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ABSTRACT: The work aims to provide support for safe operation of pipes. Based upon polarization curve method and electro-
chemical impedance spectroscopy (EIS), systematic experimental and theoretical studies were applied to cathodic protection pa-

rameters of X65 and X80 pipeline steels in Dagang simulated soil solution by building indoor experimental system. According
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to the polarization curves, cathodic protection potential of X65 pipeline steel ranged from —400 to — 1200 mV, and X80 pipe-

line steel from —400 to —1150 mV. Relationship between charge transfer resistance R, and cathodic polarization potential

was studied based on the EIS results, it was found that hydrogen evolution potential and optimum protection potential of X65

pipeline steel in Dagang simulated soil solution was —970 mV, —850 mV, respectively; and for X80 pipeline steel, —960

mV, —800 mV, respectively. Therefore, it can be concluded that hydrogen evolution potential of X65 pipeline steel was less

than that of X80 pipeline steel. Cathodic protection parameters of X65 and X80 pipeline steels are verified in Dagang simulated

soil solution, and hydrogen evolution potential and optimum protection potential of X65 pipeline steel are both less than those of

X80 pipeline steel. The studies have provided certain theoretical basis for cathodic protection of X65 and X80 pipeline steels.

KEY WORDS: X65 pipeline steel; X80 pipeline steel; polarization curves; EIS; cathodic protection parameters
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Fig.1 Schematic diagram of sample
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Tab.1 Ion content of Dagang simulated soil solution

SO,*
BT NO;~  CI” 4 HCO;™
/(gL 0.188 15.854 2.04  0.181
BT ca*  Mg* K" Na*
/(g L") 0378  0.643 0225  9.982
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Tab.2 Chemical composition required for simulating Da-
gang soil solution

M4 CaCl, NaCl MgSO, 7H,0 KNO; NaHCO;
SE/(g L") 1.049 25.020 5.227 0.306  0.249
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Fig.2 Polarization curves of two steels in simulated soil solution
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Fig.3 Nyquist curve of X65 pipeline steel at different cathodic polarization potential
800
3000
700
2500 600}
% 2000) < sool —a-950 mV
§ 2000 § 500 "y
S 1500} —=—500 mV 400 R ™
= ~eoomy| S “Toeomy
& I —4-650mV| & 300f m
1000 — S my P ——1000 mV
- 200 1050 mV
750 mV 1100 mV
007 % my oo} £ 1150 my
830 my P 1200 mV
op®- 900wy Ol "
0 1000 2000 3000 4000 5000 6000 7000 0 500 1000 1500 2000 2500
ZI(Q * em?) Z/(Q * cm?)
K4 X80 B LANTEAFR B AL AL T 7Y Nyquist 4]
Fig.4 Nyquist curve of X80 pipeline steel at different cathodic polarization potential
9,
| |
I
RS
~OTH e
9,
L | R
5 BEHBTIE Y A58 R A R
Fig.5 Equivalent circuit model of impedance spectroscopy
14 000 10 000
12000 "
o 8000 |
g 10000} o
- i : 6 000
g 8000 \ i S
< 6000f \ = 4000} \
4000
2000 - \
2000} } ; \
{ ok ._._.ﬁ-/""" e
OF [ —— .
-1300 1100 900 =700 -500 -1200 -1000 800  —600  -400

E(vs. SCE)/mV

a X6544

E(vs. SCE)/mV

b X804

Fl6  PIRRHIFERCNL T IR IP Y R-Ee o ITEK

Fig.6 R\-E. . curve of two steels in simulated soil solution



222 - E TR N

2018 4F 6 H

A 6a AT, X65 454N e KU + eV Tl
HH ) LA A B HELBEL R, REBAMR FLE E o IO 0 FS | S i
R B KA G TR, I RA T, i E
HALN-970 mV, FERP T EAN-850 mV. Hi & 6b
AL, X80 B LN TE KIS AL L P 1Y R-E. .
45 X65 A, [HHNT BN H-960 mV, il
PRI LA M -800 mV .

g A HT R AL AT S B B SEER LG, RHT R
N5 RAEZ MBI X RITHE—L0Hr: 4 R<1000
Q-cm® Bf, JFHAEAENT G N (RSN ); 4
R<600 Q-cm® i}, JFA % A0 W B S (A<l
AR Z ); 4 Ri<150 Q-om’® I, 7= 25 il 2 A7 &0 b
(RESHE )., Rl IFE, 24 R<1000 Q-cm®
BF, O R A BRI AR FEL A A AT S HL A

& 6 WA, Re-E..MZnTRl5mA XK. $H—
A DX B e 7 B SRR LA, RERIR K 26
AR IR AR AL B T AT A AL, AR
K 5 =AU T IR b7 S0 7 21 B S b &Ly, )

FRAR/N ;A KSR W AT R 2 e, ihELP
AT — A HE, REERERDN.

23 ERELZWNHUALRSHETRER
ST

ST ANl X65 Fil X80 R, HAk
S ULFE 3. NFR 3 T LIE SR, BEENRIET, C.
Si. P. STCES MK, Mn, Nb TE SRk, X
15 SRz anfl . BssRtl . prglsmil, B9
AR AW &, AL T Ak, HIC, SCC.
ZR ORI T ol e s AN A LR N

X65 YA LRANAY WA SR R R+ B EROG
., X80 HAFLANN WANH LU LIk K | Ehikek
AR ECARRUHIZHE, T X80 4N rh ARk R A
b X65 B R R R G/IME L, W 7 FiR. i,
TR [F] 2% e s AN Y SO 2 S S i JC RAFAE 22 5%,
75 X80 MM iR T X65 M, M- FEL X65
BRI S AL B I AR AT X80 .

x3 AEZANEBELNUFERS
Tab.3 Chemical composition of different grades of high-strength pipeline steel

wt%
CEE S C Si Mn p Nb Ti Mo,Cu,V Mo, Ni,Cu, Cr
X65 0.08 0.28 1.60 0.010  0.002  0.042 0.016 Bal.
X80 0.06 0.26 1.89 0.007  0.002 0.06 0.01 Bal.
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Fig.7 Microstructure of high-strength pipeline steel

3 Hig

1) X65 Fl X80 45 2 MITE R UE LU 1= e W vh i
WAL & R Ak, EA A . 5B —
A3 25 2 1Y B SN 3 B R SRR SR R, B A
P R A AL AR LA o

2) FERMSAP R WP, X65 LMMTR
AL RH-970 mV, fefERITEA -850 mV, 1 X80
BT AR AL H-960 mV, BAEGFIFBEAH
-800 mV.,

3)24 R< 1000 Q-cm” i}, JTif % A= b U s i (70

AT )5 24 R<600 Q-cm® i, JF45 & 2L WY
Fra i (R HEZ ); 2 R<150 Q-em® i, 7=/E
RIFLRBT SR (RS ).

4) AT RIS X65 F1 X80 454 AN TE S kb
P+ B R-E.. IZR AT AT, BEE PR AR AL LA Y
1, RICHKEWKMERW/ N, 1A, R-E.. lEAE
FTLAGN A 4 AN X3 25— XU [ 8 ok A 7 B e AR
Pz, BRI 2 AN X IR R B BT 4R
Mra i nr, PRI 55 = AN XU I IR S A7 2]
WATERAL, BERAE/N; S XU AT R
Je, BRZILRAR R T — 4Bk, RERE/I.



Fa1E FHol

BRI B4 X65 Fil X80 5 LR A AE K e i 40l + 1%

75 T R R B AR AR P S B 5T - 223 -

EE B

(1]

[6]

T, YA L A B A 0 RS R BRI [T]
&, 2012, 35(3): 5-10.

WANG X X. Discussion on Current Research Hotspots of
Line Pipe[J]. Welded Pipe & Tube, 2012, 35(3): 5- 10.
BARKER J C. Data Surveys of Hydrogen Assisted
Cracking in High Strength Jack-up Steels[M]. London:
Health and Safety Executive, 1998: 1-55.

P HEE X80 45 2 AN 7E PY g b IX 13 rb A9 JE ol e {7
FRAE[T]. ANERAFIT 224, 2011, 23(9): 25-28.

XU Cong-min. Corrosion Electrochemical Characteris-
tics of X80 Pipeline Steel in Southwest Area Soil[J].
Journal of Iron & Steel Research, 2011, 23(9): 25-28.
CHEN Y. Electrochemical Impedance Spectroscopy
Study for Cathodic Disbonding Test Technology on
Three Layer Polyethylene Anticorrosive Coating under
Full Immersion and Alternating Dry-Wet Environ-
ments[J]. International Journal of Electrochemical
Science, 2016: 10884-10894.
Eﬁﬁ,E?,I%E,%.ﬁﬁ%X%%ﬁ%fK
[) L3 b B FAR A AT A WESE (], TP B A 3 R o 4
Fiﬁﬁ*#%émi,2015,39(1);142-149

WANG Xin-hua, WANG Cui, WANG De-guo, et al.
Study on Electrochemical Behaviors of High-strength
Steel X80 after Hydrogen Charging in Different Soil
Environments[J]. Journal of China University of Pe-
troleum, 2015, 39(1): 142-149.

WANG X, TANG X, WANG L, et al. Synergistic Effect
of Stray Current and Stress on Corrosion of API X65
Steel[J]. Journal of Natural Gas Science and Engineer-
ing, 2014, 21(21): 474-480.

WANG X, TANG X, WANG L, et al. Corrosion Beha-
vior of X80 Pipeline Steel under Coupling Effect of
Stress and Stray Current[J]. International Journal of
Electrochemical Science, 2014, 9(8): 4574-4588.
WANG X, WANG C, WANG D, et al. Study on Elec-
trochemical Behaviors of High-strength Steel X80 after
Hydrogen Charging in Different Soil Environments[J].
Journal of China University of Petroleum, 2015,
39(1):142-149.

[9]

[10]

[11]

[12]

[13]

[14]

WANG X, WANG C, TANG X, et al. A Comparison of
Cathodic Protection Parameters with High-strength
Pipeline Steels in Soil Solution[J]. International Jour-
nal of Electrochemical Science, 2014, 9(12): 8199-
8210.

LIANG P, LI X G. Stress Corrosion Cracking of X80
Pipeline Steel in Simulated Alkaline Soil Solution[J].
Materials and Design, 2009, 30(1): 1712-1717.

DONG CF, LIU Z Y. Effects of Hydrogen-charging on
the Susceptibility of X100 Pipeline Steel to Hydro-
gen-induced Cracking [J].
34(1): 9879-9884.

KBEH, wEn, W, . X100 EHLRMWEL R
IR AZ ) W ZUT]. APRHRAL B4R, 2010, 31(1):
62-66.

ZHANG Xiao-yong, GAO Hui-ling, JI Ling-kang, et
al. Microstructure of X100 High Strength Pipeline

Hydrogen Energy, 2009,

Steel during Continuous Cooling Transformation[J].
Transactions of Materials & Heat Treatment, 2010,
31(1): 62-66.

LIU Z Y, LI X G, CHENG Y F. Mechanistic Aspect of
Near-neutral pH Stress Corrosion Cracking of Pipe-
lines under Cathodic Polarization[J]. Corrosion Sci-
ence, 2012, 55: 54-60.

ZHANG R, VAIRAVANATHAN P R, LALVANI S B.
Perturbation Method Analysis of AC-induced Corro-
sion[J]. Corrosion Science, 2008, 50: 1664-1671.
AR, PRI, B R, BRANTE LRl i Ak
FRHPCERHELT]. v I i 5 B 372241, 2000, 20(2):
111-117.

LI Mou-cheng, LIN Hai-chao, CAO Chu-nan. Study on
Soil Corrosion of Carbon Steel by Electrochemical
Impedance Spectroscopy(EIS)[J]. Journal of Chinese
Society for Corrosion & Protection, 2000, 20(2): 111-
117.

B, KW, Ak E B
SRR, 20020 156-194.
CAO Chu-nan, ZHANG Jian-qing. Introduction to the
Electrochemical Impedance Spectroscopy[M]. Beijing:
Science Press, 2002: 156-194.

G M]. deat: B




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.284 841.890]
>> setpagedevice


