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1 Introduction

In recent years, oil and gas wells have been developed
in increasingly severc corrosion environments character-
ized by high temperature, high partial pressure of CO,,
and high concentration of chloride ions, and in some
cases, also containing H,S. For this reason, the preven-
tion of €O, corrosion and sulfide stress cracking (S5C)
in OCT( material have become an important task. [n
pipelines, the material of flowlines and gatheringlines,
which are used to transport oil or gas before corrosive
substances and water are removed, is required to provide
the same level of corrosion resistance as OCTG mater-
ial. Conventionally, pipelines of this type have generally
been protected from corrosion by injecting a corrosion
inhibitor into the pipeline”’ or by adopting a corrosion
resistant pipe material such as duplex stainless steed.?!
However, inhibitor injection involves various problems.
In particular, the operating cost is high in offshore
pipelines, the cffectiveness of inhibiter is unstable at
high temperatures, and leaks of inhibitor are a cause of
environmental pellution, Although duplex stainless steel
has excellent corrosion resistance, the cost of the mater-
ial is extremely high, control of welding heat input is
difficult, and in many cases, the corrosion resistance of
the material is higher than nccessary.

Martensitic stainless steels have rarely been used in
pipelines because their weldability is generally Tow,
requiring preheating and post welding heat treatment

* Originally published in Kawasaki Steel Giho, 29(1997)2, 90-96

Synopsis:

Two types of martensitic stainless steel seamiess pipes
have been developed for linepipe applications. One Is
G.01C-11Cr1.5Ni-0.35Cu-0. 01N steel pipe for CO, envi-
ronment, and the other is 0.01C-12Cr-3Ni-2Mo-0.01N
steel pipe for CO, and slight H,S environment. Both
pipes are suituble for welding without preheating. They
give X80 grade strength and good low temperatire
toughness of welds withowt PWHT The former pipe
gives better resisiance to CO; corrosion than the 13Cr
martensitic stainless steel for OCTG. The latter pipe
gives good SSC resistunce in 10% NaCl solution with
H,S partial pressure of 0.002 MPa and pH value of 4.0.
These steel pipes have a great economical benefit and
are expected Lo substitute conventional flowline pipes
using carbon steel with inhibitor injection or costly cor-
rosion resistant materials, such as, duplex stainless
steel,

(PWHT) in the welding process. However, these maten-
als show appropriate CO, corrosion resistance and are
comparatively low in cost. This suggests that if marten-
sitic stainless steel pipes with excellent weldability
could be developed, considerable demand could be
expected as an cconomical product which enables users
to reduce the material cost, laying cost, and operating
cost of pipelines.

From these backgrounds, two types of martensitic
stainless steel scamless pipes with excellent weldability
and corrosion resistance were developed. One is an 11Cr
steel pipe for CO; environments, which offers corrosion
resistance superior to that of 13Cr OCTG, and the other
is a 12Cr steel pipe with good SSC resistance for COs A
slight H,S environments. This report describes the
development of these martensitic stainless steel seam-
less pipes and their respective features.

2 Development of 11Cr Steel Pipe for Linepipe
in CO; Environments

2.1 Target Propertics
The target properties in the development of a marien-
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sitic stainless sieel scamless pipe for linepipes in CO;

environments are presented below,

(1} Weldability; Weldable without preheating or PWHT

(2) CO, corrosion resistance: Equal to or better than
0.2C-13Cr steel pipe for OCTG

(3) Low temperature toughness: Charpy absorbed
encrgy of 100) or higher at —-40°C in both the base
material and the welds

{4) Strength: Yield strength (YS) of 360 MPa or higher;
namely, grade X52 or higher in APISL of the Ameri-
can Petroleum Institute (AP1)

(5) Hot workability: Possible to manufacture seamless
pipe by the Mannesmann process

2.2 Laboratory Study
2.2.1 Concept of alloy design

The alloy design of the new steel pipe was carried
out based on knowledge of the effect of alloying ele-
ments on the weldability. hot workability, and corrosion
resistance of martensitic stainless steel.

Generally, when martensitic  stainless steels are
welded, cracking occurs due to the hardening which
accompanies the martensite transformation in the heat
affected zone (HAZ) and due to hydrogen which is dis-
solved in the weld metal during welding.” Accordingly,
one possible method of preventing weld cracking from
the material side is suppressing the hardeming which
accompanies the martensite transformation by reducing
the contents of C and N. In this connection, it has been
reported that cracks in the welds can be prevented in
martensitic stainless steels by holding the total content
of C and N to 0.04% or under.* Morcover, reducing the

C content can also be expected to improve resistance to
CO, corrosion by reducing the amount of Cr carbides.”

Hot workability is an extremely important factor for
deciding the surface quality of seamless pipes. Hot
workability is drastically reduced and surface quality s
deteriorated if delta-ferrite is formed in the manufacture
of scamless pipes of martensitic stainless steel, and n
some cases, pipemaking becomes impossible.”’ Thus,
adding the content of austenite former clements such as
Ni. Mn. Cu, etc. or reducing the content of ferrite form-
ers such as Cr. Si, ete. is cffective in improving hot
waorkability.

Based on these points, laboratory heats with a basic
composition of 0.01C-(1 1,12)Cr-Ni-Cu-0.01N were pre-
pared. The chemical compesition of the respective steels
is shown in Table 1. The heats were hot-rolled to a
thickness of 15 mm, air-quenched, and tempered.

2.2.2 Weldability

Weldahility was evaluated from the cracking sensi-
tivity of the HAZ 1n a y-groove weld cracking test. A
commercially-available lime-type coated elcctrode for
martensitic stainless steel was used as the welding mate-
rial. Preheating was performed at temperatures of 30,
70, and 100°C. Table 2 shows the test conditions
together with the results of the y-groove cracking test. In
steels with ¢ and N contents reduced to (LO1%, no
cracking was detected in any cross-section in observa-
tions 120 h after welding, even at a preheating tempera-
ture of 30°C. showing that these steels had satisfactory
weldability. However, welding cracking occurred 1n
steels with C or N contents of 0.03%, and was thought
{0 have been caused by hardening of the HAZ or hydro-

Table 1 Chemical compositions of steels used in laboratory study (ass%)
Mass >
e N o S e ) e S -
Material C Cr Ni Cu : Mo i N
1 | Laboratory heats 0.01-0.03 | 1i-12 ‘ 0-2.0 0-1.5 ‘ - ‘T» 0.01-0.03
2<l Production | 02C-13Cr 0.2 + 13 . - { L 0.02
3o heats Low C-13Cr 0.02 | 13 10 | - Lo 0.05
Table 2 Results of y-groove cracking test for 11 and 12Cr steels
7 w Preheating temperalure
Mat.erial [l — - - T T i —
+ 30°C T 0°C 100°C
0.03C-0.01N ! Crack Crack Crack
e 11Cr-1.0Ni-0.5Cu e e e fJ[— — e ——
0.01C0.03N Crack Crack | Crack
12Cr-1.0Ni-0.5Cu ‘ No crack No crack No crack
0.01CALDIN 12Cr-1.0N3-1.0Cu «‘» 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 cc/100g)
Welding condition: Current; 1604, Yoltage; 24-26V, Speed; 150 mm/min

Test condition: Room temperature; 30°C, Humidity; 60%RH
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gen. These results confirmed that weldability can be
improved by reducing the content of C and N, and
showed that welding without cracking is possible, even
without preheating, if the C and N contents of the steel
are reduced to 0.01%.

2.2.3 Mechanical properties

Figure 1 shows the relationship between the
Charpy absorbed energy at 0°C' and YS when 12Cr
steels having various Cu contents from 0 1.3% were
tempered for 30 min at 600-- 700°C, below the Ac, trans-
formation point. Both high toughness and streagth of the
YS550 MPa grade namely, X80 grade, can be obtained
by tempering these steels under appropriate conditions.
Steels with Cu contents of 1.0% or higher tend to show
high strength and low toughness due to their high resis-
tance to temper softening, suggesting that this Tevel of
Cu is disadvantageous for stable toughness.

2.2.4 CO, corrosion resistance

A corrosion test was performed using an autoclave
in order to evaluate resistance to CQ), corrosion. The test
was performed by immersing 3 mmt X 25 mmw X 50
mml specimens in a 20%NaCl solution saturated with
CO, at 3.0 MPa, and then holding at 80°C for 7 d. Resis-
tance to €', corrosion was evaluated by the corrosion
rate {mm/y) obtaincd by conversion from the weight Joss
rate. As comparison stecls, a 0.2C-13Cr steel pipe for
OCTG and a 0.02C-13Cr-4Ni-Mo steel pipe for OCTG
for high-temperature  high-CO; were
tested at the same time.

Figure 2 shows the results of the CO; corrosion test.
The Cu-added steels showed a general corrosion mor-
phology. The corrosion rate decreased as the content of
Cr and Ni increased or the content of C decreased. The
results obtained by a regression equation were arranged
as a CO, corrosion index (CCl}, which was defined by
Cr-10C + 2Ni. On the other hand, pitting occurred in the

environments
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T
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Fig. 1 Relation beiween Charpy absorbed energy at

0°C and yield strength of 12Cr steels with
various Cu contents
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Cu free steel, and conseguently, this material showed a
high corrosion rate. These results showed that CO, cor-
rosion resistance superior to that of 0.2C-13Cr steel for
OCTG can be obtained, even when the Cr content 15
reduced 10 11%. if Cu is added and the CCI is increased
10 12% or higher.

2.3 Trial Production of Pipe and Properties of
the Pipe

Considering  the rtesults of the laboratory study
described above and hot workability, steel with a com-
position of 0.01C-11C-1.5N1-0.5Cu-0.0IN was melted
in a converter and produced into seamless pipes with an
outer diameter of 273 mm and a wall thickness of 12.7
mm. After pipemaking, YS was adjusted to X80 grade
by quenching and tempering the pipes.

To evaluate the properties of the welds, a girth welded
joint was made in the trial pipes. The welding was per-
formed by the methods which are most generalty applied
in actual work with this steel grade. Namely, 25Cr type
duplex stainless steel welding wire was used, and welded
joints were made by GTAW (gas tungsten arc welding)
in all passes, and by GTAW in the first pass followed by
GMAW (gas mctal arc welding} in the second pass. The
chemical composition of the welding wire and base
material arc shown in Tahle 3. The welding conditions
are shown in Table 4. Although preheating and PWHT
were omitted in all welding, no weld cracks occurred 1n
any of the joints. Thus, it was possible to weld the pipes
by either the GTAW or GMAW without cracking. even
when preheating and PWHT were not applied and it can
therefore be said that the material has excellent weld-
ability.

The results of a tensile test and side bend test of the
welded joints are shown in Table 5. In the tensile test,
the test piece was a full-thickness specimen with a width
of 25 mm in the gauge section, from which the rein-
forcement had been removed, Both the joint made by

20%NaCl solution, 3.0MFa CO,, 80°C, 7days
—r———T T 1

0.3 T
i ~ Puling
0 0.01C-12Cr-1 ONiGCu
= E B
= E o2ca3cr E
g F O .
2 ansk 1
o - ]
g 11Ce15Ni0 5Cu 0.62C-13CrANR 1 Mo
5 |
5
o
0.01 4
[ 3
0065 O 001C-(11, 12)Cr-Ni-Cu ]
‘:IOU?J i 1 1 " 1 A 1 . 1 r 1
8 10 12 14 16 18 20 oz 24

CO), corrosion 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-(L.5Cu steel

pipe

O _ o lmasst)
© Material c o mn | o | N o | Me | N
11Cr buser metal - W().Ul 0.16 . 1.13 717171 ___i 5 ﬂ V -0.48 0.01
_E{[AW filler wire 0.01 0.30 0.38 253 7975 0 777777 ﬂ 70 ?7_
- Zl\i‘iAW er_{_ N 7()()_2 _1_ 7{)'3‘17 ) (741_-77 ) 25,1_ _ o l%b ’ __ 74.0 __ 027

Table 4  Girth welding conditions for 11Cr-1.5Ni-0.5Cu steel pipe

I T l)mmuu Of Woldmg | Wel(img Wt‘ldmg Heat e 1
raldi PN i . Shielding
Welding method Pass welding wire current voltage speed inpul as
(mm) (A) (V) (cm/ min) (kl Jen) } &
GTAW i 1-7 20 24 | 1 - 190 13.) 16'5 53- TZ 20-35 I Ar
1 (GTAW) \ 146 13;.5 4(] 30 Ar
GTAW 1 GMAW | - | : e e e
4] 2 (( MAW) ' 150 14.0 6.5 19 Ar
Table 5 Mechanical prop(,rues of g blrth welded Jomts of 11Cr-1.5Ni-0.5Cu steel pipe
Tensile test E
Welded joint/Base metal S | TS | Il ‘_Fract;é “ Side bend test
{(MIa) (MPa) (%) !i position !
GTAW 717 24 # BM 4 Nomuk
GT AW + (:MAW - 748 25 ! BM ‘ No crack
Basc metal 593 l 725 22 ‘ |
GTAW in all passes and the joint made by (JTAW + 400 [ CTAW (s w;med) O T fromm outer surface
GMAW fractured in the base metal, and no large differ- & /% _

T —O0 1mun from inner surface
ences were observed between them. In the side bend 350 | Ciosed: HAZ
test, full-thickness specimens 4 mm thick, with the rein-
forcement removed, were bent with a radius of 8 mm. 200 - ]
No cracking was observed in either joint, even when [
bent o 180°. . ): ]

. o0 b ]
The hardness distribution of the all-GTAW and =
GTAW + GMAW welded joints is shown in Fig. 3. z
: a2 o0
Hardness was measured from the bead center to the base & ol
material at intervals of 1 mm, at the center of the plate 3

thickness and at positions 1 mm from the inner and outer
surfaces. The maximum bhardness was approximately
HV310 in the HAZ. No large differences were found
between the ali-GTAW joint and the GTAW + GMAW
joint.

The results of a Charpy test of the all-GTAW and
GTAW + GMAW welded joints are shown in Fig. 4.
The test was performed at the bond, HAZ, and basc
material. The notch in the bond and HAZ was at the
position shown in the figure. The toughness ot the HAZ
was higher than that of the base material. Although the
bond showed somewhat lower toughness than the base
material, an absorbed cnergy of 10601 at —40°C was
obtained.

The results of a CO, corrosion test of the welded
joints are shown in Table 6. The test was performed
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SpeCHTIENS
from the inner surface of the pipe at the joint. The spee-
imens were immersed in a 10%NaCl solution saturated

il
Distance from bead center {mm}

11CR-1.5Ni-0.5Cu steel pipe

3 mmt X 25 mmw X 50 mml

20

Fig. 3 Hardness distribution in welded joint of

taken
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Charpy full size specimen
Longitudinal direction

500
GTAW (As welded)

400 L HAZ Bond

300

100 F

U T
500

400

Ahsarbed enegy (J}

300

200

100

0 . .
-100 -80 -60 -40 -20 0 20

Temperature (C)

Fig. 4 Relation between Charpy absorbed cnergy
and temperature of 11Cr-1.5Ni-0.5Cu steel
pipe welded joint

Table 6 Results of €0, corrosion test for welded
joints of 11Cr-1.5Ni-0.5Cu steel pipe
Material Corrosion tale
(mm/y)
L GTAW 0.030
Welded joint | —r —— 7 T T
11Cr-LANI.AC ! GTAW + GMAW 0.029
Rasce metal 0.033

0.2C-13Cr 0.059

10%NaCl solution, 3.0 MPa CO,, 80°C. 168 h

with CQ, at 3.0 MPa and held at 80°C for 7 d. As com-
parison materials, the base material of the 11Cr steel
pipe and a 0.2C-13Cr steel pipe for OCTG were sested
al the same time. The corrosion rate of both joints was
approximately 1/2 that of the 0.2C-13Cr pipe tor OCTG,
and no preferential corrosion of the welds was observed.

2.4 Summary

The above test results confirmed that the newly-devel-
oped 11Cr steel pipe possesses adequate weldability,
mechanical properties, and corrosion resistance for prac-
tical application as linepipe in CO, environments.

No. 38 April 1998

3 Development of 12Cr Steel Pipe for Linepipe
in CO, + Slight H,S Environments

3.1 Target Properties

The target in the development of a martensitic stain-
Jess steel seamless pipe for linepipe in CO, + slight H,S
environments was a pipe which combined SSC resis-
tance with the target properties of the martensitic stain-
less steel seambess pipe for linepipe in CO, cnviron-
ments described above. Specifically, the target properties
for development were as follows.

(1)-(3) Same as the target properties of the pipe for

CO, environments
(6) SSC resistance: SSC resistance in an environment

with an H.,S partial pressure of 0.001 MPa, 5%NaCl

solution, pH of 4.0

3.2 Concept of Alloy Design

With martensitic stainless steel, SSC onginates {rom
pitting in environments where a passivation film 1s
formed. Accordingly, SSC resistance can be improved
by increasing the pitting resistance of the steel. Mo is
known to be an element which improves the pitting
resistance of martensitic stainless steel. The effect of Mo
and Ni on the SSC resistance of martensitic stainless
stecls for OCTG is shown in Fig. 5.7 Ni did not atfeet
the SSC test results. In contrast, when the Mo content 18
increased from 1% to 2%, the Limit line for the occur-
rence of SSC shifts toward the low pH, high H,S partial
pressure side, in other words, the scvere environment
side. This shows that a 1% addition of Mo is adequate
for the environment which was adopted as the develop-
ment target here, i.c. Hy8 partial pressure of 0.001 MPa,
594 NaCl solution, pH of 4.0. However, because the pit-
ting resistance of the HAZ is considered to be lower
than that of the base material, 2% Mo was added to the

OLE T T T
[ Solution: 5% NaCl+0.5% CHL,COO1L
[ uH: adjusted by CH,COONa
F Applied stress: 634MPa
L
0ot b b 3
= o
& [
z i 2%Mo
o - ~-—_ %Mo
0ol F a/w» E
F DUZGC-13Cr
F O 4ANiIMo ]
! A NiMo
Open @ Nofailure O sNi-1Mo
Closed : Failure & BNi2Mo
00001 ! ! :
2.0 34 30 4.4} 45
pH
Fig. 5 Effects of Ni and Mo content on S5C resis-

tance of 0.025C-13Cr steels
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acwly developed material to ensure stable pitting resis-
lance.

Lxcellent weldability was secured by reducing the €
and N contents to 0.01%, as with the 11Cr steel pipe dis-
cussed above. To compensate for the reduction mn hot
workability which was predicted due to the addition of
Mo and reduction in the contents of C and N, 5% Ni was
added.

Based on the above thinking, 0.01C-12Cr-5Ni-2Mo-
0.01N was adopted as the chemical composition of the
martensitic stainless steel seamless pipe for [inepipe in
C(O, 4+ slight H,S environments.

3.3 Trial Production of Pipe and Properties of
the Pipe

Seamless pipes with an outer diameter of 273 mm and
wall thickness of 12.7mm were manufactured using
steel with a composition of 0.01C-12Cr-5Ne-2Me-0.01N
melted in a converter, The manufactured pipes were air-
guenched and tempered to adjust YS to X80 grade. To
evaluate the propertics of the welds, girth welded joints
were made in the trial pipes. As with the welded joints
in the above-mentioned 11Cr pipes, 25Cr duplex stain-
less steel was used as the welding wire, and joints were
welded by GTAW 10 all passes and GTAW in the first
pass, followed by GMAW in the second pass. The chem-
ical composition of the welding wire and base material
is shown in Table 7; the welding conditions are shown

Table 7 Chemical compositions of base metal and welding wires for girth welding of 12Cr-5Ni-2Mo steel

in Table 8. Preheating and PWHT were not performed.
As with the 11Cr steel pipes, no cracking occurred in
any of the welds with these pipes. and excellent weld-
ability was confirmed.

The tensile test, side bend test, hardness measure-
ment, and Charpy test of the joints were performed fol-
lowing the same procedure as that used with the 11Cr
steel pipes.

The results of the tensile test and side bend test of the
welded joints arc shown in Table 9. In the tensile test,
both joints fractured in the base material, and no large
differences were observed between the two. In the side
bend test, no cracking occurred.

The hardness distribution of the all-GTAW und
GTAW + GMAW joints is shown in Fig. 6. The maxi-
mum hardness was approximately HV330 in the HAZ,
which was a somewhat higher value than the maximum
hardness of the welded joints in the [1Cr steel pipes.
This was caused by an incrcase in hardness after
guenching due to the addition of Ni and Mo. However,
no large differences were found between the two joints
in the 12Cr steel pipes.

The results of the Charpy test of the all-GTAW and
GTAW + GMAW joints are shown in Fig. 7. Although
the bond showed a somewhal lower value than other
positions, an absorbed energy of 200 J or more at —80°C
was obtained, and excellent low temperature toughness
was confirmed.

{mass%}

 Matera | € oo Ni Cu Mo N

S --12Cr base metal \’ [.].A-Ul i2.0 5.1 - . 20 0.01

777#7(:[7AW hl]t‘l‘ wire o 0-,0-1 7 253 9.5 l - ; 4.0 ().27” o
GMAW ;Nir;c - (.02 o 251 7 9.6 - o 4.0 027

Table 8 Girth welding conditions for 12Cr-3Ni-2Mo steel pipe

Welding

Welding Welding Heat

Diameter | Shieldin
Welding method Pass welding wire | current voltage speed input ) as B
| {mm} (A) W) {cin,/min) k] /cm) .

e — L s e R T : Lo

GTAW ! 1-6 20,24 145-191 14.0-16.5 4.0-74 | 18-33 Ar
) i 1 {GTAW) 2.0 148 13.5 4.4 ! 27 Ar
GTAW - CMAW  —— - S - —_—r -

2 (GMAW) 1.2 145 15.0 7.5 17 Ar

Table 9 Mechanical properties of girth welded joints of 12Cr-5Ni-2.0Mo stecl pipe

— - o

Tensile test

S —-

Welded joint/Base metal Ys TS E H Fraclurer Side bend test
(MPa) 1 (MPa) (%) positicn
GTAW - 845 7.;(77 I BMV T ._—-.No crarlzi
- GTAW 0. GMAW I ‘ 856” 30 1 BM . mﬁ'ra(‘k
Base metal T 77;;':34 78}27 34 o S

KAWASAKI STEEL TECHNICAL REPORT



g T T
FOGTAW (As welded)
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=0~ Lo from outer surface
— 1/

. 1 1 [rtﬂﬂ Hner S‘.l{‘fl‘lcl‘
A Closed: HAY 4

300 e -

2430 U SN
400 T ! !

Hardness (FVI

380 | . ]
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Distance from bead center (tm)

Fig. 6 Hardness distribution in welded joint of

12Cr-5Ni-2Mo steel pipe

Charpy full size specimen
Lengitudinal direction

400 T T
GTAW (As welded)
o J
30 o
200+ 1
Q Bond
[} HAZ
= A BM
= 100 HAZ Bond
5 3 -
= \
2 N/
o 0 y . , ; -
& 400 ' ' '
£ GTAW+GMAW (As welded)
2
< 300f . ]
0
200 | © ]
100} 4
D L L 1 [l ] 1

140 -1200 -100 -80 -60 -40 -20
Temperature (T}

Fig. 7 Relation between Charpy absorbed energy
and temperature of 12Cr-5Ni-2Mo steel pipe
welded joint

An SSC test was performed by the constant load ten-
sile SSC test method using the GMAW joint. The speci-
men was taken so that the welds were at the gauge cen-

No. 38 April 1998

Table 10 SSC test results of GTAW + GMAW joint
of 12Cr-5Ni-2Mo steel pipe

H,5 Solution S e

5% NaCl+
0.5%CH.COOH T

S5%NaCl +

0.001 MPa

0.002 MP: Nats - !
| 05%CILCOOH | &
10%NaCl 1 i

002 MP; PNal ! B
GNP smencoon T |0

pH was adiusted by CH;COONa
Applied stress: 567 MPa
3 No 53C

XKoo eh0

ter. A mixed solution of either 3% or 10%NaCl and
0.5% CHCOOH was prepared, and the pH was ad) usted
to 4.0 or 4.5 with CH;COONa. The gas was H,5 al
0.001 or 0.002 MPa. The balance gas was CO,, and the
total pressure was set at (.1 MPa. The apphed stress was
567 MPa, which corresponds to 90% of the YS of the
base material. The results of the SSC test are shown in
Table 10. SSC did not occur even in a 10%NaCl solu-
tion with a pH of 4.0 and 0.002 MPa H,5, confirming
that welded joints of this steel possess satisfactory SSC
resistance.

3.4 Summary

These test results confirmed that the newly-developed
12Cr steel pipe possesses adequate weldability, mechan-
ical properties, and corrosion resistance for practical
application as lincpipe in €O, + slight H,S cnviren-
ments.

4 Conclusion

Two types of martensitic stainless steel seamless pipes
with excellent weldability and excellent corrosion resis-
tance were developed for lincpipe applications. For CO,
environments, a composition of 0.01C-11Cr-1.5N1-
0.5Cu-0.01N was adopted. For CO, + slight H,S envi-
ronments, the composition adopted was 0.01C-12Cr-
SNi-2Mo-0.01N. The properties of these steel pipes and
welded joints of the pipes using duplex stamless steel
welding wires were as follows.

(1) Both types of pipe possess excellent weldability
without requiring preheating and PWHT.

(2) It was possible to adjust the strength of both steels
to X80.

(3) Welded joints in both types of steel pipe possesses
adequate low temperature toughness for practical
applications, Charpy absorbed cnergy is 100 or more
at —40°C in a welded joint of the 11Cr steel pipe for
CO, environments and 200 J or more at —30°C in a
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welded joint of the 12Cr steet pipe for CO, + slight

H,S environments.

(4) The welded joint of the 11Cr steel pipe for CO,
environments  possesses €O, corrosion resistance
superior to that of 0.2C-13Cr steel for OCTG.

(5) The welded joint of the 12Cr steel pipe for CO, +
slight H,S environments shows no SSC ina 10%%NaCl
solution with a pH of 4.0 and 0.002 MPa H,S, and
thus possesses good S5C resistance.

Both types of steel pipe possess excellent weldability,
mechanical properties, and  corrosion  resistance, as
described above, and are therefore suitable as substitute
materials for conventional flowlines in which corrosion
protection by inhibitor injection or costly corrosion
resistant materials such as duplex stainless steel pipe are
now used.
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