it g 3L

% & $H Vol.79 No 2

KR R4 ESROBS EH%A%E%L- ELIET

BBARFELIUMNDE

B4

—BR* - FE b Bk - ZHEE  IEAR*

Effects of Carbon and Manganese on the Recrystallization Texture of Cold-rolled Steel Sheet

Ichivo Tsukatant, Tsuyoshi Inouve and Masatoshi Supo

Synopsis : In order to clarify the effect of carbon and manganese on the recrystallization texture formation of low carbon steel sheets,
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the change in texture and microstructure during cold-rolling and annealing have been investigated. A strong{111}

recrystallization texture component forms in interstitial atom-free steels being nearly independent of manganese content,
the grain size of hot bands, and the heating rate of annealing. However, in a 0.21% manganese steel containing solute
carbon prior to cold-rolling, the {111} recrystallization texture component is seriousely decreased with increases in the
grain size of hot bands and the heating rate of annealing. By measurement of the electrical resistivity, the solute carbons
making complex with manganese atoms are found to be almost absent during the recovery process between 400 and 480°C
in a 0.21% manganese steel. During cold rolling, the slip rotations into the end stable {211} <011>+ 5orientations, which
are assumed to form the near {111} recrystallization texture component, are suppressed by the solute carbon coexisting
with manganese atom as C-Mn complex and increment of hot bands grain size. Therefore, nuclei of {110} <001> are
considered to grow more preferentially than those of {554} <225> in the steel containing solute carbon and manganese.
recrystallization texture; cold-rolled steel sheet; carbon in solution; manganese addition; C-Mn complex ; tantalum
addition ; cold rolling texture ; grain size of hot band.
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Table 1. Chemical composition of steels used (mass%).

Steel | C Si  Mn P S N 0 Ta [(Ta/C)*

TAO0 {0.013 0.006 0.01 0.020 0.005 0.0028 0.0108 0.03 | 0.15
TA1 |0.013 0.006 0.21 0.020 0.006 0.0018 0.0074 0.03‘ 0.15

*Atomic ratio of Ta to C
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Table 2. Contribution coefficient of ac, aun, a4, Bc and

Pun-

ac 6.34X107%Q-m/mol* : as 1009 recrystallized (ac®)
1.66X107¢Q-m/mol' ; as cold-rolled (&)

yn 1.90x107%Q-m/mol'®

ay 3.00X10-%Q-m/mol'®

Sc 0.67X107°Q-m/mol'® : as 100% recrystallized (4:.*)
0.18X107%Q-m/mol* : as cold-rolled (3.€)

Bun 2.26X10-°Q-m/mol™

ac : Contribution of C in solution to the electric resistivity at

Qi gﬁ:ogtribution of Mn in solution to the electric resistivity at

as : Contribution of C-Mn dipole to the electric resistivity at 77K

Bc @ Contribution of C in solution to the deviation from Matthies-
sen’s rule
%) Aprri : Dp2ra=6.34 1 (6.3440.67) =1.66 : (1.66+8.6)

: Contribution of Mn in solution to the deviation from
Matthiessen’s rule
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Fig.1. Relationship between pole densities of 0.01% and
0.21% Mn steels and heating rate of annealing at
750°C for 3 hour (Same symbols are used in figs.
2, 4, 5 and 6).

O Water-quenched 0.019% Mn steel
] Water-quenched 0.219 Mn steel
@ Decarburized 0.019% Mn steel
B Decarburized 0.219% Mn steel
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Fig.2. Effect of grain size of hot bands on pole densities
of 0.01% and 0.219% Mn steels after annealing at
750°C for 3 hour with heating rate of 100°C /h.
(» Cementite Precipitated 0.01% Mn steel
(B Cementite Precipitated 0.21%§ Mn steel
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Fig.3. Effect of grain size of hot bands on (200). pole figure of water-quenched 0.01%Mn((a),(b)) and 0.21%Mn
((c),(d)) steels after annealing at 750°C for 3 hour with heating rate of 100°C/h.

(a),(c): ~50um (b),(d): ~100pm
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Fig.4. Change in pole densities of 0.019§ and 0.219% Mn
steels during isothermal annealing at 600C (S:
commencement and F: completion of recrystall-
ization).
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Fig.5. Effect of grain size of hot bands on pole densities
of 0.019 and 0.21% Mn steels after cold rolling of
75%.
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Fig.6. Effects of solute carbon and manganese on R.
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Fig.7. Changes in electrical resistivity of water-
quenched 0.019§ and 0.21% Mn steels during iso-
chronal annealing with heating rate of 100C /h
(S : commencement and F : completion of recrys-
tallization).
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Fig.8. Changes in [Cwn] and [Cs], amount of solute
carbon making complex with manganese atom
and amount of single carbon of water-quenched
0.01% and 0.219% Mn steels during isochronal
annealing with heating rate of 100°C /h.
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Fig.9. (200) pole figure showing rotational spreads of orientation in cold-rolled states of water-quenched 0.01% Mn steel.
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