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Bar and Wire Steels for Gear and Valve of Automobile
—Eco-Friendly Free Cutting Steel without Lead Addition—
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Abstract:

The free cutting steel has 2 types, one for machine structural use, and the other, low carbon steel for hard cutting, such as
SAE 12L14. The addition of Pb is a popular means to improve the machinability of steel. However, it is considered that Pb in
steel has a harmful effect on the human body. JFE Steel has developed a new free cutting steel, without Pb addition, for
machine structural use by controlling the existing state of C in the steel. By the utilization of graphite precipitation in steel,
both excellent cold workability and high fatigue strength can be achieved. To substitute for SAE 12114, NKK BARS & SHAPES
has developed a new free cutting steel, without Pb addition, by crystallizing large sulfide inclusions. It has been achieved by
increasing the amount of S addition while also adding Cr on the basis of the estimation from the calculated phase diagrams.
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Table 1 An example of chemical composition of the developed
steel (mass%)

C Si Mn Cr B N

Developed
steel

JISS45C | 045 025 08 0.15 -

045 0.6 0.3 trace 0.0020 0.004 0

0.0050
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Fig.4 Tool life obtained in the turning test and fatigue
strength of the developed steel in comparison with
the conventional ones
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Fig.5 Examples of calculated phase diagrams
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Table 2 Chemical composition
(mass%)
Steel C Si Mn P S Cr Pb
Pb free 0.05 trace 0.58 0.076 0.385 1.00 trace
SAE 12L14 | 0.07 trace 1.05 0.070 0.340 0.08 0.24

Table 3 Mechanical properties (¢85 mm)

Steel YS (MPa) TS (MPa) El (%) RA (%)
Pb free 298 401 36 57
SAE 12L14 289 409 30 43
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Photo 2  Size of sulfide inclusions of Pb free steel in comparison
with SAE 12114 steel

Photo 3 Elements mapping of sulfide inclusions
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Fig.11 Carburization characteristics of Pb free steel in
comparison with SAE 12114 steel
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