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Delayed Fracture Characteristics of Isothermally Transforrned Steel

Synopsis:

Shoichi Fukul

As a part of study of the influence of metal-structure on the delayed fracture strength of low alloy high
strength steel in moist atmosphere, the delayed fracture characteristics in 0-1N-HCI solution was examined for
Cr-Mo—V steel of bainitic structure obtained by isothermal heat treatment, and the structure tempered

after the treatment.

At the hardness levels over Hv 350, the delayed fracture limit and the delayed fracture ratio of the mate-
rials isothermally transformed were higher than those of the materials conventionally quenched and tempered.
Only in the case of tempered at 550°C after isothermal transformation, the daleyed fracture strength decreased
by the amount equal to that of the quench-tempered material with the same hardness.

Electron microscopic observation revealed that carbides precxpltated densely along the prior austenitic grain

boundaries in the steel tempered at 550°C after isothérmal transformation.

A very small amounts of carbides

was observed along the grain boundaries in the steel transformed isothermally, and grain boundary car—
bides of the steel tempered at the temperature over 600°C were globulized.

The comparison of these results with those of quench—tempered material suggested that the difference in the
delayed fracture strength between both materials at the high hardness levels' attributed to the difference of
the precipitation behavior of carbides along the austenitic grain boundaries.

(Received Jan. 18, 1972)
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Table 1. Chemical composition of steel used (%).

C Si Mn P S Cu Ni Cr Mo V

0-36 0:65 0-72 0016 0-09 0-18 0-09 1-52 0-51 0.17
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Photo. 1. Microphotographs of test pieces isothermally heat treated at
325°C (a), 350°C (b), 375°C (c), 400°C (d), 425°C (e)
and 450°C(f) respectively, for 10 min (195, nital, x600)

A

a) ‘L'empered L 1t ) lemperea i
b) Tempered at 600°C after 325°C 1. T. g) Tempered at 550°C after 450°C I. T.
¢) Tempered at 650°C after 325°C I. T. h) Tempered at 600°C after 450°C 1. T.
d) Tempered at 350°C after 400°C L. T. i} Tempered at 430°C 1. T.
e) Tempered at 600°C after 400°C I. T.

Photo. 2. Microphotographs of test pieces tempered for 1 hr after

isothermal heat treatment. (125, nital, xgo0)
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Fig. 1. Delayed fracture curves for steels isothermally

transformed at various temperature.
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Fig. 2. Change of hardness and delayed fracture
ratio with transformation
temperature.
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Fig. 3. Delayed fracture curves for steels tempered
after isothermal treatment at 325°C.
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Fig. 4. Delayed fracture curves]for steels tempered
after isothermal treatment at 400°C.
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Fig. 5. Delayed fracture curves for steels tempered
after isothermal treatment at 450°C.
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Fig. 6. Change of hardness and delayed fracture
ratio with tempering temperature of steels
isothermally heat treated.
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Solid lines: results for quenched and tempered materials

Broken lines: results for isothermally transformed materials

Open circles: the values of static bending strength or delayed
fracture ratio for isothermally transformed materials

Closed circles: the values of delayed fracture limit for isothermally
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Fig. 7. The relationship between hardness and
delayed fracture characteristics.
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tempered at 550°C after isothermal trans-
formation at 325°C, showing grain boun-
dary precipitation of carbides.
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Photo. 5. Electron microscopic observation of steel
tempered at 600°C after isothermal
transformation at 325°C, showing glo-
bulization of grain boundary carbides.
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