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Synopsis :

The high corrosion rate of plain carbon steels in wet carbon dioxide environment is a
serious problem. The authors investigated the influence of relatively small (<1 wt %) Cr
addition on the corrosion resistance of steel and discussed the development of 0.5 % Cr
UOE steel line pipe with superior CO2 corrosion resistance, good toughness at low
temperatures, and good field weldability. A Cr-rich film, which is tighter and thicker
than that of plain carbon steel, is formed on the surface of the Cr steel. This Cr-rich film
apparently slows the cathodic reaction on the steel surface and thus protects the surface
from CO2 corrosion. The addition of 0.5 % Cr to the steel is found to reduce the corrosion
rate to less than half that of non-Cr-containing steels and to obtain high strength by
means of the TMCP plate rolling technique. The addition of less than 1 % is found have
no adverse effect on toughness or weldability. The UOE steel pipe produced with 0.5 %

Cr content has excellent properties as pipe to be used in wet CO2 environment.
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Development of High Strength UOE Pipe with
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Synopsis;

The high corrosion rate of plain carbon steels in wet carbon
dioxide environment is a serious problem. The authors investigated
the influence of relatively small {<1wt%) Cr addition on the cor-
Tosion resistance of steel and discussed the development of ¢.5% Cr
UOQE steel line pipe with superior CO: corrosion resistance, good
toughness at low temperatures, and good field weldability. A Cr-
rich film, which is tighter and thicker than that of plain carbon
steel, is formed on the surface of the Cr steel. This Cr-rich film
apparently slows down the cathodic reaction on the steel surface and
thus protects the surface from CO; corrosion. The addition of
0.5% Cr to the steel is found to reduce the corrosion rate to less
than half that of non-Cr-containing steels and to obtain high
strength by means of the TMCP plate rolling technigue, The ad-
dition of Cr of less than 1% is found to have no adverse effect on
toughness or weldability. The UOE steel pipe produced with
0.5% Cr content has excellent properties as line pipe to be used in
wet COy environment.
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Table 1 Chemical compesition of base metal used for corro-
sion and mechanical tests

(wt %)
Steel ‘ C ‘ si Mn P S Cr
A 0.06 | 03 | 1.5 | 0.02 | 0.005 | 0.01
B 006 1 03 | 1.5 | 0.02 | 0.005 | 0.2
C 0.06 0.3 1.5 0.02 0.005 0.51
D 0.06 | 0.3 | 1.5 | 0.02 | 0.005 | 1.0
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Fig. 1 Schematic illustration of rotary immersion tester

Table 2 Corrosion test conditions on four kinds of Cr bearing
steels to examine corrosicn rate

COq pressure 0.1 MPa
Temperature 50°C
Flow rate 1 mfs
NaCl concentration 0.0165%
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Fig. 2 Effect of Cr content on weight loss of steel by COs cor-
rosion
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Photo 1 Cross sectional view of specimens with corrosion
products
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BM/WM: A/Al (0.01/0.03%Cr)

Photo 2 Cross sectional views of welded joint specimens
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Fig. 3 Comparison of polarization curves of plain carbon steel
in between CO; and N3 gas bubbling conditions (3.5%
NaCl solution, 25°C)
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Fig. 4 Effect of stirring on polarization behavior of plain car-
bon steel (3.5% NaCl solution, 25°C, 0.1 MPa COs)
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Fig. 5 Comparison of polarization curves between plain car-
bon steel and 0.5% Cr bearing steel (3.5% NaCl solu-
tion, 25°C, 0.1 MPa COy)
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Fig. 6 Effect of film formed as corresion products on polariza-
tion behavior of 0.5% Cr steel (3.5% NaCl solution,
25°C, 0.1 MPa COy)
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Fig. 7 Result of EPMA analysis
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Fig. 8 Rest potential of base metal and weld metal
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Fig. 9 Schematic illustration for the surface of welded joint
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Table 3 Target properties of 0.5% Cr bearing UOE pipe

Size
Outside diameter 30
Wall thickness 1.0

Tensile properties

YS 482~632 MPa
TS =565 MPa
YR =0.90

Notch toughness

Ave. absorbed energy =40]
(Charpy test, —30°C)

SA ave. (DWTT, —10°C) =80%
Hardness <300 HV1C
Chemical composition

Cr 0.55+0.10%
Poy*t <0.20%

* P —C4+8i/30+ (Mn+ Cu+Cr)/20+Mo/15+ Nij60+ V/10
+5B

3.2 CriEmEnis
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Fig. 10 Effect of Cr content on Charpy impact test of welded
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Fig. 11 Relation between P and maximum HAZ hardness
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{a) Cr free steel
{controlled rolled)

YS=511MPa

TS=568 MPa

vE-0=292 ]

CVN 50% FATT=—92C
ond phase=10.7 vol %

{b) 0.5% Cr steel
{controlled rolled)

YS=477 MPa

TS=567 MPa

vE-0=284 ]

CVN 50% FATT=—92°C
2nd phase=10.9 vol %

{c) 0.5% Cr steel
(controiled rolled
and accelerated
cooled)

YS5=502 MPa

TS=632 MPa
vE-0=255]

CVN 50% FATT=—-93C
2nd phase=25 vol %

Photo 3 Microstructure and properties of Cr free and 0.5%
Cr bearing steels
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Photo 4 Effect of Cr addition in conjunction with Mo on the
improvement of weld metal microstructure
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Table 4 An example of chemical compositon of developed

0.5% Cr bearing UOE pipe {wt %)

C Si Mn Cr Others
Base metal 0.05 0.30 1.5 0.55 Nb, V, Ti
Weld metal 0.05 0.20 i.4 0.60 Mo, Ti, B

3.5.2 #EHEE

B o7 ERBREAY Table 5 iond, ARAKEE LUCRFAR
b AEEYRAEELTVR, v L E—HRRE DWTT &
T OE 2 RBEA Fig. 2Rt sk Thi BEEYBEL
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klfem ©fF - 12,
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Table 5 Tensile properties of base metal

Direction YS TS El  |Yield ratio
MPoy | (MPa) | (%) | (%)
T 510 613 39 83
ransverse =15 616 28 o4
Longitudinal 529 595 43 89
ongitudina e co7 i3 ol
Aiming 482~632 | 2565 >22.5 | =90
Test Position Aiming
BM | wM | FL
200
Charpy Absorbed
at —30°C energy 100 F
/24 ) 40
o
100
DWTT SA ave. s
at —10°C (%) 20 F l an
3001 r 200
Hardness HV 10 = b HAZ T
(SAW) max. 200k Ij L Ij
300+ HAZ  HAZ 200
Hardness HV 10 r o T
(GMAW) | max. 200k |

Fig. 12 Notch toughness and hardness properties
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Table 7 iz77 3, 0.5%Cr g0 HaEE: Cr EEHlo 1/2
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SEOBITEN oD ENSmD, Photo 5 immT kb, BET
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=¥ (R

Table 6 Corrosion test conditions on UOE pipe

CO, pressure 0.1 MPa
Temperature 50°C
Flow rate 1 mfs
NaCl concentration 0.19% NaCl

Table 7 Corrosion test results of UOE pipe (mmfyear}

Base metal Seam weld GMAW
0.5% Cr pipe 2.37 2.30 2.37
0% Cr pipe 4,98 5.07 —_
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Base metai —-**— HAZ ——+i Weld metal

Imm

Photo 5 Cross section of descaled welded joint specimen after
2 week corrosion test
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