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Abstract

Two atomized alloy powders were pre-compacted by cold and subsequently hot forged at temperatures ranging from 653K
to 845K. The addition of Cu and Mg causes a decrease in the eutectic reaction temperature of Al-10Si-5Fe-1Zr alloy from
841K to 786K and results in a decrease of flow stress at the given forging temperature. TEM observation revealed that in
addition to Al-Fe based intermetallics, Al,Cu and Al,CuMg intermetallics appeared. The volume fraction of intermetallic
dispersoids increased by the addition of Cu and Mg. Compressive strength of the present alloys was closely related to the

volume fraction of intermetallic dispersoids.
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1. Introduction

Al-Si-Fe based bulk alloys produced from gas atomized
powders have been developed to use them as an engine
piston material in the field of automobile parts
manufacturing [1]. A controlled forging gives many
benefits to make a near net shaped product in terms of
precision control of mold, punch, applied pressure,
processing time and the amount of lubricant [2-3]. However,
the sintering step performed at temperatures above 0.8Tm
(Tm: melting temperature, K) before the controlled forging
step gives rise to grain growth and coarsening of
dispersoids [4]. In order to solve this problem, one can
consider two different methods in relation to microstructure
control. One is a processing development without sintering
stage. The other one is to decrease a eutectic reation
temperature by alloying. For the former way, we chose cold
compaction and subsequent hot forigng process. For the
latter way, we have employed Cu and Mg alloying to
decrease a eutectic temperature and therefore can control
grain growth and coarsening of dispersoids in the present
alloys. In this study we focused on the correlations between
microstructure and mechanical property of the present
alloys prepared by powder metallurgy processing together
with hot forging without applying a sintering stage.

2. Experimental and Results
The alloy powders of Al-10Si-5Fe-1Zr (wt%) and

Al-10Si-5Fe-4Cu-2Mg-1Zr (wt%) were produced using gas
atomization method, respectively. The powders were then
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cold compacted under the pressure to produce a pre-form.
To make a bulk alloy hot forging was carried out in the
temperature range of 653~845K and at an initial strain rate
of 10°/s.

Fig. 1 shows the DTA results for the pre-compacted
alloys together with various eutectic reactions. In
Al-10Si-5Fe-1Zr alloy the eutectic reaction can be defined
as follows; Al+AlsFeSi+Si<L at 849K. In
Al-10Si-5Fe-4Cu-2Mg-1Zr alloy three different eutectic
reactions, Al+CuAl, +CuMgAl, < L at 781K,
Al+CuAl,+Si < L at 795K, Al+Mg,Si < L at 823K were
expected from the careful analysis of DTA curve.
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Fig. 1. DTA results for Al-10Si-5Fe-1Zr alloy,

Al-10Si-5Fe-4Cu-2Mg-1Zr alloy and possible eutectic
reactions depending on temper atures

The formation temperature of liquid phase and melting
temperature in Al-10Si-5Fe-4Cu-2Mg-1Zr alloy were lower
than those measured in Al-10Si-5Fe-1Zr alloy. This could
be attributed to the effect of Cu and Mg alloying. Therefore,
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bulk Al-10Si-5Fe-4Cu-2Mg-1Zr alloy could be fabricated at
slighty lower temperature compared to Al-10Si-5Fe-1Zr
alloy.

Fig. 2 shows the forging flow stress curves for both
alloys processed at temperatures ranging from 653K to
845K and at an initial strain rate of 10%/s. Basically, both
alloys show a similar flow behavior. With increasing
forging temperature flow stresses of both alloys decreased.
The flow stress of Cu and Mg-added alloy shows lower
value than Al-10Si-5Fe-1Zr alloy. Therefore it is noted that
Cu and Mg additions have a role to accerate a diffusion
activity in the present alloy. This might be directly related
to the improvement of forgeablity. In flow curves, a rapid
increase of flow stress at high strain was due to additional
friction stress between the mold and samples.
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Fig. 2. Forging flow stress curves for Al-10Si-5Fe-1Zr
alloy (a) and AIl-10Si-5Fe-4Cu-2Mg-1Zr alloy (b)
forged at varioustemperaturesand at an initial strain
rateof 10%s

Fig. 3 shows TEM images for both samples forged at
797K. Apparently, no large difference in microstructure
was seen but higher volume fraction of dispersoids and
relatively homogeneous distribution of particles were
characterized to display the effect of Cu and Mg alloying as
compared in Fig. 5(a) and (b).
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Fig. 3. TEM images for Al-10Si-5Fe-1Zr alloy (a) and
Al-10Si-5Fe-4Cu-2M g-1Zr alloy (b), forged at 797K

Further, the average particle size of Cu and Mg-added
alloy was measured to be smaller than that alloy without Cu
and Mg alloying. This might be closely related to the
occurrence of thermally stable phases Al,CuMg and the
AlL,Cu. Consequently, these microstructural features
together with lowering eutectic temperature seem to have a
positive role in improving forgeability of the present alloy
system.

Fig. 4 shows the variations of compressive yield strength
and compressive plastic strain at room temperature for both
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alloys forged at various temperatures. The compressive
yield strength decreased continuously with increasing forging
temperature for both alloys. Interestingly, the compressive
yield strength of Cu and Mg-added alloy showed higher
values than that alloy without Cu and Mg alloying through
the forging temperatures investigated. The higher strength at
room temperature of Cu and Mg-added alloy might be
responsible for the higher volume fraction of fine
intermetallic dispersoids compared to that alloy without Cu
and Mg additions. On the other hand the compressive plastic
strain of the Cu and Mg-added alloy was measured to be
lower than that obtained in the Cu and Mg unalloyed alloy.
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Fig. 4. Forging temperature dependence of
compressive yield strength and compressive plastic
strain for both bulk alloys

3. Summary

We have successfully fabricated Al-10Si-5Fe based
alloys with and without Cu and Mg alloying by powder
metallurgy process and subsequent hot forging without an
intermediate sintering stage. Cu and Mg alloying into the
Al-10Si-5Fe alloy was effective to enhance forgeability in
terms of lowering eutectice temperature and refinement in
microstructure. The compressive yield strength of Cu and
Mg-added alloy was higher than Al-10Si-5Si alloy. Finely
distributed intermetallic dispersoids and their higher volume
fraction are responsible for the higher strength of Cu and
Mg-added alloy.
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