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Influence of Thermal Conductivity of a Sprue Core on Its Temperature

and on the Solidification Microstructure of a Die Cast Biscuit

Masamichi KAWANO and Masakatsu TATSUTANI

Synopsis

The temperature of sprue cores and the microstructure of casts were investigated regarding the thermal conductivity of sprue
cores. Steels were prepared in a wide range of thermal conductivities of 20 to 50 W/(m+K). Higher thermal conductivity of a sprue
core leads to its maintaining a lower temperature. In the case of a 22-mm biscuit thickness, a 6-degree-Celsius decrease was
obtained through a 1 W/(m+K) increase of thermal conductivity in the range of 20 to 30 W/(m+K). A sprue core with higher thermal
conductivity accelerates solidification and gives a finer microstructure in the cast biscuit. In the case of a 45-mm thick biscuit,
marked influence of thermal conductivity was observed in the range of 26 to 40 W/(m*K). A 9-degree-Celsius decrease was
obtained through a I-W/(m+K) increase in thermal conductivity. It could be assumed that the influence of thermal conductivity is
enhanced by the large heat capacity of molten aluminum alloy.
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Fig. 1. Thermal conductivity at room temperature of
tempered steels. (a) is on a 1.55Mn-1.5Mo-0.9Cr
system and (b) is on a 0.38C-0.1Si-0.25V system.
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Table 1. Steels applied to a sprue core.

(a) Group one

Notation Classification
F Carbon steel (eutectoid composition)
C Cr-Mo-V-structural steel
E Cr-Mo-V-structural steel
B High performance 5%Cr dies steel
SKD61 5%Cr dies steel for general use
D Martensitic stainless steel

(b) Group two

Notation Classification
H Cr-Mo-V-structural steel
G High performance 5%Cr dies steel
SKD61 5%Cr dies steel for general use
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Fig. 2. Thermal conductivity of steels applied to a sprue
core. (a) is group one and (b) is group two given
in Table 1.
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Fig. 3. Appearance of a sprue core. The dimensions
are approximately 80 mm diameter by 80 mm in
height. The temperature of face “A” which holds
a biscuit is measured and compared in the die
casting test.
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Fig. 4. Side view of a die casting apparatus. A sprue
core with a built-in fountain cooling system
holds a biscuit pressured by a plunger chip. The
diameter of a biscuit contacting face “A” of the

sprue core is 50 mm.
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Table 2. Conditions of die casting. Temperature of a
sprue core and microstructure of a biscuit are
evaluated. For the test of group two steels,
biscuit thickness is set at 45 mm and chill time

is prolonged to 11 sec.

Item Detail

Cast Al-alloy ADC12
Temperature of molten Al-alloy 700 C
Weight of a cast 600 g

Biscuit Difelmeter 50 mm
Thickness 22 mm

Injection velocity| Gate to cavity 54 m/sec

Chill time 9 sec

Time in a cast
cycle Spray 3.5 sec
(Total 29 sec)

Air blow 1.5 sec
. Die 11 L/min
Cooling water -
Sprue core 1.8 L/min

Fig. 5. Appearance of a cast weighing 600 g. The solid
circle position of the biscuit corresponds to a

microstructure observation portion.
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Fig. 6. Thermal images of a sprue core at 2 sec after
picking out of a cast. Steels of group one were
evaluated. As shown in Fig. 2(a), steel D has the

lowest thermal conductivity and steel F has the

highest.
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Fig. 7. Influence of thermal conductivity on temperature.
Steels of group one were evaluated. Thermal
conductivity is the mean value below 300 °C given
in Fig. 2 (a). Higher thermal conductivity of the sprue

core leads to its maintaining a lower temperature.
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Fig. 8. Microstructure of biscuits relating to Fig. 6. The
near surface is observed. As shown in Fig. 4 and
Fig. 5, a biscuit contacts to a sprue core. In the
case of steel F, a finer microstructure is given

approximately 300 um below the surface.
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Fig. 9. Fluctuation of biscuit thickness during production.

The sprue core is made of steel B.
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Fig. 10. Effect of biscuit thickness on temperature of a

sprue core. The sprue core is made of steel B.
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Fig.11. Thermal images of a sprue core at 2 sec after
picking out of a cast. Steels of group two
were evaluated. Biscuit thickness of 45 mm is
approximately twice that in the experiments of

Fig. 6. And chill time is prolonged to 11 sec.

Mean thermal conductivity below 300 °C is
26 W/(m-K), 31 W /(m-K) and 40 W /(m-K)
for SKD61, steels G and H, respectively.

Fig. 12. Solidification microstructure of biscuits from
Fig. 11. Higher thermal conductivity of a sprue
core leads to a smoother surface and a finer

microstructure.
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