in the exploited state @lveut degradation of 17H1S and X60 steels is approximatel
30 mV, while the value for the X70 steel are mor¢he same, while it is the highest for a high-stten70
than 120 mV more negative than the values inherent steel. It can be demonstrated by the following date
these steels in the initial state (Table 2). Itutidbe value of the corrosion current density of the eitptb
noted that the corrosion potential of 17H1S steghw 17H1S and X60 steels is about 2.1-2.2 times higher
the least strength was almost unchanged durinban the values inherent to these steels in thiglini
operation (the value of corrosion potential is 888  state, but for the exploited X70 steel, the valfighe
and -687 mV in the initial and exploited statescorrosion current density is 3.3 times higher than for
respectively). non-exploited steel. That is, high-strength stbaking
the highest corrosion resistance in the initialtesta
1 among the investigated steels, was subjected to
2 corrosion degradation to a greater extent thanrothe
steels. It is also necessary to take into accoififerent
lifetimes of the investigated steels, namely that X70
steel was used for the longest time. However, tespi
the significant corrosion degradation caused bylong
term operation, X70 steel is characterized by igbdst
resistance to corrosion in the aqueous solutiohl &4
among the investigated steels. In particular, dieer of
the polarization resistance in this solution of the
exploited X70 steel is 3.4 times lower than compared
, , , , , to the steel in the initial state, whereas for ekploited
-1.0 -0. A 0.4 0.2 0.0 17H1S and X60 steels it is 2.3—2.4 times lower i
E,V for non-exploited. At the same time, polarization
Figure 2 — Potentiodynamic polarization curves for ~ resistance value of the exploited X70 steel ishiighest
17H1S (1), X60 (2) and X70 (3) pipeline steels ihe (6,92 kOhnidm?), while the same values for 17H1S and
operational state, taken in aqueous solution NS4  X60 steels are significantly lower (3.53 kOkim? and
3.89 kOhnim?respectively).

Electrochemical activation of pipeline steels It should also be noted that the value of the Tafel
caused by their long-term operation results noy aml constant of the cathode reaction was practically
the shift of the corrosion potential toward morgatéve unchanged for X60 and X70 steels and somewhat
values and in increase of cathode and anode oeacti decreased for 17H1S steel. As for the Tafel constan
intensity on the exploited steels, but also iructdn of the anode reaction, its value practically did noarge
their corrosion resistance: an increase in theeslf for X70 steel and slightly decreased for 17H1S %66

10° 4

Igi, Alcm’

10* 4

10”4

Table 1 — Electrochemical characteristics of pipetie steels of different strength
in the initial state in NS4 solution

Steel Corrosion potential| Corrosion current density Tafel constants, mV| Polarization resistance
Ecom, MV icom pA/CnY be b, R,, kOhm@n?
17H1S -683 1.85 -90 62 8.63
X60 -664 1.81 -90 63 8.90
X70 -518 0.67 -89 61 23.49
Table 2 — Electrochemical characteristics of in-setice pipeline steels
with different strength in NS4 solution
Steel Corrosion potential| Corrosion current density Tafel constants, mV| Polarization resistance
Ecor, MV icorr, },lA/CmZ b, b, Rp, kOhm@n?
17H1S -687 4.20 -83 58 3.53
X60 -696 3.86 -90 56 3.89
X70 -642 2.24 -88 60 6.92

40

ISSN 2311—1399. Journal of Hydrocarbon Power Engin

eering. 2017, Vol. 4, Issue 1



Corrosion degradation of pipeline steels with diffe rent strength grades

steels. The obtained data indicate that the anor « 7 .
reactions on the exploited 17H1S and X60 steelslaad § //,,-},..—-A
cathode reactions on 17H1S steel (Table 2) occu < 1o - e
easier to compare with the steels in the initiatest - = il

Thus, such electrochemical characteristics of ste =
as the corrosion current density and polarizatio

resistance are the most sensitive to the operatior ry
degradation. 10°4 1/
However one more pecularity of electrochemica e

behavior of investigated pipeline steels shoulahdied.
In particular, 17H1S and X60 steels are charactdrizy

easier activation of the anode process in the NS :::;
aqueous solution compared with X70 steel when tr 10 3 —e—3
same overvoltage is applied (Fig. 3). Meanwhiles th — T T T T T
degree of such activation is practically identi¢at 0.00 0.01 0.02 0.03 0.04 0.05

lower strength steels. That is, 17H1S and X60 stee. ) _ AE, V
will corrode first. Figure 4 —AE - Ig dependencies for 17H1S (1), X60 (2)

and X70 (3) pipeline steels in the operated state the
NS4 aqueous solution at the same anodic overvoltage

o -5
g 12 ] /‘/‘/./"/‘,,‘%*’ (AE =Epq — Econr, Epol — anodic polarization potential)
a _a e
o)) e . .
- /// U Conclusions
) 2 */ ./.’.,o—o
10°4 N/ .,./\3 Susceptibility of low-alloyed steels of gas
//. 4 1 pipelines of different strength grades in differstates
& (the as-received state and after long-term operatio
/ corrosion degradation in the course of long-term
operation has been established by comparativeestudi
7| fe . . . . .

10 —e—1 of their corrosion and electrochemical behaviorthe
—a—2 NS4 aqueous solution, simulating soil environméit.
=*=3 was found that the high-strength X70 steel is

000 001 002 003 004 o005 Characterized by highest corrosion resistance arttung
AE, V investigated steels, both in the as-received shaid

after long-term operation. Long-term operation esus
significant  deterioration of the corrosion and
electrochemical characteristics of pipeline steefs
different strength grades in NS4 environment. Is ha
been established that the degree of corrosion
OFjegradation caused by long-term operation of gas
Opipelines is the highest for high-strength X70 ktee
Electrochemical activation of pipeline steels caubg
|§‘e" long-term service comes out in an increase of
cathode and anode processes intensity, increase of
Forrosion current density, decrease of polarization
esistance and in a shift of corrosion potentidLes
owards more negative ones for degraded steels
compared with steels in the as-received state.

Figure 3 —AE — Ig dependencies for 17H1S (1), X60 (2)

and X70 (3) pipeline steels in the initial state ithe NS4
agueous solution at the same anodic overvoltage

(AE =Epq — Econr, Epol — anodic polarization potential)

The revealed regularity is maintained also f
exploited steels — at the same overvoltage, thelan
reaction of the dissolution of the exploited st¥&l0
(Fig. 4) is the least among the investigated stee
However, the difference in the degree of such atitm
for high strength steel X70 and steels with lowe
strength after long-term operation is reduced. |
particular, at an anodic overvoltage of 50 mV, vhkie
of the resulting anode current density for the ISkt
in the initial state is ~ 2.8 times lower thanvtdue for
;L;[:—(I)lfe?glé(ezoaﬁgiah:lgdji_rgti]i?n:?loned steed, in the Scienqe for Peace and Security Programme

Consequently, the deterioration of a number Otlmder the Project G5055.
corrosion and electrochemical characteristics of
exploited pipeline steels of different strength dgs,
especially corrosion current density and polarorati
resistance indicates their corrosion degradatidmichv
is evidently caused by operational degradation fue
the long-term mutual effect of corrosion hydrogémat
environments and working stresses during their
exploitation.
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VJIK 620.193
Herpapaudis kopo3ii TpybonpoBiaHUX cTaneun pi3HOi MiLHOCTi

0.1. 3¢ipko

Dizuxo-mexaniunui incmumym im. I'. B. Kapnenka HAH Vkpainu,
eyn. Hayrosa, 5, m. Jlvsis, 79060, Vrpaina

Crani MaricTpallbHUX Ta30MpOBOAIB YKpaiHH, 3BaXKaro9H Ha iX BiK, MIJAIOTHCS CTAPIHHIO Ta Jerpajarii, mo
3yMOBJIIOE TIOTipIIEHHS iX BIACTHBOCTEH, MepIl 3a Bce, MexaHIYHMX. Jlerpamarito MeXaHIYHHX BIACTHBOCTEH
cranell inTeHcu(iKye KOpo3is, miJ 4ac mepediry sKoi BUAUISETbCS BOAEHB, IO aOCOPOYEThCS METaJloM, 1 MeTal
OKPHUXYYETHCH.

Ils poGora crpsMoBaHa Ha BCTAHOBJIEHHS CXWJIBHOCTI TPYOHMX CTajled pi3HOI MILIHOCTI 10 KOpO3iiHOT
Jerpajaiii y mporeci iXx TpuBaioi ekcruryaTamii. [IpoBeeHO KOMIUIEKC MOPIBHJIBHHUX JOCHIIKEHb KOpPO3iHHO-
€JICKTPOXIMIYHOI MOBE/IIHKM HU3BKOJIETOBAaHUX TPYOHMX CTajel ra3olpoBOAIB Pi3HMX KIIACiB MII[HOCTI Y BOAHOMY
po3unni NS4, 1110 iMiTye TpyHTOBE cepenopuie. JocmimkeHo TpyOHi CTani TPhOX KJIaciB MIIIHOCTI Y PI3HUX CTaHAaX
— BUXIJIHOMY Ta TicCJI1 TpHBaJloi ekcruryatamii. IIpoaHanizoBaHO BIUIMB TpPWBajoi eKcIUTyartarii Ha KOpPO3iiHO-
€JIeKTPOXiIMiUHI BJIACTHBOCTI CTaliell. BcTaHOBIEHO, IO cepel MOCHIHKCHHX CTallel HAWHMKYOI0 KOPO3HUBHOIO
TPUBKICTIO XapakTepusyerbes cranb 1711C (crams rpynu minHocTi X52), a HalBHIOK KOPO3HWBHOIO TPHBKICTIO
Bosomie cranb X/70 B 000X MOCHIPKEHMX CTaHaX. BHACHIZOK TPHBAIOi EKCIUTyaTallii CyTTEBO IOTIPIIYIOTHCS
KOPO3IHHO-CICKTPOXIMIUHI XapaKTCPUCTUKH TPYOHUX CTajlei pi3HHX KiaciB MiHOCTI y cepemoBuili NS4
Buseieno, mo cTymiHb KOpPO3iHHOI Jerpajarii, CIOPHYMHEHOI TPHUBAIOK EKCILTyaTallie€l0 MaricTpaabHHX
ra3onpoBOJiB, € HAMBUIINUM /11 BUCOKOMIiLHOI ctanmi X70. EnexrpoximiuHa akTuBaLis TpyOHUX cTajield, 3yMOBIICHA
iX TpUBaJIOIO eKCIUIyaTali€lo, MpOSIBISIETbCS y 3POCTAHHI IHTEHCUBHOCTI INPOTIKAHHS KAaTOJHHMX Ta aHOIHHX
MPOLIECIB HAa €KCIUTYaTOBAaHUX CTAJISAX, 301IbLICHH] TYCTUHN CTPYMY KOpPO3ii, 3HIKEHHI MOJISIPU3aLifHOTO OIOpY Ta
3MIlIEHHI MOTEeHLialy Kopo3ii y OIK Bif' €MHINIMX 3HAa4YeHb JUI AETPajloBaHMX CTAJICH MOPIBHSHO 31 CTASAMHU Y
BUXIJTHOMY CTaHi.

KimtouoBi cnoBa: eazonpogio, oOeepadayis, ekcnayamayis, eneKmpoXiMiuni 61acmugocmi, Kopo3iiuHa
MpPUBKIiCMb.
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