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On the Inverse Quench-Hardening of Steel

Synopsis:

Nobuyoshi SHMIZU and Imao TAMURA

Quenching of steels normally produces heighest hardness at the surface and successively lower hardness
into the center of the article. In oil quenching of bearing grade steels, however, an inverse hardness
distribution (called inverse quench-hardening, hereinafter) is sometimes found. In this investigation,
the inverse quench-hardening was examined. The main results are as follows

(1) The inverse quench-hardening is caused by a rapid change of cooling rate during cooling.
This phenomenon is particularly liable to occur when the steels are quenched into oil having long
vapor blanket cooling stage and a low characteristic temperature.

(2) This phenomenon occurs more often at the upper part than the lower part of the article
treated. This is due to that the vapor blanket cooling stage is longer at the upper part than the

lower part.

(3) The inverse quench-hardening is attributed to higher consumption of incubation period for
perlitic transformation at the surface than at the center of the steel during vapor blanket cooling stage
in quenching. In such a case, the hardening at the surface becomes difficult even by rapid cooling

in the following boiling stage.
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Fig. 1. An example of inverse quench-hardening
observed in a bearing race (SUJ2)
quenched in oil.
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Photo. 1. Microstructural changes along the section A-B in the bearing race shown
in Fig. 1. Etched in 59 nital.
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Photo. 2. Microstructure of inverse quench-

hardened area in Fig. 1.
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Fig. 2. Inverse quench-hardening in typical bearing
races and rollers. (darkend areas are not
fully hardened)
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Table 1. Chemical compositions of specimens.

(Wt %)
Element
\\\\\\\\\\\\ C | Si [ Mn| Cr
Specimens
10 mm¢ X 40 mm 1.01 1 0.24 | 0.41 | 1.46
15mm¢ X 40 mm 0.97 | 0.25| 0.42 | 1.46
18 mm¢ x40 mm 0.98 | 0.26 | 0.40 | 1.41
20 mm¢ % 40, 60 mm 1.02|0.24 | 0.36 | 1.36
25 mmg X 50 mm 0.95(0.27 | 0.37 | 1.37
30 mm¢ > 60 mm 0.96 | 0.27 | 0.38 | 1.35
36 mm¢g X 80 mm 0.97 | 0.26 | 0.40 | 1.39
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Fig.3 . Programms of heat treatment.

Table 2. Nature of quenching oil.

High speed | . .. | Spindle
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Viscosity (Red
wood 50°C Sec) 71.0 72.5 | 33.3
Flash point (°C) 190 192 126
Amount of Residual
carbom (wt %) 0.25 0.03 Tr
Characteristic
temperature (°C) 600 500 400
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Fig. 4. Cooling curves at surface of silver cylindrical specimen of 10 mm¢ X 30 mm quenched
from 800°C into several coolants (measured by method of JIS-K 2526).
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Fig. 5. Hardness distribution in 18mm¢ specimens quenched into several coolants directly

or after air-cooling for various periods from austenitizing temperature of 840°C.
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Photo. 3. Microstructural changes from surface to center in the specimens quenched into 5%
brine after air-cooled for 40 and 50 seconds from austenitizing temperature of 840°C.

Etched in 5% nital.
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Fig. 6. Various patterns of hardness distribution
in specimens of various diameters quen-
ched into 5%, brine after air cooling for
various periods from austenitizing tempe-
rature of 840°C.
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Fig. 7. Hardness distribution at various positions- -
from the bottom end of specimen (20
mm ¢ X 60 mm) quenched from austeniti-
zing temperature of 840°C.
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Fig. 8. Cooling curves at the surface of 10 mm¢g silver cylindrical specimens at various
distances from the bottom end quenched from 800°C into several coolants.
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Fig. 9. Time holding vapor blanket during cooling
process at various distances from the bottom
end of 10mmg silver cylindrical specimens
quenched from 800°C into several coolants.
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Fig. 10. Relation between CCT curve and cooling
curves in the specimens (a) Immediately
quenched into spindle oil from austeniti-
zing temperature, and (b) Quenched into
59, brine after air-cooled for 50sec from
austenitizing temperature.
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Fig. 11. Relation between CCT curve and cooling
curves in the specimens quenched into 594
brine after air-cooled for 100sec from
austenitizing temperature.
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