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Development for Material and Application Technique of Stainless Steel Line Pipes
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Abstract

The stainless steel line pipe materials of NSSMC were introduced especially for its chemical
contents, physical properties and corrosion resistance. The conventional stainless steel line pipes
can be categorized into martensitic grade and duplex grade. These materials show the corrosion
resistance in the condition containing carbon dioxide, chloride ion and little amount of hydrogen
sulfide. On the other hand, it had been reported that heat affected zone of super martensitic stainless
steel welded joints had susceptibility of inter granular stress corrosion cracking (IGSCC) in CO,
environment at elevated temperature. It was cleared that post weld heat treatment (PWHT) was
effective to prevent the IGSCC from the research for the mechanisms. Then, the new duplex
stainless steel DP25U was introduced as cost-effective material. The new material was characterized
with both showing SSC and elevated temperature SCC resistance without PWHT.
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Chemical compositions of CRA line pipes

Chemical Composition (mass%)

Material -
C Cr Ni

W Cu Ti N PREW *

13CrS (UNS S41525) Max. 0.03 | 11.5-13.5 45-7.0

2.0-3.0 - - 0.01-0.50

DP8 (UNS S31803) Max. 0.03 | 21.0-23.0 | 4.5-6.5

2.5-35

0.08-0.20 | Min. 34

DP3W (UNS S39274) | Max. 0.03 | 24.0-26.0 | 6.0-8.0

2.5-35 1.5-2.5 0.20-0.80 0.24-0.32 | Min. 40

R2 XTFTULRAETA L INA THOEWRIEE
Mechanical properties of CRA line pipes

Yield Tensile
Temperature Hardness
. strength strength
(O (HV)
(MPa) (MPa)
13CrS 25 Min. 550 | Min. 750 |Max. 310HV
(UNS S41525) 100 Min. 540 | Min. 690 -
DP8 25 Min. 450 | Min. 640 Max. 28HRC
(UNS S31803) 100 Min. 380 | Min. 575 -
DP3W 25 Min. 550 | Min. 800 Max. 32HRC
(UNS S39274) 100 Min. 480 | Min. 725

* Cr+3.3 (Mo +0.5W) + 16N

H2S (MPa)

180 200 250
Temperature (°C) 5%MNaCl

X2 @ERRECHEEMHORR
Material selection guidelines for environments
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(4 =HAF5EER - 25%NaCl, 10bar CO,, 110°C, 720h)
SCC test results of S13CrS
(4 point bend tests: 25%NaCl, 10bar CO,, 110°C, 720h)

Applied
No. Welding Wire PWHT stress SCC

(%) AYS

1 No 100 3/3

GMAW Super
2 . No 90 3/3
(Cu backing) | duplex . -
3 650°Cx5min.| 100 0/3
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TEM (transmission electron microscopy) micrograph at the
vicinity of surface oxide layer and results of line analysis
around the grain boundary by EDS (energy dispersive

spectroscopy) for as welded material
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TEM micrograph at the vicinity of surface oxide layer and

results of line analysis around the grain boundary by EDS

for PWHT material
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Bright field

As welded

X5 AETEEMHAZ FREE O STEM/EDS IC&37T
e}

Elemental distribution in the vicinity of surface at HAZ
of as welded material by STEM (scanning transmission

electron microscopy)/EDS mapping

- Dark field |

PWHT (650°C x Smin.)
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Elemental distribution in the vicinity of surface at HAZ of

PWHT material by STEM/EDS mapping
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Distribution for mechanical properties of developed
material
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Welding conditions for joints of DP25U

. Welding
Welding process PWHT
consumables
GMAW
. 1G | 25%Cr duplex No
(Cu backing)
Process | PGMAW | Position: ASME 1G
5.0deg.
el
Joint design 065 \ /
e
R2.0-¥
3.0deg® 0-1.0mm
Preheat None ‘ Interpass temp. ‘ 150°C max.
PWHT Not applied

5 DP25U A#EMEFOM SCC MaHiliiER
SCC test results for welded joints of DP25U

Test conditions
Material PWHT Clr CO, Temp. Results
(mg/L) | (bar) (O
No SCC
DP25U No 180000 10 175
(0/2)
SCC
No
(2/2)
13CrS . 180000 10 110 ———FF—
650°C No SCC
X Smin (0/2)

Note : No SCC / No tested samples

6 DP25U iBE#E F DM SSC MEHMlifER
SSC test results for welded joints of DP25U

Simulated . Temp.
Solut H G
condition olution P as C)
0.17 wt%NaCl
Gas 35
(CI': 1000mg/L) 0.04barH,S %0
oil 25wt%NaCl 45 (CO, bal.)
i .
(CI': 180000 mg/L)

KIZ, H,S BHREHTO SSC EZMAFmICBI L T, TR
BREMEA RO T REBREIZ2HAT v L AGIZB W
TR O EZMED TS 90C OB T THEML 720 ERS
PRIERFEN 7 Gas SoF & Oil LfF 5 EE L7,

IR pH & H,S S RO B~y 7L LT
10 127”9 [MIZiE, PWHT 2 L 72 A —7$— 13Cr S5
BT O B2 BEEL LT\ B, DP25U AHEETE0IZ Oil
S & Gas S & DI A—73— 13Cr AT Tl
AR 2 BRBE S 2 BV T SSC DFEIZFRD b Ao
72e 2O D5, T SSCHDBLE A S b DP25U IZA—78—

13Cr X 0 ENT AR S S EDIS L o720
5 &

=

CO, Cl', HSZ&LEETIFT TR AEZ Solid D A
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Q 4 l
35 I O
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25 ‘ ' '
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Partial pressure of H,S (bar)

(a) Gas condition

6

elded joint of 13CrS
55 F— J—IW
; NoSSC | —
45 O
4
35
3 O NoSSC
@® SCC
25 . . T
0.001 0.01 0.1 1

Partial pressure of H,S (bar)

(b) Oil condition

X 10 DP25U Bk & F DM SSC 4 {FRRIEHE v 7
Recommendable environments of new duplex stainless steel
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