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ABSTRACT: The work aims to determine the corrosion features, corrosion type and corrosion mechanism by analyzing the
corrosion failure behavior of some gathering pipeline so as to guide the corrosion treatment and extend the service life of pipe-
line. The corrosion location and macroscopic characteristics of the inner and outer walls of pipeline were analyzed through geo-
metric dimension measurement and macroscopic observation. The materials were inspected through chemical composition
analysis and metallographic analysis. Samples were taken from the corrosion perforation part and microscopic morphology and
energy dispersive spectroscopy of the corroded surface were analyzed by scanning electron microscopy (SEM). The corrosion
products were analyzed by X-ray diffraction. The chemical composition of the perforated pipeline conformed to GB/T

9711—2017 standard, and there was no abnormal metallographic structure. The corrosion was concentrated on the inner wall
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the corrosion location was between 4 o’clock and 8 o’clock. There was basically no corrosion on the outer wall of the pipeline.

The corrosion products were lamellar and showed a multi-layer structure. The outer layer was relatively loose and mainly com-

posed of C, Si, O, Ca and other elements, which were dirt and scale adhered to the surface. The middle and inner layers were

relatively dense and mainly composed of Fe, O elements, and contained a certain amount of CI elements, which were the main

components of corrosion products. X-ray diffraction results showed that the corrosion products were mainly composed of Fe;04

and FeOOH. The corrosion and perforation of the inner surface for the pipeline are mainly caused by the laminar flow of oil and

water, the deposition of water at the bottom of the pipeline and the formation of electrochemical corrosion. The basic corrosion

type is dissolved oxygen corrosion. Local corrosion is accelerated by the Cl and destruction of the corrosion product film on the

surface.
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Fig.2 Macroscopic morphology of outer surface: a) overall appearance; b) morphology of perforation site
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Fig.3 Macroscopic morphology of inner surface: a) overall appearance; b) local coverage
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Tab.1 Metallurgical structure analysis results

Testing item Metallurgical structure Nonmetallic inclusions Grain size (level)
Testing result Ferrite and Pearlite A0.5, B0.5, D0.5 10.0
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Fig.4 Metallurgical structure of pipeline Fig.5 Corrosion morphology metallurgical
structure of inner surface
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Tab.2 Chemical compositions testing results wt%
Element C Si Mn P S Cr Mo Ni Nb \Y% Ti
Content 0.064 0.19 1.28 0.010 0.0035  0.021 0.0016 0.011 0.017 0.0041 0.016
Requirements of
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Fig.6 Microscopic morphology of inner wall and EDS analysis results: a) ¢) microscopic morphology and EDS analysis
results of the surface near perforation; b) d) microscopic morphology and EDS analysis results of coverage surface
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Fig.7 Macroscopic morphology of sample cross section



©62 - *om H A 2019 4 5 H
Cl
EDS tesafea Element Weight% Atomic%
oK 43.30 71.16
ClIK 7.96 5.90
FeK 48.74 22.94
(6]
Fe
al Fe
} Fe
SRt e 0 1 2 3 4 5 6 7 8 9 10
el i s woscopy moges l Full Scale 1481 cts Cursor.0.000 E/keV
a JEPhTTATETEAL b EDS/HHr4R
8 A UTET OV S B2 EDSS 3B 46 2R
Fig.8 Micromorphology and EDS analysis result of sample cross section:
a) sectional morphology of corrosion pits; b) EDS analysis results
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Fig.9 Micromorphology and linear SEM-EDS results of cross section of corrosion products: a) cross-sectional morphology of

coverage; b) linear SEM-EDS results of coverage section; ¢) d) e) f) g) h) distribution of C, O, Si, Cl, Ca, Fe elements
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Fig.10 XRD analysis results of sample

2.6 BHIERLSZEST

2.6.1 BB

TR EMIES . ORI S I 4 4R o A 45 SR 3=
B, AEFELANBEJ o 32, AMREIEAS TR 1, ik
P FELT T, HAEWENS AL, 815Kk
XRD iRz, AR R E =Y £ 2 H
Fe;0, il FeOOH 41 i, >y B3 (1) fiff 0B b ™ 0 o it
A, SRR PR 2R T8 2E L R A JE T AR A ok e T
A S B R A i S T AR T ORI AR
ARSI HTEER, COMBRBIECH 2.33%, I
A—Em i (RN 0.18% ). FH I AT I,
A PN BE B JB T I T 2 R U A SR o, L T AL P
mr,

FHA% JZ W : Fe -2e — Fe*'

BAM )2 W : O, + H,O + 4e — 40H

MY 2Fe + 0,+ 2H,0 — 2Fe*" + 40H™

Fe’ Bl J5 2 Az /K i -

4Fe*" + 6H,0 + O, — 4FeOOH + 8H'

FeOOH &5 540~ Fe;04:

FeOOH + e — Fe;04,+ H,O + OH
2.6.2 KBS HIEE S

R4 4 T a2 A TR NG O, 1 AR I R ik K TR
i, BARNEGR, WA RARHEL 0.26 m/s. H L
WEAR T LA 1, P mAR SR, SEhKEZ
WRA, SRR, KIEEE NI IUR, XS B I

IR R
2.6.3 RFEPEHmFILIRE ST

ERE N BEZ LTSS SRR W], 45 1E N BEAFAE ] B
MY, JEEEE | mm DL b, (HAEZEFLEAL R X
SR LEE B I B S5 o I A R T A 52 4
SRR | IS IR I, 7R 3R AN [R] A i DX
Z IR T BAT AR 5tk A A28 P B8 ot e, AT
P)IIBEYE 9 O O N /D e YU 2
Wi , A ST 2 T VR S ALY B 3 sz B RR ), 3
JH BELJE (9 JE T STC N A OS> B pHL B R AR B AR
1, T8RP 2 v 202

JE& e 2 1T B AT BE T 0 A 4G R R, FEJE k)
WIZKJE YT, Cl LR FRARF & CU IR G
JEEALEAR 2, TE LR s By Cr
o PR BRI A, RO CUBA R 1) 5 15
P, SO REIR B b = MR, AR ok 7 g R A
AOPRIPRE T o B il A BE TS F0 ol T Ak 7 CI
TR AR B4 M SR K B S A T, FEAA R X R Ak 1 e
KPR SRR P AUk, MTREE R RY CLAN BT
TETNIER, TUN ClK Bt & 1 P R X
S, SEA ) Fe AW g i, (R phbTils g,
IN3E T SRRk, WA 11 BR o

Formation water
Cathode O, + H,0 + 4e — 40H"

Scale

\

Concentrated acidic N o Corrosion

product film

Cathode
0,+H,0+
4e — 40H"

Pipe

B 11 RS ph L

Fig.11 Local corrosion mechanism
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