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Creep Rupture Strength and Microstructures of SAVE12AD Welded Joint
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Abstract

The new ferritic heat-resistant steel SAVE12AD has been developed for large diameter and heavy
wall thickness pipes and forgings of fossil-fired power boilers. The long-term creep rupture strength
of welded joint showed smaller degradation than that of conventional ferritic steels. No fine grain
area was observed in the microstructure after the simulating weld heat-affected zone at just above
A, transformation temperature, although there were fine grains along prior austenite grain

boundaries.
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Alloy design concept of SAVE12AD
Elements Objectives Improvements
9Cr * Long-term creep strength
W { « Laves phase precipitation strengthening
« Solution strengthening
. . Creep strength of base metal
0.01B * Suppression of M,,C, coarsening on G.B.
0.0IN { * Suppression of Z-phase
(low-N) BN precipitation
0.03Nd Suppression of S segregation Creep ductility
3Co Stability of martensite Toughness
0.01B Suppression of fine grain in HAZ Creep strength of welded joint
T2 SAVE12AD OftF#EREEE (mass%)
Chemical composition ranges of SAVE12AD (mass%)
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0.05/ | 0.05/ | 0.20/ <0.020 | <0.008 8.50/ <020 2.5/ 2.5/ | 015/ | 0.05 | 0.010/ | 0.007/ 0,030 0.005/ <0.0050
0.10 0.50 070 |~ — 950 | — 35 35 0.30 0.12 0.060 | 0015 |~ 0.015 |~

500
400
300 f—— |
T T
22 o [ oL e——
200 SRS M e OB 1O~ —— ol o L
& ol | g Er 3‘“?‘?“@133\ \Cb\omgggi
= “~-- . OO 13
;; \\‘\\n nod
8 “EDIL I~
= 100 ~_ 0 O
»n 90 <
80
70 Temperature
60 |'600°C [ 650°C
50 0] m]
40 | —— Average creep rupture strength curve
---- Minimum creep rupture strength curve (95 % confidence limit)
0y 10 10° 10* 10°
Rupture time (h)
1 SAVE12AD B# D7\ — THERIEE
Creep rupture strength of SAVE12AD base metal
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#£3 BEMBOICFHER D HE (mass%)
Chemical compositions of weld metals (mass%)

Weld metal C Si Mn P S Co Ni Cr Mo W \% Nb Ti N
ER90S-G 0.07 0.31 0.78 0.003 | 0.003 0.98 0.46 10.04 0.34 1.46 0.21 0.036 — 0.04
ERNiCr-3 0.03 0.19 2.99 0.003 | 0.002 — 75.00 | 18.40 — — — 2.70 0.39 —
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Welding conditions

Welding process Automatic GTAW
Pass sequences 1-8
Current (A) 100-130
Voltage (V) 13-14
Traveling speed (mm/s) 1.67
Heat input (kJ/mm) 0.8-1.1
Shieling gas Pure Ar
Preheating N/A
PWHT 740°C for 30 min.
20°
L2
L 1.2
I
2.5 (mm)

2 BREMFREEPIR
Bevel configuration of welded joint

Holding temperature

750 °C, 850 °C, 890 C, 910 C,
950 °C, 1050 °C, 1350 C

(for 1 second)

Heating Cooling by helium gas

<67 Cls>
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Simulating weld thermal cycles
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Creep rupture strength of SAVE12AD base metal and welded joints
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Optical micrographs of SAVE12AD welded joint tube after creep testing
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TEM micrographs of base metal of SAVE12AD welded joint tube after creep testing
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TEM micrographs and EDS analysis results of HAZ of SAVE12AD welded joint tube after creep testing
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