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Development of Submerged Are Welding Consumables
for 2L4Cr-1Mo-14V Steel
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Synopsis:

In order to raise the desulphurizing efficiency, 2 ¥4 Cr-1 Mo-}4 V steel is expected to be applied to a direct hvdrogen
desulphurizing reactor operated at a higher temperature and pressure. Narrow gap submerged arc welding consumables
for the 2 34 Cr-1 Mo~} V steel were developed through the investigation of the effects of V and Nb contents in weld metal
on tensile strength, toughness and creep rupture strength of weld metal. Tensile and creep rupture strengths of the weld
metal increase with increasing V and Nb contents in the weld metal. An excessive Nb addition, however, decreases
toughness of weld metal. The optimum V and Nb contents in the weld metal to satisfy both creep rupture strength and
toughness are 0.20—0.30% and 0.015—0.0259, respectively. Fine precipitates which contained Cr, Mo, Fe, V and Nb
were observed by transmission electron microscopy in the newly developed weld mietal containing 0.29%V and 0.018%Nb
besides the coarse ones containing Cr, Mo, Fe and V which were observed in the conventional weld metal containing 0.07%
V. Due to these fine precipitates, the newly developed weld metal showed about 100 MPa higher creep rupture strength at
482°C for 100000 h than the conventional one and excellent resistance to hydrogen attack.
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Table 2 Chemical composition of steel plate used (mass%)
A 387 Gr.22Cl 2 C 5i Mn P S Al Cr Mo Sn Sh As
= 60 mm 0.14 0.21 0.53 0.005 0.004 0.030 2.39 1.06 0,001 0.001 0.001
Table 3 Welding conditions for narrow gap submerged arc welding
Welding Welding Welding coditions Heat input Preheating and Groove geometry
method consumables (AY (V) (mm/min) (k}/mm) interpass temp. g CR y
Alloyed wire |z ]
2-electrode 4.0 mme . ~ _f
L 450 27 . ) _ .
SAW (2 runs X T 450 25 500~ 600 2.4~3.0 130~225C \ 3 2
bl & . I3
per 1 layer} Agglomerated : L 1
type flux !
Table 4 Chemical compositions of 2 ¥ Cr-1 Mo-¥ V weld metals
Mar] Chemical composition (Y4) X ﬂj“
lark
Si Mn P 5 Cr Mo v Nb (ppm) (%)
Conventional 0,12 0.15 (.76 0.007 0,003 2.34 0.97 0.07 <. 005 8 73
B 0.09 0.13 .71 0.008 0.003 2.49 1.04 0n.12 (0.006 9 i}
Trial C 0.12 0.17 (.81 0.009 (.004 2.53 1.03 .21 .017 10 98
ria
D 0.13 0.17 (.80 0.007 0,004 2.50 1.01 0.22 0.033 8 78
E 0.13 0.24 0.81 0.008 0.008 2,54 1.01 (.29 n.018 9 95

* X = (10 P+58b+4 Sn+As) %1072 (ppm) ¥/ = (Si+Mn} x (P+5n) X 10 (%)
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Table 5 Impact properties of 2 ¥4 Cr-1 Mo-}4 V weld metals
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Table 6 Chemical compositions of base metal and weld metal used

Chemical emposition (%)

—X"n b

C St Mn p 5 Al

Me V. Nb $b  Sn  As | 00

Base metal 011 0.08  0.56  0.005 0.001 0.032
Weld metal 0.15 019 0,74 0.606 0.004 0.008

0,99  0.31 0.016 0.001 0.001 0.001 6 38
Lo0 0.27 0.014 0.001 ©.001 0.001 7 65

A X =10 P+58h+48n+As) X102 (ppm) " F ={Si FMn) < (P+8Sn) X 101(9%)
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Table 7 Creep rupture time of welds for ASME Code Case 2098-1 Category A

. . Hardness of weld e N
Specimen PWHT metal (HB) Conditions Fime to rupture (L.M.P#)
ASME Code Case
= 205 H3ZC. 206 MPa >900h (18.62x10°%)
2098-1 Category A
Weld 690°C
© 203 5ISC. 206 MPa 23431 (18.95% 10%
metal 56 h
Welded 690°C
e 206 538, 206 MPa 2713 h (19,00 109)
joint 48 h

*L.M.P. ! Larsen-Miller Parameter

17 --
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