F41% FH2 M KA

2018 42 H SURFACE TECHNOLOGY © 157 -

B X L360 FEMTE H.S/CO. iR+
&R 1T AR R R

I8, BE, BFEE, EY, BF
(FBREEASY FRASS TR, M2 610500)

B E. B AHRRAEMRERNERA, KRR ERNBIRERN AT, Fik A L3360 FL4MA
FIERAA, ik (0. 3. Sm/is) AEE, AR ZHEEHRT L360 4NE4 Cl 89 HyS/CO, BRVEERIE W 69 B 4R AT
A, RIBBACE X R IR FLFAT R L360 4069 8k 474, FIB SEM. EDS 547 ik X AF 69 0L
S, BMFFIEDBIEAR T M. SR K EFERNE L360 4N B kit ab, EEBEAH T AMBGELT,
AR A 5 m/s A B4Rk (04824 mm/a) KT 0 m/s BFA9 B4Rk F (03696 mm/a ), wALFM XK P, 3 F
KREX B EI AR, TARILARA 3 m/s BARNMBIRGAESAZEAZT 0 m/s f2 5 m/s Z 19, M
FRREIG I, KRR E AR TR A AR B, B AR A Fe MR A £, AEA 0 mis B, A
% FeCO; #= FeC; A ik, ik A 3 m/s BB R T w9 F ssk e s L4k 7 Sh K, B A RN 0 m/s 3 m %] 5 m/s,
RGBS, B RATENK, £5m/s e BRElaR i, it ABSEATERK, 2HIK
¥R, RHWBIR, &6 S6RBAELE e F L, LIAREL 0~5 mis SERA RN, Rk,

2+ L360 & AR R0 S ARAE AU, E R YR A B F A E LT, ATREIUNGRE, DARIEE X
MEGZAE R, RSGEXNOERF4

K L360 4A; #ik; H,S/CO,; MtkkE; wALEF; SEM/EDS 4547

FESES: TGI72 XEtRIEEE: A XEHS: 1001-3660(2018)02-0157-07

DOI: 10.16490/j.cnki.issn.1001-3660.2018.02.025

Effect of Flow Velocity on Corrosion Behavior of L360 Pipeline Steel in
H,S/CO, Environment
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ABSTRACT: The work aims to select appropriate flow velocity for oil and gas transmission, and reduce harm of flow velocity
to corrosion of pipeline steel. With L360 steel as experimental steel and flow velocity as variable, corrosion behavior of the
L360 steel in H,S/CO, acidic environment containing CI~ was investigated with autoclave, corrosion electrochemical behavior
of the L360 steel was studied based upon polarization curves and AC impedance, microstructure, structural characteristics and
corrosion product constituents of the sample were analyzed with SEM and EDS. Corrosion rate of the L360 steel was deter-
mined in weight-loss method. Provided experiment conditions were identical, corrosion rate at flow velocity of 5 m/s (0.4824

mm/a) was higher than that at 0 m/s (0.3696 mm/a). In electrochemical tests, experimental conditions corresponding to 3 states
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were identical, the corrosion degree of steel ranged from 0 m/s to 5 m/s at the flow velocity of 3 m/s. As the flow velocity in-

creased, the corrosion product film was increasingly fractured on the surface of the sample. The main corrosion product was

FeS. At the flow velocity of 0 m/s, a small amount of FeCO; and FeC; was generated, and at the flow velocity of 3 m/s, tetra-

gonal iron and greigite were generated. As the flow velocity increased from 0 m/s to 5 m/s, the corrosion potential shifted nega-

tively and corrosion current density increased. At the flow velocity of 5 m/s, the corrosion potential was the most negative,

self-corrosion current density was the maximum, radius of capacitive reactance arc was the minimum, and the steel was most

susceptible to corrosion. According to corrosion weight loss experiment and electrochemical experiment, as flow rate ranges

within 0~5 m/s, the lower the flow velocity is, the less corrosive effect on L360 pipeline steel will be. In order to ensure safe use

of pipeline steel and improve its service life, low flow velocity should be selected as far as possible provided that normal trans-

mission of oil and gas is not affected.

KEY WORDS: L360 steel; flow velocity; H,S/CO,; corrosion weight loss; electrochemistry; SEM/EDS analysis

TERIR ik R, DR RE 5 ) R P 5 A A 4
A, SPECN TR AL, BT . BEH T
REFEMING, SHEbK, EKREY, s
SN BoR g TRl IR e e (RN NIVEE i €8N
WA, WO T, BRI LR R, SR
RIFFEF TR A, I CI L COp R AL 55 2 T
SR TR, WK eI R VE IR, T T A
FRE I e RO,

PL HaS (R BUrEoR i 8% % KEES M wfl, %
FEAMUPUL TR 222k, L, B AW
Fro b e, by i i 2R 96 1) A R i A T W 17 22 TR
ME, BN AR, T EL A [ A 3 A
JEE PR FE AN [R] o iy BRI S 0 A T P
ThAT BRI, AR SR o i SR U ik e, X
FEBIFSE 1360 HA7EA R T B8 ATy, DU
AURIH B0 1 b I G R IUA R TR H G, ORI LE
W AIsAT . 1360 B T s H -l AR A, Xt

x2

PR EFRIEE T BB P Ay D A HBURY, 16 TR0 A
[ R 25 9 G et A OGS A7 30 D ol AT A B S

1 R R R

1.1 RS R E MY RAE R

563 Il A% L360 RN, fh2 i
mEF 1 i, WA TR SR 30 mmx15 mmx3 mm,
FHAF T8 i 2k 06 AN A2 . DA R 98 T
R R, EBUEMA TR 20 000 mg/L CI7AY NaCl i#
W, REAIER 2 PR,

&1 L3GONWEEZUFEMS
Tab.1 Chemical composition of L360 steel

wt%
C Mn Si P S Ti. V. Nb Fe
0.25 1.25 0.32 0.025 0.015 <0.15 Bal.

&4

Tab.2 Test conditions

Process  Total pressure/ Partial pressure Partial pressure Temperature/ Current veloc- Chloride ion concen- Experimental
parameters MPa of CO,/MPa of H,S/MPa C ity/(m-s™") tration (mg-L™") time/h
Condition 1 10 1 1.5 40 0 20000 168
Condition 2 10 1 1.5 40 3 20000 168
Condition 3 10 1 1.5 40 5 20000 168

He (1) JEMREIEH 10 MPa, CO, 1 H,S 3L 2.5 MPa, 4y 7.5 MPa [ JE5® d B BE S AARRMNE , A2 R4 HL I X
N4 B AR, R 2R ARG FE T AT W s b A8 N AR RS AR fE (2) AR B ENER RGN, FEIE
K T TR A B B R, HARE RS Dl A B SRR S N T A

1.2 XWX
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JE8 o K S A R AR AT, Sel A iR
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P A M R KR RE | 2 3 28 1A 4k 2 AU 4R
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Fig.1 Corrosion morphology of sample: (a) condition 1, (b) condition 2, (c) condition 3
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Fig.2 Corrosion rate of L360 steel in different states
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Fig.3 Corrosion microstructure of L360 steel in state 1
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Selected area C (0] S Fe
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Fig.5 Corrosion microstructure of L360 in state 2
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Tab.4 EDS analysis results of L360 in state 2

wt%
Selected area (0] S Fe
Bulk crystals 0.12 11.60 88.29
Small crystal 0.36 11.53 80.51
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Fig.7 Corrosion microstructure of L360 in state 3
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wt%
Selected area (6] S Fe
Upper platform 21.14 21.53 57.33
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Fig.9 Polarization curves of L360 at different flow velocity

50

450 " 1.360-0 m/s
4 L360-3 m/s
40 » L360-5m/s
&35 — Fit
g 30f
a 251
—N 20
151
101 ¢
st
Of . . . . . .
0 10 20 30 40 50 60 70
Z'/(Q * cm?)

B 10 R T L360 #1Y EIS LA Hhk
Fig.10 EIS fitting curves of L360 at different flow velocity

b v=3m/s, v=5m/s

Bl 11 RTEE R L360 91 EIS 004 55 4 i 18]
Fig.11 EIS equivalent circuit diagrams of L360 at different
flow velocity

3 Hig

1) REIEME L360 56 ik S, 78 5250 45
TRMEMEL T, WHEN 5 m/s Bl
(0.4824 mm/a) KT 0 m/s BYJEHZE (0.3696
mm/a ), HALSFEIER A, 3 FIIRZS N A 5256 40 5¢
S ARTE, AT LLR BRI 3 m/s AN el ) o ) A
FEALTF 0 m/s 1 5 m/s Z 1], 456X RS20 45 A
R 0~5 m/s YN, REAE TE RN,
L360 F4 5 7 9l 55 il

2) L360 7 3 FeRE N A =3 L) FeS b &,
TERZS 2 o, RAEDE T DU Bk R 2 2k J ok =
.

3) AL HZE R, WHAE 0~5 m/s YU, Fifi
TR AHE R, AR, R 2 B K
FE S m/s B A i B, FE TR RS R, i)
ZEJE M R R T A B, H R R T B A
FEIX I, BT A A HTINAE /N, SEBURERREPT T M
fE, 1€ 5 m/s BFEPUICE R IS, e e i

4) JLHTE 0~5 m/s YEEIN, FE/N, XF L360
LA 1 B B T FETRR /DN | FE RS2 e I AE B R
HEIEOUT, DR ATREEBUNAGE , AR UFAS L 0 &
S, R LM A

S -

(1] BRBER. Wi KA TER T2 ERE T[],
KIRRZLBF, 2003, 2(4): 39-42.
CHEN G L. Analysis the Technique and Economic of
High Sulphur Natural Gas Gathering and Transporta-
tion[J]. Gas Economy, 2003, 2(4): 39-42.



Fa1s FH2W

FERES. FEX L360 B L NIE HaS/CO, I35 H 8 1 47 4 (52 i) - 163 -

(2]

PMELE. S22 R ST R AR B R AR L A
WFF[D]. Jbat: HIE AR, 2010.

SUN Y Y. Study of Liquid Loading in Natural Gas Ga-
thering Line on Complex Ground Condition[D]. Bei-
jing: China University of Petroleum, 2010.

RIS, B R R AR U I K A IR A R K T
BRG], Az, 2000, 19(8): 10-13.

ZHANG P, GONG J. Preliminary Analysis on Hydrate
Formation Conditions of Gas Transmission Pipeline[J].
Oil & Gas Storage and Transportation, 2000, 19(8): 10-
13.

ZEWOM. E L PRSI AR R S (7). =AM AR,
1995(11): 42-46.

JIANG S Q. The Flowing of Gas-Liquid Two-phase in
Pipelines[J]. Foreign Oil Field Project, 1995(11): 42-
46.

Za. U E N BURORS DY f2 % 4 o B [D]. b st
HrE IR, 2011,

QI J. Detection of Gas Pipeline Effusion and Analysis
of Safe Operation[D]. Beijing: China University of Pe-
troleum, 2011.

KRR, WoKFF, ik, & RAREERBLINE
BRI T 75 1], KRR T, 2012, 32(5): 62-65.
SONG H J, DAI Y S, YANG T, et al. the Infrared Im-
aging Method for Measuring the Liquid Contents in
Natural Gas Pipeline[J]. Gas Industries, 2012, 32(5):
62-65.

s, R, FEA. WA IE N BT s S
BsZma s )], RIRI T, 2006, 26(5): 118-121.
ZHANG J, TANG J F, L1 Y X. Influences of Conden-
sate on Gas Transmission Lines Flow Paremeter[J].
Gas Industries, 2006, 26(5): 118-121.

KV, WAL EAR [T, Az, 2007, 26
(7): 57.

JIANG Y T . Analysis of Wet Transportation Technol-
ogy[J]. Oil & Gas Storage and Transportation, 2007, 26
(7): 57.

T AHELMINE HyS/CO, Mg i AT o i it
5¢[D]. $EMA: LT AL T K%, 2010.

WANG D. Study on the Corrosion Behavior of Oil
Pipeline Steels in Carbon Dioxide and Hydrogen Sul-
fide Solution[D]. Fushun: Liaoning University of Pe-

[10]

[11]

[12]

[13]

[14]

[16]

[17]

troleum and Chemical Industry, 2010.

DUNLOP A K. Stress Corrosion Cracking of Low-
strength, Low-alloy Nickel Steels in Sulfide Environ-
ments[J]. Corrosion, 1978, 34(3): 88-95.

AR, HRISS, EOEE. XTI KA m e A
B A U Tl o3 A BBy FE BRI AR[T]. A7 i TR
&%, 2004, 30(1): 10-14.

FENG X A, HUANG B Z, GAO G D. Analysis Corro-
sion and Primary Anti-corrosion Design for High Con-
tents of CO, and H,S in Luojiazhai Gas Field in Si-
chuan[J]. Petroleum Engineering Construction, 2004,
30(1): 10-14.

KRR, SCAM, AR, S5, i U A A
STHBE L AR ——LIIRIES ZIEH A H]. K
SR TN, 2015, 35(4): 69.

ZHANG J L, WEN S M, SHAO Y, et al. Safe and Effi-
cient Drilling and Completion Technologies for High-
sulfur Gas Wells: A Case History of the Luojiazhai
Gasfiled in the Northeastern Sichuan Basin[J]. Gas
Industries, 2015, 35(4): 69.

sREER. B RIEMME T IT R BOHLE T %
[J]. HAMEEIR, 2009, 14(7): 34.

ZHANG S Q. Optimization Plans of Development De-
sign for Luojiazhai and Puguang Gas Fields[J]. China
Foreign Energy, 2009, 14(7): 34.

R I AORR AR AR S B 5 0 I M. dEET: Al
Toll Hy A, 2004: 121-137.

GUO P. Theory and Application of Fluid Phase in Oil
and Gas Reservoirs[M]. Beijing: Petroleum Industry
Press, 2004: 121-137.

Mrato, X SOnk, FBAR. B RFEH AN =
FEHIEE I, RV T, 2004, 24(4): 65-67.
CHEN Y, LIU Y C, ZHENG W. Analysis of Drilling
High Productivity Well in Feixianguan Gas Reservoir
of Luojiazhai Field[J]. Gas Industries, 2004, 24(4): 65-
67.

COPSON H R. Effeets of Veloeity on Corrosion[J].
Corrosion, 1960, 16(2): 130-136.

HEITZ E, LOSS C. Investigation of Hydrodynamic
Test Systems for the Selection of High Flow Rate Re-
sistant Materials[J]. Joural of Applied Electrochemi-
stry, 1979(9): 243-253.




<<
  /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


