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Effect of Fe, Mn Content on the Tensile Property and
Die Soldering Reaction in Al-9%Si-0.3%Mg Alloys for
High Pressure Die Casting

Cho, Chi—-Man

Department of Metallurgical Engineering,
Graduate School of Industry, Pukyong National University

Abstract

Effect of iron and manganese contents on the tensile properties and die
soldering reaction has been studied in Al-9wt2%6Si-0.3wt%Mg alloy.

As Fe content of Al-9wt%Si-0.3wt%Mg—-0.5wt2%6Mn melts increased from
0.15wt2% to 0.45wt%, tensile strength of each alloy was nearly same, 275
MPa but, elongation of each alloy decreased from 4.1%6 to 3.6%. However
when Mn content of Al-9wt%Si-0.3wt%Mg -0.45wt%Fe melts increased
from 0.3wt% to 0.5wt%, tensile strength of each alloy was 265 MPa and
275 MPa respectively and, elongation of each alloy increased from 2.3% to
3.6%.

Ternary anp—AlsFe2Si and - avee—AlsFe2S1 intermetallic compounds formed
by interaction diffusion between Al-Si-Mg system alloy melt and SKD 61
die steel surface. Thickness of soldering reaction layer in die steel surface
decreased as Fe and Mn contents of the melts increased : When Fe
content of Al-9wt%Si—-0.3wt2%Mg melts at constant 0.5wt%Mn content was
0.15wt26, 0.45wt% and 0.6wt%, thickness of soldered layer of each alloy
was 64.5um, 57.3um and 46.9um respectively. For Mn content of the alloy
melts at constant 0.45wt%Fe content was 0.30wt2s, 0.50wt% and 0.70wt2s,
thickness of soldered layer of each alloy was 66.1gm, 57.3ym and 48.3um

respectively.
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interface interface
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Fig. 1 The schematic drawing of soldering reaction. (a)lnitial interface

reaction (b)Later interface reaction
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Table 1 Initial compositions of Al-Si based ingot.

(Wt.%)
Si Fe Cu Mn Mg Ti Sr Al
9.0 0.15 0.001 0.3 0.3 - - Rem.
Table 2 Experimental compositions of tensile test.
(Wt.%)
No. Si Fe Cu Mn Mg Ti Sr Al
1 9.0 0.15 0.001 0.5 0.3 0.15 0.025 Rem.
2 9.0 0.45 0.001 0.3 0.3 0.15 0.025 Rem.
3 9.0 0.45 0.001 0.5 0.3 0.15 0.025 Rem.
[Sludge factor = (1 x Fe%)+(2 x Mn%)+(3 x Cr%)]
Table 3 Experimental compositions of soldering test.
(Wt.%)
No. Si Fe Cu Mn Mg iy Sr Al
1 9.0 0.15 0.001 0.5 0.3 0.15 0.025 Rem.
2 9.0 0.45 0.001 0.5 0.3 0.15 0.025 Rem.
3 9.0 0.60 0.001 0.5 0.3 0.15 0.025 Rem.
4 9.0 0.45 0.001 0.3 0.3 0.15 0.025 Rem.
5 9.0 0.45 0.001 0.7 0.3 0.15 0.025 Rem.

[Sludge factor = (1 x Fe%)+(2 x Mn%)+(3 x Cr%)]
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Fig. 4 Flow chart of melting and modification procedure.
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Table 4 Heat-treatment condition for Al-9% Si alloys.

. Solution )
Composition(wt.%) Aging
treatment Cool
Alloy : . -
S M M F c Temp. Time |-ing | Temp. Time
i n e u
: (C)  (hr) (C)  (hr)
AC4C 9 0.6 06 05 025] 515 6-12 [|water| 170 10
AC4B 9 0.5 0.5 1.0 3.0 500 6-12 |water| 160 6
A359 9 0.5 0.1 02 02 538 10-14 |water| 154 10
Used 0.3 03 B4
soocmen | @ oSS 530 10 |water] 160 65
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Temp.|Condition| Time(min.)| Hv
As-cast 61.5
Solution 0 87.5
120 1035
240 110
300 112.6
160C 330 1179
Aging 360 119
390 119.8
420 113.2
450 109
500 95.2
Temp. Condition| Time(min.)| Hv
As—cast 61.5
Solution 0 87.5
90 104.3

180 103

240 107

180C 270 113
Aging 300 119.2

330 109

360 107

390 93.9

420 91.1

130

=} - )
= = =)

Hardness (Hv)

=)
=

an

70

a0

130

0

50 100 150 200 250 300 350 400 450 500 580
Time (min)

(a)

120 -

ARETIS

o
=)

[}
=}

Hardness (Hv)

@
=t

0

B0

-60

50 100 180 200 2A0 300 350 400 450 A00

Time (min)

(b)

Fig. 5 The result of pre-testing for heat-treatment. (a) 160C aging (b) 180C aging
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| 680°C / 30min. furnace holding |

\

| Water Quenching |

Temperature (°C)

(a)

SKD61 Steel

Aluminum melt
i Z

#4 graphite crucible

(b) (c)

Fig. 8 The schematic drawing of soldering test. (a)Heat treatment cycle of

soldering procedure (b)Sectional image (c)Actual image
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Compositions Optical Image SEM Image

Al-9.051-0.3Mg

(a)
-0.15Fe-0.5Mn

Al-9.051-0.3Mg
-0.45Fe-0.3Mn

(b)

Al-9.051-0.3Mg
-0.45Fe-0.5Mn

(©)

Fig. 10 Typical micrographs of tensile specimens of Al1-9.0Si-0.3Mg system alloys.
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Fig. 11 Effect of Fe contents on tensile properties of Al-9Si-0.3Mg-0.5Mn

alloys.
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Fig. 12 Effect of Mn contents on tensile properties of Al-9Si-0.3Mg-0.45Fe

alloys.
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Fig. 13 Micrographs of soldering reaction layer. (a)The micrographs of
reaction layer for various aluminum alloys. (b)Line analysis result of
reaction layer of Al-9Si-0.3Mg-0.45Fe -0.5Mn alloy.
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Fig. 15 SEM/EDX result of reaction layer of Al-9Si-0.3Mg-0.45Fe-0.5Mn
alloy. (a) Between SKD61 die steel and reaction layer and (b) Reaction layer
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Fig. 16 Comparison of soldering layer thickness according to the change of

Fe contents at constant 0.5wt% Mn contents.
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Fig. 17 Comparison of soldering layer thickness according to the change of
Mn contents at constant 0.45wt%Fe contents.
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-0.45Fe-0.5Mn alloys. (a)Tensile properties and (b)Soldering layer thickness
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