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Synopsis:

To develop 300-mm thick alloy-modified 2!/, Cr-1Mo steels {or
pressure vessels to be operated at 900°F and a hydrogen pressure of
3 ksi, laboratory study and factory-side production trial were carried
out. The main results obtained follow:

(1) The addition of 0.25~0.30% V, 0.015~0.0209% Nb and a
small amount of B, and the reduction of Si content to less than
0.1% realizes the modified 2!/, Cr-1Mo steel. The steel satisfies
the target values of strength and toughness as proposed by MPC
and APT after PWH'T whose tempering parameter is 20.6 x 10%,
and also gives good resistivity to hydrogen attack. _

(2) The addition of 0.20% V and 0.020% Nb and the reduction
of Si to less than 0.19% improve creep rupture strength and re-
sistivity to hydrogen attack of the 3Cr-1Mo steels, though both
properties are inferior to the modified 2!/, Cr-1Mo steel.

(3) These modified Cr-Mo steels give low susceptibility to reheat
cracking during PWHT and good properties of narrow gapped
SAW joinis.
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Table 1 Chemical compositions of laboratory steels used {mass %)
Steel C Si Mn P S Cr Mo \'2 Nb Ti Al B REM*
A 0.13 0.05 0.52 0.004 0.001 2.37 1.00 0.25 0.021 — C.03 — —
B 0.13 G.C6 0.52 0.004 0.001 2.37 1.09 0.31 0.021 —_ .03 — 0.004
C 0.13 .06 0.53 (.003 0.001 2.43 1.10 0.35 0.021 — 0.03 — 0.006
D 0.13 0.06 0.51 0.003 0.001 2,33 1.07 0.30 0.021 0.010 .03 0.0019 0.004
E 0.15 ¢.08 0.50 0.006 0.001 2.21 1.00 - e — 0.01 —_ —_
F 0.14 0.15 0.50 0.007 0.003 3.10 0.97 — — — 0.02 —_ —
* Rare earth metals
Table 2 Chemical compositions of industrially produced steels (mass %}
Steel Steel making | C S Mn P 5 Cr Mo V Nb Ti Al B REM Sn Sh As [S]*t
a i 21/4Cr-IMo-V-Nb-B EF-LRF 33t [ 0.F4 0.06 0.54 0.003 0.0008 2.39 1.03 0.25 0.013 — 0.044 0.0010 0,606 0.001L 0.0005 0.002 --0.0G0CL4
b ] 21/4Cr-1Mo-V-Nb-T1-B | VIM 5t | 0.13 0.09 0.51 0.005 @.0010 2.44 1.01 ©0.29 0.020 0.011 0.023 0.0014 0©.005 ©.001 0.0005 0.002 —0.00057
¢ | 3Cr-1Mo-V-Nb EF-LRF 35t | 0.34 0.07 0.53 0,004 0.0010 3.05 1.03 0.21 0.020 —  0.016 — — 0,001 0.0004 0©.002 0.0601
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Table 3 PWHT conditions of industrially produced steels

Steel (Thickness) | Tempering ‘ PWHT ‘ TP*
a (300 mm} 650°C, 6h ‘ 690°C, 22.0h { 20.6x 10°
b (300 mm) 650°C, 6h | 690°C, 23.8h | 20.6x10°
¢ (350 mm) 650°C, 7h ! 690°C, 24.5h | 20.6x 108

* Tempering parameter=T{K)[20+log #(h)]
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Fig. 2 Welding procedure of reheat cracking test (Implant test,
AMAXD)
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Fig. 12 Relation between creep rupture properties and Larson
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Fig. 13 Effect of exposure time to hydrogen gas atmosphere

on absorbed energy at 0°C in 2mmV-notch Charpy
test

Table 4 Results of hydrogen attack tests of synthetic HAZs

(THIY)
Hydro- 500°C, 20 MPa ss0°C, 0N
g (932°F) (2 857 psi) (ozzeky 7112
& 400h 1300 h 500 h
Crack Crack Crack
Result | length | Result | length | Result | [ength
terials (mm) (mm} {mm)
N 1] N 0 C 0.5
Steel b
N 0 N 0 C 0.6
Ordinary N 0 N 0 C 1.8
21,f4Cr-
1Mo steel N 0 N 0 C 2.0
Note 1) N: Not cracked, C: Cracked

2) Heat treatment {1 300°C x 300 s) + (700°C x 15 h)
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Fig. 14 Results of implant test (AMAX")
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Fig. 15 Tensile strength of 350-mm thick weld joint {Steel c)
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Table 6 Mechanical properties of weld metals

FMPESEERD oMb V& 0.29% %bn LTw 5 b vs Ts g Rupture T
HuY, BEMAEHAL YRGHECERELTAS Y, BAEIhE TP* 4%6258 _ngé 2
BHILEC LV 2D, R BB Y BERHARRBE L Y #a~c oy 1ok () B4TTsa
. . . (MPa) (MPa) (%) (npa) *C)
OEERO PWHT OB #El @ EZ i 1~ vwihiglih :
RED LT, BRHRBEEONSCHHTHE I EXRELT  Cu | _ | s L5 a2 »8 <ds.0
Whe MPC
3.2.5 EEHTEE Steel b|20.6x10%| 600 698 19 234 98 —26
Mbis I CRAVTHELABERTFCOWT, BEaRof  Sweele|20.6x100 546 663 23 — —  -28
4% Table 5 1o, BB E Y Table 6 iwii, HESBILE * Tempering parameter=T(K)[20+log £ (h)]
Table 5 Chemical compositions of weld metals {mass %)
C Si Mn P S Ni Cr Mo \' Nb Ti
Steel b 0.12 0.17 0.81 0.009 0.004 — 2.53 1.03 ¢.21 0.020 —
Steel ¢ | 0.14 0.21 0.71 0.005 0.003 — 3.14 1.02 £.13 0.008 0.013
— 18— NEsIgkEsR Vo, 20 No. 3 1983
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Fig. 16 Toughness alter PWHT and stepcooling of 350-mm
thick weld joint (Steel )
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Fig. 17 Relation between strain range and number of cycles to
failure (Steel ¢)
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