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Development of unleaded magnesium-calcium-sulfur free cutting steel
Norimasa Tsunekage, Takeshi Fujimatsu and Kazuhiko Hiraoka

Synopsis: Unleaded magnesium(Mg)-calcium(Ca)-sulfur(S) free-cutting steel whose sulfide shape was controlled by both Mg

and Ca addition was developed. This paper shows how Mg-Ca-S free-cutting steel came about and the various

properties compared with leaded(Pb) free-cutting steels. The composition of sulfides in this steel is (Mn, Mg, Ca)S

with MgO-Al,O; as nucleus. The impact anisotropy of the steel with 0.1 mass% S is better than ordinary S free-
cutting steel (same content of S, JASO-S2) with MnS. Further, the H. S. S. drill life, carbide tool wear resistance,

and chip breakability of Mg-Ca-S free-cutting steel are equal to or even better than those of Pb free-cutting steel

(0.17 mass% Pb, JASO-L2). ltis found that the H. S. S. drilling property has large improving effect when it is cut at

relatively high cutting velocity. Further, the carbide tool wear is suppressed because the tool surface is covered

with (Mn, Mg, Ca)S.

Therefore, the Mg-Ca-S free-cutting steel has a possibility of a substitute for Pb free-cutting steel.

Keywords:free-cutting steel; magnesium; calcium; sulfur; lead; sulfide; drill life; tool wear; chip breakability; machinability;

impact anisotropy;
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Tablel. Examples of free-cutting additives and their characteristics.

Low melting Sulfide type Shape Graphite type  Oxides with low Brittle matrix
point type controlled melting point type
sulfide type
Typical PbO Bi MnS Cal zrO TiO Graphite[ CaO-AlL,O;-SiO, PO Sn
additives SeOTe h-BN
Mechanisms OBrittleness by O Stress O similar to J Stress O Protective O Brittleness of
of improving melting metal concentration sulfide typel concentration  coating on tool matrix
machinability O Lubricant O Lubricant O Shape and O Lubrication surface
dispersion
control
Machinability Especiallyd Good Equal to or Good Especiallyd Good
excellent H. S.  machinability in better than machinability in excellent carbide machinability in
S. drill life and  various cutting sulfide type various cutting tool life various cutting
chip conditions conditions conditions
breakability
Mechanical Equal to the Large Improvement of ODeterioration of Equal to base [ODeterioration of
property base steel at mechanical anisotropy strength steel ductility
room temp. anisotropy O graphited
OChange of
hardenability
O h-BNO
Note High cost and Low cost and Toxicity and ONecessity of  OrdinaryO it is Difficulty to
difficulty of easy to high costl] some heat treatment used with Pb and recycle
supply with raw  industrial use elementsd to graphitize S.
materiald BiJ O graphited
ORestriction on
BN content
O h-BNO
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Fig.1. Optical micrographs of sulfides.0J SCr4400
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EPMA line scanning of the sulfide inclusion in MC2.0 SCr4400
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Fig.3. Comparison of tensile properties.
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Table2. Cutting conditions for machinability test.

Drill life Turning tool wear Chip breakability
Tool SKH510 @ 5mm P200 carbided O 0.4mmR P200 carbided O 0.4mmR
Cutting speed 300 80 m/min 150 m/min 150 m/min
Feed rate 0.2 mm/rev 0.2 mm/rev 0.150 0.200 0.30 mm/rev
Depth of cut 15mm0 Depth of holed 0.5 mm 0.5 mm
Cutting fluid Nonel DryQd Nonel DryQd Nonel DryOd
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Fig.9. EPMA mapping of the rake face of the carbide tool after turning for 360 sec.] MC20
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