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General process of the induction surface hardenmg is as follows: a steel specimen of which the
surface is.austenitized with induction heating is used to be quenched in the water- -jet, as soon

as the heating has been stopped

If the quenching time is delayed after the induction heating,

hardness of the specimen is not lowered than that of the instantaneously quenched specimen,
this unsoftening condition of delay-time is amounted to several seconds for medium-carbon
. steél, and scores seconds for low alloy steels with medium-carbon content.

This special quenching method above described is called as a ‘‘delay- quenchmg”

and

it takes effect to the stress relief on the induction surface-hardening.

In the former report it was verified that a ‘‘stop-quenching’’,

was a good application for

the purpose. of stress relief on the induction surface-hardening. However, it cannot be app-,
lied to the continuons induction hardening of a long steel rod, on the contrary, ‘‘delay-
quenching” can be.applied to the continuous induction hardening.
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Table .1. Chemical composition of the specimens.
Materials ! Cop Sigs Mn9, Nig Cre Mo% ‘ Cu% | Po, - S
Cr-Mo A steel G 44 0°23 0-42 0°0% 131 0'40 030 0027 0023
Cr-Mo B steel 0°35 032 = 0-48 0-0% 119 028 0-20 0°024 0*017
Carbon steel 042 0°15 0°45 — 0°10 — 0-23 0027 0016
Table 2. Preliminary treatment of the specimens.
- Materials l Heating Cooling
Sorbitic Cr-Mo A steel 850°C, 1h I Air-cooling
Annealed Cr-Mo A steel 700°C, 2 h Furndce-cooling
Sorbitic Cr-Mo B steel \ 870°C, 1 h i Air-cooling
Normalized carbon steel : 850°C, 1 h i Air-cooling
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Hardness distribution of the
- annealed Cr- Mo A steel.
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Fig. 5. Air cooling curves of carbon steel
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EFFECT OF Al,
TEMPERING EMBRITTLEMENT OF Cr-Mn CASE-HARDENING STEEL

Takeshi Akutagawa, Dr. Eng. and Kiyoyuki Ogawa
Synopsis: i

The cause of the hard tempered martensite brittleness which has come to be known as
<« 500°F embrittlement ** has not been explained until today. The phenomenon was much related
to the deoxidation, nitrogen-fixation, and austenite grain size of steel. The tempering cha-
racteristics of the steel plays a major role in the development of embrittlement. This inves-
_tigation consists of a study of the effect of Al, Ti and B addition on the impact resistance

- and an electron microscopic study of the manganese-chromium case hardening steel when
tempered between 120° and 420°C. The results obtained are as follows:

(1) The AlI-Ti (0°05~0°10%) addition markedly improves the impact values during tem-
pering at these temperatures, especially with Ti addition the benefical effect in the tempe-
rature range of embrittlement is distinct.

(2) The tempering embrittlement temperature is not changed with the Al or Al-Ti addi-
tion and it occures at 300° to 360°C; however in the case of Al-Ti-B addition it is the tem-
perature range at 3C0° to 420°C

(3) The impact minimum occurs in 20 to 30 minutes at the tempering embrittlement
temperatures and the value is decreased with keepmg time at 300°C, it is almost constant
up to i10h at 360°C.

(4) The transition temperature is lowered by the Al, Ti and Al-Ti-B addition; with the
Al (0°049), Ti (0°10%) and Al-Ti (0°06%)-B addition it falls down to 0°C~-10°C.
© (5) It is observed that the embrittlement arises from a precipitation of elongated thin
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