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1.Introduction

The Al-Si alloys are the most used cast light alloys and now constitute 90% of the
Al alloys used in the automotive sector. The automotive manufacturers have increased
attention to the production of lighter vehicles in order to satisfy the increasing demand of
reducing fuel consumption and pollutant emissions in recent years. Their success is
primarily due to the combination of excellent physical and chemical characteristics such
as lightness and corrosion resistance, wear resistance, with a high specific strength,
excellent castability, high productivity, low volume shrinkage during solidification, low
density and thermal expansion, recycling possibilities, and low cost [1, 2, 3]. The Al-Si
alloys are used for the production of components such as engine blocks and heads,
wheels, pistons and steering gearboxes, which have been previously made of ferrous
alloys [1]. Final microstructure of aluminium material determines the technological and
mechanical properties of cast components.

The previous studies showed how the final mechanical properties are strictly
related to the morphology, distribution and volume of Si particles in a-matrix (the shape
and the distribution of the AI-Si eutectic), presence of defects, and initial chemical
composition of the alloy (the volume fraction of the intermetallic phases) [4-6]. The
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properties of aluminium alloy are mostly affected by casting method, solidification rate,
heat treatment,

modifying, grain refining, or by controlling microstructural parameters such as the
distance between the secondary dendrite arms (SDAS) because these methods led to
changes of structural parameters morphology [1,7].

Fig. 1 The silicon content influence on
the tensile strength in Al-Si cast alloy [4].

The contribution is focused on morphology of eutectic Si particles and therefore is
necessary to mention that the optimum tensile, impact and fatigue properties are
obtained with small, spherical and evenly distributed particles (Fig. 1) [8-10]. The different
heat treatment and modification were used for affecting the morphology of Si particles in
this experimental work. Chemical modifiers influence microstructure formation during
solidification and improve the mechanical properties [9,10]. The Si- morphology can be
affected with the addition of certain elements such as sodium (Na), antimony (Sb),
strontium (Sr), and other in Al-Si alloys [11-13]. These elements are known as modifiers.

The heat treatment is one of the major factors used to enhance the mechanical
properties of heat-treatable Al-Si alloys, through an optimization of both solution and
aging heat treatments. A typical process of Al-Si cast alloy heat treatment consists of the
following stages [14-17]:

1. Solution treatment, that is necessary to produce a solid solution. Production of a
solid solution consists of keeping the aluminium alloy at sufficiently high
temperature for such holding time, that provide dissolution of the undissolved or
precipitated soluble phase constituents and to attain a reasonable degree of
homogeneity;
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2. Rapid cooling, also called quenching, usually into water with temperature from 40
up to 60 °C, to obtain a supersaturated solid solution of solute atoms and
vacancies in solid solution;

3. The third step of T4 heat treatment is natural aging to receive the desired
mechanical properties of casting. For T6 heat treatment (age-hardening) is:
artificial ageing at elevated temperature to force precipitation from the
supersaturated solid solution.

2.Material and experimental procedure

Experimental procedures as modifying, heat treatment, and age-hardening were
tested at the AISICu hypoeutectic aluminium cast alloys, where addition of Cu and Mg
provides heat treatment of the experimental materials. The microstructure of these
hypoeutectic Al-Si cast alloys, is given by the binary equilibrium diagram, and consist of
a-phase = matrix, eutectic (mixture of: eutectic silicon and a-matrix) and various types of
Fe-, Cu and Mg- rich intermetallic phases (Fig. 2).

Fig. 2 The equilibrium phase diagram of the binary Al-Si system
a) hypoeutectic alloy AlSi5; AISi7; AlSi9 b) eutectic alloyAlSil12
¢) hypereutectic alloy AlSi18 [17,18]

Experimental samples were casted in the foundry laboratory of Technological
Engineering Department University of Zilina. The melting process and the modification
were carried out in a graphite melting crucible in a resistance oven. The refining salt
AICuAB6 was used for grain refinement process of experimental material and it was
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carried out while overheating the metal bath to 730°C + 5°C. Antimony was added to the
melt in the form of AISb10 master (Fig. 3) in the range from O to 10 000 ppm in AISiCu
alloys, under the same technological condition. These melts were casting in to metallic
mould and from the castings were made specimens for mechanical test according to
standards - STN EN I1SO 6892-1 and STN EN ISO 148-1. Experimental specimens for
mechanical test were heat treated by T4 heat treatment and by age-hardening (T6), too.

Fig. 3 AISb10 modifier, etch. Weck-Al.

Heat treatment T4 for AISiCu - consisted from solution treatment at 515°C with
different holding time 2, 4, 8, 16, and 32 hours, followed by quenching into water with
temperature 50°C and natural aging for 24 hours; age-hardening T6 consist of solution
treatment at 515°C with holding time 4 hours, quenching into water with temperature
50°C and artificial aging using different temperatures 130°C, 150°C, 170°C, 190°C, and
210 °C with different holding time 2, 4, 8, 16, and 32 hours (Fig. 4).

Fig. 4 The schematic drawing of age-hardening in aluminium cast alloy

The effect of mentioned technological processes, used during and after casting of
AISiCu hypoeutectic aluminium alloys, onto morphology of eutectic Si particles was
studied by using optical microscope Neophot 32 (upon black-white etching) and scanning
electron microscope (SEM) VEGA LMU Il (upon black-white etching and deep etching).
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Metallographic samples for the study were cut from the selected tensile test specimens
(after testing) and hot mounted for metallographic preparation.

The samples were prepared by standard metallographic procedures (wet ground
on SiC papers, DP polished with 3 ym diamond pastes followed by Struers Op-S and
etched by standard etching reagent Dix-Keller) for optical microscope study. The same
methods were used for metallography study on scanning electron microscope, but the
samples were etched by HF. Some samples were also deep-etched in order to reveal the
three-dimensional morphology of the silicon phase and intermetallic phases. The regime
for deep etching ia as follows: 30 s in HCI solution in order to reveal the three-
dimensional morphology of the silicon phase. The specimen preparation procedure for
deep-etching consists of dissolving the aluminium matrix in a reagent that will not attack
the eutectic components or intermetallic phases. The residuals of the etching products
should be removed by intensive rinsing in alcohol. The preliminary preparation of the
specimen is not necessary, but removing the superficial deformed or contaminated layer
can shorten the process. Three-dimensional morphology was observed in such prepared
samples, on a scanning electron microscope.

3.Result and discussion

The morphology of Si particles was studied on samples affected with using
different technological processes (as-cast state, after modification with antimony, after
heat treatment T4, and after heat treatment T6). The morphology of Si particles was
changed significantly (Fig. 5) in comparison with as-cast state (untreated). The Si needles
(respectively platelets — in 3D visualization) were observed in as-cast samples (Fig. 5a).
These Si particles are completely brittle and can decrease tensile strength of materials.
Modification led not to greatest eutectic Si morphological changes as referred in
literature. Lower amount of modifier led to coarsening of eutectic Si morphology, but
when it was used higher amount of modifier the morphology was changed a little. The
best effect of modification on morphology of Si particles shows Fig. 5b. Fig. 5¢ shows the
effect of solution treatment on Si morphology. Solution treatment at temperature 515°C/4
hours author Hurtalova L. [19] determined as optimal solution heat treatment for recycled
AISi9Cu3 alloy. After this treatment were noted, that the relatively large eutectic Si needles
(Fig. 5a) were spheroidised into smaller rounded patrticles (Fig. 5c). The studies show that
T6 heat treatment does not significantly affect the Si morphology in comparison with T4
heat treatment or modification. Some of the Si particles were in form of small spherical
particle; some of them were in form of small needles (Fig. 5d).
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a) as-cast state  b) after modification c) after heat d) after age-
treatment T4 hardening T6

Fig. 5 Morphology of eutectic Si particles in AISiCu cast alloy, optical microscope.

4.Conclusions

The present study describes effect of different technological processes on eutectic
Si particles morphology. Morphology changes depend on modification, heat treatment T4,
or T6 of the experimental materials. The modification with antimony, T4 heat treatment -
solution treatment at temperature 515 °C and holding time 4 hours, than quenching into
water with temperature 50 °C and natural aging for 24 hours; T6 heat treatment — the
same procedure as T4, but after quenching into water was used artificial aging at 170 °C
with holding time 16 hours was used in this study. The experimental results are presented
in following conclusions:

e The addition of Sb is not important in these types of aluminium cast alloys,
especially is not necessary for modification of these materials, because
modification effect was not visible. The morphology of eutectic Si did not change as
much as it was expected.

e The T4 heat treatment causes the greatest changes from all of used technological
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processes in experimental work. The Si particles were at 515°C spheroidized and
were observed in rounded shape (small spherical particles);

e The T6 heat treatment - age-hardening did not significantly affect the Si
morphology. Si particles after artificial aging were in form of smaller needles and
small spherical particles, too.
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Summary

Effect of the different technological processes during and after casting of hypouetectic
aluminium alloys on the eutectic Si particles morphology

Lenka Hurtalova, Eva Tillova, Maria Chalupova

The purpose of this article is to examine the effect of different technological processes
during and after casting of hypoeutectic Al-Si cast alloys on the eutectic Si particles morphology.
The changes of Si particles morphology were studied on samples in as-cast states (untreated
state). The used technological processes for affecting the Si morphology were: modification with
Sh, T4 heat treatment and age-hardening. The best results were achieved with T4 heat treatment,
because it caused the greatest changes in morphology of eutectic Si particles and it was the aim of
this experiment. Morphology changes were studied with light and scanning electron microscope. A
several types of etching methods, which includes regular black and white etching (Dix-Keller; HF),
and deep etching (HCI), for studying of structural parameters morphology were used.
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