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High Thermal Conductivity Tool Steel for Die-Casting “DHA-Thermo”
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Synopsis

High thermal conductivity tool steel for die-casting “DHA-Thermo” has developed. (Thermal conductivity: 1.6 times of that of
JIS SKDG61 (AISI H13)). Application of this improved steel will offer shorter die-casting cycle time, prevent the die from soldering

and refined microstructure of product.

1t is essential to maintain the die at low /stable temperature during die-casting in order to ensure adequate die life, reduce die-
casting cycle time and increase solidification rate of product. In general, cooling capability of tool steel is improved by increase
of thermal conductivity. Therefore the commercial interests had been mainly focusing on high thermal conductivity tool steel.

Generally, reduction of alloying elements in steel for higher thermal conductivity leads to lower mechanical properties. For
the development of DHA -Thermo, it was very important to ensure both high thermal conductivity and proper toughness/strength
at elevated temperature. To balance high thermal conductivity with adequate mechanical properties, the influence of alloying
elements on steel properties was fully investigated. Consequently, the optimal composition steel “DHA-Thermo” was developed.

Die-casting test results of DHA-Thermo show that the die temperature is decreased by approximately 140 K compared with
that of JIS SKD61 and the microstructure of products is refined. Markedly decrease of die temperature leads to 10 % reduction

of die-casting cycle time through increasing solidification rate.
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Fig.1. Influence of thermal conductivity on cooling time

Ratio of cooling time /%

of die. Geometry of die is 80 mm diameter with 80 mm
hight and water-cooling inner pipe of 8 mm diameter is
given. Cooling time at surface of die from 673 K to 473 K

is estimated by FE-analises.
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Fig.2. Relation between amount of alloying elements and

thermal conductivity. Quenched and tempered steels to
approximately 46 HRC are used.

1
[O%]

-S-

e
0.4C-Si-Mo-V steels | 1

1 F 3
i 0.9%Cr ]

¢~ JIS SKDG1 \. ]

A 3%Cr

C

5.2%Cr

Critical cooling rate /
o
™

0 . IOT6I .1f2l .118. I2.4
Mn content / mass%
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transformation behaviour on continious cooling process

from 1303 K.
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Fig.6. Microstructure given by quenched process.

Materials are heated to 1303 K and held 3.6 ks then
cooled down to room temperature with cooling rate of 4
K/s. Finally, work pieces are tempared to 44 HRC.
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Fig.8. Hardness at 300 K after tempering.
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Fig.9. Tensile strength at elevated temperature.
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Materials are 10.8 ks dipped in solt-bath at 823 K.
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Fig.11. Apparatus of die-casting test. DHA-Thermo and
JIS SKD61 are applied to distributor. Inter cooling water
is given for distributor.
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Table 1. Conditions of die-casting test.

Molten alloy Material code ADC 12
Temperature 973 K
Casting Weight of cast 600 g
Injection speed 1600 mm/s
Pressure 65 MPa
Biscuit’s diameter 50 mm
Time Die-timer 7~12s
One cycle 29~34 s
Spray of lubricant 3s
Cooling water die 0.031/s
sleeve 0.031/s
plunger-chip 0.031/s
distributor 0.031/s

(b)DHA-Thermo

Fig.12. Temperature of distributor before spray cooling.
Die-timer is 10 s for JIS SKD61 and 9 s for DHA-
Thermo. Temperature of contact surface to biscuit is
decreased by 140 K compared with that of JIS SKD61.

Unit of temperature is given in Celsius.
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(a) distributor @ JIS SKD61 Fig.14. Surface bulge of biscuit caused By expansion of

included air. Die open before finish of solidification leads
to bulging.
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Fig.13. Deference of microstructure around surface of
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Fig.15. Temperature of distributor for die timer. No bulge

of cast surface could be seen for DHA-Thermo.

o))

biscuit caused by deference of contact die temperature.
Reference back to Fig.11 and Fig.12, markedly

temperature decrease of die surface could be seen.



