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Effects of Surface Oxidation on Cooling Characteristics during Quenching
of Heated Metals in Subcooled Water

Michiharu Narazaxi, Sadakatsu Fucnizawa, Minoru Kocawara and Masamitsu Inasa

Synopsis :

The effect of surface oxidation on the cooling characteristics of silver, nickel, SUS304 stainless steel and pure iron

cylindrical specimens during quenching in still subcooled water has been investigated. It is shown that the oxidation
of specimen surface has very little effect on the cooling characteristics at the initial solid-liquid contact stage and the
vapor blanket stage, but has a very strong influence on the characteristic temperature, i.e. the lower limit temperature

of the vapor blanket stage.

In general, surface oxidation causes the rise of the characteristic temperature, and this

tendency is more remarkable for high subcooling of water. In particular, the presence of a thick layer of porous oxides
on specimen surface results in the remarkable rise of the characteristic temperature. The characteristic temperature
would be unaffected by surface wettability, but significantly affected by low thermal conductivity and roughness of

oxide layer on specimen surface.
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Fig. 1. Shape and dimensions of specimen (Sec-
tional view).
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a)Silver, heated for 8h at 800°C
b)Nickel, heated for 8h at 800°C
c)Stainless steel, heated for 8h at 700°C
d)Stainless steel, heated for 8h at 800°C
e)Pure iron, heated for 10min at 800°C

Fig. 2. SEM images of specimen surface after heat-
ing in air and quenching in water.
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Table 1. Effect of surface oxidation on surface roughness of specimens.

Heating condition
Specimen Before 800°C 800°C 800°C 800°C 800°C 800°C 700°C 600°C
materials heating | 5min 5min_  10min 40min 3h 8 ~ 8 8
in argon 1n air 1n air 1n air 1n air 1n air 1n air 1n air
Silver Rmax 0.28 0.35 0.45 0.55 0.65 0.9 1.0 0.60 0.55
(99.99%) | Rz — 0.30 0.20 0.50 0.40 0.85 0.85 0.40 0.45
Nickel Rmax 0.10 0.10 0.13 0.15 0.40 0.63 0.85 0.60 0.18
(99.7%) Rz — — — — 0.35 0.53 0.70 0.45 —
Stainless | Rmax 0.10 0.10 0.10 0.15 0.40 2.0 5.0 0.20 0.13
(SU%E%% Rz — - — — 0.25 1.8 4.5 — —
Pure Rmax 0.25 1.4 8.5
iron Rz — 1.3 7.3
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a)Typical cooling curves at water temperature 30°C
b)Typical cooling curves at water temperature 95°C
Specimen : ¢10X30mml cylinder with hemispherical ends

Fig. 3. Effect of surface oxidation on cooling curves
of silver, nickel and SUS304 stainless steel
specimens in water quenching.
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Fig. 4. Effect of surface oxidation on cooling curves
of pure iron specimen in water quenching.
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Fig. 5. Effect of surface oxidation on heat transfer
rate in water quenching of silver specimen
(water temperature=50°C).
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Fig. 6. Effect of surface oxidation on characteristic

temperature in water quenching of silver
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