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Cementite Decomposition in High Carbon Steel Wires
Toshimi TARUI, Naoki MARUYAMA and Hitoshi TASHIRO

Synopsis

: Decomposition behavior of cementite in high carbon steel wires during drawing and aging was investigated by atom probe field ion micro-

scope, transmission electron microscope and tensile testing. Cementite decomposition proceeds with the drawing strain. At the same drawing
strain, the carbon concentration of the dry drawn wire is higher than that of the wet drawn. In addition, cementite decomposition proceeds in
low temperature aging after drawing. It may be concluded that the carbon atoms segregate to dislocations or cell boundaries and dislocation
locking by carbon atoms plays an important role in the work hardening and strain age hardening. The mechanisms of cementite decomposi-
tion can be considered as follows. When the wire is drawn, carbon atoms in ferrite move within the dislocation strain fields, and the carbon
concentration around dislocations is lowered locally. On the other hand, the matrix carbon concentration should be in equilibrium with the ce-
mentite. Accordingly, the diffusion of carbon atoms into the depleted region around dislocations leads to a general decrease of the carbon
concentration, and cementite then dissolves tending to maintain the local equilibrium in the matrix carbon content. The highly dense disloca-
tions which act as trapping sites of carbon atoms, and the heat generation of the drawing process which increases the diffusion rate of carbon
are prerequisite for cementite decomposition. The rate-determining step of cementite decomposition may be carbon diffusion under the con-

dition of constant dislocation density.
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Table 1. Chemical composition of specimens (mass%).
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Fig. 1. Carbon concentration in ferrite at various drawing
strain.
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Fig. 2. Depth profile of carbon concentration in ferrite of 92A with drawing strain of 4.78.
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Fig. 3. Variation of yield strength of 82B with aging tem-
perature.
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Fig. 5. Change in carbon concentration of ferrite with
aging temperature.

Fig. 4. TEM images of 82B: (a) as-drawn wire, (b) aged at 250°C and (c) aged at 450°C for 60s.
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Fig. 6. Variation of yield strength of 92A with pre-aging,
straightening and re-aging.
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