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The Effects of Alloying Elements on the Formation of Interfacial Reaction
Layer between Molten Aluminium Alloys and STD61 Tool Steel

Heung-Il Park" and Ho-Il Park
Dept. of Materials Processing and Engineering, Graduate School, Pukyong National University, 608-739, Korea

Abstract

The experiment of hot dip interaction tests was carried out in order to study the formation behavior of interfacial reaction layer
between as-received STD61 hot work tool steel and a commercial pure aluminum melt, Al-xwt.%Fe(x=0.2, 0.5, 0.8 and 1.1) alloys
melt and Al-xwt.%Si(x=1.0, 4.0, 7.0 and 10.0) alloys melt, respectively. The results show that the reaction layer, over 300 pm in
thickness, is easily formed by the dissolution of silicon from as-received tool steel. When the iron content in the aluminum alloy is
higher than 1.1 wt.%, the thickness of reaction layer decreases below 180 um by preventing iron dissolution from the tool steel. The
silicon dissolved from tool steel acts as a strong promoter on the formation of reaction layer, but the alloyed silicon in molten
aluminum alloys acts as an inhibitor on the formation of reaction layer.

Key words : Molten aluminium alloys, Tool steel, Interfacial reaction layer, Alloying elements.
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Table 2. Chemical compositions of aluminum alloys used(wt.%)

Alloys Al Fe Si
Pure aluminum <99.5 - -
Fig. 1. Typical microstructure of soldering by interfacial reaction Al-xwt.Fe alloys Bal. 0.2,0.5,0.8,1.1
between STD61 die mold and AC4C aluminum alloy. Al-xwt.%Si alloys Bal. 1.0,4.0,7.0,10.0
Table 1. Chemical compositions of as-received STD61 tool steel(wt.%)
C Cr Mn Mo P S Si \Y% Cu Ni Fe
0.32-042  4.50-550 0.50max 1.00-1.50 0.030max 0.030max 0.80-1.20 0.80-1.20 0.25max  0.25max bal
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‘ Holding time ﬁ" 1. Alumina tube with sealing cover
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Fig. 2. Hot dip test equipment and conditions for molten aluminum alloys/STD 61 tool steel.
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Fig. 3. Effects of reaction time on the formation of interfacial
reaction layer between molten commercial pure aluminumt
and as-received STD61 tool steel at 800°C holding for 3, 5,
10 and 15 minutes, respectively.
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Fig. 4. EPMA line analysis results of reaction layer between molten commercial pure aluminum and as-received STD61 tool steel at 800°C

holding for 3 and 10 minutes, respectively.
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Fig. 5. Cross-sectional microstructure and SEM-EDX analysis of
interfacial reaction layer between molten commercial pure
aluminum and as-received STD61 tool steel at 800°C
holding for 10 minutes.
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Fig. 6. Effects of iron contents on the formation of interfacial
reaction layer between molten Al-xwt.%Fe (x=0.2, 0.5, 0.8
and 1.1) alloys and as-received STD61 tool steel at 800°C
holding for 3 and 10 minutes, respectively.
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Fig. 7. EPMA line analysis results of reaction layer between molten Al-0.2wt.%Fe alloy or Al-0.8wt.%Fe alloy and as-received STD61 tool

steel at 800°C holding for 3 minutes.
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Fig. 8. Cross-sectional microstructure and SEM-EDX analysis of
interfacial reaction layer between molten Al-1.1wt.%Fe
alloy and as-received STD61 tool steel at 800°C holding for
10 minutes.
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9. Effects of silicon contents on the formation of interfacial
reaction layer between molten Al-xwt.%Si (x=1.0, 4.0, 7.0
and 10.0) alloys and as-received STD61 tool steel at 800°C
holding for 10 minutes.
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Fig. 11. Cross-sectional microstructure and SEM-EDX analysis of
interfacial reaction layer between molten Al-10.0wt.%Fe
alloy and as-received STD61 tool steel at 800°C holding
for 10 minutes.
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