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Suppression of Secondary Ferrite Formation by Boron Addition in High Carbon Steel Wires

Mamoru NAGAO, Hiroshi YAGUCHI, Nobuhiko IBARAKI and Kenji OCHIAI

Synopsis : Heavily cold drawn pearlitic steel filaments containing small amount of micro alloying elements were investigated to stop delamination in

torsional deformation. In Nb treated high carbon steel wire, the volume of secondary ferrite increased remarkably, and delamination occurred

in the steel filament that was drawn up to 3.8 in drawing strain. But in Ti and boron treated high carbon steel filament, the secondary ferrite

drastically decreased. And delamination did not occurr in this steel filament which was heavily drawn up to 4.2 in true strain.

From microstructural and chemical analysis, free boron seemed to suppress to generate secondary ferrite at boundary between pro-eutec-

toid cementite and austenite during patenting. Patenting process has very short reheating condition and very fast cooling and transformation

time. The authors understood that such a very short heat treatment process is quite favorable to utilize boron to control secondary ferrite gen-

eration in high carbon pearlitic steel.
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Table 1. Chemical compositions (mass%).

MARK __ C Si___ Mn P s Cr T Nb B
PC 098 022 072 0003 0004 - - - -
NB 097 020 042 0003 0004 020 - 0040 -
TB 099 020 040 0002 0005 020 001 - 00020

204 m
s

Fig. 2. FE-SEM images of patented wires.
(a) PC, (b) NB, (c) TB.
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Fig. 3. TEM image of secondary ferrite in TB.
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Fig. 4. Secondary ferrite fraction in each steel.
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Fig. 5. FE-SEM image of secondary ferrite at the begin-
ning of pearlitic transformation.
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Fig. 6. Work-hardening and torsional properties in each
steel filament.
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Fig. 7. Cross sectional FE-SEM image of TB (true strain
4.2).
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Table 2. Boron in patented wire of TB (ppm).

Total B B as constituent Free B

13 10 3

Free B = (Total B) - (B as constituent)

Table 3. Reheating conditions in previous studies.

Carbon content Reheating Reheating

Author Ref

(mass%) temperature (°C) time(h)
Tani et al. 21 0431~0.44 1050 ?
Hasebe etal. 22 0.09~1.18 800~ 1000 24~200
Yamashita etal. 23 08 740~ 800 4
This study 1.0 960 0.003
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Fig. 8. Reheating condition and free boron content in TB.
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