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Effect of Cementite Decomposition on Delamination in High Carbon Steel Wires

Toshimi TARUI and Naoki MARUYAMA

Synopsis : In order to find out the effect of cementite decomposition on delamination, decomposition behavior of cementite in high carbon steel wires

during drawing and aging was investigated by atom probe field ion microscope, transmission electron microscope and torsion testing. Frac-
ture mode of normal fracture in torsion test is Mode III and that of delamination is Mode II. Microvoids or coarse grain boundary ferrite are

not observed in the delaminated wires. Cementite decomposition proceeds with the drawing strain and aging, and the carbon concentration of

lamellae ferrite remarkably increases, which can only be due to the dissolution of cementite and concurrent migration of carbon atoms into

ferrite. The measured carbon concentration varies from region to region, depending on the lamellae spacing or the location within wires. It is

considered that cementite decomposition proceeds heterogeneously in macroscopic and microscopic scale. Delamination occurs in the re-

gions in which the maximum carbon concentration of ferrite exceeds 1 at%, irrespective of the dry drawn, the wet drawn and the aged wires.
The heterogeneous decomposition of cementite suggests that the strength of ferrite is non-uniform. It may be concluded that delamination is
caused by the non-uniformity of ferrite strength. Namely, delamination results from the local shear stress concentration in the low ferrite
strength regions, which correspond to the locally low carbon concentration areas.

Key words: high carbon steel wire; pearlite; cementite; decomposition; delamination; strain ageing.
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Table 1. Chemical composition of specimens (mass%).

C Si
0.8210.23
0.90 | 0.20
0.01|0.20

Mn P S Al N

0.79 | 0.003 | 0.003 | 0.028 | 0.0024
0.57 | 0.011 [ 0.007 | — | 0.0029
0.75 | 0.005 | 0.005 | 0.039 | 0.0036
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Fig. 2. SEM microstructure of 92A with drawing strain of
4.78 in transverse section.
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Fig. 3. Relationship between carbon concentration in fer-
rite with drawing strain and the occurrence of de-
lamination.
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Fig. 4. Variation of tensional and torsional yield strength
of 82B with aging temperature.
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Fig. 5. Relationship between carbon concentration in fer-
rite of 82B with aging temperature and delamina-
tion.
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Fig. 6. TEM microstructures of 82B with drawing stain of
1.62 in transverse section.
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Fig. 7. Vickers hardness profiles of (a) 92A and (b) LC.
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Fig. 8. Schematic carbon concentration profile of high car-
bon steel wire.
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