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Development of Martensitic Stainless Steel Seamless Pipe for Linepipe Application
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Synopsis :

Two types of martensitic stainless steel seamless pipes have been developed for linepipe
applications. One is 0.01C-11Cr-1.5Ni1-0.5Cu-0.01N steel pipe for CO2 environment, and
the other is 0.01C-12Cr-5Ni-2Mo-0.01N steel pipe for CO2 and slight H2S environment.
Both pipes are suitable for welding without preheating. They give X80 grade strength
and good low temperature toughness of welds without PWHT. The former pipe gives
better resistance to CO2 corrosion than the 13Cr martensitic stainless steel for OCTG.
The latter pipe gives good SSC resistance in 10% NaCl solution with H2S partial
pressure of 0.002MPa and pH value of 4.0. These steel pipes have a great economical
benefit and are expected to substitute conventional flowline pipes using carbon steel
with inhibitor injection or costly corrosion resistant materials, such as, duplex stainless

steel.
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Development of Martensitic Stainless Steel Seamless Pipe
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Two types of martensitic stainless stecl seamless pipes have been developed for linepipe applications. One is 0.01C-
11Cr-1.5Ni0.5Cu-0.01N steel pipe for CQ, environment, and the other is 0.01C-12Cr-5Ni-2Mo-0.01N steel pipe for CO, and
slight H,S environment. Both pipes are suitable for welding without preheating. They give X80 grade strength and good

fow temperature toughness of welds without PWHT. The former pipe gives better resistance to CO, corrosion than the
13Cr martensitic stainless steel for OCTG. The latter pipe gives good SSC resistance in 10% NaCl solution with H.,S
parlial pressure of 0.002MPa and pH value of 4.0. These steel pipes have a greal economical benefit and are expected to

substitute conventional flowline pipes using carbon steel with inhibitor injection or costly corrosion resistant materials,

such as, duplex stainless steel.
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Table 1 Chemical compositions of steels used in laboratory study

{mass%)
Material C Cr Ni Cu Mo N
1 Laboralory heats 0.01-0.03 11-12 0-2.0 0-1.5 - 0.01-0.03
2 Production } 0.2C-13Cr 0.2 13 - - - .02
3 heats J Low C-13Cr 0.02 13 4.0 - 1.0 .05
Table 2 Results of y-groove cracking test for 11 and 12Cr steels
Preheatmg temper’xtur(
Material R e —— - — e
30°L 70°C 100°C
0 03C0. {)IN L I’d(k Lrac.k Crack
e e o 11Cr 1.ONI-0.5Cu R s e e -
G.0LC-0.03N ‘ Lm(k Crack (.l"d(.l\
i 12Cr-1.0Ni-0.5Cu No crack No crack Ne crack
_ - T )
0.01C-Q.01IN 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 mim

Welding material: Type 410H SMAW, 4 ¢ (Diffusible hydrogen; 4.28 cc/100 g)
Welding condition: Current; 160A, Vollage; 24-26V, Speed; 150 mm/min

Test condition: Room temperature; 30°C, Humidity; 60% RH
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Relation between Charpy absorbed energy at 0°C and yield
strength of 12Cr steels with various Cu contents

Fig. 1

224 W Co,BEH

it CO, BEPE &R B 78002, & — b 7L —7&HT CO,
BERREREIT - 4. BRI 3mmtx 25 mmw % 50 mml I FAER
4 20% 0> NaCl AGFHEDIZRE L, 3.0 MPa &) CO, &R &4 718,
8O°C T M T &2 ET LD RAEL A, WRMA RIS SIS
M (mmy/y) ERTIL ., R CO, WERMEAGEE L A, eSS LT,
MUFAEIR 02C13Cr 8AY & X P ey &8 CO, BB B AL 0.02C
13Cr-4Ni- 1Mo 7% & FIRF Al L 7=,

Fig. 2 12 CO, FERaARAS 4 R4, Cu AFRMIL 283 S ok
ROFREFR L, MAEEEE Cr, NIOKEB, $5003 C OME
A oEA L, MEAER RS SRR, Cr—10C+2NI TEREN S
CO, B 18 (CO, corroison index, CCI) TEIPEH7z, —F. Cu
BRI TIETLAEAREL, TOBWEGCERRES L, Th
SOAEPL . Cr & 1% ZHMLTE, Cu #@mmL, 22 CCI
£ 12% AL s bdud, Y I 0.2C-13Cr 88 4 B R A CO,
HEEHTIohaZ Eabhh s,

23 HEEEE CHEEH O

J O HERE ARG R M b kL AR M A F I L T, 0.01C-
1Cr-1.5Ni-0.5Cu-0.01N - % $1‘;h'*'(~‘i"f‘;‘§.2 L, #ME 273 mm. #2127
mm O3 1 BEHRTE A B . BIEE, BIEEAMARE LUERL Y

20%NaCl solution, 3.0MPa CO,, 80°C, Tdays

a3 —T T T T T
] Pitting
0.01C-12Cr-LONIDC
~  b1f 4
= [ 020130 ]
g C Q ]
= oop ]
L - -
g 11Cr-1.5Ni0.5Cy 0.020-13Ce-4Ni- 1Mo
Z i
5
3
001} 4
0005 O 0.01C-(11, 1) CeNiCu ]
0003 1 e i L 1 1 e 1 1 i ]
8 10 12 14 16 18 20 22 29

<4, corrasion index
=Cr--10C+ 2Ni (mass%)

Fig. 2 Relation between corrosion rate and CO, corrosion index
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Table 3 Chemical compositions of base metal and welding wires for girth welding of 11Cr-1.5Ni-0.5Cu steel pipe
_ {mass%)
Material C S Mn Cr Ni | Cu Mo N
11( T l)a:,c metal 0.01 0.16 1.13 ill 1.5 i (.48 0.01
STAW ﬁller wire 0.01 0.30 0.38 25.3 9.5 - 4.0 0.27
GMAW wire 0.02 0.33 0.41 25.1 9.6 | - 40 0.27
Table 4 Girth welding conditions for 11Cr-1.5Ni-0.5Cu steel pipe
S _— _ e o S —
Diameter of Welding Welding @ Welding Heat -‘ e 4
i . R | . Shielding
Welding method Pass welding wire current voltage speed input as
L (mm) Ay ) (em/min) | &/em) | FF
GTA‘N 1-7 20,24 150-140 13.5-165 5.3-7.2 i 20-35 I Ar
1 (GTAW) 2.0 146 ) 13.5 4.0 l 30 Ar
GTAW + GMAW S o e
2 (GMAW) 1.2 1'3(] t 14.0 6.5 [ 19 Ar
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Table 5 Mechanical properties of girth welded joints of 11Cr-1.5N#0.5Cu steel pipe
Tensile test
Weided joint/Base metal s [ TS El i Fracture Side: bend test
(MPa) (MPa) (%) position
GTAW 77 24 BM No crack
GTAW « GMAW - 748 25 BM No crack
Base metal 593 726 g 22 -
400 [ T T T Charpy hull size specimen
I GTAW (As welded) j: w;‘n from outer surface 5 I.&)ngitudlin;ll :iir(ru.‘.lli()n i : .
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- Closed: HAZ [0 HAZ
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300 N
250 . i
o 200
T [
7 o0 =
é:‘ 400 L 500100 h
5 E
= g
b 0
30 T a0
E GTAW - GMAW (As welded) a
=3
=) - .
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Fig. 3 Hardness distribution in welded joint of 11Cr-1.5N#0.5Cu
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Iig. 4 Relation between Charpy absorbed energy and tem-

perature of 11Cr-1.5Ni-0.5Cu steel pipe welded juint

Table 6 Results of CO, corroston test for welded joints of 11Cr-
1.5Ni-0.5Cu steel pipe

Material Corrosion rale
(mm/y)
GTAW 0.030
Welded joint ; - -
11Cr-1.5Ni-0.5Cu GTAW + GMAW 0.029
[3ase metal 0.033
0.2C-13Cr 0.059

10%7NaCl solution, 3.0 MP'a CO,, 80°C, 168h
LU AN A TV A 2 LA Eht-,
3 CO+MEHSIRET A /N1 TH12Cr BED

R

3.1 EEEH

CO,+ M HSRES 1 i FH=LF 2414 LV R2ATF VL
Z k1R OMIE R RS, LiRo CO, BT 4 Lot TR
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Fig. 5

Effects of Ni and Mo content on SSC resistance of 0.025C-
13Cr steels
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Table 7 Chemical compositions of base metal and welding wires for girth welding of 12Cr-5Ni-2Mo steel

(massf/rai)ﬁ
Material C Cr N | cu Mo N
12Cr base metal .01 12.0 5.1 i 2.0 0.01
GTAW filler wire G.01 253 95 4.0 0.27
GMAW wire 0.02 251 9.6 4.0 (.27
Table 8  Girth welding conditions for 12Cr-5Ni-2Mo steel pipe

Diameter Welding Welding Welding Heat -

. , . . Shielding
Welding method Pass welding wire current voltage speed input as
(rnm) A (V) {cm,/min) kJ/cm) g4
GTAW i-6 20,24 145-191 ! 14.0-16.5 4.0-74 18-33 Ar
1 {GTAW) 2.0 148 13.5 4.4 27 Ar
GTAW + GMAW : o :
2 {GMAW) 1.2 i 145 | 15.0 7.9 | 17 Ar

VIS RIS 8 Vol. 29 No. 2 1997 — 38—
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Table 9 Mechanical propertios of girth welded joints of 12Cr-6Ni-2.0Mo steel pipe

Tensiie test |

Welded joini/T3asce metal o __YS—i— o VTS L] -..Fraelurr_! Side bend test
- o MPa) (MP2) %) position o
B GTAW i - 845 30 BM No crack
S GTAW + C’MA—\;’ V - o Bo6 30 . _1'31\1{ 7 WNUTHIICR o
Basc m.cia? o 634 VVJ - 827 34 ] ) o __7___.:”
400 T Table 10 SSC test results of GTAW + GMAW joint of 12Cr-0Ni-

: v — —

—0- Imm from outer surface

— 1/

~O- lmm from inner surface
Closed: HAZ

[ GTAW (As welded)

350

300

250 .
— i
=
i il l
R - ' -
5 F GTAW + GMAW (As welded)
300 ¢ HAZ ]
00 F
250 |
200 ! : :
0 5 10 15 20

Distance from bead center {mm}

Fig. 6 Hardness distribution in welded joint of 12Cr-5Ni-2Mo
stecl pipe
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= 100
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Temperature (°C)
Fig. 7 Relation between Charpy absorbed energy and tem-

perature of 12Cr-5Ni-2Mo steel pipe welded joint
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2Mao steel pipe
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pH was adjusted by CH,COONa
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