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The Effect of the Transformation Structure on the
Mechanical Properties of Molybdenum Steels

Tsuyoshi INOUE, Shushi KINOSHITA, and Akira SUZUKI

Synopsis:

In molybdenum steels a structure called divorced pearlite, consisting of blocky carbide and ferrite,
is induced with higher Mo/C ratios and elevated transformation temperatures, while a lamellar pear-
lite structure develops with lower Mo/C ratios and/or lower transformation temperatures.

Experiments have been carried out to clarify the effect of pearlite morphology on the mechanical
properties using steels with different Mo/C ratios (0°02, 0-47 and 1°17) transformed at various tem-

peratures ranging from 675°C to 500°C.

It has been shown that in steels having the lamellar pearlite structures, the Charpy transition tem-
perature is lowered and the shelf energy is increased with decrease in interlamellar spacing. The finer
interlamellar spacing gives rise to the increased tensile and yield strength.

Divorced pearlite structures, however, are found to deteriorate the impact and tensile properties.

M;;Cs carbide, besides M3C, is observed to form at higher transformation temperatures in steel with
the highest Mo/C ratio, but carbide per se has no significant effect on the mechanical properties.
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Table 1. Chemical composition (wt %).
steel | C Mo Si Mn P s Al SIN Mo,/C
MO 0-46 0-01 <005 0-02 0-002 0-007 0-039 0-0052 0-02
M2 0-49 0-23 <0-05 0-01 0-002 0-007 0-037 0-0054 0-47
M5 0-46 0-54 <005 0-01 0-003 0-006 0-034 0-0057 1-17
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Fig. 1. Time-Temperature-Transformation diagram
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Fig. 2. Charpy transition and crystallinity curves
on steel MO transformed at temperatures
indicated.
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Fig. 3. Charpy transition and crystallinity curves
on steel M2 transformed at temperatures
indicated.
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Fig. 4. Charpy transition and crystallinity curves
on steel M5 transformed at temperatures
indicated.
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Fig. 5. Charpy transition temperature as a function
of transformation temperature on each steel
investigated.
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Fig. 6. Charpy shelf energy as a function of

transformation temperature on each steel
investigated.
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Fig. 7. Effect of transformation temperature on the nominal stress-strain curves of steel MO

at room temperature.
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Fig. 8. Effect of transformation temperature on the nomianl stress-strain curves of steel M2
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Fig. 9. Effect of transformation temperature on the nominal stress-strain curves of steel M5

at room temperature.
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Fig. 10. Tensile strength (UTS) and lower yield

stress (LYS) as a function of transforma-

tion temperature on each steel inves-

tigated.
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Steel Mo/c 675 650 600 550 500
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Photo. 4. Electron micrographs of fracture surfaces
by replica technique. Steel, transformation
temperature, microstructure, impact test
temperature and shelf energy for each
photographs are:

(a) M5, 650°C, divorced pearlite, 200°C znd 7-5kgm/cm?2
(b) M2, 650°C, lamellar pearlite, 150°C and 9°Okgm/cm?
(c) M5, 550°C, upper bainite, 200°C and 12°'0kgm/cm?
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Table 3. Transformation temperature and microstru-
ctures of steels.

Transformation temperature (°C}
Steel Mo/ 67[5 65?0 6(?0 5?0 SCl)O
Mo 002 Lamellar pearlite
Mo 047 Lamellar pearlite
Mo 117 Divorced pearlite Upper bainite
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Fig. 11. Charpy transition temperature as a func-

tion of molybdenum content on 0-3¢4,C
1:0% Mn steel (after Rinebolt).
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Fig. 12. Charpy transition temperature as a function
of molybdenum content on steels (0-59,C)
transformed at (a) 500°C and (b) 600°C.
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