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Aluminium Soldering Generation Mechanism in Die Casting Dies
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Synopsis

Die casting is the most popular application for its excellent surface quality, productivity and high dimensional accuracy.
On the other hand, surface of die casting molds is damagable due to contact with molten aluminum alloys.
Main failure modes, such as soldering and heatchecking, cause reduction in capacity utilization and production capacity.
Therefore, it is important to reduce the damage in the die casting process.

In this paper, we perform soldering evaluation tests using a die casting machine.

We argued the mechanism of soldering and influence of mold’s chemical compositions (Cr and Si) on the soldering phenomenon.
As a result, low Si steels or high Cr steels indicate lower releasing resistance (superior performance for soldering).

We conclude that high stability of chromium-oxide layer and high thermal conductivity affect soldering.

In addition, we conclude that mechanism of soldering is composed of four processes.
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Fig. 1. Element distribution of reaction layer in Al melting

test.
2. ARG &E
2. 1 fEH

JIS SKD61 % FAGFE & L C Cr & Si ORME% 21k
7z Table 1 lORTHRO G S, H2EEEkAEA
TR, Sk L7z #E LoBE% 1373 ~ 1473 K 12
HN#E L T ¢ 30 mm DA H#EIE L 22 8, BWinTIc X
DB A ER L 7o BB IZEZE T 1303 K IZHNEk,
3.6 ks DREFRIC, MESRET AL 2 HEBEANT
1Fo7z. ZD, 853~ 883 K DIRFET 2~ 3 [AIBER L
T\, TS % 43HRC ICPHE L 7-.

Table 1. Test alloys.
unit: mass%

Steel C Si Cr
A 0.4 1.0 5.2
B 0.4 0.1 0.9
C 0.4 0.1 5.2
D 0.4 0.1 8.0

+0.4Mn, 1.2Mo, 0.8V
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Fig. 2. Schematic geometry of test die.
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Table 2. Casting conditions.

ltems Conditions Note
Al-alloy ADC12
Molten metal temperature 973 K
Cast weight 600*+15¢g
Ejection Low 200 mm/s
velocity High 1600 mm/s
Cast pressure 65 MPa
Cycle time 28s
Solidification time 8s
1 cycle Air 1 05s
Spray 3.0s Aiglpsrﬁ;:re
Air 2 1.5s
Water Temperature 298 K
Cooling | volume flux | 0.66 m%h
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Fig. 5. Delamination resistanceand [Cr] content.
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Fig. 3. Outside of test pieces after Al melting test (Sprue
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Fig. 4. Outside of test pieces after Al melting test
(Opposite sprue side).
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Fig. 6. Delamination resistance and [Si] content.
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Fig. 7. EPMA analysis near surface of mold after 10 shots casting (Sprue side).
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Fig. 8. EPMA analysis near surface of mold after 100 shots casting (Sprue side).
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Fig. 9. EPMA analysis near surface of mold after 10 shots casting (Opposite sprue side).

Fig . 10. EPMA analysis near surface of mold after 100 shots casting (Opposite sprue side).
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Table 3. Thermal conductivity.

unit: W/(m-K)
Steel Thermal conductivity (293 K)
A 23.8
B 371
C 30.0
D 30.5
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Fig. 11. EPMA analysis results of mold surface after casting (Sprue side).
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Fig. 12. EPMA analysis results of mold surface after casting (Opposite sprue side).
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Fig. 13. Mechanism of soldering development and progression.
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