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Mass Effect in Normalizing on the Precipitation-Hardening Characteristics
by Subsequent Tempering of Copper-Béaring Low-Carbon Cast Steels.
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(Study on copper-bearing low-carbon steels—II)

Ryahet TANAKA and Rokuré 11O

- Synopsis: .

The effect of cooling rate in normalizing of copper- bearmg low-carbon cast steels containing
019 C, 0°59% Si, 1°0% Mn and various amounts of copper up to 3°0%, on the precnp1tat10n-
hardening by subsequent tempering has been studied and discussed. The main results ob-
tained are as follows:

(1) In steels containing 1°0~1'5% copper, the most significant precipitation-hardening on
-tempering is found to occur, the hardening being apparent even after a considerably slow
cooling by normalizing. While, in steels containing copper more than 2-09%, the precipitation
of [copper occurs easily during cooling in normalizing, and the hardening due to the subse-
quent tempering is smaller as compared with that containing less copper.

(2) It'is concluded that during the normalizing-cooling of steels containing copper more
than 2°'0%,.copper-rich phase precipitates quickly at a temperature above 700°C together with
ferrite as a binary eutectoid from austenite, facilitating the precipitation of .copper from
ferrite during cooling down to lower temperat{ires

(3) Due to the cooling rate in normalizing,the copper content, and the tempermg, the change
of tensile strength of the steels is found to be proportional to the hardness change described
above. While, elongation of the steels is decreased only when the cooling rate is increased,

and it is not affected by copper content and by tempering treatment at 550°C.
-(4) It is also certified that the addltlon of copper improves the fluidity of molten steels
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Fig. 2. Effect of tempering at various temperatures
for 30mn on hardness of copper-bearing cast steels
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Fig. 3. ‘Effect of tempering at various temperatures
for 30mn on hardness of copper-bearing cast steels
normalized at cooling rate of 0-8°C/mn.
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Fig. 4. Effect of tempering at various tem'peratures’
for 30mn on hardness of 5% copper.steels cast and
normalized at different cooling rates as shown in

the figure.
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the figure at 3°3°C/mn and then air-cooled.
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