1. Introduction

The forced air-cooling process such as “STELMOR”
cooling bed is generally used for a cooling method of
the rolled wire rod. The strength and ductility of high
carbon steel wire rods can be controlled by online
process in the rolling line with this process. However,
because forced cooling is performed with an air blast,
the cooling capacity of the forced air-cooling process
is inadequate. As a result, the strength and ductility of
wire rods produced by the forced air-cooling process are
low in comparison with wire rods produced by lead pat-
enting, in which the material is reheated and immersed
in a lead bath by a secondary processor. Mist cooling
makes it possible to secure the same cooling capacity
as lead patenting, and thereby enables transformation at
low temperatures. Therefore, JFE Bars & Shapes com-
mercialized the mist cooling process for wire and rods
that led the world. The company also developed the new
high tensile steel wire rods by utilizing this process.

A comparison of mist cooling and the conventional
cooling processes is shown in Fig. 1. Mist cooling has

the following advantages in comparison with the con-

ventional methods.

(1) Because water droplets which have been atomized
with air are blown on the material at high speed, the
heat transfer coefficient is large.

(2) Because the process uses fine water droplets, uni-
form cooling is possible.

(3) The cooling capacity can be controlled over a wide
range.

(4) The process can be installed in combination with
existing forced air-cooling lines and used in combina-
tion with the existing operation.

(5) The process contributes to improvement of the
global environment by making it possible to omit
the lead patenting process performed by secondary
manufacturers.

In order to quench wire rod material that has been
coiled at a specified temperature, a mist-spraying device
was installed above the conveyor in the first cooling
zone of the forced air-cooling process, which is located
adjacent to the coiling equipment. The mist flow rate is
controlled corresponding to the diameter of the wire rod
material and steel grade while measuring the material
online with a thermometer.

The following high tensile steel wire rods have been
developed by applying the mist cooling process. How-
ever, due to space limitations, only (1) and (2) will be
introduced in this report.

(1) High strength, high ductility high carbon steel wire
rods: “TMP wire rods” (prior-austenite grain refining,
pearlite lamellar refining)

(2) Low carbon high tensile steel wire rods: “TNH
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patenting material, the prior-austenite grain size is small
because direct patenting is performed after hot roll-
ing, and the pearlite lamellar spacing is also narrow in
comparison with forced air-cooling wire rods because
transformation occurs on the lower temperature side as a
result of the increased cooling capacity of the mist pat-
enting device. As a result, high ductility can be achieved
simultaneously with high strength.

Figure 3 shows the delamination (longitudinal crack)
occurrence limit in a torsional test of SWRH82B steel
wire. The limit drawing strain of the forced air-cooling
material is approximately 1.5. In contrast, the limit of
the mist patenting material is increased to approximately
2.0. As a result, although it was only possible to obtain
steel wire with a strength of approximately 1 700 N/mm?
with forced air-cooling material, values up to approxi-
mately 2 100 N/mm? are possible with mist patenting
material, realizing high strength in high carbon steel
wire rods.
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3. Low Carbon High Tensile Steel Wire Rods:

“TNH
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4. Conclusion

As high tensile steel wire rods which were developed
by applying the mist cooling process, this report has
introduced (1) high strength, high ductility high carbon
steel wire rods (TMP wire rods) and (2) low carbon high
tensile steel wire rods (TNH ® wire rods). Although not
discussed in this report, new non-heat-treated medium
carbon steel wire rods have also been commercialized
using the mist cooling process?.

JFE Bars & Shapes is continuing research and devel-
opment on the mist cooling process, with the aim of
applying this cooling technology to adjustment/control
of the prior microstructure (before cold forging) in wire
rod materials for cold forging use, enabling shortening
the processing time of the spheroidizing annealing pro-
cess at secondary manufacturers and improvement of
cold forgeability.
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