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" Grooving Corrosion Resistance of ERW Low Alloy Steel Pipes in Sea Water
Chuichi KaTto, Yasuo OTocuro, and Satoshi Kapo

Synopsis:

The grooving corrosion resistance of the ERW Cu-Sb, Cu-Ti, and Cu-Ti-Cr low alloy steel pipes were
investigated. Corrosion tests carried out in artificial seawater showed that these pipes had grooving corrosion
resistances four to seven times higher than that of a plain carbon steel pipe. Difference in the degree of
polarization between the weld and the base metal, as determined by polarization curves in 39%NaCl
solution, was large in the carbon steel pipe, the weld being less polarized and small in low alloy steel pipes.
A microscopic observation of the non-metallic inclusions revealed that there was "a smaller quantity of
MnS inclusions, inititation sites of the grooving corrosion, in the welds of these low alloy steel pipes than
in the welds of carbon steel pipe. It was considered that the good grooving corrosion resistances of the
low alloy steel pipes were due to the decrease of MnS inclusions in the welds, the elimination of $*~ ion by
the addition of copper, and the increase of the corrosion resistance of the base métal by the addition of

chromium.

1. # =

LBEEAKREEERBELEKEBKTIRETELL
THERTS &, ERBCBROBR EBR) 24£7T5C
ERH5. EBEREZROLLBIRNCEBET 5—ED
PHEETHY, BEEEXLRKEVOTEDHBEHE
LMD, EEORAL LB IUEFLEELMETH
5.
EXLBECEEERDR b RERIIBRRCHELET
% MnS ZNENBBEDOFEOLEER OMBERIC X
T EHEREZ EFIELRTL LTS 2®HTHY,
Cu, Sb, Ti, Cr /g X D& &THEAMHIE TSR
MBHDHOT, MBEEERRBEORROTREEN»HD T
EEREE LV,

Z 2T, #~ Cu-Sb, Cu-Ti & X ¥ Cu-Ti-Cr %
HARNW L ZBOMB Y ERME LTy 51854
MEBRMESOTHERK ISV, BERRETROTX
DEMIER L, SOLTUERHONEDEESLTER
{LEREIE 2TV, THEEEEELZHL,E TR E
R A7

2. R B

2.1 $5#4

HERARE DB & (LS & Table 1R L7z
FRICIWT, M ARERH & LRV BRE
MERME CEMETHS. Blix Cu-Sb F, Cix Cu
-Ti 3, DiX Cu-Ti-Cr FOEALMERMPETH D,
WA THERHERME CH 5. 48BLH 5t BRF
TOEMAZAVTCETEOFECERMEGEE LD
DTH5-

ZhLOERME D LERRCLERERORBRRF %
BT cRELTHEB L.
2-2 RBRAHE

2.2.1 kK

LRABFND N THgKE VT, BERRERERE & fik
BEARE X > THERES K IETARBRYME, &
BIREORE RS IO EOEEZMmET L.

AWM O E 2L 40°C D ATk ZAVWT8 7w AR
FCRET L, IBEOEEIIHE 0.5 m/sec WHWTEIR
» 5 70°C FTHN. MEOEE T 40°C O ATHK

* EM4ABE 4 HELSHEEASKTCHEE BEBM514£3 A 18 A% (Received March 18, 1976)
** WAFMESKGR)MSEHEIER (Products R & D Laboratories, Nippon Steel Corp., 5-10-1 Fu-

chinobe Sagamihara 229)

Rk AR (BR)RRENFAER I (Products R & D Laboratories, Nippon Steel Corp.)
ek ORI MULETHEN @E{E (Products R & D Laboratories, Nippon Steel Corp.)

— 130 —

sy



>

EE&SHERATOHRPIZIRTIMBEELET OV 131

Table 1. Chemical composition of specimens (wi%).
Specimen Standard | C Si Mn P S Cu Ti Sb Cr
" A ERW carbon steel pipe SGP65A | 0.11 | 0.0l [ 0.50 [ 0.010; 0.006] — — | — —
¢ B ERW Cu-8b low alloy steel pipe 4 0.09 | 0.20 | 0.35 | 0.010, 0.018] 0.32 — | 0.11| —
: G ERW Cu-Ti low alloy steel pipe ” 0.12 |1 0.16 | 0.51 | 0.008; 0.006/ 0.14 | 0.030] — —
D B GuTi-Ge low alloy steel | 5Gpos0 | 0.06 | 0.27 | 0.63 | 0.008) 0.004) 0.16 | 0.040 — | 1.02
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artificial sea water at 40°C for 8 months.
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Fig. 2. Relation between temperatureland the
depth of grooving of ERW test pipes
after corrosion test in artificial sea water
at 0.5m/sec for 2 months.
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Fig. 3. Relation between the velocity of artificial
sea water and the depth of grooving of
ERW test pipes after corrosion test in it
at 40°C for 2 months.
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Fig. 4. Anodic polarization curves of the weld and
base metal of ERW test pipes in 39 NaCl
solution at room temperature.
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Photo. 1. Optical micrographs of inclusions in the weld of ERW test pipes.

Sulfide inclusions were whitened with Beraha’s etchant. a) Specimen
A, b) specimen B, c¢) specimen C, and d) specimen D.

Photo. 2. Electron microprobe photographs of the complex inclusion, TiN-MnS,

in the weld of ERW Cu-Ti low alloy steel pipe (C).
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Photo. 3. Electron mlcrographs and electron diffraction patterns of the inclusions in the welds
of ERW carbon steel pipe, (a), and ERW Cu-Sb low alloy steel pipe, (b).
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Photo. 4. Electron micrographs and electron dlﬂ'ractlon pattern of the mclusmns in the welds of
ERW Gu-Ti low alloy steel pipe, (a), and ERW Cu-Ti-Cr low alloy steel pipe, (b).
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Photo. 5. Electron micrograph and the result of nuclear diodes spectroscopy of the ultra
fine inclusions in the weld of ERW Cu-Sb low alloy steel pipe (B).

Photo.

ST SIS ST D SR

6 Scamnng clectron micrographs of the
localized corrosion around the inclusion
in the weld of ERW Cu-Sb, (a), and
Cu-Ti-Cr, (b), low alloy steel pipes
after immersion in 3% NaCl solution
at 40°C for 4 min.
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Photo. 7. Effect of the addition of Cu and Sb to 0.0192,S carbon steel o
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of the ultra fine inclusions. a) 0.019%S carbon steel, b) 0.0299Cu low alloy steel,
c) 0.15%Sb low alloy steel, and d) 0.29%,Cu-0.149Sb low alloy steel.
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Cu REELTWS LIBEH Lz Cuzt o4 F s S2- o4 7
vl bx CuS & LTEEL, 82 A4 3 DEREY
HREEDEFE25N5. Cu 0ZD L SkEixix, 3
DEERTO BREEHICE VT I FADLATLED
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Cr Hhnc X 2 Hgk ot & m Lo shRF @t %
frdLEZLNS. L LARAED, MnS ZAEMER
Wt & ORI ELTRBALEDH O, SITTFEDHRE
EE LD EIOEBETRERWBH 5.

. % & 08

Cu-Sh, Cu-Ti kXt Cu-Ti-Cr HBIESLMEEMN
B Ot X O R BRI DWW OBGET Lic.

FOERIXDESCELDLNS.

O KA LIIMERIEIXIRE 70°C, ik Sm/sec ¥
TOEFTE N TREBRTBRATICILT 4~7 5o
HEEMESHS.

@ Cu-Sb RERIIEELHRIITIT MnS BNFEWH
i, BYIHANED Mn(Sbys Fes)Os DS EICHF
ELTWS. ZOiEME Cu & Shb BREATRmMINL
BEWERL, SEEBELTVWS WiEEDH Y, MnS
A iz R o< 5.

® Cu-Ti-(Cr) REZMEEHRIITD BiHo MnS
13475 <, TiN-MnS (—# TiS #@EiH) BEEL, &
fAED TiN, C) BEECHETS.

FREBEE D TIN-MoS kXU FENEDETVWTRD
FREREORR LI .

® FhooE Cu BB LT S~ 4 % CusS &
LCHIfEL S~ A AL 0 BERE R BRETS. ook
Cr iaHgkom gz M EL, MoS ZNEDORHER
ERDEEEZ/NEL T 5.

® L7cHoT, RESPEGDTOMBRE, &
AORE LD MnS ZFREDH» L5 T L, Cud
St~ A AUEIHRL TOEEELRETHLBIT
Cr Fhnic X 5ihgkof iEm Essh B vyt %
b EFabhb.

BUwiEL, AR CE L, Haxo JHEY WK
B ARFETIEE, ARHOAEIRIC S LU Bo#EY
FLET.
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