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ABSTRACT: The work aims to reduce the harm of corrosion on operationoil and gas pipelines. In the soil simulation solution
of Liaohe Oilfield, soil simulation solution with different dissolved oxygen concentration was obtained by controlling different
nitrogen pass-through time in the solution. The influence of different dissolved oxygen concentrations on electrochemical corro-
sion behavior of X70 pipeline steel in soil simulation solution of Liaohe Oilfield was studied by AC impedance technology and
potentiodynamic polarization technology. In order to clarify the mechanism of the different concentrations of dissolved oxygen

on the corrosion behavior of pipeline steel, the corrosion morphology of the pipeline steel surface was characterized with a met-
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allographic microscope. In such environment, the corrosion mechanism of X70 steel was anodic dissolution mechanism. With

the continuous decrease of dissolved oxygen content, the polarization resistance of the electrode becamelarger and the corrosion

current density decreased. At this time, the number of pits on the surface of the electrode also decreased, the pit diameter became

smaller, and the metal corrosion rate droppedsignificantly. When the dissolved oxygen concentration was 10.0 mg/L, the corro-

sion rate of the specimen was the largest, and the corrosion phenomenon was most obvious. When the dissolved oxygen content

reduced from 10.0 mg/L to 0.3 mg/L, a layer of corrosion product mainly containing FeCO; was formed on the surface of the

metal electrode. The product film significantly inhibited the corrosion reaction and protected the X70 steel. At this time, the

corrosion of the sample wasthe least obvious. The difference in dissolved oxygen concentration leads to different morphologi-

esof the product film on the surface of the X70 pipeline steel electrode and then affects the electrochemical corrosion behavior

of the metal in the environment.

KEY WORDS: dissolved oxygen; X70 pipeline steel;Liaohe oil field soil;electrochemical corrosion; potentiodynamic polarization
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Tab.1 Composition of simulated Liaohe oilfield soil solution
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NaHCO; CaCl, MgSO, MgCl, NaCl
2.731 0.364 0.120 0.306 2.254
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Fig.1 Polarization curves of X70 pipeline steel in
Liaohe oilfield simulated soil solution
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Fig.2 Fitting results of corrosion current density of X70

steel in Liaohe oilfield simulated soil solution with
different dissolved oxygen concentrations
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Fig.3 AC impedance spectra of X70 steel at different
concentrations of dissolved oxygen
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Fig.4 Bode diagram of X70 steel in Liaohe oilfield simulated

soil solution with different dissolved oxygen concentrations:
a) phase angle and frequency; b)impedance and frequency
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Fig.5 Equivalent circuit of X70 steel in Liaohe
oilfieldsimulated soil solution with different
dissolved oxygen concentrations
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Tab.2. Impedance spectra fitting parameters of X70 steel

in Liaohe Oilfield simulated soil solution with different
dissolved oxygen concentrations
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Fig.6 Corrosion morphology of X70 steel at different dissolved oxygen concentrations

R A T, AR R T A R Sy, IR ks R
FO2E I, F5c 2 A5 4 T %) Jey s 2 i 7= A 77 1 J o
MG, B, I mh H 3EE h i A B
BF, X70 B8 BRI 6 T R R %, 32 ik
MG I

MR A BTRDREE P RER] 1.3 mg/L B, AR
TR, DOZICERE N P T, A B R
Fe’', 238UEM Fes04 BRIV (6) 1 BT, PHILTE A 7
HEMIELT, B =Y rh AN SETE Fe;04, HE
W h Y Fe(OH), 23 5843 HCO3 Uy :

Fe(OH), + HCO; — FeCO, + H,0+OH" (7)

K, 245 FeOOH Fl/> & FeCO; AR, HAKRn
&l 6c iT/R o FeOOH [Alff & —Fh Z L4454, {H L%
JEFoRFE, ZL{lT Fe(OH),, Xf THIIAR 4
JE M B RO EAL T Fe(OH),™ . 1R 53 —Fh=
Y, FeCO; & —FhANEE B JE =i, el sy
STRARP IR, T DR AF Hb R #b FeOOH AYSIIE, [HIt
HLREUS A A AR TE I8 1ok 7 g RS AR A5 T SO R34 5,
17 2 A5 A4 4 JE AT RE R 1 FE2O L 22450 3] 3l 1 - A 40
TRV I ik SR B BRI, X704 A T8 ok b 9 %8 R R
Ji o i 48 2 B Jd AR A1

MR AR R N 0.3 mg/L B, BB HHY
AR R LR Q) LU JE I B g HEAT, AR Rl

Fe(OH),, FATHY Fe* &5 HCO3 A= i, Fe(HCO3),
il FeCO; (& 6d), HARKR N -

Fe** + HCO; — Fe(HCO,), (8)

Fe(HCO,), — FeCO, + CO, +H,0 9)

8 1 Q)M () A KE A& B, 7 HE b =9 b 31
H Fe(HCO;), 1 FeCOs PRI 5 . i 4 S 5% Wb
TRIE R E N 1.3 mg/L X HE , %2 B i 45 3] 14 15
Tk = W RRAR 3 T 5 4 B IR B0 ¥ A, i X
RN ERWBAE T BE NI Fik, X70 #
TE A i S8 TR R ARG A9 3 ) S Y - A DLV T P S ot
BRI

4 g

1) 7L B R I Wb, 0 R
(DO ) XF X70 #X A JE bt 2 2 A2 BH AR 1% Tl v f 4
il o VTR B A ) SRV R BT, L o e 9
AR E A TR, B R B TR . SR
fift %N 10.0 mg/L B, SRE A9 il H S0 28 8 A R, T
Tl R e ™

2) WP R mAREARNFER, &7 AR E L
SERN, XA EUR B A A A AL, DT 68 ok e
SRR o Vi R PR AR, a2 T A B S Tk )



Ba1k oM UTRAE  TLTT F S R R X X 70 A5 LA T ) ) - 191 -

T IR ) RS, T e R ki 6

3) SR LA, O mERy, SRS
FERYHA 5 S B LI EPRIR AR L, DU (4 20
AT AT T 0.3 mg/L AYHEL L EREE v | L) AR
(LIPOREES SO oF 8

S -

[1] MOHTADI-BONAB M A, ESKANDARI M, KARI-
MDADASHI R, et al. Effect of different microstructural
parameters on hydrogen induced cracking in an API X70
pipeline steel[J]. Metals & materials international, 2017,
23(4): 726-735.

[2] XU LY, CHENG Y F. Reliability and failure pressure
prediction of various grades of pipeline steel in the pres-
ence of corrosion defects and pre-strain[J]. International
journal of pressure vessels &piping, 2012, 89(1): 75-84.

[3] LI S X, YU S R, ZENG H L, et al. Predicting corrosion
remaining life of underground pipelines with a mechani-
cally-based probabilistic model[J]. Journal of petroleum
science &engineering, 2009, 65(3): 162-166.

[4] LI X G ZHANG D W, LIU Z Y, et al. Share corrosion
data[J]. Nature, 2015, 527: 441-442.

[5] MAR&, L7, k& IREEXT X70 LM & IR R

R RO B I (3. TR R 2 A (SRR IR,
2015(7): 2432-2438.
YE Cun-dong, KONG De-jun, ZHANG Lei. Effects of
temperature on stress corrosion of X70 pipeline steel in
solution with oxygen[J]. Journal of central south univer-
sity (Science and technology), 2015(7): 2432-2438.

[6] SUN J, SUN C, WANG Y. Effects of O, and SO, on water
chemistry characteristics and corrosion behavior of X70
pipeline steel in supercritical CO, transport system[J].
Industrial &engineering chemistry research, 2018, 57(6):
432-438.

[7] LIUZ Y, LI X G, DU C W, et al. Effect of dissolved oxy-
gen on stress corrosion cracking of X70 pipeline steel in
near-neutral pH solution[J]. Corrosion, 2010, 66(1): 99-
106.

[8] JIAJ, ZONG S, HU L, et al. The dynamic change of mi-
crobial communities in crude oil-contaminated soils from
oil fields in China[J]. Journal of soil contamination, 2017,
26(2): 171-183.

[91 W&, EFF, R0, % BMENT X80 LS TR
ARSI SOCHILRI ). SNBRBITTE 441, 2015, 27(3): 60-64.
XIE Fei, WANG Dan, WU Ming, et al. Effect of dissolved
oxygen on corrosion behavior of X80 pipeline steel and
its mechanism[J]. Journal of iron and steel research, 2015,
27(3): 60-64.

[10] LUO H, DONG C F, CHENG X Q, et al. Electrochemical
behavior of 2205 duplex stainless steel in NaCl solution
with different chromate contents[J]. Journal of materials
engineering & performance, 2012, 21(7): 1283-1291.

[11]

[14]

[15]

[16]

[17]

[19]

LI Z, HAO H, DING Q. Electrochemical tests on the
optimum cathodic protection potential of X70 steel in the
presence of AC interference[C]// International conference
on computer distributed control and intelligent environ-
mental monitoring. [s. . ]: IEEE, 2011: 166-171.

ik, BF, Hife, S5 TRBERIA AT X80 BN
TE PR 7R 88 1 SR U I 1k A7 R Y2 [0, PR T
T2, 2016(8): 70-73.

ZHANG Di, LIANG Ping, SHI Yan-hua, et al. Effects of
temperature and dissolved oxygen on corrosion behavior
of X80 pipeline steel in simulated Ku'eler soil solution[J].
Hot working technology, 2016(8): 70-73.

KPR, BRiB, DhEREH, 2. SRB Xt X70 & LARER
PE pH R AT A 2 (). o k5 By 4
R, 2016, 36(3): 212-218.

SONG Bo-giang, CHEN Xu, MA Gui-yang, et al. Effect
of SRB on corrosion behavior of X70 pipeline steel in-
near-neutral pH solution[J]. Journal of Chinese society for
corrosion and protection, 2016, 36(3): 212-218.

B, kI, P, % X100 EL4NTE S SRB 1Y
e WO B AT O [T]. SNERIFSE AR AR, 2017,
29(7): 562-569.

XU Cong-min, ZHANG Xuan, LUO Li-hui, et al. Corro-
sion behavior of X100 pipeline steel in near neutral pH
soil solution with action of SRB[J]. Journal of iron and
steel research, 2017, 29(7): 562-569.

K, S, BRI, 4F. SO Xt X80 A LRANTE /R +
BRI RS ). R R E R AR,
2013, 44(1): 424.

XIE Fei, WU Ming, CHEN Xu, et al. Effects of SO,2~ on
corrosion behavior of X80 pipeline steel in simulated
Ku’erle soil solution[J]. Journal of central south univer-
sity: science and technology, 2013, 44(1): 424.

W, ERE R, A ERRERT X80 LN AT
ARSI KAL), SNERBTSE A4, 2015, 27(3): 60-64.
XIE Fei, WANG Dan, WU Ming, et al. Effect of dissolved
oxygen on corrosion behavior of X80 pipeline steel and
its mechanism[J]. Journal of iron and steel research, 2015,
27(3): 60-64.

ZHANG D, QIAN H, WANG L, et al. Comparison of
barrier properties for a superhydrophobic epoxy coating
under different simulated corrosion environments[J].
Corrosion science, 2016, 103: 230-241.

W, ST, WK SR BHINEK T CLMREEXT Q235 il
X70 LA IE AT R (1] SR IAALEE, 2017,
42(2): 62-66.

WU Ming, ZONG Yue, XIE Fei, et al. Effect of chloridion
concentration on corrosion behavior of Q235 and X70
pipeline steel in simulated seawater[J]. Heat treatment
ofmetals, 2017, 42(2): 62-66.

BBV, RR, A, PEIEREREET X100 ALk
BB AT AT )]. BEEEOR, 2017(8): 1819-1821.
JIAO Hong-tao, LI Xin-dong, LI Hu-yong. Corrosion be-
havior of X100 pipeline steel in northwest soil environ-



+ 192 -

EN TR NN

2018 4£ 10 A

(20]

(21]

[22]

ment[J]. Foundry technology, 2017(8): 1819-1821.
MCINTIRE G, LIPPERT J, YUDELSON J. The effect of
dissolved CO, and O, on the corrosion rate of iron[J].
Corrosion, 1990, 46(2): 91-95.

PARK J J, PYUN S I, NA K H, et al. Effect of passivity of
the oxide film on low-pH stress corrosion cracking of API
SL X-65 pipeline steel in bicarbonate solution[J]. Corro-
sion, 2002, 58(4): 329-336.

LIY, WU J, ZHANG D, et al. The electrochemical reduc-
tion reaction of dissolved oxygen on Q235 carbon steel in
alkaline solution containing chloride ions[J]. Journal of
solid state electrochemistry, 2010, 14(9): 1667-1673.
ZHR, SANT. Fe/BIITRER 22 v W 0 TR o A9 52 T
BEL T BF 52 (9], 48 B IS R 27 2 4l (A SR B2 i),
2003(3): 80-89.

LI Wei-shan, CAI Song-qi. The interaction impedance

[24]

study of the Fe/boric acid buffer interface[J]. Journal of
South China Normal University(Natural science), 2003
(3): 80-89.

SARIN P, SNOEYINK V L, BEBEE J, et al. Iron release
from corroded iron pipes in drinking water distribution
systems: Effect of dissolved oxygen[J]. Water research,
2004, 38(5): 1259-1269.

PARK JJ, PYUN S I, NA K H, et al. Effect of passivity of
the oxide film on low-pH stress corrosion cracking of API
SL X-65 pipeline steel in bicarbonate solution[J]. Corro-
sion, 2002, 58(4): 329-336.

LOUAFI Y, LADJOUZI M A, TAIBI K. Dissolved carbon
dioxide effect on the behavior of carbon steel in a simu-
lated solution at different temperatures and immersion
times[J]. Journal of solid state electrochemistry, 2010,
14(8): 1499-1508.



