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Evaluation of Soldering on Surface-Treated Specimens with both

Actual Die Casting and Dipping Test into Molten Al Alloy

Masamichi KAWANO

Synopsis

Soldering behavior of surface coating was investigated in die casting and dipping tests. Core-pins and round bar specimens
were surface treated by carbo-nitriding or PVD process. Regarding die casting, molten Al alloy of 735 °C was injected with a

velocity of 54 m/s to core-pins. Lubricants used were water-based emulsion type and oiliness type. The maximum temperature
1 mm below the surface of the core-pin reached 475 °C. Water-based emulsion lubricant gave a lower temperature than the oily
one. Soldering of core-pins after 18 shots of die casting was almost the same regardless of the surface coating or lubricant.

An Fe/Al compound layer could not be observed at the soldering part. In the dipping test, round bar specimens were held for
30 seconds in molten Al alloy at 750 °C. Salt bath nitriding tends to be superior to PVD for anti-soldering performance. The
soldering behavior in the die casting and dipping tests do not necessarily match.
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molten ADC12. Non-coated specimens of SKD61

are used. Dipping time is prolonged from (a) to (c).
The arrows indicate Fe/Al compound layer.

Fe/Al compound layer

Fig. 2. Soldering observed on die-cast after 2000 shots.
Coating film “F” by PVD (Physical Vapor Deposition)
is locally lost as shown by arrows, and an Fe/Al
compound layer is formed at exposed SKD61.
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Fig. 3. Four surface treatments for SKD61 of 46HRC. E
and Ra mean Young’s modulus and arithmetic

mean surface roughness, respectively.
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Table 1. Conditions of die cast by machine having mold
tightening force of 135 tons. The whole time
of a cycle is 24.7 s and 26.3 s for lubricant “M”
and “R” respectively.

Item Detail
Cast Al alloy and weight ADC12, 600 g
Molten ADC12 temperature 640~740 °C
Injection velocity 54 m/s
Pressure 65 MPa
Spray amount| 8.1cm’ Oiliness type “R”
of lubricant | 4.4 cm® |Water-based emulsion “M”
Time Chill time 12s
alrg)i:;g Spray 2 s for “M”
0.8 s for “R”
Inner cooling | Core-pin 0 or 3 L/min
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Fig. 4. Temperature transient at 1 mm below surface
of non-coated core-pin. The minimum and the
maximum temperature is averaged between

shots 14 and 18 then given on Fig. 5 and Fig. 6.
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Fig. 5. The minimum temperature of non-coated core-

pin related to Fig. 4. The conditions applied
to coated core-pins are decided as molten

temperature of 735 °C and without inner cooling.
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Fig. 6. The maximum temperature of non-coated core-
pin related to Fig. 4. Decided conditions for coated
core-pins are the same as described in Fig. 5.
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Fig. 7. Appearance of coated core-pins after 18 shots.
The geometry of a pin is 8 mm diameter with
10 mm height. Severe soldered parts and the most

slightly soldered part around a pin are shown.
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Fig. 8. Observation of cut plane at soldered part after 18
shots. An Fe/Al compound layer could not be seen.
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Fig. 9. Comparison of coating film between before and
after casting with lubricant “R”. The thickness of the
oxide film is decreased by 18 shots of casting.
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Fig. 10. Appearance of coated round bar specimens
after dipping into molten ADC12. Severe
soldered parts and the most slightly soldered

part around a specimen are shown.
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