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A Martensitic Stainless Steel Seamless Pipe for Linepipe
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Abstract:

A martensitic stainless steel seamless pipe for linepipe application, KI-HP12CR, has been developed with good weldability,
mechanical properties and corrosion resistance. Weldability is improved by the reduction of both C and N content. C reduction
is also effective to the improvement of CO corrosion resistance achieving the corrosion rate less than 0.127 mm/y under the
CO: environment at 160°C and 2.0 MPa. It can be applied under the HsS environment at pH4.0 and 0.001 MPa, since the
resistance to sulfide stress cracking (SSC) is improved by Mo addition. The pipe has X80-grade strength and sufficient low
temperature toughness for the practical use as a linepipe. Post weld heat treatment (PWHT) in a few minutes, the reduction of
C content and addition of Ti are effective to prevent intergranular stress corrosion cracking (IGSCC) at the heat affected zone.
Further application of the pipe is expected for the transportation of product fluid with corrosive gas such as COz, as an

economical material with low-life-cycle cost.
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Fig.1 Relationship between corrosion rate and CO2 corrosion
index

Table 1 Results of y-groove cracking tests for low C+N martensitic stainless steels

Preheating temperature
Material
30°C 70°C 100°C
0.03C-0.01N Crack Crack Crack
11Cr-1.0Ni-0.5Cu
0.01C-0.03N Crack Crack Crack
12Cr-1.0Ni-0.5Cu No crack No crack No crack
0.01C-0.01N 12Cr-1.0Ni-1.0Cu No crack No crack No crack
12Cr-2.0Ni-0.5Cu No crack No crack No crack

Plate thickness: 15 mm

Welding material: Type 410H SMAW, 4¢ (Diffusible hydrogen; 4.28 cm*/100 g)
Welding conditions: Current; 160 A, Voltage; 24-26 V, Speed; 150 mm/min
Test conditions: Room temperature; 30°C, Humidity; 60%RH
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Fig.2 Effects of Ni and Mo on SSC resistance of 0.025C-13Cr
steels
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Table 4 Result of tensile tests for the welded joint and base

metal
. YS TS El Fracture
Material (MPa) (MPa) (%) position
Welded joint - 856 30 Base metal
Base metal 634 827 34 -

YS: Yield strength, TS: Tensile strength, El: Elongation

M EZD%h %, LAV LICHEMEE8THEELT, 400 ‘ : ‘
F O, ® 1 mm from outer surface |
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Table 2 Chemical compositions of base metal and welding =< 100 F ‘ \ line
wires for girth welding L /é/ i)
(mass%) [ l — :
Material C Cr Ni Mo N 160 _120 _%0 —40 0
Base metal <0.015 12.0 5.1 2.0 0.01 Temperature (°C)
GTAW wire 0.01 253 9.5 4.0 0.27 Fig.4 Relationship between Charpy absorbed energy and
GMAW wire 0.02 25.1 9.6 4.0 0.27 temperature
Table 3  Girth welding conditions
. . . Interpass :
Weldin, Weldin; Weldin P Current Voltage Speed Heat input
Pass methodg materiagl pOSiﬁOl’gl Shielding gas temg)f(r}z;ture LEA) (V)g (mrg/min) (kJ/mnP;l)1
1 GTAW 2.0 mmg 5G 100% Ar <25 148 13.5 44 2.7
2 GMAW 1.2 mmg 5G 100% Ar 25 145 15.0 75 1.7
5G: Horizontal fixed position
- 15 — JFE $i## No.9 (2005 4E 8 H)
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Fig.6 SSC test results of the welded joint
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Fig.7 Results of U-bend SCC tests for simulated HAZ
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Fig.8 Effects of thermal cycle conditions after sensitization on
SCC behavior
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Fig.9 Effects of C and Ti on SCC test results
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