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Abstract — The mechanical properties, heat treatment and the history for the
development of Ni-bearing ferritic steels for the application at low temperatures are
reviewed. Ni-bearing ferritic steels are classified into 2-3% Ni steels, 55% Ni steel, 9%
Ni steel and 13% Ni steel, of which 9% Ni steels are most widely used for the large
LNG storage tanks owing to their excellent fracture toughness up to -196C. The effect
of retained austenite on the tensile properties and toughness was precisely discussed. As
the size of LNG storage tank increases, thicker plates are needed. Thus, the recent efforts
for the improvement of low temperature toughness and homogeneity are also introduced.
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Fig 1. Ni addition effect on the variation
of Charpy V-notch absorption
energy with temperature change.
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Table 1. Various steels for low temperature application
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Table 2. Composition of nickel steels{8-11]

Min. Composition (%)
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TEMPERATURE. K

Fig 2. Fracture toughness of 3.5, 5 and
9% Ni steels at temperatures
between 4 and 300K[13]
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Table 3. Impact test requirement of
ASTM

Test CVN Lateral
ASTM :
Alloy Temp. | energy |expansion
Standard ( T ) (J) mm)
21/4%
Ni A203 (*) 27(») -
3.5% Ni
5% Ni A645 170
8 Ni_|A553 Type II Long.:34
Trans.:2 0.38
9% Ni A353 -195 7
A553 Type 1
*! The test temperature and orientation shall be
agreed between the purchaser and supplier
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- Fig 4. Flexural fatigue (R=-1) strength

of 9% Ni steel at 77 and 297K.
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Fig 5. Fatigue crack growth rates for
9% Ni steel.
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Fig 6. Yield and tensile strength of 5, 55
and 9% Ni steels at temperatures
between 77 and 300K
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Fig 7. The effect of tempering temperature on the
yield strength, impact energy measured at
-196T and the amount of retained austenite

of 9% Ni steel.
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