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ABSTRACT

In this research, the hot deformation behavior of W360 tool steel was investigated using hot compression test at 1000-
1200°C and strain rates of 0.001, 0.01, 0.1, and 1s!. According to the results, dynamic recrystallization was found the
most important restoration factor of this alloy during hot deformation. Recrystallization was enhanced with an increase
in temperature and strain rate. Also, the hot working process was optimized by drawing the processing map of this steel.
Microstructural images obtained from the hot compression test showed that recrystallization started at 1000°C and the
strain rate of 0.01 s™! and developed with increasing temperature and strain rate due to an increase in the stored energy
and suitable regions for nucleation. The results of drawing the processing map showed that the best hot deformation
region was the temperature range of 1050-1150°C and strain rates of 0.1-1 s™'.

Keywords: W360 hot work tool steel; Hot compression test; Dynamic recrystallization; Processing map.

1. INTRODUCTION

BOHLER W360 ISOBLOC has been developed as
a tool steel for dies and punches in warm and hot
forging to meet the requirements of the market.

Presence of carbon and other alloying elements
in tool steels causes the formation of carbides not
dissolved in the range of working temperature,
making them more difficult to deform. Generally,
tool steels belong to the category of materials with
low stacking fault energy (SFE). Therefore, the
predominant mechanism of hot working is
recrystallization. In the other word, these steels
recrystallize readily while hot working [1].

W360 steel was introduced in an article
published in 2002 [2]. Few studies [3, 4] have
been done mainly focusing on the hardness and
hardenability of this steel. Moreover, no
information has been reported on the hot work
behavior of W360 steel. In the previous study [5],
the hot workability of this alloy was investigated
using the hot tensile test. In the present study, the
hot deformation behavior of W360 hot work tool
steel was investigated and the optimal hot
working region of the alloy was determined by
drawing the processing map using the data
obtained from the hot compression test.

*: m_morakabati@mut.ac.ir

2. MATERIALS AND METHODS

The chemical composition of the manufactured
alloy is given in Table 1. The W360 ingot was hot
rolled at 1150°C with a thickness reduction of
67% (thickness reduction from 40 to 13.5 mm) in
nine passes. The cylindrical hot compression test
specimens were machined to 8§ mm diameter and
12 mm length (according to ASTM E209 [6] with
keeping aspect ratio). A thin layer of graphite was
applied on contacting surface to minimize friction
between the specimen and the anvils. Hot
compression tests were performed in the
temperature range of 900°C to 1200°C with an
interval of 100°C and strain rates of 0.001, 0.01,
0.1, and 1 s! by an Instron 8502 testing machine
equipped with a resistant furnace. The deformed
specimens were prepared and etched in 4 pct nital
etchant according to the standard metallographic
techniques. The microstructures were observed
using an Olympus BX 51 optical microscope.

3. RESULTS AND DISCUSSION

According to the scanning electron microscopic
image of the rolled W360 steel, there are deposits
uniformly distributed during hot rolling. Linear
analysis of the deposits revealed that they were
molybdenum-rich carbides.
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Table 1. Chemical Composition of the Used W360 Hot Work Tool Steel after ESR (Wt. %).

Fe Cr Mo \Y

Mn Si P S

Bal. 5.30 2.69 0.52

0.71 0.27 0.01 0.008

Critical points were determined by deriving from
the flow curves of the alloy. According to the
maximum strain change curve with temperature,
with increasing temperature and decreasing strain
rate, the hardenability decreases due to a decrease
in dislocations' density. Moreover, the maximum
strain decreases indicating an accelerate in onset
of dynamic recrystallization. Microstructural
images of the alloy also confirmed the occurrence
of recrystallization at temperatures above 1000°C
with different strain rates.

Figure 1-a shows the instability map of the
W360 steel at a strain of 0.6. As can be seen in
this figure, this steel does not exhibit flow
instability in any of the temperature ranges and
strain rates studied. However, the instability
parameter of this steel is low in the temperature
range of 900 to 975 °C and the strain rates above
0.03 s’!. This indicates the low stability of the
alloy in this range. The microstructure of steel
after hot compression test at 900 °C and strain rate
of 0.1 s’ is shown in Figure 1. As can be seen in
this figure, the precipitation of carbides is quite
evident, especially on grain boundaries.

Figure 1-b shows the W360 steel processing
map. Contour numbers in this figure represent
percent efficiency of power dissipation. The
microstructure of studied W360 steel shows less
recrystallization at low strain rates due to less
stored energy. For better comparison, the steel
microstructure at 1100 °C and the strain rates of
0.001 and 1 s! are shown in Figure 1. It is
observed that at a strain rate of 0.001 s with
lower recrystallization fraction, lower efficiency
of power dissipation is obtained. Also, efficiency
of power dissipation has been increased with the
development of dynamic recrystallization at the
strain rate of 1 s

In the temperature range of 1000 to 1200 °C
and the strain rates of 0.1 to 1 s!, high efficiency
of power dissipation is obtained, which is the
result of dynamic recrystallization according to
the microstructural images.

The preferable regions for hot workability of
the W360 steel were achieved in the temperature
range of 1050 to 1150°C and the strain rates of 0.1
to1s™.

4. CONCLUSION

The W360 hot work tool steel did not show any
instability at all studied temperature ranges and
strain rates. The highest efficiency of power
dissipation of the W360 steel was obtained in the
temperature range of 1000 to 1200°C and the
strain rates of 0.03 to 1 s, which was confirmed
by occurrence of dynamic recrystallization.
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