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Synopsis :

The effects of C content of less than 0.05% and Nb addition on the mechanical properties
of the 2.5% Ni steel plate and the toughness of its welded joints were studied. The
laboratory test indicated that the reduction in C content from 0.05% to 0.01% did not
lower the strength of the normalized Nb bearing steel, and improved the toughness of
the welded joints as well as the base metal. On the basis of the laboratory test results, a
0.01% C-Nb-2.5% Ni steel was produced on the factory scale to be studied further. The
ESSO test indicated that the crack arrest toughness Kca of the 25 mm thick normalized
plate was as high 1600 kgf-y mm/mm2 at —46°C. The heat affected zone of the MIG
welding joint of this plate gave a Charpy impact energy and a COD value of more than
25 kgf-m and 1 mm, respectively, at temperatures above —60°C. The heat affected zone
of the submerged arc welding joint gave a Charpy impact energy of more than 14 kgf-m

at temperatures above —60°C.
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Ultra Low C-Nb-2.5% Ni Steel for LPG Storage Tanks

Osamu Furukimi, Yoshifumi Nakano, Masao Hirai, Kazug Agusa, Yuji Kusuhara
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Synopsis:

The effects of C content of less than 0.05% and Nb addition on
the mechanical properties of the 2.5%Ni stecl plate and the tough-
ness of its welded joints were studied. The laboratory test indicated
that the reduction in C content from 0.05% to 0.01% did not lower
the strength of the normalized Nb bearing steel, and improved the
toughness of the welded joints as well as the base metal.

On the basis of the laboratory test results, a 0.01%C-Nb-2.5%Ni
steel was produced on the factory scale to be studied further. The
ESSO test indicated that the crack arrest toughness Ky, of the
25 mm thick normalized plate was as high 1600 kgf-+/mm/mm?
at ~46°C. The heat affected zone of the MIG welding joint of this
plate gave a Charpy impact energy and a COD value of more than
25 kgf-m and 1 mm, respectively, at temperatures above -60°C.
The heat affected zone of the submerged arc welding joint gave a
Charpy impact energy of more than 14 kgf'm at temperatures
above ~60°C.
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Tahle 1 Chemical compositions of 100 kg ingot steels (wt. %)
Steel C s Mn P s Nb Mo Ni Al N
1 0.050 0.25 0.69 0.008 0.002 0.032 0.15 2.50 0.032 0.0042
2 0.025 0.25 068 | 0.008 0.002 0.032 0.15 2.48 0.031 0.0032
3 0.014 0.25 0.65 0.007 0.002 0.031 0.15 247 0.037 0.0033
4 0.007 0.27 0.69 0.003 0.001 0.032 0.15 250 | 0027 | 00048
5 0001 0.27 0.68 0.009 0.004 0.011 0.15 2.45 0.033 00040
8 0.054 0.27 0.69 0.004 0.001 0.16 2.50 0.028 0.0050
7 0.032 0.25 0.68 0.008 6.002 0.15 2.49 0.040 0.0051
8 0.009 0.27 0.70 0.009 0.004 - 0.15 2.48 0.033 0.0036
2id, T EBIRTH B, P AFURE L & L PLFR & B L 7x Nb Jlingi s X o Nb #idid.
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Fig. 2 Relation between C content and precipitated
Nb content for 2.5% Ni steels at 930°C
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Fig. 1 Effects of C content and Nb addition on lower yield point and tensile strength of {a) normalized and (b) quenched
and tempered 2.5% Ni steels
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Table 2 Chemical compositions of 5t ingot steels {wt.%)
Steel C 5i Mn P S Nb Mo Ni Al N
A 0.014 0.25 0.68 0.010 0.004 0.030 0.16 2.51 0.029 0.0034
B 0.043 0.27 G.67 0.009 0.004 — — 2.57 0.036 0.0037
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Fig. 4 Relation between C content and FATT for
the synthetic HAZ (30 kJ/em)
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Table 3 Conditions for plate production from 5t ingots

{1=25 mm)
Steel Slab reheating | Finishing rolling Heat treatment
temperature temperature condition
N 930°C % 37 min AC
A 1150°C 720°C Q ; 930°C % 37 min WQ)

T 640°C x G5 min AC
N 1 930°C %85 min AC
B 1150°C 757°C (21 930°C x 37 min WQQ
T 605°C x 95 min AC

N ! Normalizing
Q ! Quenching

T Tempering
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Table 4 Welding conditions

Welding | Diameter | Welding | Shielding - Current Voltage Speed | Heat input , .
process | of wire pusition gas Flux (A) (V) {em/min) (kJ/em) Weld build up
I-t-' 45° g
7
pact
MIG 1.2 mm ¢ Flat 100%Ar — 300 24 35 12.3 4*_ g
N
F\¥ 45“)\ {mm)
= 30° -~y
! 7
High basicity
SAW 4.0 mm ¢ Flat —_ applomerated 550 32 30 35.2 &
flux [
10+
{mm}
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Table 5 Chemical composition of wire (wt.%)
Welding process [ C Si ¥n Iy S Ni Mo REM N
MIG 0.02% 0.034 0.50 0.001 0.0011 12.26 — 0.046 0.0032
SAW 0.05 0.20 1.00 0.012 0.005 2.75 0.20 — 0.0040

Table § Mechanical properties of the plates produced from 5t ingots

Tensile test Charpy test
Steel Heat treatment Y[ TS | FATT
{kef/ mm?) (kgf/mm?) (%) tCy
Quenched and tempered 53.7 55.1 28 -125
A Normalized 429 50.9 3 —138
F
Normalized + PWHT{830°C x 3h) 43.1 49.9 30 —138
Normalized + PWHT{590°C x 3h) 48.6 54.5 28 —133
B Quenched and tempered 44.6 49.0 27 —108
Normalized 33.7 46.6 5 —-113
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Fig.5 Charpy test results for (a} 0.01% C-0.03% Nb-2.5%Ni and (b) conventional 0.04% C-Nb free-2.5% NI steels
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Fig. 8 Charpy test resultsof the fusion line of MIGG welding
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