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Grooving Corrosion of weld metal in ERW carbon
steel pipe

Do-Soo Seo + Kwang-Hak Lee - Heung—shik Kim
School of Materials and Metallurgical Engineering

<Abstract>
A research for the influence of sulfur content in ERW carbon steel pipe on the

corrosion potential and the grooving corrosion sensitivity has been conducted.
ERW carbon steel pipe containing lower sulfur content(55ppm S)used in tap water
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supply was nol easily corroded at the weld line, however, higher sulfur(100ppm)
containing pipe was heavily corroded at the weld line locally and leaked within 4 years
of water supply.

Corrosion potential and grooving factor depended so strongly on sulfur content that
the more fine grains structure of HAZ and weld metal than base metal can not be the
main causes of grooving corrosion. The corrosion potential of cross section of pipe was
lower about 20mV than that of the swface of pipe.

1. A &

AFZI(ANAY E14EH)E A5, FHEF Y45 e 89 Y vlTBoE ALE
AAg wel 28 Vi § Ao R IHRAH R NI FHEHE ddE 5
TR A (grooving corrosion - knife line attack)e) bz g},
082 A% FA#el T @S vy nAFARLE AL e g3 fYTiA
= G xTlof HAHE AL Wl Aot ofF Frle] vt g7 3H
T2 daiFes Be dBodME 1976 ol Fe b B2 8 AUt REEg, $-
el M2 1085\ o] F-o delA|7] AlZ3tY 1990 ZFE U4t E olutE ©x) 9 %
E @A) qlgo] of7]® 7] Al&Etdch(1~3)
2 oA FHE fojstA WA WA e, FHET D S8 wlddlA
T g H4 A BaRdY, FHAL R4 &8 §&804s §F, pH B o]
o T2 F BF QA 9FE won, ABJAARAE @ia%d FHE & Rl &

o 71 & d¥e& FE Aoz WA H2od F FHFE 0.006wt% ol E i
A71AL o) #3lE S48 Ad F de §Edal, Cu R JEF d)E 2% A7

&
g g A wxZe) JEEG.9) ol whEh fuvetE aHAH A4 BHE
Mgdtel F44 Fao] AMEI}EE KSD3623E& 19939 1149 89 AA 3% stglont
#rd EAze 948 B4 23 FEolth.6)

43 5 dAge dNHoE £F 228 UM wy 7Y BEAe dae A
o] o, & FfrFol 0.02wt.% ol BaTFE 700~-80C2% WA A st
FRAE FAGOE dF Bavt o, 3 gi-Fel W dade dAY aHvt e
v dAEE g 1000CoAd AESE AL FAReRY ZHe 4 WelA np
HA2YA R3(15) o] o] FR-A ggte] @& AUk A HAoU M
o] RAGEI)SG SHP (I Ax, dHu 9 FEdaFel 484 gAY A
Shol] oj® &g st WiF AT W EL Aol

kA B Aol FRAY el He gsEe] ¥ WAN @4 4z
(metal flow)o] &34 G} Hstol nAe F3Fe A7 SN B2, #4514
F5A FAAZTE F0 A we AT 8HE AR vdgtax @
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2. g
21 AR7AA HgRE

TR o] A g Al #HEd FeHAEe] 38482 Table 16 291 nisl
Zo] & gf3ko) 4z 55ppm, 95ppm, 100ppm P 130ppmeol$ien 3 FdFo] Py
HAA9 9@ 54 QA nvAe 9ge E4317] g ApAdd A FFHELS
Table 20 B.QIuke} 2ol 3} ghf-wko] 242 20ppm, 60ppm, 100ppm 2 130ppm ©] At}

22 A¥AE Az 3T 4 ¥4

AReel $A%, 9P 2 Bl U vARHe ARFBE Nitalol ol Fs}o]
Forgn o BARYD, ARl EARE AN ZHUAL AAROE Antd F
SEM/EDSE ol §-3ted E4atar. A%84%e 45 (metal flow)e Picralo] 4zt of
Aatol BARA, ARG AREel g &QF VAL Pioraldh Nitalo] BAZE o1 %
S WWE o830 AANAD. Nitale FF 08miEolol D2 2mlE WEL Pioral
x5 g902 AgTATh

rlo

23 AEAB FHAY

SHE RAe AddGAY(open circuit potentia) B BIFHHL  Germany
Instrument 3] A} A F < "CMS100” DC corrosion test systems: ©]-&8la] Abof A "7§T5P
gom, olu) ALEE HAAL 35wt.% NaCl F&Holil ARL o EA o) n}L8 s}
uhgh & oda e 147 o} HH kel AR

A713ker Ago] ALEF AlEF B (base)s #4¥ WA HI Z@ dAAH 27MA E
FH3Ed AL, SR $84d HY3 Wo] AN AEEH £ JAES AEE AAF 3

paca
)

%%*-17}@‘@ AAFE FAFZA gt o] AHL LHEI AHY F Ul
T2 10X120mm 7|2 dgste] ALg3lgT.

Table 1 Chemical composition of corroded ERW steel pipe(wt.%).
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Table 2 Chemical composition of uncorroded ERW steel pipe(wt.%).
mn [ . Chemlca] composxﬁon(wt/) Er 1
@?@ﬁmﬁm,if*c*'1»,&;~LWWmuaf P sl & A
o205 | 0080 | 0180 | 1430 00150 | 0.0020 Tr 0.021
B0S. | 0039 | 00% | 0233 | 00060 | 00062 | Tr 0.024
0037 | 0008 | 0249 | 00120 | 00095 Tr -
0049 | 0011 | 0225 | 00140 | 00130 Tr | 0040

3. 4¥4ds ® ug

Fro el 2HE BAAYEE AL A 39T A9 E 2
T 2 e Fa(Ae e B3As met Ades B4R
| F450o 2ol Fagx obystal Z@ R} FdF s

th. %, gl Soppm¥ € ERW Z8E LAY §HR RF SRR gl #UF
Qg0 BAFAT. F Dol 100ppmel FHEB)IS SHE we ZA P 7
oz Fiael A8l ¥4 BRW Zwoldth ®# & il 130ppmel 2k
E SRS W HEa RARe] BFYBRA R4 Az WANAY ERW 3@
#m mARAE S Ae pih APH A BFHREA RARANE AL}
GG Gl

o gt ol # R dol F& ERW 4¥E FRpo A F Yo FHow 9
@ reAtzl & WA sgtert 3 @il 100ppm o149l ERW Z#& ww A3
T4 ool gAY BN o st el FRAm W wAsha
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(A)

(B)

©)

Fig. 1. Photographic view of internal side of corroded ERW carbon steel pipe;
(A) 55ppm sulfur, (B) 100ppm sulfur, (C) 130ppm sulfur.
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3.2 ERW 739 wAz4

oAz AREE AAE ©HAIF 0.06wt% olstEA] A ATl u&a Fig, 2(A)
Belntel Zo) RAle oiRE 89 10m AR AV dgolE AR FAH oy
oF7he) mdejel BT gltolE JApAatolel wmAEA REEHO QlTh

AFAD 4353 499 e dolgg ¥y wdel 3T d9gE AzA e
TAs saolEr FAAE ZAgs vl o &2 & 7

O

(*]

e

B Aol gk 43 BAR] A3e
dAGRE Fig. 2B)o) Helnls)d o] #glo]lBE Ajolof B3 whalEo] Al v
ol Ao WA olyda HY Ty vad AWMElolERA HelolE AAle &
A BE RojFEd, Sy e oo ® 85 ik upsetting)H ol HEH ) @B
of F4AQ gxne & FANLE EAF g §laL Fig. 2(C)¢] Hwke) 2ol wAg 3
o) Huloleyy g aistA U3t widman-siatten ferrite®} w19 FAFSE bainite ferrite?}b
A5 ATk ERW Z e @49 vE4 AAES SEM/EDSE #4¢ A3 Fig. 3 B
9l uleo} Z+o] MnS, MnS-AbGs ¥ AbOs; 59 F3E = A3 EAbel A

«
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(A)

©

Fig. 2. Optical microstructures of ERW carbon steel pipe;
(A) base metal, (B) HAZ, (C) weld metal
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Fig. 3. EDS spectra form the inclusion in the ERW carbon steel pipe.
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3.3 %5ppm 3 T ERW 739 F54 8%

it

.1

A7 20fmme] &77% ERW Zde &3 F4 48 a3 27H0ln=
FHozA Zt Add dAse Aot

& 3ol Ooppmog2A W Ze TtARsE S0ppmiTh AEE @& & FR
otk &77% ZWOIEE Fig. 49 RBInkg 2ol &3 F beadE AAT 5 g7 4
ol 84 bead”l Z# HFEE EFHo Utk olsk Z & 8 bead WLl 274 @
AW o2 Gl TR0l & wAsA gerh. aEv 3 FiaFo] Wolxd &R
FH-Ao] A BT

AT FdEe] 2R i’ﬂ’i?% A ol 530 o] Y FEM wRHoR
YA F49 BEE Fig 5(A)e Bust o] F4o] 7 1yH 743’1‘ Fig. 5(B)
of Biutel Z& ‘:‘élf’l A AW Ay A 1g 5(C)ell ®elupel o] FH-4jo] 4
A AAHol #FHERA e 2T FeE BFEH

o

4
o fo o

2 ¢

A

I (B)

Fig. 4. Cross sectional view of uncorroded ERW carbon steel pipe;
(A) etched in Nital (B) etched in Picral
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(A)

(C)

Fig. 5. Cross sectional view of corrcded ERW carbon steel pipe;
(A) slightly corroded (B) corroded, (C) heavily corroded and leaked.
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34 130ppm % S+ ERW 7Z#e 44 A4

S

(1) =Ast §35 9] metal flowst ¥4

£ 7 ZA FY99 metal flowe W HAA Holed oAL &A AR F FY
AN ALY T 47 Yo 7% RoEA AL & W&R FHusy
#Ae AFRE Fig. 69 R A Ax 3 F EcEY @129 57 &4
o] Feo] Hjrt gojA F4He HolE metal flowdo] w9 AA Holi &HHKF
% ggtEoly Aol &3 F MY H R upsettingH o] K beadZ o2 Wol
W U7 EA RE g3 g3 vl g g A Ee] SR-F AFEy] WEel FA 2Ad

(2) E-R FHAH Ay
TEAYE SHE dHE Picral2 dA$ AAE Fig. 7o By} &R Bd4E
wel 8H d9EE R AT APHAEol BEAEY #HAE metal flowE wet
EARE o]FatA = hUdrh oA HHF A BN Fee Yoz FHME
e} R 0] AEPg Aoz L8448 wet NAE] A ANE AAE AF
AL olyrtt, v FH20] 89 Lo osla] ol 2 AyYdt Fdd 2 F
AN metal flowd AL} HA A=Y dAHezyes F448 e TR
2le] z 3},

(3) BA8} &HF-9 A58y AF
mA et AR wFEy) BIGHE Fig. 8ol Btk #3340 nelntel o] »
At FHEE F T0mVe AQAE Holal A7 YT Yol BARTG:E {3
2] Corrosion rate7} 84 A+ & A + AUk
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Fig. 6. Cross sectional view of ERW carbon steel pipe
showing metal flow(A) and weld segregation(B).
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Fig. 7. Cross sectional view of corroded ERW carbon steel pipe
etched in Picral showing groove and metal flow.
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35 & ¢l ERW Za9 A549d vAE: 4%

Aol ERASANG Z#e) pRAIAAE ARG B AFANE $H4Y AT
Ae AW SARE Aol e oWD AR} 2B VAAIAN FAdAY Sy
7l WEd SRR dAlel gavel AFANAE FRtqch

A% Fig. 9o Hwle} o] 3 &§-ako] Z7latd AR
A7b o ebth,  F4Fol 0ppme) Aol $A A o 00mV o3
60ppm?] -l LA oF ~725mVelm 100~130ppm¢l A ¢l F429)
7b o ~750mVelch. ¥ el 20ppmel AT FAAYE £ olE8HA F
AR of TI5mVRTE oizh o %e R JPRAAR & YA E ¢ 2
AAYRG o 15mV o ¥4 SALAY. ontE I ofe HYNY FT BEw
=0 F2FETLl A48 Axtyg 23 o0ar dAydt Aog 7ZhERE

==

(2) ERW 7o) 2349
ERW 729 DR A 49%: Fig 100] Eolnpel o] 3 3ol F7tatd H4
AY7t o] wolRr) & gf-#o] 20ppme Aol B AYIE oF -700mV o],
60ppmel Aol A7} o ~745mVolm 100~130ppmel FS-ele 49
7b °F -755mV o]},
ol aka} o] # ghf-o] Zt UE el ¥HFEAAYe dHEAHAE Table 39
ujwste] wokrh Table 30 Hulel o] wrle] R wwiel FAdgnc o
20mV 2& HY#s nah

Table 3 Corrosion Potential of ERW carbon steel pipe measured at agitated
condition(mV.SCE).
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Primetud Vi ve fowl

Fig. 9. Corrosion Potential vs Time curves for the surface of ERW
carbon steel pipes containing various compositions of sulfur
in agitated 3.5wt.% NaCl solution.

Q.80 - N

v il Ennas) 8 &
0GF100 108908 40308 R UEvOS 8 GE 0T 1804 128 1 €408 R

Tl {&se)

Fig. 10. Corrosion Potential vs Time curves for the section of ERW
carbon steel pipes containing various compositions of sulfur
in agitated 3.5wt.2% NaCl solution,.
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36 % $HrFol ERW A#e F54 AR A= 9%

AF#FAN AFYE 0mA/cm’e) AAFE FFEIANA A0 A3} Table 49
Zol 3 ko] F/1AFLE FRAUAA o) AXE AoR Yyl B3 BAR R
SR 2 dggRe AAAFTAVL oA Aol Eol v we] FafF Y.

AAFE BRY AYA EATL 5184 Clem®, FAAZ 7ohrs2 P& ul F F{ol
60ppm ©]73¢] 7 R QArt ¢ 12~1484 FHAo] Ze Agelx, 3 dg{#
o] 20ppme Ag-dle X0 AE dojA gt

Table 4 Grooving factor( o) for ERW pipe polarized at various
current densities in 3.5wt.% NaCl solution.

4. 4 &

FRdow weAusl BAY B4 ARE SEMEDSE BAdy § il 7z
g2 A%AR AV 35wt NaCl +8ddd P44 54 A48 247 2%
slejsr 2e AEL AN

() F44 B2 AT A7 AT SRARE B BHF] W 4 (cl:60ppm)el &

R0 B wARN gou § BHF £& A9(el100ppmI 130ppmelE F
2a0] 47 s 4d ool FRAeE BEH T4HE A BAAY.
(2 g4%e AGPRE ARYEI} AAS BARRG 4] § AW TS
st 2Raqle o

(3) N8 BE T8 Frmel RARS $HRAdE ¢ 0mve A
R IE L

@ BAAY SAARES F FHDol S wet FAAN Frogon Ty
Ae 27M0AT. %, & 0ppmBHE AR FAHAAE ~70mV.SCEe I,
4 QApE 12017 $8 100ppm THE A9 FAANE -750mVSCEO D §
AAE 1360103 3¢ 130ppm 7T 49 FAHYE -750mV.SCE °]L &
gl7ke 1.410] 91t}

(6) AT GRALAANE RARHAY LT o WmV ¥ e WGk
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