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Influence of Carbon Content and Carbide Distribution on
Recrystallization in Cold Rolled High Carbon Steels

Kiyoshi Fukul, Teruo KANEKO and Atsuki OKAMOTO

Synopsis :

Hot rolled steels with different C contents ranging from 0.14% to 0.72% were subjected to hot band
annealing, where two annealing conditions were applied in order to regulate the distribution and size of
cementite. These steels were cold rolled and box annealed for recrystallization. The recovery and recrys-
tallization process during annealing was investigated.

When cementite was coarsened prior to cold rolling, the recrystallization temperature was lowered by the
increase of C contents. This was attributed to the acceleration of random nucleation of recrystallized
grains in the vicinity of coarse cementite which increased with the C content. In each steel, the texture
tended to become random during recrystallization in the final annealing. On the other hand, when cementite
is fine, the recrystallization temperature became high. In this case, the increase of C content causes a rise
in recrystallization temperature, and the components in the cold-rolling texture were retained even after
primary recrystallization. Large amount of fine cementite would have depressed the growth of recrystal-
lized grain.

Key words : high carbon sheet steel; cementite; recrystallization texture; recrystallization process; stored

energy ; grain boudary migration ; grain growth.
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Table 1. Chemical composition of steels (mass% ).

Steel C Si Mn P S Cr Sol. Al N
1 0.14 0.2 0.80 0.021 0.006 0.16 - 0.046 0.0049
2 0.29 0.21 0.81 0.017 0.006 0.16 0.050 0.0049
3 0.54 0.21 0.81 0.019 0.006 0.15 0.055 0.0044
4 0.72 0.2 0.81 0.019 0.008 0.15 0.054 0.0043
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Fig. 1. Experimental procedure.

Table 2. Grain diameter of steels prior to cold
rolling.

C contents (wt%) 0.14 0.72
Annealing 550°CX8h |680°CX24 h| 550°CX8 h |680°CX24 h
Fe3C Dia. (um) 0.1~0.2 1~2.5 0.05~0.2 0.5~3
a-Fe Dia. (ym) | 4~6 15~20 | 0.8~2 58
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Photo. 1. Scanning electron micrographs of steels
after cold rolling.
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Fig. 2. Changes in X-ray line
broadening during recrystalliza-
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Photo. 2. Scanning electron micrographs of steels heated to 560°C after cold rolling.
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Fig. 3. Influence of C contents
and hot band annealing process on
pole intensities during recrystal-
lization annealing.
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Steel | (0.14%C) Steel 2 (0.29%C)

Steel 3 (0.54%C) Steel 4 (0.72%C)

B:after annealing at 680°C| A: after cold rolling

(O={2111<011> @={I00}KOI> A={111}<011> w={I11}<112>)

Process B : Hot band annealing condition 550°C X8 h
Fig. 4. Influence of C contents on {200} pole figures.
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Steel 2 (0.29%C) Steel 3 (0.54%C) Steel 4 (0.72%C)

A:Process A (680°Cx24h) B:Process B (550°Cx8h)
Photo. 3. Optical micrographs of cold rolled steel after annealing at.680°C for 24 h.

Process B : Hot band annealing = 550°C X8 h
Photo. 4. Scannmg electron micrographs of Steel 4 (0.72%C) after annealing for various soaking
time at 680°C.
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Fig. 5. Relation between C contents, ferrite grain
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Fig. 6. Schematic illustration of microstructure
of cold rolled, recovered and recrystallized steels.
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Process B : Hot band annealing = 550°Cx g},
Photo. 5. Diffraction patterns ob-
tained from recrystallized grain

around Fe;C particle in Steel 3.

NSEBICHEET HHE, KEAKNRB#H L b4 -1
BRERBNOBRESEA Y74 MCBHES R E $EES
SETL, NABHOBIHAHEET LD EEIONS,
D, BEHEN T T4 ML C EOEIMPHE
Bt v A4 M b &0, SRk 2 5.
Bbyi, AREFATICELARZ CEREE - K
HRFBEHIEFHRFRELIE BILB L L+,

X 73

1) B2 EFENF R R R
W& ) (1987), p. 203

2) 1@ m,ﬁﬁﬁwﬁw%,NU%m,pmw

3) LR, BHRF, HPEA: AREBEFAE, 32
(1968), p. 195

4) M. H CHANG and J. G. BYRNE: Met. Sci., 17 (1983),
p. 475

5) T, FIFEAR: kLM, 58 (1972), p. 640

6) HEkRE, FBFEAR EEK&E, 23 (1971), p. 54

7 ) W. C. LESLIE, J. T. MICHALAK and F.W. AwL: Iron and
its Dilute Solutions (1963) [Interscience Publ.]

8) ARFGH, TREHE: A XLEEBFEEEH, 7 (1968),
p. 383

9) fBH i, BAEE: MEESoeR, 1(1983), p. 1729

10) FRiEEs: M e 7uv 2, 3(1990), p. 1764

11) JiMgE—, MEFR: gL, 70 (1984), p. 1808

12) HAR¥E—: gk &8, 56 (1970), p. 734

13) K. ONEL and J. NUTTING: Met. Sci., 15 (1981), p. 89

14) F. J HUMPHREYS: Met. Sci., 13 (1979), p. 136

15) ¥ %, BEEHFE: $k& 48, 61 (1975), p. 2350

16) H. ABE, T. Suzuki and K. TAKAGL: Trans. Iron Steel Inst.
Jpn., 21 (1981), p. 100

17) Htk%E—: gk L 86, 70 (1984), p. 1816

BR#EE (AASM



