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Effect of Grain Size and Boron on Resistance to Secondary Working Embrittlement of
High-purity Ferritic Stainless Cold-rolled Steel Sheet

Fumio FubaNoK1 and Hidehiko SUMITOMO

Synopsis : The effect of grain size and boron on the resistance to the secondary working embrittlement of high-purity ferritic stainless cold-rolled steel

sheet is investigated and analyzed. The mechanism for improving the resistance to the secondary working embrittlement by adding boron to

high-purity ferritic stainless steel sheet is studied from the standpoint of the behavior of the segregated boron. The results obtained are as fol-

lows.

(1) The secondary working embrittlement in Ti stabilized low C, N ferritic stainless steel sheet occures by the interganular fracture.

(2) Refining the grain size improves the resistance to the embrittlement, but it remarkably deteriorates the deep drawing property.

(3 ) Adding boron improves the resistance to the embrittlemnt, with ensuring the deep drawing property.

(4) The morphology of fracture in the secondary working embrittlement changes from the intergranular fracture to the cleavage fracture

by adding boron.

(5) Itis considered that the improvement of the resistance to the working embrittlement is due to strengthening the grain boundary by the

segregated boron to the grain boundary instead of carbon. This agrees with the results obtained in the interstitial-atom free steel sheets.

Key words: ferritic stainless steel; deep drawing; boron; grain boundary; interglanular fracture; secondary working embrittlement.
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Table 1. Chemical compositions.

(mass%)

C Si Mn P S Ni Cr Ti N =]
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Fig. 1. Manufacturing process.

Weight: 2 kg
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Falling height:
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Testing temperature: —20~40°C

(b) test set-up

Fig. 2. Testing method for evaluation of embrittlement after press forming.
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Fracture No fracture

Fig. 3. Cylindrical cups obtained by test for evaluation of
embrittlement after press forming.
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Fig. 4. Effect of grain size of annealing sheet on falling
height for occurrence of brittle fracture after press
forming at 25°C (B : 2 ppm).
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Fig. 5. Fractograph of cylindrical cup fractured at 25°C for
Ti-added ferritic stainless steel (B : 2 ppm).
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Fig. 6. Effect of annealing temperature on mechanical
properties of Ti-added ferritic stainless steel (B:
2ppm).
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Fig. 7. Relationship between grain size and falling height
for occurrence of embrittlement after press forming.
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Fig. 9. Effect of boron on fractographs of cylindrical cups fractured at 10°C for B, Ti-added ferritic stainless steels.
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Fig. 10. Effect of boron on brittle fracture after press form-
ing of B, Ti-added ferritic stainless steels.
(Annealing temperature: 850°C)
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Fig. 11. Effect of boron on mechanical properties of B, Ti-
added ferritic stainless steels. (Annealing temper-
ature: 850°C)
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Fig. 12. Effect of boron on X-ray diffraction relative inten-
sity of B, Ti-added ferritic stainless steels.
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Fig. 16. Schematic illustration for effect of boron on im-
provement of embrittlement after press forming.
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