. 872

o
affl

&

§ & $® Tetsuto-Hagané Vol. 88 (2002) No. 12

MESERROIMITEE{EEE)CH KIFT
AOHRIMEOSE

Al

FIE* - il

&E* - MR 5L

Influence of Boron Content on Work-hardening Behavior of Al-killed Steel Sheet

Yoshimasa FUNAKAWA, Toru INAZUMI and Yoshihiro Hosoya

Synopsis

: It has been reported that an addition of boron increases total elongation of continuously annealed Al-killed steel sheet and that the addition of

boron is sometimes utilized for improving the formability. The purpose of this study is to investigate the influence of boron content on work-

hardening behavior of Al-killed steel sheet.

Stress-strain curves of low carbon steel depended on annealing temperature, over-aging temperature and boron content. In low boron steel,

the low temperature annealing and low temperature over-aging resulted in the increase of the stress required to continue the plastic deforma-

tion in tensile test since the low temperature annealing and over-aging promoted the grain refinement and the fine carbide precipitation in ma-

trix, respectively.

In high boron steel, on the other hand, there were no influences of both the annealing temperature and over-aging temperature on the

stress—strain curves. The independence of the annealing temperature and over-aging temperature may be attributed to strengthening of ferrite

grain boundary and the fine carbides in matrix which were promoted by the large amount of boron, respectively.

The n-value of low boron steel increased significantly and showed a peak at lower strain. On contrast, the n-value of high boron steel in-

creased slightly at lower strains and did not show a peak. In high boron steel, dynamic recovery would be activated more remarkably than in

low boron steel since dislocation density in the early plastic deformation region in the tensile test may become higher by ferrite grain bound-

ary strengthening which is due to boron segregation.
Key words : boron; continuously annealed steel sheet; work-hardening.
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Table 1. Chemical comopositions of steels investigated (mass%).
6] Si Mn P S Al B N B/N |Excess Boron
Steel A| 0.014 0.01 0.13 |1 0008 | 0.006 | 0.019 | 0.0024 [ 0.0033 | 0.95 0.0000
Steel B| 0.017 0.01 0.13 | 0010 | 0.010 | 0.002 | 0.0017 [ 0.0018] 1.15 0.0002
Steel C| 0.016 0.01 0.17 | 0014 | 0.007 | 0.032 | 0.0022 [ 0.0014 | 2.03 0.0011

B/N means the ratio of atomic concentrations of boron and nitrogen.
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Fig. 1. Schematic diagram of heat treatment: (a) Cycle 1,
(b) Cycle 2 and (c) Cycle 3.
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Fig. 2. Change in carbide diameter and amount of carbides

with over-aging temperature: (a) diameter of car-
bides at grain boundaries, (b) diameter of carbides
in matrix, (c) amount of carbides at grain bound-
aries and (d) amount of carbides in matrix.
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Fig. 3. Influence of over-aging conditions on mechanical
properties of boron-bearing Al-killed steel sheet:
(a) elongation (EL; %), (b) tensile strength (TS:
MPa) and (c) yield strength (YS: MPa).
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Fig. 9. Transmission electron micrographs showing dislocation structure: (a) Steel A; as annealed, (b) Steel A; 5% strain, (c) Steel
A; 10% strain, (d) Steel C; as annealed, (¢) Steel C; 5% strain and (d) Steel C; 10% strain.
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