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Effect of Nb and Ti on Resistance to Cold-work Embrittlement of Extra-
low-carbon High Strength Cold-rolled Steel Sheet Containing Phosphorus

Masato YAMADA, Yoshikuni TOKUNAGA and Miisuharu Y AMAMOTO

Synopsis :

The present work deals with the resistance to deep drawing-induced brittleness.

The materials used in

this study are 40~ 45 kgf/mm?® grade extra-low-carbon high strength steel sheets containing P and Si as

strengthening elements.

Though the resistance to the brittleness is improved by B addition in any steel, it is more remarkable in
Nb and Ti containing steel than in Nb or Ti containing one.

The difference of the effects of B between Nb and Ti containing steel and Nb containing one is attribut-
able to the difference of existing state of B. In Nb and Ti containing steel, B exists as solute atom because

N is precipitated as TiN, thus acting to inhibit the segregation of P to grain boundaries.

hances the grain boundary strength by itself.

Solute B also en-

On the other hand, solute B content is quite small because a

considerable portion of B precipitates as BN in Nb containing steel.
The reason why Nb and Ti containing steel is superior to Ti containing steel in resistance to the brittle-~

ness is that a small amount of solute C coexists with B only in the former.

Solute C also inhibits the seg-

regation of P to grain boundaries and enhances the grain boundary strength.
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Table 1. Chemical compositions of the steels used in laboratory experiments.

Steel C Si Mn P S ‘Al N Nb Ti B

N1 25 0.21 0.17 0.080 0.001 0.043 27 0.024 — —

Nb N2 28 0.62 0.33 0.078 0.001 0.038 29 0.023 — —
N3 25 0.20 0.17 0.082 0.001 0.046 26 0.023 — 15

N4 29 0.72 0.47 0.078 0.001 0.038 29 0.023 — 15

NT1 26 0.20 0.17 0.080 0.001 0.026 29 0.023 0.010 —

NT2 27 0.63 0.33 0.079 0.001 0.035 23 0.024 0.012 —

Nb-Ti NT3 24 0.20 0.17 0.080 0.001 0.024 28 0.022 0.010 9
NT4 22 0.70 0.35 0.080 0.001 0.026 30 0.024 0.011 14

NTS 26 0.63 0.33 0.079 0.001 0.035 23 0.024 0.013 19

T1 29 0.20 0.17 0.066 0.001 0.033 26 0.048 —

Ti , T2 29 0.21 0.17 0.066 0.001 0.033 25 — 0.049 14
- T3 30 0.59 0.32 0.067 0.001 0.035 28 — 0.050 14

C,N,B: ppm Others : wt%
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Fig. 1. Procedures of laboratory experiments.
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Fig. 3. Auger spectrum obtained from cleavage
fracture surface and intergvanular one.
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a:NT2 b:T3 ¢:NT4 d:N3

Fractured at a: —10°C b: —30°C c¢: —50°C d:—70°C :
Transition temp.:a —5°C b —25°C ¢ —40°C d —60°C
Photo. 1. SEM micrographs of fracture surfaces.
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Fig. 5. Relation between P concentration at grain
boundary and transition temperature.
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a: Steel T3 b: Steel NT4 c¢: Steel N2 d: Steel N4
Photo. 2. TEM micrographs of precipitates observed in hot-rolled specimens.
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