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Effect of Microstructure on Elongation in Cold-rolled High Carbon Steel Sheets

Takeshi Funta, Nobusuke KARIYA, Nobuyuki NAKAMURA and Yoshihiro HOSOYA

Synopsis

: The effect of void initiation due to microstructural factors, including the size and distribution of spheroidized cementite and ferrite grain size,

on elongation in JIS S35C and JIS S65C high carbon cold-rolled steel sheets were investigated.

Among mechanical properties after 2nd annealing, yield strength (YS) and tensile strength (TS) both increased as cold-rolling reduction

increased, and total elongation (T.EL) also increased simultaneousty. This resulted in large improvement in the TS-T.EL. Balance. As mi-

crostructural changes in this case, with the increase in cold-rolling reduction, the ferrite grain diameter decreased and cementite on the ferrite

grain boundary increase.

According to the results of a detailed study of S35C, when the microstructure was composed of fine ferrite and cementite on the ferrite

grain boundary, elongation was high. In the tensile deformation process, destruction of the grain boundary cementitie was frequently ob-

served. Voids were initiated from these points of origin, and fracture then occurred rapidly. On the other hand, when the microstructure was

composed of coarse ferrite grains and fine cementite existed within the ferrite grain, elongation was low. In particular, uniform elongation

was markedly decreased. In this deformation process, voids were initiated from cementite on deformation bands, then joined to form cracks,

resulting in fracture.

Key words: S35C; S65C; high carbon steel; elongation; ferrite grain diameter; cementite diameter.
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Table 1. Chemical composition of steels used. (mass%)

C Si Mn P S SolAl N

JIS 835C 0.34 0.19 0.74 0.015 0.002 0.02 0.0036

JIS S65C 0.62 0.20 0.78 0.015 0.005 0.01 0.0041

SERI1THE2H 22 H26 F174-4 A 13 H 529 (Received on Feb. 2, 2005; Accepted on Apr. 13, 2005)
* JFEZXF— (#k) R F— ILBFZHT (Steel Research Laboratory, JFE Steel Corporation, | Kawasaki-cho Chuo-ku Chiba 260-0835).
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Fig. 1. Experimental procedure.
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Fig. 2. Effect of cold-rolling reduction on tensile proper-
ties of 2nd annealed steels.
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Fig. 3. The relationship of tensile strength to total elonga-
tion in the high carbon cold-rolled steels.
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Fig. 4. Effect of cold-rolling reduction on ferrite grain di-
ameter and cementite diameter in 2nd annealed

steels.
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Fig. 5. Microstructure of steels after 2nd annealing.
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Fig. 6. Effect of ferrite grain diameter on elongation of

2nd annealed steels.
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Fig. 7. Microstructure of S35C steels after 2nd annealing.

Table 2. Microstructural parameter,mean r-value, and
elongation of S35C steels after 2nd annealed
steels.

Steel A Steel B

df (um) 11.4 6.54
dc(um) 0.54 0.77
A(um) 1.66 2.88

TS (MPa) 456 469
T.El (%) 34.6 41.8
U.El (%) 15.6 20.4
L.El (%) 19.0 214
Mean r -value 117 1.02
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Fig. 11. Transmission electron micrographs of steel A and
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Fig. 13. Fractgraphs of tensile specimens of steel A and B.
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