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The Effect of Microstructure on the Toughness of the 0.2C-3Cr-
W-Mo-V-Co Precipitation Hardening Hot Work Alloy Tool Steel

Synopsis:

Toshio OKUNO

The effect of bainite structure on the toughness of the 0.2C-3Cr-W-Mo-V-Co steel was investigated.

The results obtained are as follows:

(1) The granular upper bainite structure, which was obtained by quenching at a rate of the half
temperature time of 60 min provided the following superior as well as inferior aspects compared to the

martensite structure tempered at 400°C.

(1) Inferior aspects are lower plane strain fracture toughness
and higher transition temperature in charpy impact testing.

(ii) Superior aspects are lower fatigue

clack propagation rate, higher upper shelf energy in charpy impact testing, and higher uniform elonga-

tion in tensile testing.

{2) Microstructural factors dominant to the above behavior on the toughness of bainite could be

summarized as follows.

(i) Larger width of granular bainite grain and larger size of microstructural
unit relevant to the effective grain size increase the cleavage fracture sensitivity.

(11) Excessively stable

retained austenite located both along grain boundaries and in grains improves the toughness.  (iii)
Suppressed precipitation of MyC carbide improves the toughness.

(3) When this bainite structure was tempered at higher temperatures of 550 to 650°C, this structure
showed the lower toughness than the martensite structure because of reasons of higher distribution
density of fine MC and M,C carbide precipitates, etc.
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Table 1. Chemical composition of specimen (wt%).

(o] Si Mn Ni Cr w Mo v Co

0.22 0.47 0.73 0.85 2.75 0.65 1.87 0.40 1.05
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. T, : Half temp. time)

Electron replicated micrographs of specimen transformed during oil quenching and continuous

cooling at the rate of the half temp. time being 30 min and 60 min.
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Photo. 2. Optical micrographs of specimen transformed during oil quenching and continuous cooling

at the rate of the half temp. time being 60 min.
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Photo. 3. Electron micrographs of extraction replicated carbides of tempered specimen after oil quenching
and continuous cooling at the rate of the half temp. time being 60 min.
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after plane strain fracture toughness testing.
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Fig. 1. Effect of cooling rate from austenitizing

temperature on plane strain fracture toughness,
Kic, volume fraction of retained austenite and
width of bainite lath or grain.
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(P.C. : Pre-crack S.Z.:
Photo. 4. Scanning electron micrographs of fractured surfaces adjacent to fatigue pre-cracks of specimens
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Fig. 2. Effect of austenitizing temperature and
subzero treatment on plane strain fracture tough-
ness, Kc.
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Austenitized

at 980°CX30min
&0 quenched
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Jat H.T.T. 60min
§all tempered

at 400°CX2h

» b: Locations 2.5 mm far from the premade crack tips
¢ : Location 5.0 mm far from the premade crack tip

Photo. 5. Electron replicated micrographs of fractured surfaces of specimens after fatigue crack

propagation testing.
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Fig. 3. Results of fatigue crack propagation test.
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Fig. 4. Results of rotating beam fatigue test.
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Fig. 5. Effect of tempering temperature on tensile
mechanical properties and charpy impact value.
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Fig. 6. Effect of testing temperature on tensile
mechanical properties and charpy impact value.
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Photo, 6. Scanning electron micrographs of fractured surfaces of v notch charpy impact specimens

after testing at various temperature.
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