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Manufacturing Technology of Duplex Stainless Steel

Seamless Pipes and Its Characteristics
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Synopsis:

Duplex stainless steel has been attracting attention as pipelines for
the natural gas which contains a large amount of CO;. Kawasaki
Steel has established a manufacturing technique of duplex seamless
pipes (KLC-22CR) by the Mannesmann rolling process. The basic
technique is the application of appropriate 'pass schedule and im-
provement in the hot workability which has been achieved by the re-
duction of S and the addition of Ca.

Optimum chemical composition and annealing temperature have
been also studied for obtaining the suitable yja ratio and high pitting
index (ex.: Cr+3Mo+16N >33.0).

KLC-22CR produced on the basis of pre-production studies showed
superior mechanical and corrosion properties as the linepipe for CO,
services. Furthermore, the girth weld HAZ in the as-welded condi-

tion had almost the same corrosion properties as the pipe body.
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Table 1 Nominal chemical ecomposition of duplex stainless
steel KLC-22CR

I . 8)
C S Mn Ni Cr Mo N
45 21 2.5 0.08
Slsglidﬁgo <0.03 <1.0 <2.0 t 1 1 1
: 6.5 23 3.5 0.20
5.5 22 2.8 0.10
-22CR
K(I;ﬁning) <0.03 <1.0 <2.0 1 1 1 1
6.5 23 3.5 0.20

3.5% NaCl, 80°C ="235
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Fig. 1 EHect of Co: partial pressure and chromium content on
the corrosion rate of steels in 3.5%NaCl solution at
80°C
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Fig. 2 Pitting potentials of some corrosion resistant alloys as
a function of pitting index {Cr+3Mo+ 16N)
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Fig. 4 Design of the chemical composition with a modified
Schaeffler diagram
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Fig. 5 Effect of Ca content on hot workability of 229, Cr stain-
less steels
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Fig. 6 Defects observed in Mandrel mill rolling
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Fig. 7 Uniform elongation of stainiess steels at elevated tem-
peratures
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Fig. 8 Influence of solution annealing temperature on the
mechanical and the pitting corrosion properties
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Table 2 Chemical composition of pipes used (%)
Pipe Size C Si Mn Ni Cr Mo N P+
A ¢ 168.3x12 mm¢ 0.021 0.50 .bl 5.0 22.53 3.18 0.16 34.6
B $323.9%25.4mm¢ 0.020 (.51 1.43 6.1 22.41 3.17 0.16 34.5
¥ PI=Cr+3Mo+ 16N
Table 3 Mechanical properties of KLC-22CR pipes
API tensile test (L direction) Charpy impact test Hardness Austenite fraction
. T Yield stress Tensile stress Elongation E_y.
Flpe (MP1) (MPa) (%) (N-m) HRC (%)
Z 7 x g r a T [ T o X ¢
A 542 19.2 763 8.0 45 1.8 330.3 309 21.4 0.9 49.4 2.34
(L direction)
3422 11.0
B 540 113 | 744 7.8 62 1.5 (L direction) 201 0.7 | 507 2.38
300.5 8.2
(T direction)
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Rhoto 1 A microstracture of the small diameter pipe {pipe A)
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Table 4 Corrosion properties of a KLC-22CR pipe and a girth weld joint

© Results
No. Test condition —
Base metal Girth weld joint
Tntergranular corrosion A-1 ASTM A262 prac. E, H:S0,-CuS0,-Cu, boiling x 24h no crack no crack
test A-2 ASTM A262 prac. C, 65%HNOy, hoiling 48h x5 times no intergranular | no intergranular
COITOSI0N COTTosicen
B-1 ASTM G48, 10%FeCl;-6H:0, 30°C x 24h no pitting no pitting
Pitting corrosion test
B-2 159 NaCl+0.iMPa CQ., 80°Cx 28 day no pitting no pitting
Stress corrosion erack- C1 9% NaCl+0.1MPa CO,, U-bend, boiling x 28 day no crack no crack
ing test c-2 409%CaCly(pH=6.5), U-bend, 100°C > 500h no erack no erack
501 REETOREBERBER Micro No crack/ No crack/
crack slight local: no loce_lllzed
Table 4 = R, LA, FICEHBAEIWRE O KELTR ized corrosion | corrosion
T Base met-al [ 4 ) O
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Fig. 9 Influence of partial pressure of H:S on stress corrosion
cracking susceptibility
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(a) Buse metal
5%NaCl, 100°C
3MPa CO:-0.082 MPa HaS

(b) Girth weld joint HAZ
594 NaCl, 150°C
3MPa CO,-0.1 MPa H,S

5, R,

Photo 2 Microcracks observed in U-bend specimens of the base metal and the weld joint
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