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Effect of Austenite Grain Size on Mechanical Properties of Carburized and repeatedly Quenched Case Hardening Steel

Yl S T P

Motohiro Nishikawa and Kazuhiko Hiraoka

Synopsis:We studied strengthening of carburizing steel by refining Austenite grain. To refine the Austenite grain, Ti-B-
Modified carburizing steel was repeatedly quenched and tempered after carburizing. The effect of Austenite grain
refinement was evaluated by Charpy impact test and static bending test. Austenite grain of Ti-B-Modified
carburizing steel was refined as small as 2 um by the repeated quenching. Oxidized non-martensitic layer
produced during carburizing was removed to exclude its effect. Charpy impact value and static bending strength
were improved by refining Austenite grain. We think this is because fracture origins show fine intergranular surface
with the unit size of Austenite grain.

Key words:Carburizing steel;Austenite grain size;Grain refinement;Charpy impact value;Bending strength;Repeated
quenching;Carburizing;Martensite; Titanium;Boron
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Table 1 Chemical composition (mass%, N,B:ppm)
C Si Mn P S Cr Al Ti N B
0.22 0.11 0.80 0.014 0.016 1.20 0.030 0.150 38 14
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Table 2 Heat-treatment condition

Condition Previous Carburizing and Additional heat-treatment
heat—treatment Tempering
1 1393K X 14.4ks, F.C. Fig.1 -
2 1393K X 14.4ks, A.C. " -
3 1173K X 3.6ks, A.C. " —
4 " " Quenching & Tempering (Fig.2) X 1
5 " " Quenching & Tempering (Fig.2) X 2
6 " " Quenching & Tempering (Fig.2) X 3
1203K
1103K
Hreheat Carburizing Diffusion
453K
= 0.Q. AC.
1.8ks 10.8ks 9ks 1.8ks  (333K) 5.4ks

Fig.1

Carburizing and tempering condition.
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Fig.2 Quenching and tempering condition.
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Fig.3 Charpy impact test specimen.
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Fig.4 Bending test specimen.
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Fig.5 Microstructures of Charpy impact test specimens (surface).
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Fig.6 Microstructures of Charpy impact test specimens (core).
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Fig.7 Austenite grain structure of Charpy impact test specimens (surface).
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Fig.8 Austenite grain structure of bending test specimens (core).

100 4 m

100 um

Sanyo Technical Report Vol.14 (2007) No.1

45



RERBEANE. BMAGEANLCAGEEOBMEEEICRIZT IRy NEOXE

Table 3 Austenite grain size of Charpy impact test specimens (Average um)

Condition1  Condition2 Condition3 Condition4 Condition5 Condition6

Surface 22.7 15.6 10.2 3.6 2.4 2.0

Core 25.0 16.1 8.0 4.6 3.9 3.6

Table 4 Austenite grain size of bending test specimens (Average pm)

Conditionl Condition2 Condition3 Condition4 Condition5 Condition6

Surface 23.8 16.1 12.8 4.5 2.4 2.6
Core 22.7 15.2 11.1 5.7 44 4.6
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Fig.9 Hardness distribution of Charpy impact test specimens and bending test specimens.
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Fig.10 Result of Charpy impact test.
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Fig.11 SEM images of fractured surface after impact test (Crack initiation area)
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Fig.12 SEM images of fractured surface after impact test (Crack propagation area)
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Fig.13 Result of bending test
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Fig.14 SEM images of fractured surface after bending test (Crack initiation area)
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Fig.15 SEM images of fractured surface after bending test (Crack propagation area)
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Relationship between Austenite grain size and Charpy impact value.
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Fig.17 Relationship between grain size and bending strength.
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