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Optimizing Welding Condition for Excellent Corrosion
Resistance in Duplex Stainless Steel Linepipe
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Synopsis:

The corrosion resistances of the girth-weld heat-affected zone
(HAZ) of duplex stainless steels were discussed regarding their use
in pipeline for hestile environments.

A girth-weld HAZ with a slow cooling rate welding procedure and
a high pitting index base metal {Cr+3Mo+16N>>34.09%) showed
the same corrosion resistance as the base metal, even in the as-welded
condition. The slow cooling rates are considered to be effective as a
result of giving sufficient time for the diffusion of chromium to heal

the chromium depleted area adjacent to chromium nitride precipitates.
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Fig. 1 Relationship between Ni content and changes in austen-
ite fraction of the weld metals due to weld reheat
thermal cycle, and short-time solution treatment
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Fig. 2 Schematic showing of the cross welded area in a
DSAW-UOE pipe resulting from a seam and a girth
weldings
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Table 1 Corrosion test results of DSAW pipe

Results
Test Solution Condition
, Base metal i Seam weld
Intergranular corrosion 65% HNO, Boiling, 48 h, 5 times 0.175g/mt-h | 0.181 g/m?:h
Chloride SCC 90 g/l NaCl+1 bar CO, Boiling, 500 h No cracking | No cracking
Pitting corrosion 1095 FeClz-6 H.O 30°C, 24 h No pitting I No pitting
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Fig. 4 Influence of welding heat input on the pitting corrosion
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Fig. 5 Influence of cocling rate on the pitting corrosion resis-
tance of the simulated HAZ

FEL Lo bbb, BlExb, 10k]jom Ll EDOABTE
EIhE PI(Z34.0) # o HARSESFIRTCMAEELHE T
BEEXBIh D,

Fig. 4 s\~ T, FEAMHAELL T3 HAZ ORBEMEEHKIL
KELFE TR ol TITAS, ThbbiiEEE L RleED
BEPI S FHMY 1 7 LB B 2BV, K (WQ), 5
2w (FAC), s ruay (AC) o3 fgonHRELEL LA
RECE L. ok, RRIFEEE coREHMEV-Thb3Pe
Liz. BAEE Bl coERs Fig. 5 iwid, BEREEC LS
T, HHEEOCETCEL LVBANE/IE {k>TEh, Fi
4 DREREBIT T3,

—HeEE» COBHBEEN NS VL, 75 MENBD T~
AT+ VAFEARBRES LT —ATHA P RIS kD,
Fig. 5 OERAAT —AT 71 t HFROBEVREL b OMEME
Wttw, A—ATFA P HRCRELELLL D Fig. 6T
Hh. MEEFIZ7 = 7 1 FEEE 705 1350°C jnsad Gla BRI,
RLA—~A7FM FFRETH- THUT L ABREORERE YT
TERBGY, HAZ oL ANICIAEERETO OFAE(E
BLTWAD Edbdb,

SAEHTR 721 VBRI 72347514 r RADE
RBEIPELCE U Tz, T, E#F HAZ YR GTILEDR
g b RRE LA Photo 2 ERT LSRR T F1 M7=
S PERLBEELE, cozkanb, Fig 4 oRLERIL AR
BIETHEBEABOBER Y - 5 1 Mo AKEH BEFLC
ZrLELZDLRA,

3.2.2 B®ANIC L IFRILEMFA OB
Fig. 5 OFB MY 1 7 ARBT BT 5 1250°C ks H L F2E

JIliBesfEn Vol. 20 No. 3 1988



200 ZHEAFVVAREOTR RS b3 oRE Sk

14
PT=1350C

1 dgt) C 1250

0.6

Weight loss (g)

[a]
0.4F \

5,1 150°C

o

0 L 1 : L b,

10 20 30 40 30 60
Austenite fraction (%)

Fig. 6 Relationship between weight loss and the austenite
fraction (An rearrangement of Fig. 5 by means of the
austenite fraction)
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Photo 4 An example of electron micrograph and EELS analyses of precipitates found in the
both simulated HAZs cooled rapidly and slowly
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Fig. 7 Influence of temperature and partial pressure of HeS on

the SCC susceptibility

Results of corrosion tests under the atmospheric pressure

Seamless pipe \
UQE pipe girth joint

Pipe body \ Girth joint |
Intergranular corrosion ! ASTM A262 Prac. E (CuS0,-H:S04) ! No IGC* No IGC ‘ No IGC
test | ASTM A262 Prac. C (Boiling 65%HNOy) | No IGC (0.151)% | No IGC (0.171) } No IGC (0.182)
Pirti e 10%FeClyBHLO, 30°C, 24 b No pitting | No pitting ! No pitting
1n; OITOS10! ]
1HHing © "I | 150 g/ NaCLO.1 MPa CO,, 80°C, 28d : No pitting No pitting | No pitting

CF-SCC U-bend test | CaCl, {pH=86.5), 100°C, 500 h

No cracking No cracking No cracking

C0,-8CC U-bend test , 90 g/l NaCl-0.1 MPa CO, Boiling, 28 d

No cracking No cracking No cracking

# Tntergranular corrosion, ** weight loss{g/m®-h}
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Fig. 8 Influence of chloride concentration on SCC suscepti-
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4 8B

il

THAT VUAREOBER YR ANOBES SHREL, UFo

Btz i

(1) BEHEPETOWMAHOHL, BHERCHETE 7 ma
SWORAOD 7 v ARZBHEBL, +—27+4 t HRO
ETEEL-S 4O TiiLy,

(2) v—AEEBEMS CIBEEORBLERLBIZ LD 7 v .
REZBHSHEL, BAERIEETS, —F, MNREESBEH
REBEOE X CHEA I, BB T5ENEMT I -T
RERRE AR LDFHGRADT LLBRIEShiv o, Ha
oS GRRAEELYETS,

(3) BEOFIOMAREBVEROM &M+ KET 51002,
Pitting Index M@ # (Cr4+3Mo+16N=34.0) & L., &
HEEOCNX, bbby e aARSEAWP TS X5 BB
FHFERATD LMY E L,

(4) “H A F v v A 8%k 5% NaCl & 38 & 0.01 MPa, 209
NaCl o8& 0.00l MPa 0 HoS P E ¥ CHATEL L EZ B
hi,

= & ¥

1) AEEfR: BASBEa, 17 (1978) 8 657-665

2) J. Pleva and 5. Nordin: ‘‘Properties of different MMA welds on
modified type 329 ferritic-austenitic stainless steel” Proceedings of

) BEREESE Vol. 20 No. 5 1988

duplex stainless steels, paper No. 8201-30, ASM, St. Louis (USA),
September (1982)

3 EERE TAW— AW il 73 (1987) 7, A0S

— 2% —



