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Effect of Hot Working on the Hardenability of Steels
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Hirooki NAKAJIMA, Satoshi WATANABE, Shigeo YAMAMOTO, and Muneyuki KOORI

Synopsis :

The effect of hot working on the hardenability of steels was investigated. 0.495C-19Cr steels were
used and hot working was carried out by means of rolling. The following results were obtained.

The heating temperature for hot working affected the hardenability of steels. An increase in the
temperature from 1050°C to 1250°C decreased the Vickers hardness by about 50 in the cooling con-
dition in which the hardness after cooling from the austenitizing temperature decreased most steeply
with a decrease of cooling rate. Effect of the working temperature and working ratio was small.

These results were due to the change of austenite grain size in relaition to the condition of hot
working. When the heating temperature for hot working is higher and all aluminum nitrides dissolve
into austenite, fine aluminum nitrides precipitate in the heating for normalizing after rolling and sup-
press the growth of austenite grain. When the heating temperature is lower and a part of aluminum
nitrides does not dissolve, large particles of aluminum nitride distribute scatteringly and austenite grain

grows larger. The hardenability of steels is varied according to the austenite grain size,
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Table 1. Chemical composition of samples (%).

&mﬂ C Si Mn P S Cr sol.Al N

0.007 1.04 0.041 0.0071
0.007 0.99 <0.005 0.0068

Kl | 0.42 0.33 0.83 0.004
K2 0.42 0.37 0.86 0.00¢
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Table 2. Rolling condition of specimens.

Rolling Procedure

Heating temp.* (°C) Starting temp. of rolling (°C)

Finishing temp. of rolling** (°C) Working ratio***

1 1250 1250 1030 5.7
2 1250 1 050 970 5.7
3 1050 1 050 960 5.7
4 1050 1 050 820 5.7
5 1250 No rolling 0
6 1050 ” 0
* Holding time was 30 min.
**  Surface temperature of specimens was measured with a noncontact thermometer.
*%%  Ratio of cross-sectional area before and after hot working. ,
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Fig. 1. Effect of rolling procedure on the hardness

of specimens cooled at a rate equivalent to 15
mm distance of Jominy specimen and on the
austenite grain size of specimens austenitized 2t
845°C or 900°C for quenching (K1 steel).
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Fig. 2. Dilatation-temperature curve in the spec-
imens of rolling procedure 1 and 3, cooled at a
rate equivalent to I5mm distance of Jominy spec-
imen (K 1 steel).
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Fig. 3. Relation between the hardness of spec-
imens cooled at a rate equivalent to 15mm dis-
tance of Jominy specimen and the austenite grain
size (K1 steel).
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Fig. 4. Relation between the hardness of spec-
imens cooled at a rate equivalent to 15mm dis-
tance of Jominy specimen and the austenite grain
size (K1 steel).
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Fig. 5. Effect of rolling procedure on the hardness ) . . . )
of specimens austenitized at 845°C and cooled at a Before After Normaliz- Quench-
rate equivalent to 25 mm distance of Jominy spec- rolling rolling  ing

imen and on the austenite grain size of specimens
austenitized at 845°C for quenching (K2 steel).
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Fig. 7. Austenite grain size at processes from
rolling to quenching (K2 steel).
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Fig. 8. Amount of aluminum nitride at processes
from rolling to quenching (K1 steel).
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Photo. 3. Aluminum nitrides extracted from K1
steel reheated at 870°C after rolling.
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