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1. Introduction

In response to heightened environmental awareness,
restrictions on environmentally hazardous substances,
represented by the RoHS Directive, have been
announced in Europe and elsewhere. Among those
moves, because the content of lead (Pb) in electrical
and electronic equipment is limited to 1 000 ppm or
less, it is necessary to develop steels with the same
machinability as lead free cutting steel, but with
reduced Pb contents, for the conventional low-carbon
lead free cutting steels AIST 12114 and JIS SUM24L
(0.10 to 0.35% Pb). Although JFE Steel has already
developed and sells free cutting steel that contain abso-
lutely no added Pb", there is still no perfect substitute
for the low-carbon lead free cutting steel market,
including other companies. Therefore, JFE Steel devel-
oped a product with machinability and mechanical
properties equal or superior to those of the existing
lead free cutting steels, in which the amount of Pb
addition is controlled to the regulatory value of
1 000 ppm or less. This article describes the concept
and results of this development.

2. Features of Developed Steel

2.1 Mechanism of Improved Machinability

2.1.1 Composition Design and Mechanism of
Effect of Pb

Table 1 shows an example of the chemical composi-
tion design of the developed steel. With the exception
of Pb, there were no large changes in the composition
of AISI 1214, which has a long history of use, and Pb
was set to be outside of the regulatory value

Table 1 Chemical compositions

C Mn P S Cr Pb
Developed steel  0.05 1.2 0.08 0.33 0.1 0.08
AIST 12L14 006 1.0 0.06 032 0.1 026
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(1 000 ppm or less) of the RoHS Directive. At present,
the only elements that have properties similar to those
of Pb are Bi and Te, which was classified as rare metals.
Since Pb is considered to be the only useful element for
practical purposes, JFE Steel examined the possibility
of obtaining characteristics similar to those of the con-
ventional steel by maximizing the effect of Pb with a
small amount of added Pb.

The machinability of steel products is affected by
the “built-up edge” of work material which is deposited
and forms on the tip of the tool blade during cutting,
and the tool life and surface roughness of the machined
surface are also affected by repeated deposition and
peeling of this material during cutting. During machin-
ing, the area near the tool tip reaches a temperature of
more than 400°C. Since the melting point of Pb (327°C)
is lower than this temperature, this causes liquid metal
embrittlement. Since peeling occurs easily due to
embrittlement of the built-up edge, the size of the
built-up edge is normally reduced. A smaller built-up
edge reduces the increased surface roughness caused by
the built-up edge. At the same time, a small built-up
edge is always present at the tool edge, which contrib-
utes to improved tool life by suppressing the formation
and peeling of the large built-up edge seen with materi-
als other than lead free cutting steels, and preventing
direct contact between the work material and the tool.
Since Pb plays an important role in materializing these
effects, we judged that similar effects cannot be
obtained if addition of Pb is omitted.

Figure 1 shows the mechanism of machinability
improvement. The states of existence of Pb in steel can

Fig. 1 Mechanism of machinability improvement
(a) Developed steel (b) Conventional steel, AISI 12L14 etc.
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be broadly divided into two types, that is, mainly coarse
particles that cohere at the interface with MnS and fine
particles in the bulk steel. When the amount of Pb
addition is increased, the Pb tends to cohere at the
MnS interface, but these coarse Pb particles cohering
to the MnS interface make little contribution to the
above-mentioned reduction of the size of the built-up
edge. Therefore, we studied addition of the minimum
amount of Pb necessary to contribute to improved
machinability while also complying with environment
regulations. As a result, it was considered possible to
respond to these requirements with the composition
design described above.

2.1.2 Manufacturing Design for Machinability
Improvement

It was thought that the susceptibility of the tool
edge to liquid metal embrittlement increases as the
spacing of the Pb particles becomes finer and narrower,
and as a result, brittle fracture of the built-up edge also
occurs more easily. Therefore, we examined methods
for increasing the fine dispersion of Pb in the steel in
the manufacturing process, and succeeded in dispersing
a larger amount of fine Pb in the conventional
SUM?24L (Photo 1). Although Pb is added in the mol-
ten steel finishing process, and is then followed by cast-
ing, the casting method itself is unchanged from the
conventional method. While it is thought that a large
amount of Pb exists at the interface with MnS, the
state of existence of the MnS is determined by crystal-
lization in the solidification stage and subsequent pre-
cipitation. If larger amounts of Mn and S are added,
growth of MnS is greater. Growth of MnS also
increases at slower cooling rates. To improve the
machinability of the MnS itself, a coarse particle size
and spindle shape with a small aspect ratio are advan-
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Table 2 Mechanical properties of test materials

Steel 00.2% T.S. ElL R.A.
(MPa) (MPa) (%) (%)

Developed steel 304 439 29.8 47.8
AIST 12L14 284 427 31.8 55.1

Developed steel AISI 12114
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Photo 2 Microstructure of test materials

tageousz), but in Pb-added steel, fine dispersion of Pb
is also necessary. Considering this point, a manufactur-
ing method which finally achieves fine dispersion of
Pb, rather than a coarse spindle shape of MnS in the
product, was established by dispersing Pb more finely
in the steel (Photo 1).

2.2 Machinability of Developed Steel

The machinability of the developed steel and the
conventional steel AISI 12 L14 were evaluated by a
machinability test. In this test, a turning test was per-
formed using a carbide tip. The cutting speed was
70 m/s, the feed rate was 0.02 mm/rev, and the depth of
cut was 1.0 mm. Machining was performed using a
water soluble cutting oil.

The mechanical properties and microstructures of
the materials used in the machinability evaluation test
are shown in Table 2 and Photo 2, respectively. The
developed steel had mechanical properties and a micro-
structure equivalent to those of the conventional steel,
AISI 12L14.

As the results of the machinability test, as shown in
Fig. 2, (a) shows that the flank wear of the tool is equal
to or smaller than that of the conventional steel, and
(b) shows that the tendency of the surface roughness of
the work material is also similar to that of the conven-
tional steel. Regarding the condition of chips, which
affect productivity when performing machining, the
separation of the chips was similar to that of the con-
ventional steel, as can be seen in Photo 3, and has a sat-
isfactory condition that allows cutting without chips
being caught by the tool.

3. Conclusion

The “RoHS compliant lead-dispersed low-carbon
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Fig. 2 Result of machining test
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composite free cutting steel” introduced in this article is
a new free cutting steel that secures machinability and
mechanical properties comparable to those of the con-
ventional steel, while continuing to comply with envi-
ronmental regulations which began with the RoHS
Directive and are likely to be expanded further in the
future. The developed steel can be used without
changes in the customers’ machining process. In the
future, JFE Steel will continue to develop new products
that respond to customer needs, including both lead-
free and low-lead free cutting steels.
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