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Influence of Cooling Rate at High-Temperature Region of Quenched
SKD61 on Carbide Distribution and Fracture Behavior
Masamichi KAWANO and Kenichi WATANABE

Synopsis

The carbide precipitation temperature T.p of SKD61 was related to cooling rate X. After heating to 1030 C , workpieces
were cooled to temperature Ty at rate X, then immediately quenched to room temperature in order to attain a fully martensitic
structure. Ty was set above pearlite transformation temperature. Tcp was derived from hardness change due to X. Given Ty is
approximately 910 C, 1005 C and 1015 C with X of 30 C /min, 10 C /min and 1 C /min respectively. Even in the case in which
Xequals 1 C /min, no carbon was detected through FE-EPMA at the prior austenitic grain boundary. On the other hand, many
coarse carbides were observed under the condition of smaller X. It is assumed that insoluble carbides grow during cooling at the
high-temperature region.

After tempering to the same hardness, fracture behavior with a different X was investigated. Charpy impact value and time
to failure of water corrosion under the tensile stress was evaluated. No marked differences could be seen between the case in
which X equals 3 C /min and 30 C /min on impact value, time to failure under the corrosion and fracture surface. It is concluded
that smaller X is harmless in the limited condition of no pearlite phase, same quenching rate at lower temperature region and
tempered to same hardness.
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Table 1. Chemical composition (mass%).

Steel C Si Mn Cr Mo \'
SKD61 0.38| 1.00 | 0.47 | 5.19 | 1.20 | 0.87
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Fig. 1. A schematic of controlled quenching process for

small specimens.
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Fig. 2. The influence of T and X on as-quenched
hardness. Difference of hardness is derived
from carbon content of martensite.
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Fig. 4. Dimension change on CCT behavior with cooling
rate of 10 °C/min. The flection point due to
microstructural change could not be seen.
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Fig. 5. The influence of X on microstructure. Specimens
were cooled from 1030 °C to 800 °C at rate
X then quenched by 100 °C/min. Tempering
condition is 585 °Cx120 min+580 °Cx120 min.
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Fig. 6. Carbide distribution after tempering. Specimens
are the same as in Fig. 5. The arrows indicate
prior austenitic grain boundary.

400 -
350 -
300 -

250 A

Ms temperature / °C

200 T T T J
0.1 1 10 100 1000

Cooling rate X to 800 °C / °C /min
Fig. 7. The influence of X on martensitic transformation

temperature. Specimens were quenched from
800 °C by 100 °C/min.
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Fig. 8. The influence of X on hardness. Specimens are
quenched from 800 °C by 100 °C/min. Tempering
condition is 585 °Cx120 min+580 °Cx120 min.
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Fig. 9. The influence of X on impact value at room
temperature. Specimens are quenched from 800 °C
at 100 °C/min then tempered to 42.4 HRC.
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Fig. 10. Appearance of fracture surface on impact test.
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As shown in Fig. 9 impact value given is
approximately 55 J/cm®.
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Fig. 11. Fracture behavior under the condition of water

corrosion with tensile stress. Specimens were
cooled to 800 °C at rate X and quenched.
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Fig. 12. Appearance of fracture surface on the test of
water corrosion with tensile stress. Load to
specimen is 56.5 N.
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Fig. 13. Fractography of specimens shown in Fig. 12.
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Fig. 14. Vertical section of fracture surface.
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