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Influence of Nano Substructure of Cementite Lamellae on the Mechanical Properties of
Galvanized Pearlitic Steel Wires

Koichi Maxn, Hiroshi Yacucw, Takaaki Minamina, Masato Kaiso, Nobuhiko 1saraki, and Yasuhiro Oxi

Synopsis : It is well known that Si improves the mechanical properties of hot dip Zn-galvanized pearlitic steel wires. However,
the improving mechanism is still not clear. Thus, hot dip galvanized pearlitic steel wires were investigated by TEM
observation from the viewpoint of the sub-structure of cementite lamellae. The presence of nano sized substructure
was observed in electrolytically extracted cementite lamellae after hot dip Zn-galvanization process. The mean
diameter of cementite sub-structure in the high tensile strength Si-containing pearlitic steel is much finer than that in
a conventional low Si steel. Hence, it is concluded that Si improves the mechanical properties of galvanized pearlitic
steel wires by refining the substructure of cementite lamellae.

Key words : hot dip Zn-galvanized pearlitic steel wire ; tensile strength ; ductility ; blueing ; nano-structure ; FE(Field Emission)-
SEM : FE-TEM : GIF(Gatan Imaging Filter); electrolytical extrusion.
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Table 1. Chemical Compositions.

Specimen C Si | Mn P S Remarks

0.2%Si-Stee! 0.90 [0.22 0.35 |0.014 [0.006 [Conventional

1.2%Si-Steel 0.87 |1.21 |0.73 [0.006 |0.004 |(Modified
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Fig. 1. Comparison in the change of tensile strength
ATS as a function of blueing temperature
between 0.29%Si steel and 1.294Si steel.
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Fig. 3. 3D Schematic illustration for lamellar structure and nano substructure of the lamellar cementite.
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Fig. 4. Relation between blueing temperature and
the diameter of nano cementite(8) in 0.2%Si
steel and 1.29%Si steel.
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Fig. 5. Relation between mechanical properties of wires and the diameter of nano cementite(8).

0
-100 N
N

©
[a
=>-200
~ | @12% Si Steel B — 1
“f 402% Si Steel ‘N
<-300

-400

10 20 30 40

Dia. of 8 /nm

Fig. 6. Relation between the change of tensile
strength ATS and diameter of the nano
cementite.
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Fig. 7 Segregation of Si at the boundary of nano cementite particles in 1.29%5i Steel.
(Left) Bright Field image of lamellar cementite. The white line is boundary of nano cementite, where is

analyzed line by EDX

(Right) EDX analysis on Si at boundary of nano cementite.
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Fig. 8. Segregation of Si at the boundary between lamellar ferrite and lamellar cementite in 1.2%Si Steel.

a : ferrite 6 : cementite
(Left) Zero Loss image
(Right) Si Mapping Image
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