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Microstructural properties and cavitation behavior of
hypereutectic Al-Si alloy obtained by rheocasting process

The purpose of this study was to investigate possible application of AlSi alloy produced by
rheocasting process in cavitation conditions. A rheocasting process was used to refine the as cast
microstructure and improve the mechanical properties of Al18wt%Si alloy. Mechanical stirring was
applied to the melt for different stirring time: 60,120,180s at different temperatures below the
liquidus temperature of the alloy, using different stirring speed values, before pouring into a
metallic mould. The microstructure of the cast samples was characterized by optical and scanning
electron microscopy.

The paper investigates the effect of stirring speed and stirring time on the microstructure of AlSi
alloy obtained by rheocasting procedure. The microstructure morphology and the alloy mechanical
properties were found to depend on the stirring time and the stirring speed, and by using a
suitable combination of these parameters it is possible to achieve high refinement efficiency by
treating the melts in the semisolid state. Cavitation resistance of these samples has been tested.
Mass loss of specimens was measured by an analytical method. The morphology of damaged
surfaces of tested samples was examined using scanning electron microscopy (SEM). According
to the results, it can be concluded that the samples of AlSi piston alloy prepared via rheocasting
process, can be successfully applied in conditions where the cavitation resistance is needed.
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INTRODUCTION

Cast aluminum alloys are widely used in auto-
motive, aerospace industry, where they very suc-
cessfully to replace steel and cast iron. Metal-
lurgical and mechanical properties of these alloys
significantly affect their cavitation resistance [1-3].
It is well known that grain morphology of the va-
rious phases present in alloys (eutectic silicon, pri-
mary silicon) influence the mechanical and cavi-
tation behavior. Primary silicon particles and co-
arse and needle — shaped eutectic Si particles
increase wear of these materials. Special attention
has been paid to establish the effect of stirring time
and the stirring speed on microstructure evolution
and on the size and shape of Si particles in Al-
18wt% Si alloy. The aim of this study was also
improved distribution of particles in cast hyper-
eutectic Al-Si alloy which leads to improved mec-
hanical properties. Stir casting (or rheocasting) sin-
ce its inception has attracted attention worldwide to
control the microstructure and mechanical pro-
perties of cast alloys. Since stir casting process
produces non-dendritic spherical-shaped aluminum
grains and fine primary silicon particles [4-6].
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Cast aluminum-silicon alloys are weak in resisting
cavitation erosion [7-9]. Cavitation erosion is a
common damage phenomenon of cast aluminum
alloys. Cavitation represent the formation and col-
lapse of the bubbles in a liquid due to local
pressure changes. When the liquid that contains
bubbles is subjected to higher hydrostatic pressure,
the bubbles can collapse suddenly. These collap-
ses can cause cavitation fatigue of material surface
through shock waves and microjets. Cavitations
investigations proved that cavitations resistance of
materials such as metal alloys commonly used in
production of hydraulic machinery parts depends of
mechanical properties (especially hardness) and
microstructure [10,11]. The cavitation damage was
determined by the mass loss during the experiment
as well as the analysis of the microphotographs of
sample surfaces the end testing.

EXPERIMENTAL

Material

Rheocast samples were used for laboratory
testing of cavitation resistance in this paper.

The chemical composition (in wt%) of alumi-
num silicon alloy was as follows: 18 Si, 0.8-1.5 Cu,
0.8-1.3 Mg, 0.8-1.3 Ni, 0.7 Fe, 0.2 Zn, 0.2 Mn, and
Al (balance).

The experimental set-up used in this work
consisted of a laboratory electric resistive 2kW
furnace (with additional temperature control
equipment) and a mixer.
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The crucible inside the furnace was made by a
special procedure out of alumina and has an
opening in the wall for introducing a thermocouple
to 20mm from the bottom of the crucible. It was
possible to record and change the number of
revolutions of the mixers shaft. The active part of
the mixer is plate like whilst the ratio of the circle
which the mixer traces to the inner diameter of the
crucible is 0.53.

In each experiment, specimens of 15mm dia-
meter and 27mm height were cut from the master
ingot. They were put into alumina crucible that
were placed into an electric resistance furnace and
were remelted at 993K and then held at this
temperature for a period of 3min. After this period,
the alloy was cooled in the furnace and sheared at
different stirring speed. To identify the effects of
stirring speed and time on the microstructures,
stirring time (s): 60,120,180 and stirring speed in
range of (rpm): 1000,1500 were employed.

Methods

All samples were being prepared for micro-
structural tests applying standard metalograhic
procedure of polishing and etching of the samples
(by Keler's agent). Microstructural tests were
carried out by applying optical and scanning
electron microscopy SEM (JEOL JSM - 5800,
Tokyo, Japan) with EDX (energy dispersive X ray).

The changes in microstructure caused by stir-
ring were tested by image analyses of the spe-
cimen micrographs using the Image Pro Plus Prog-
ram. Equivavlent diameter of Si is defined as the
diameter of circle having the same area as Si
particles.

Vickers hardness was measured by using a
universal hardness tester (BRIVISKOP WPM VEB
WERKSTOFFPRUFMASINEN-LEIPZEG), under
5 N loads. Hardness was measured at four points
and the average was taken for study.

Cavitation test was performed using an
ultrasonic equipment according to ASTM Standard
G32-92 (the stationary specimen method).

In order to obtain the erosion curves, the mass
loss measurements were performed after each
exposure interval. The evaluation of the mass los-
ses of the test specimens was performed using an
analytical balance with an accuracy of 0.1mg.
Before being weighted, the test specimens were
dried in a dryer at 383K for 1 h. The measurements
were performed after subjecting each test speci-
men to cavitation for 1 hour. The duration of the
tests was 4 h. The microstructure changes after
cavitation erosion testing were recorded by the
SEM (JEOL JSM - 5800, Tokyo, Japan) with EDX
(energy dispersive X ray).

RESULTS AND DISCUSSION

Optical micrographs Fig1. show that the micro-
structure of the Al18wt%Si alloy stirring at the
1000, 1500rpm leads to the formation of different
size of a —Al particles.

Fig.1 - Microstructure of Al18wt%Si alloy: a) stirring
speed 1000rpm, after 60s; b) stirring speed
1500rpm, after 60s

After 60s, the stirring of melt promoted for-
mation Al grains with average size around 104um.
This can be explained by a large density of nucle-
ation centers leading to the formation of large num-
ber globular grains with small grain size. At a later
stage of solidification (after 120,180s), stirring
promoted the formation of different size of Al grains
with average size around 120um and 132um,
respectively. The occurrence of larger particles is
likely due to the agglomeration of smaller particles.
The size of Al grains for sample stirring at the
1500, after s: (60,12,180) was 60 -108um.

The distribution of Si particles in the samples,
Al-18wt%Si for both stirring speed and mixing time
of 60s is shown in Fig. 2.

It is clear that congregation of primary Si
particles occurred in samples stirred at both stirring
speed, and the congregation degree is different
from each other.

These indicate that the clusters were formed by
congregating of many single primary Si particles
due to mechanical stirring. It is noted that the
congregation phenomenon was more evident when
the stirring speed was 1500rpm.
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Fig.2 - Distribution of Si particles: a) stirring speed

1000rpm, after 60s; b) stirring speed 1500rpm,
after 60s

Fig.2 shows primary Si particles are already
connected to each other, these mean that single Si
particles continued growing after congregating
connected gradually and merged each other finally.
In order to investigate the influence of the stirring
speed on the equivalent diameters of primary Si
particles at different stirring time are calculated and
shown in Fig. 3.
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Fig. 3 - Average patrticle size of primary silicon of
rheocast samples
The result means that the primary Si particles
can be refined by mechanical stirring in all cases,
and lower mechanical stirring is more effective than
strong for the purpose. Fig.3 shows the way
primary Si crystals grow during solidification of the
samples. It is clear from the Fig.3 that as the
stirring time increase average size of the primary Si
crystals increases. The increase of the average
size of primary Si crystals, observed at different
stirring time can be attributed to the agglomeration
of Si particles. The diameter of the Si particles is
decided by the cooperation of the congregation
effect and refining effect of stirring.

The size and the shape of the primary silicon
particles as well as the morphology of the etectic Si
has a great effect on the mechanical properties of
these alloy. Samples with significant refinement of
primary silicon particles were used for hardness
testing. Hardness measurement was carried out in
the samples for both stirring speed after stirring
time of 60s. The samples obtained at the sitirring
speed of 1500rpm presented lower hardness
(95VHN) compared to the samples obtained at the
stirring speed of 1000rpm (99VHN). Such hardness
growth may be attributed to smaller paricles of pri-
mary silicon and to a better modification of eutectic
silicon, as well as to a better chemical homogenity
created with application of lower stirring speed.

These samples were used for cavitation testing.
The aim of cavitation erosion tests in laboratory
conditions was to foresee an exploitation possibility
for these materials in the conditions of exposure to
cavitation effect.

Mass loss and surface analysis of samples
during the experiment were used as an indicator to
determine the level of sample surface damage
caused by cavitation tests.

Total mass of the samples was determined
from the difference of their mass before and after
cavitation experiments and measured the analytical
balance.
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Fig.4 - Cavitation erosion of tested samples as a
function time

Fig. 4 shows relation between mass loss and
testing time, where the lines were drawn by least-
square method and data can be expressed by a
straight line. The slope of the straight line repre-
sents the cavitation rate. The calculated slope for
rheocast Al18wt%Si (1000rpm, 60s) corresponds
to the cavitation rate of 0.126 mg/min. The calcula-
ted slope for Al18wt%Si (1500rpm,60s) was 0.152
mg/min. Regression analysis showed excellent
correlation, with coefficient of correlation of
R2=0.9926 for rheocast Al18wt%Si (1000rpm, 60s),
sample A and R?=0.9983 for Al18wt% Si (1500rpm,
60s), sample B respectively.

The surface deterioration observed on the
samples and microphotograph of sample A at the
end the experiment is presented in Fig 5.
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Fig. 5 - Image of the sample A after 4h
CONCLUSION

The subject of our investigation was monitoring
and analyzing of microstructural and mechanical
properties as well as cavitation behaviour of these
alloys using the modified vibratory cavitation setup.

Different shape and size of silicon particles and
primary alpha phase are believed to be responsible
for different mechanical properties in various
casting methods of Al -Si alloy.

For the processing conditions used on this work
the results showed that:

Size of primary of a — Al increase with an
increase in the stirring time.

Refinement of primary Si particles, finer and
uniformly distributed Si particles in stir cast sam-
ples (A) is better in comparison with sample (B).

The results presented in this paper show that
the stir cast alloy obtained at high stirring speed
1500rpm show lower hardness which leads to less
cavitation resistance.

Cavitation rate of stir cast alloy produced using
1000rpm stirring speed was found lower then those
produced by using 1500rpm.

The results obtained suggested that the rheo-
cast AISi alloy could be a very good choice for
application in case where the cavitation resistance
is required.
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MIKROSTRUKTURNA SVOJSTVA | KAVITACIONO PONASANJE NADEUTEKTICKE
Al-Si LEGURE DOBIJENE REOKASTING POSTUPKOM

Cilj ovog istraZivanja je bio da se ispita mogucnost primene AlSi legure dobijene reokasting postupkom
u kavitacionim uslovima. Reokasting postupak je koriS¢en kako bi se poboljsala mikrostruktura i
mehanicka svojstva Al18%Si legure. Primenjeno je mehani¢ko meSanje rastopa razliéitim brzinama
meSanja, pri razli¢itim vremenima me$anja od 60,120 i 180s, na razliCitim temperaturama ispod likvidus

temperature pre livenja u metalni kalup.

Karakterizacija mikrostrukture livenih uzoraka izvedena je pomocu optickog i skenirajuceg elektronskog
mikroskopa. U radu je ispitivan uticaj brzine i vremena mesSanja na mikrostrukturu legure, koja je
dobijena pomenutim postupkom.Utvrdeno je da mikrostrukturna morfologija i mehani¢ka svojstva
zavise kako od brzine me$anja tako i od vremena meSanja, i da se podesnom kombinacijom ovih
parametara mogu postici visoka rafinirajuc¢a svojstva rastopa, koji je procesiran u oblasti poluocvrslog

stanja.

U radu je ispitivana kavitaciona otpornost uzoraka. Gubitak mase meren je primenom analiticke
metode. Morfologija oStecenih povrS§ina uzoraka ispitivana je pomocu SEM-a. Prema rezultatima
ispitivanja, mozZe se zakljuciti da se uzorci AlSi klipnih legura dobijenih reokasting postupkom, mogu
uspesno primeniti u uslovima gde je potrebna kavitaciona otpornost.

Kljuéne reci: Al -Si legure, mikrostruktura, reokasting postupak, kavitaciona otpornost.

Originalni naucni rad
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