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Abstract

In this study, filtration of aluminum alloy (Al) with different
weight fractions of SiC particles (SiCp) was investigated.
Therefore, three different filter materials of 20 pores per
inch (ppi) ceramic foam filters (CFF) were tested. A special
three-chamber furan mold was used for the casting trials to
provide uniform filling and flow conditions for the filtration
process. Samples from sections of the gating system, as
well as from the filter, were analyzed by optical light
microscopy to determine the amount, size, and distribution
of SiCp. A scanning electron microscope (SEM) with
energy-dispersive X-ray spectroscopy (EDS) was used for
obtaining the element distribution in the composite. The
filtration efficiency increased by decreasing the weight

fraction from 20 to 5% of SiCp and reached a significant
particle reduction of over 90%. Investigations of CFFs
with a weight fraction of 10% have shown a clogging effect
and metal flow interruption through the 20 ppi filter. An
oxide layer was detected around the respective SiCp in the
EDS. Moreover, a strong accumulation effect was
observed, indicated by a steadily flattening curve of the
density functions after each additional remelting cycle of
the same composite material.

Keywords: metal matrix composites, SiC particles,
filtration efficiency, metal melt filtration, recycling

Introduction

Metal matrix composites (MMCs) are materials consisting

of a metal matrix with a reinforcement phase of ceramic

particles (SiC, Al2O3, etc.) or short carbon or ceramic

fibers.1–7 An interesting example of MMCs is DuralcanTM.

This is an aluminum matrix composite (AMC), which

contains particles of aluminum oxide (Al2O3) or silicon

carbide (SiC) in an AlSi9Mg matrix (corresponding to an

EN AB-43300 or AA359).5,6,8,9 The primary production of

AMCs can be divided into three industrial-scale processes.

The first is stirring or mixing of ceramic particles into

molten aluminum (Al) by a patented technology, the sec-

ond is the melt penetration into a prefabricated foam

structure, and the powder metallurgy constitutes the

third.1,5,7,9,10 However, during the manufacturing process,

the low wettability between the melt and the ceramic

particles must be compensated imperatively in order to

generate the proper microstructure of the composite.

Therefore, stirring is the most commonly used technique

for AMCs.1,7,8,10 The composite products are available as

casting ingots, extrusion billets, rolling blooms, rolling

ingots and can be further processed by casting or forming

in press/rolling mills.1,2,8,9

Because of the viscosity of the liquid MMC during particle

addition, the weight fraction is limited to 30%.1 The dis-

tribution and shape of SiC particles (SiCp) can be adjusted

throughout a special centrifugal casting process.11 An

AMC with an initial weight fraction of 10% SiCp can be

formed with a contained outer layer of 30% by predefined

rotational speeds.2 However, to obtain the beneficial

properties of AMCs, the reinforced particles should be fine

and well-distributed.9 Depending on the type of rein-

forcement phase, its weight fraction, shape, and distribu-

tion, AMCs can combine good tribological properties with

high strength and Young’s modulus, high wear resistance,

high thermal conductivity with low thermal expansion

coefficient, and low density (2.8–3.4 g/cm3).1,5,6,9,10,12–16

Lohmüller et al.12 studied different reinforcement particles

on Al and Mg alloys to generate MMCs with a density

lower than 2.5 g/cm3, and a minimum Young’s modulus of

400 GPa. They found that with increasing the weight
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fraction of reinforced particles, the specific stiffness (E/q),

and Young’s modulus also increased, implying that the

particle density influences the stiffness significantly.12 Due

to an exceptional ratio of Young’s modulus to density,

parts made of AMC exhibit a very high modulus of rigidity

and stiffness.6 Especially in mechanical engineering, those

properties are important for the production of components

with the highest dimensional accuracy and stability, such as

drive spindles, engine cylinders, pistons, cardan shafts, disc

and drum brakes, and other elements of the automotive and

aerospace industries.1,6,13,17 For example, AMCs are used

for brake systems made of Al2124/SiC/25p in race cars

such as Porsche 911.13 Another application for utilization

of AMCs are cardan shafts for the Chevrolet Corvette and

Ford Crown Victoria, which are produced by stir casting

using an Al alloy with ceramic reinforced Al2O3

particles.13

The wide range of AMC applications leads to the necessity

to provide recyclability of these components after envi-

ronmental damage or reclamation within the manufacturing

process.8,17 The high amount of scrap must be considered

in the global recycling material stream. There is few

information available on the recyclability of particle-rein-

forced AMCs.17 The global market demand analyses in

terms of MMC production volumes and profits showed a

steady increase from 5000 to 8000 tons, for the period from

2012 ($228.7 million) to 2019 ($357.3 million).13,18 The

compound annual growth rate (CAGR) during this period

was around 6.6%,18 and will remain in the range of 6.4%

and 7.0% over the next five years, depending on future

forecasts.19,20 AMCs hold the largest proportion of this

market, with 40%.21 Thereby, SiC is the most prevalent

reinforcement material in the global MMC market due to

the high demand from the electrical, automotive, trans-

portation, and aerospace industries.18–21 With further

CAGR, the amount of AMC scrap will also increase in the

future, which implies that recycling of these materials will

become inevitable for saving energy and CO2 emissions,

and using recyclable secondary materials will become

more important as well.

If the high amount of scrap can be recycled, the aluminum

composite material could have the same properties as the

original AMC.8 Eliasson & Sandström6 found two options

for recycling particle-reinforced composites: remelting the

material or reclamation, which means that the particles are

separated from the matrix or subsequently reused. Sharma

et al.17 observed that the SiC particles can be recycled by

remelting of casting composite scrap using settling trials.

They found that the SiC particles settled down immediately

at very high rates within the first minutes after remelting

them, providing that the settling rate depends on the par-

ticle size and weight fraction.17 In contrast, the simple

recycling of scrap or recycled material (such as risers,

gating systems, etc.) for the production of particle-rein-

forced aluminum alloys is rebutted, according to Schuster

et al.8 Conventional salt and gaseous fluxes cannot be used

to clean the molten scrap because they would dewet the

SiC particles from the residual melt. Once the SiCp are

dewetted, they cannot be readily stirred back into the liq-

uid. Regarding the guidelines: ‘‘Duralcan Composite

Casting’’,22 the scrap and recycled material can be reused

in an eleven-step melt bath treatment with an excessive

amount of original alloy according to the principle of

infinite dilution. Alternatively, the SiC particles can be

completely separated and removed by adding fluxes and

bath agitation (flushing gas and rotation) using a rotary salt

furnace. The dewetted SiC particles float in the molten

aluminum with the aid of fluxes and injected argon gas and

are potentially available again for the expensive primary

production.8

In addition, the production costs will be decisive for future

use and the recyclability of particle-reinforced aluminum

alloys. In particular, the profitability of potential recycling

technologies will depend on energy consumption and CO2

emissions. The energy consumption for recycling alu-

minum alloys is about 95% lesser than the energy used in

primary production.23 However, the potential cleaning

processes must compensate for existing problems such as

the emergence of impurities and the low wettability of the

SiC particles within the melt, as these result in a detri-

mental effect on the properties of the recycled material.1,6

Moreover, not every reinforcement phase is compatible

with every matrix alloy, whereby intermediate phases, such

as Al2O3 (mostly in the form of films), spinel, or MgAl2O4,

can occur at the SiC or Al2O3 matrix interface (as very fine

\2lm crystals),5 and may adversely affect the recycla-

bility. The removal of inclusions by metal melt filtration

with simple 10 pores per inch (ppi) ceramic foam filter

(CFF) in gravity casting leads to a consistent improvement

of yield strength and Young’s modulus (an increase of

about 30-40%), as well as in the ductility of the compos-

ite.5 Furthermore, the application of 10 ppi CFF made of

zirconium oxide (Stelex, Feseco) similarly resulted in the

effective removal of non-metallic inclusions from auste-

nitic steel castings (FeMnAl steels).24,25 Besides non-

metallic inclusions, liquid inclusions can be also removed

by 10 ppi magnesia-stabilized zirconia foam filter from

stainless steel 316 melt.26 The highest detected filtration

efficiency of non-metallic inclusions was 41%.25 Higher

removal efficiency of 95% for large alumina inclusions

from steel alloys was reported by Raiber et al.27 using 25

ppi CFFs.

The removal of extrinsic inclusions from particle-rein-

forced Al alloys is quite different compared to steel alloys

due to their thermophysical properties related to the vis-

cosity and processing of the liquid MMCs. The processing

of particle-reinforced Al alloys comprises a variety of

adjustable parameters in the stir casting process. However,

other potential recycling technologies also exist. While the

stir casting is influenced by its complexity of variables,
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such as geometry and position of the stirrer, stirring

parameters (time and rational speed), as well as melt

temperature and the particle characteristics,7,10 a specially

patented process by Keßler et al.16 eliminates this com-

plexity. The potential technique prevents the dewetting and

settling effect of SiC particles and also reduces the gas and/

or oxide input into the melt. Another advantage, besides the

reduced gas and oxide input, is the reduction of costs

compared to conventional melting technology for particle-

reinforced material.28

Thereby, the patent document (DE 19906939 C2, 2002)28

includes the utilization of an induction crucible furnace

with several sub-coils and direct inductive heating in

combination with a low-pressure die casting process. The

induction coils are applied at a high frequency (greater than

or equal to 500 Hz) for melting and at a low frequency

(lesser than 50 Hz) for holding and stirring, allowing a

precise control of the melting process.28 However, due to

the utilization of predefined extrusion billets, the melt

volume is merely limited to low-volume melt batches

(&12.5 kg), as the coupling conditions of these billets are

the most beneficial for an application.29 Consequently, the

potential recycling technologies must be economical

regarding the production costs, the recycling capability of

particle-reinforced Al alloys, and the profitability. Even

though the global MMC market demand in terms of pro-

duction volumes is expected to increase to 12,842.5 tons

(revenue: $558.5 million) in 2027, according to future

forecasts.19

Due to the growing proportion of the global market

demand and the low availability of technologies for recy-

cling SiC-reinforced Al, the recovery of foundry recycled

material and scrap is becoming more important. The

increasing margins of MMCs require developing effective

recycling technology of particle-reinforced alloys regard-

ing the tending higher danger of contamination of con-

ventional Al alloys due to their accidental application by

insufficient scrap sorting, separation, or transportation.

Therefore, this paper focuses on the recycling capability of

three different weight fractions of SiCp in particle-rein-

forced aluminum alloys to replicate scrap mixtures of

different origins (both classical Al alloys and composites)

according to the real recycling process where different

mixed chemical compositions may occur. Typical appli-

cations of SiC-reinforced AMCs are attributed to be

between 5 and 20 wt% of SiC particles due to the pre-

vention of inherent viscosity issues.7 The potential recov-

ery capability by filtering out SiC particles from metal

matrix composites offers small and middle-sized enter-

prises (SMEs) the opportunity to purify contaminated melt

compositions without using special equipment (stirring

tools for continuous mixing), even in the normal casting

production cycle. The separation of SiC particles is hence

realized by metal melt filtration using 20 ppi CFFs. For this

purpose, numerical simulation, as well as filtration and

remelting trials, is performed, and investigated for different

filter materials.

Experimental Section

Castings and Materials

As base materials, DuralcanTM from RioTinto Alcan

(Canada)9 and pure aluminum Al99.7-E (Rheinfelden,

Germany)30 were used to generate alloy compositions of

three different weight fractions of SiCp. DuralcanTM gen-

erally consists of a metal matrix of an AlSi9Mg with 20

wt% of SiC particles (marked as alloy designation I/20

wt% SiC). The chemical compositions are shown in

Table 1.

The alloys with different weight fractions of SiC particles

were prepared in a medium-frequency induction furnace

(43 kW, 50 Hz) with a volume of &4 kg. Accordingly, the

DuralcanTM aluminum alloy (AA359/SiC/20p) was melted

first at &745 �C, and then the pure aluminum Al99.7-E

was added to adjust the different weight fractions. To

prevent the formation of aluminum carbide (Al4C3), it is

necessary to control the melt temperature.10 Considering

that Becker et al.31 detected a high wetted (1-2 lm thick)

Al4C3 layer in sessile drop experiments on a SiC filter

substrate with an Al alloy at temperatures up to 900 �C, a

precise control of the bath temperature of the melt is

Table 1. Chemical Composition of the Alloys (Weight Fractions are the Average Value of Three Individual Values) in
Optical Emission Spectrometer (OES) SPECTROMAXx (Ametek, USA). The Si Content Represents the Total Con-
centration of the Two Including Compounds (matrix and SiC particles). The Pouring Temperature is Measured by

Thermocouple of Type K

Alloy Si [%] Fe [%] Cu [%] Mn [%] Mg [%] Zn [%] Ti [%] Al [%] Temp.

Al99.7-E 0.205 0.261 0.0082 0.013 0.0044 0.0110 0.082 Bal. n/a

I/20 wt% SiC 20.78 0.282 0.0130 0.043 0.417 0.0032 0.080 Bal. 744 �C
II/10 wt% SiC 8.17 0.173 0.0064 0.009 0.143 0.0022 0.027 Bal. 744 �C
III/5 wt% SiC 3.31 0.197 0.0065 0.009 0.0086 0.0060 0.018 Bal. 751 �C
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inevitable to avoid the formation of aluminum carbides.

Furthermore, the SiC particles are not thermodynamically

stable and degrade the fluidity of the molten AMC. Hence,

overheating above 830 �C shall be prevented.8,14 Keßler

et al.16 reported that this reaction is already starting at

&750 �C in an AlSi9 alloy, whereas in addition to the

temperature also the holding time and Si content must be

considered. Additionally, Al4C3 is water soluble and con-

sequently not detectable in the water-based metallographic

preparation. Subsequently, the prepared alloys with dif-

ferent weight fractions were poured into a special three-

chamber mold made of furan resin-bonded sand for filtra-

tion trials. This specially developed three-chamber design

is shown in Figure 1a and allows a uniform filling of the

mold with consistent flow conditions for the filtration

process. In each chamber, a 20 pores per inch (ppi) ceramic

foam filter (CFF) was placed. The used filter materials were

Al2O3 (Hofmann Ceramic, Germany), SiC, and ZrO2 (both

of Foseco Foundry Division, Germany).

In addition, trials were performed to investigate the influ-

ence of remelting process on the recycling capability. For

this purpose, 3.5 kg of the base material (DuralcanTM: I/20

wt% SiC) was used. Therefore, the behavior of the SiC

particles was observed during multiple remelting tests (4

cycles) at &745 �C in the medium-frequency induction

crucible furnace (43 kW, 50 Hz). After each cycle, a rod

sample (Ø 30 mm, height 120 mm) made in furan resin-

bonded sand was cast for metallographic analysis. The

residual liquid material was then remelted, and the proce-

dure was repeated.

Numerical Simulation

The simulation was carried out by the program Magmasoft,

version 5.4.2. (MAGMA Gießereitechnologie GmbH,

Germany) to demonstrate uniform filling conditions and

flow lengths in the exposed model system. Simulation

parameters were set as casting in a furan mold made from

silica sand with 2.0 wt% of furan (binder). Initial mold

properties included a sand porosity of 40.0%, a perme-

ability of 100.0 cm3/min, and a sand mold temperature of

20 �C. As casting material, the Al matrix alloy (according

to ISO 3522: AlSi9Mg, corresponds to A359.0) with a

pouring temperature of 745 �C and a time of 6.16 s were

selected. The pouring time s was calculated by the equation

according to Sobolev-Dubickij.32,33

s ¼ k � wG � mGð Þ1=3
Eqn: 1

mG was determined from the volume V given from the

CAD file with 900 cm3. The density q of 2.68 g/cm3 of the

matrix alloy is given by the data sheet.9 wG is the critical

wall thickness of 8 mm, predefined from the CAD file, and

the material-dependent factor k was specified with 2.3.32,33

The mass has to be stated in kilograms. In each filter

chamber, a SiC ceramic foam filter of square-shaped

geometry was placed for the simulation. The heat transfer

coefficient between casting and sand mold, as well as filter

material and mold, was given from the standard database of

Magma (a = 400 W/m2 � K). The thermophysical properties

were predefined with k = 0.7 W/m � K (in the range of

400-650 �C) and cp of max. 1285 J/kg � K (at 573 �C) from

the Magma database. The mold design was specially

developed based on the insights gained from the

literature.34,35

Analytical Methods

Chemical analyses were performed using an optical emis-

sion spectrometer (OES) SPECTROMAXx (Ametek,

USA), where the average of three individual measured

values was used for establishing the chemical composition.

For microstructural investigations, the specimens were cut

as a cross-section from regions of the inlet (I) and outlet

Figure 1. Illustration of the (a) CAD model with dimensions used for furan resin-
bonded sand molds in gravity casting with (b) the sampling scheme of the specimens
(from the region marked in the blue box) of inlet (I) and outlet (O) on the 20 ppi foam
ceramic filter (marked with arrows), as well as the cross-section of the half of the
ceramic foam filter (F). Cuts are marked with dashed lines and letters.
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(O) of the gating system, where the 20 ppi filters were

placed. A cross-section of the CFF was also analyzed (see

Figure 1b). All samples were polished to the final stage

with colloidal silica suspension OP-U by a semi-automatic

grinding and polishing machine, TegraPol-31 (Struers,

Germany). For determining the area fractions of SiC par-

ticles, image analyses using Stream Motion software

(Olympus, Japan) were conducted in a predefined region of

interest (ROI) with a magnification of 100 times. There-

fore, panoramic images were taken by a Keyence VHX

2000 digital microscope with a VH-Z100 R objective

(Keyence, Japan). The area fraction of particles (SiCp) can

be calculated as the mathematical proportion or ratio of a

fraction based on a grayscale value to a total predefined

region of interest (ROI area). Microstructure characteriza-

tion was also performed by a scanning electron microscope

(SEM; VEGA3 W-REM, Tescan, Germany) employing

secondary electron (SE) and backscattered electron (BSE)

imaging, as well as measurements (mappings) regarding

elemental distribution using energy-dispersive X-ray

spectroscopy (EDS; XFlash 610 M detector, Bruker Nano,

Germany). The analytical methods were also used in pre-

liminary studies for the detection of iron-rich intermetallic

phases.36

Results and Discussion

Simulation

According to the incomplete database for Al alloy com-

posites due to undefined interactions between the extrinsic

non-metallic inclusions and the metallic melt, Magmasoft

simulates and visualizes the filling behavior, heat transfer,

and temperature field during the filling process of the

3-chamber mold before the proper casting trials concerning

the matrix-base alloy. In Figure 2, the simulation results of

air entrapment, absolute velocity, and pouring temperature

at different pouring times (0.493 and 3.604 s) demonstrate

uniform flow conditions during the filling process. A rel-

atively uniform and low-turbulence inflow can be seen in

the gate and filter area. Figure 2a and b show the air

entrapment and absolute velocity, where the molten metal

starts filling the chambers, and where the initial contact

occurs between the melt and the CFFs. It can be noted that

the midstream of the mold is reaching an absolute velocity

of more than 1.0 m/s, resulting in a higher percentage of air

entrapment (C4.00%) during the filling of this filter

chamber. The values of more than 4.00% in air entrapment

indicate potentially enshrouded air pockets by the fluid.

Thereby, the air entrapment of more than 5.00% constitutes

a considerable critical value for a finite element in the

meshing of the system. Regarding the absolute velocity, the

critical value of 0.5 m/s is given from the literature.37,38 In

this case, the criterion is the critical Reynolds number,

where the inertial forces of the fluid are disrupted, and the

surface tension forces will be transcended, leading to an

overturning effect and turbulences at the melt front.38 In

the literature, the critical value of Recrit C 2300 is fre-

quently reported, which is derived by measurements of

Julius Rotta.39 However, a relatively low-turbulent velocity

in the inflow region on the CFF of nearly 0.5 m/s can be

inferred from Figure 2b. Other studies recommended this

critical velocity in dissimilar alloy systems such as FeM-

nAl steels to minimize air entrapment and reoxidation

defects.24,25 Thereby, 10 ppi zirconia foam filters (Stelex,

Foseco) were used with a predefined pouring time, pro-

viding that a longer filling time resulted in higher air

entrainment and slower filling rate, which created prema-

ture solidification defects, such as cold shuts or misruns.25

Contrarily, shorter filling time led to a higher absolute

velocity and more turbulences.25 In the present case, the

higher absolute velocity in the casting runner of the model

system can be attributed to the non-existent change in the

direction of the melt. Furthermore, the nearly low-turbulent

inflow resulted in wetting of the CFFs with an approxi-

mately constant flow length and temperature (C722 �C, see

Figure 2c). The castings behind the filter chamber also

showed an approaching consistent temperature field (be-

tween 626 and 713 �C), indicating a temperature close to

the liquidus temperature (626.33 �C) of this alloy system

according to Luo et al.40 The uniform mold filling condi-

tions behind the filter are emphasized by the absolute

velocity at pouring time of 3.604 s (Figure 2d), as the CFF

further act as velocity or flow modifier, resulting in a

continuous velocity of below 0.5 m/s.

In preliminary studies on filtration efficiency using com-

putational fluid dynamics (CFD) simulations, predictions

of the flow behavior between the experimental and simu-

lation results were performed on a composite material.

Here, simulations were conducted on Al2O3 particles in an

AlSi7Mg matrix alloy.34,35 For this purpose, different

positions and types (ppi numbers) of CFFs were consid-

ered. The horizontally rising filter position for 20 and 30

ppi showed the most efficient separation rate, and neither

the particle size nor type (alumina or spinel) of inclusions

significantly influenced the filtration efficiency due to the

similar contact angle and wettability between inclusions

and the molten metal.34,35 The three-chamber furan mold

was specially designed for this position gained from these

insights.

Filtration Tests

The element contents of the chemical composition of the

different weight fractions of SiCp are shown in Table 1.

The chemical analysis was detected in the OES by sparking

on rapidly solidified externally samples. The measurements

contained the SiC particles, as well as the metal matrix of

the AlSi9Mg alloy. Theoretically, the silicon content (Si) is

supposed to be represented by the two measured com-

pounds in addition, but hereby Si was about 20.8 wt%.
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However, the chemical analysis can be affected by the

distribution of the particles, thus sparking by the OES on a

concentrated section with a higher amount of SiCp may

increase the detected Si content. Conversely, a lower SiCp

fraction causes a lower Si content.

The investigated 20 ppi CFFs made of Al2O3, SiC, and ZrO2

material were placed as previously marked for each filtration

trial in the filter chambers. Figure 3 represents a cross-section of

the sample of the outlet region on the Al2O3 CFF. The mathe-

matical method for detecting the area fractions of the SiC

particles (i.e., the object area percentage) is done on polished

micrographs (seen in Figure 3). For this purpose, the predefined

regions of interest (ROIs) are marked with blue boxes (numbers

1-3) in the panoramic image of the cross-section of the outlet on

the Al2O3 filter to obtain an average value. For comparison, the

area fractions of the different filter materials by a consistent

value (particles through square lm), the three regions (1-3)

were detected by an approximately constant ROI area (lm2).

The individual values were 2174320.4lm2 (ROI 1), 2176709.7

lm2 (ROI 2) and 2164762.9 lm2 (ROI 3). The averaged ROI

areas are listed in Table 2. The area fractions of SiC particles

were then achieved by image analysis in the mentioned regions

of interest (ROIs) with the same magnification of 100 times in

the light microscopy. Therefore, the object area percentage

(SiCp) can be calculated as a mathematical proportion or ratio

of the summarized areas of particles (as a partial sum of a finite

geometric series) based on a grayscale value to a predefined

ROI area (lm2). As a result, the area fraction (marked in red in

Figure 3) is obtained, which is 15.99% on average and com-

posed of the individual values 17.03% (ROI 1), 14.62% (ROI

2), and 16.34% (ROI 3). The area fraction of nearly 16% cor-

relates relatively well with the 20 wt% of the base alloy

(DuralcanTM). An example of the area fractions from the inlet

and outlet of a CFF is given in Figure 4, where the detected

regions of the particles (marked in red) are also represented at

100x magnification in addition to the panoramic images (left

sides).

Figure 4a represents the cross-section of the sample from

the inlet and Figure 4b the outlet section on the Al2O3 CFF

of alloy III with 5 wt% SiCp. A significant reduction of SiC

particles can be observed in the micrographs. Whereas the

mean area fraction of SiC particles in the inlet is about

6.11%, a particle content of 0.10% on average was detected

in the sample of the outlet. This indicates a significant

removal of SiC particles by metal melt filtration through

the 20 ppi filter, thus allowing the determination of the

filtration efficiency for the ceramic foam filter by com-

paring the two sections. Accordingly, the filtration

Figure 2. Illustration of the flow lengths of molten aluminum in the three-chamber mold with (a) air entrapment (in
the range of 4.0-10.0%), (b) absolute velocity (above the critical velocity of 0.5 m/s), and (c) temperature at a pouring
time of 0.493 s, as well as (d) the absolute velocity at 3.604 s in the Magmasoft simulation program (version 5.4.2.).
The mold cavity is depicted transparently with an activated X-Ray.
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efficiency can be calculated from the area fractions (or a

number of particles) of the inlet and outlet using the

equation below.34,35 This allows a comparison of the

removal rates of the three different filter materials:

E ¼ A0 � A1

A0

� 100½%� Eqn: 2

A0 indicates the area fraction of SiC particles from the inlet

and A1 the area fraction from the outlet section, whereby

the filtration efficiency of alloy designation III in Figure 4

is consequently 98.4% on average. The results of filtration

efficiencies are listed in Table 2. Measurements of

inclusion area fractions at the filter inlet and outlet side

were also obtained by automated feature analysis (AFA)

using an Aspex Pica 1020 with energy-dispersive X-ray

spectroscopy for alumina inclusions in a 316 stainless steel

casting.25 The highest inclusion removal efficiency

(defined by E or g) was 41%.25 Furthermore, it is found

that the prediction of filtration efficiency is directly

proportional to the initial inclusion concentration,26

implying that the three different initial weight fractions

of SiCp generated by the dilution with pure aluminum are

expected to have a significant effect on the filtration

efficiency.

Table 2 contains the measurement results from the image

analysis of the different weight fractions of SiC particles

for the three filter materials. In each case, the average

values of area fraction (Ø), as well as the area of the region

of interest (ROI area in lm2), and the filtration efficiency

are given. The ROI areas are in the range of 2.15 to 2.18

mm2, indicating a relatively constant area value for com-

paring the detected particles. A decreasing trend is

noticeable between the individual measurements of the

area fractions from the inlet and outlet for the different

ceramic foam filters. Thus, according to Eqn. 2, the filtra-

tion efficiency can be determined for each filter material.

The highest filtration efficiency of &22% is achieved by

the Al2O3 and ZrO2 filter in the base material (trial I/20%

SiCp). Likewise, high filtration efficiency of about 98% is

also shown by the Al2O3 and ZrO2 filter at 5 wt% SiCp

(trial III). The 20 ppi SiC filter exhibits the lowest filtration

efficiency for SiC particles removal of about 7 and 93%. In

particular, the detected value of 1.50% in the outlet region

of the SiC filter corresponds to a densified region of SiC

particles at 5 wt% SiCp. However, the individual values

Figure 3. Determination of the area fraction of SiC particles in a specimen of a cross-
section in alloy designation I with 20 wt% SiCp in the outlet section (O) using the 20
ppi Al2O3-filter (top: panoramic image) by means of three measured regions of
interests (ROI) on polished samples marked in blue boxes with numbers 1 to 3
(middle). Detected SiCp in the three ROIs based on a grayscale marked in red with the
values of the area fractions (bottom).
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can vary considerably in some cases, as the values between

1.50 and 0.03% clearly show. The average value of the

three individual measurements provides therefore an

appropriate degree of statistical certainty for determining

the filtration efficiency. Accordingly, the separation of

inclusions on similar filter surfaces cannot be confirmed,

despite being reported in the literature.41 Based on the

findings in Table 2, no filtration efficiency was determined

for the weight fraction of 10 wt% SiCp (trial II) in this

study. This was due to incomplete mold filling during

casting. The metal flow is interrupted throughout the filling

process, which could have been caused by a critical ratio

between the MMC and pure Al addition. Strikingly, the

molds of the base composite alloy (20 wt% SiCp) and the

relatively high diluted alloy composition (trial III) with 5

wt% SiCp were completely filled. In this case, an extre-

mely high initial SiC concentration did not lead to higher

filtration efficiency, whereas the results appeared to be

strongly affected by the initial viscosity. At equivalent

temperature, the viscosity with 5 wt% SiCp is much lower

than with 20 wt% due to the lower amount of particles.

Therefore, the SiCp are considerably finely dispersed in

trial III under relatively high dilution (according to Fig-

ure 4a). Consequently, in spite of introducing a relatively

high degree of oxides by the addition of pure Al, the CFF

exhibits its almost complete filtering performance and thus

removes a significantly high proportion of SiC particles.

Furthermore, superheating of &90 K above 660 �C (pure

Al) was documented for alloy III, so a temperature-related

effect on the viscosity might be negligible. However, the

50/50 addition of base composite alloy and pure aluminum

led to an inappropriate effect or critical ratio between the

amount of SiC particles and the introduced oxides, result-

ing in an interruption of mold filling. Accordingly, the

cross-sections of the half filter widths are examined by

light microscopy. The microscopic images show a clogging

of filter bridges by agglomerates in the inflow area of the

CFFs (see Figure 5).

Section 6 (in Figure 5a) shows agglomerated SiC particles,

which are also present in a similar size (as agglomerates) in

the other filter materials (SiC and ZrO2) at alloy II with 10

wt% SiCp. Consequently, these agglomerates cause a

clogging effect on the filter bridges in all filter materials,

which is visible as well in section 5 in Figure 5b. Fur-

thermore, a distinct filter cake (with an increased density of

particles) is evident in the inflow region in the panoramic

image for all filters. This indicates an abrupt interruption in

the mold filling process. Noticeable is also the region of the

agglomerated SiC particles in the ZrO2 filter (see in Sect. 2

in Figure 5c). Here, the filter’s permeability has changed.

The permeability is strongly affected by the deposition of

inclusions.34 In this case, more aggregated SiC particles

penetrate into the porous cell structure, which manifests as

Table 2. Values of the Area Fractions of SiC Particles Using Image Analysis from the Cross-Section Before (inlet) and
After (outlet) the 20 ppi Ceramic Foam Filter on the Three Different Filter Materials. The Filtration Efficiency E was
Calculated according to Eqn. 2 with the Average Values (Ø) of the Three Individual Measurements with A0 (Values of

the Cross-section Before) and A1 (After) the Ceramic Foam Filter

Alloy Filter material ROI Particle area percentage (%) ROI area (lm2) Efficiency
E (%)

1 2 3 Ø Ø

I/20 wt% SiCp Al2O3 Inlet (I) 20.04 19.53 20.92 20.16 2166558.7 20.68

Outlet (O) 17.03 14.62 16.34 15.99 2171931.0

SiC Inlet (I) 17.94 17.79 16.92 17.55 2173924.4 6.78

Outlet (O) 15.45 17.30 16.33 16.36 2150684.1

ZrO2 Inlet (I) 19.16 17.71 18.35 18.41 2158413.6 22.60

Outlet (O) 13.31 15.21 14.23 14.25 2154646.0

II/10 wt% SiCp Al2O3 Inlet (I) 6.18 7.65 7.06 6.96 2172928.4 n/a

Outlet (O) n/a n/a n/a n/a n/a

SiC Inlet (I) 12.05 12.59 13.07 12.57 2166562.0 n/a

Outlet (O) n/a n/a n/a n/a n/a

ZrO2 Inlet (I) 9.40 10.63 10.65 12.23 2168351.2 n/a

Outlet (O) n/a n/a n/a n/a n/a

III/5 wt% SiCp Al2O3 Inlet (I) 6.30 5.83 6.19 6.11 2169741.3 98.36

Outlet (O) 0.10 0.12 0.09 0.10 2169146.4

SiC Inlet (I) 5.71 7.62 7.88 7.07 2158052.5 92.64

Outlet (O) 1.50 0.04 0.03 0.52 2174918.9

ZrO2 Inlet (I) 4.83 6.87 7.02 6.24 2175321.0 98.40

Outlet (O) 0.10 0.07 0.12 0.10 2174716.9
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Figure 4. Determination of the area fraction in alloy designation III with 5 wt% SiCp on a cross-section of (a) inlet
and (b) outlet section on the 20 ppi Al2O3-filter (left sides) by means of three detected regions of interests (ROI)
marked in blue boxes with numbers 1 to 3. Detected SiCp in the three ROIs based on a greyscale marked in red with
the individual values of the area fractions (above).

Figure 5. Illustrations of the 20 ppi ceramic foam filter (CFF) on alloy designation II with 10 wt% SiCp of
the panoramic images (left side) for the three different filter materials: (a) aluminum oxide (Al2O3),
(b) silicon carbide (SiC), and (c) zirconium oxide (ZrO2). The micrographs with 100x magnification to
determine the area fractions of the SiC particles are marked in blue boxes with the numbers 1 to 9.
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areas with an increased particle density between the filter

bridges. A possible reason for this could have been an

interchange of the position of the ZrO2 CFF with the Al2O3

filter, as the progressive penetration of the SiC agglomerate

could have been a consequence of the higher ingate

velocity seen in the simulation in Figure 2b. Additionally,

the melt in the outlet area of the ZrO2 CFF was able to

emerge but did not completely fill the cavity behind. Fur-

thermore, the addition of pure aluminum to the Dural-

canTM, which was mixed half and half, led to the formation

of agglomerated SiC particles by introducing more oxidic

films and inclusions, theoretically. Therefore, no determi-

nation of the filtration efficiency was evaluated in trial II

with 10 wt% SiCp. Nonetheless, the cross-sections of the

CCFs were analyzed by light microscopy. The results are

listed in Table 3.

Table 3 shows the detected area fractions (represented as

particle area percentage) and numbers (or amount) of SiC

particles. The numbers 1 to 9 are marked in the blue boxes

for determining the regions of interest (ROIs) in the

panoramic images in Figure 5 (left sides). Using the Al2O3

filter, for example, a high number (2516 to 3258) and thus a

higher particle area percentage (15.72 to 20.22%) of SiC

particles appear in the inflow region, representing the

described filter cake in Sects. 4-6. Sections 7-9 constitute

the inlet region, whereas Sects. 1-3 depict the filter’s

interior areas. Except for the previously described ZrO2

CFF, the area fraction and amount of SiC particles tend to

decrease. It was already explained that Sects. 1-3 have a

higher amount and area fraction in the ZrO2 filter. Other-

wise, the values range from 8.56 to 9.30% (Al2O3) and 4.25

to 8.59% (SiC). The sections of the inflow region (7-9) also

tend to be lower in area fraction and number than Sects.

4-6, providing that merely Al2O3 CFF reflects the theo-

retical weight fraction of the adjusted particle-reinforced

alloy composition II in this zone (with 8.86 to 11.19%).

Hence, a massive accumulation of SiC particles before the

respective filters indicated a distinct filter cake. The

agglomeration of SiC particles can possibly be caused by

oxide films, which commonly occur in particle-reinforced

Al alloys, as reported in the literature.38,42,43 Therefore,

scanning electron microscope (SEM) images were taken to

investigate interaction effects between the reinforced par-

ticles and the metallic matrix under energy-dispersive

X-ray spectroscopy (EDS) (Figure 6).

Figure 6a shows the SEM images in secondary electron

contrast (SE) of a section of the inlet (I) from the Al2O3

filter of alloy III with 5 wt% SiCp. There, SiC particles are

visible in an Al matrix. At the edges of the respective

particles, visible and enclosed layers appeared around the

surfaces of the reinforcement phase. A key factor for uni-

form properties of AMCs is the wettability of the rein-

forcement phase with the matrix, which is the ability of the

liquid metal to spread on the solid surface of the SiC

particles.10 Figure 6b to e illustrates the elemental distri-

bution in EDS maps to determine the localization of the

elements carbon (C), oxygen (O), silicon (Si), and alu-

minum (Al). Accordingly, the elemental distribution of C

and Si indicates the SiC particles, while the element O

indicates an oxide film around the respective SiCp, and Al

represents the aluminum matrix. As mentioned by Samuel

& Samuel,5 an intermediate phase of Al2O3 in the form of a

few lm thick film is shown in Figure 6, implying that no

wetting of SiC particles occurred in alloy III (containing 5

wt% SiCp) due to the excessive addition of pure aluminum.

However, the oxide layers would explain the relatively

high filtration efficiency of the SiC particles on the Al2O3

filter, as well as the low efficiency on the SiC filter, and

thus Al2O3-based CFFs are recommended for further

investigations to separate recycled mixed alloy

compositions.

Generally, no wetting occurs when the contact angle of the

particles (or inclusions) is between 90� and 180�.
According to previous studies,34,35 bonding mechanism of

Al2O3 particles to the aluminum matrix was investigated in

an AlSi7Mg0.3 alloy. Furthermore, DuralcanTM was also

used to introduce non-metallic inclusions (as particles). In

this case, a contact angle of 152� resulted in no theoretical

wetting of the Al2O3 particles,44 whereas SEM

Table 3. Values of Area Fractions and Numbers of SiC Particles Using Image Analysis from the Cross-section of Half
of the 20 ppi Ceramic Foam Filter (CFF) on the Three Different Filter Materials. The Detected Regions of Interest (ROIs)

are Numbered 1 to 9 in Blue Boxes in Fig. 5

Alloy Filter material SiCp Particle area percentage (%)

1 2 3 4 5 6 7 8 9

II/10 wt% SiCp Al2O3 ROI 8.71 9.30 8.56 15.72 18.49 20.22 8.86 11.07 11.19

No. 1720 1633 1909 2898 3258 2516 1903 2208 2585

SiC ROI 4.25 5.15 8.59 14.31 20.46 19.43 15.65 16.17 15.69

No. 1320 1581 2053 3754 7549 3371 3331 3618 4072

ZrO2 ROI 13.08 19.80 17.80 20.33 20.98 18.32 20.03 19.78 18.63

No. 3750 3900 3251 4399 3706 3996 4084 3149 3394
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examinations revealed an adherent Mg layer as a coating

around the respective reinforcement particles.34,35

Regarding the contact angle of SiC with molten Al, Becker

et al.31 observed a strongly decreasing wetting angle after a

longer holding period (&3 h). Finally, they determined a

relatively small contact angle of &70�, while the Al-Si

melt was in contact with a SiC filter substrate for more than

120 min. This indicates that the wetting angle and thus the

wettability are affected merely by time. However, a contact

angle of about 150� was also detected at the beginning of

the sessile drop experiments,31 which means a generally

low wettability at the initial contact between both com-

pounds. In addition, during the entire melting process in the

induction crucible furnace, the liquid was not allowed to

rest at any time to prevent a settling effect.

Due to the absolute velocity (of more than 1.0 m/s) in the

midstream of the mold (see Figure 2b), where the Al2O3

filter was normally located, the local turbulence may have

caused the formation of the visible oxide films in SEM

images. In Figure 6, a schematic illustration of the

entrapped oxide films at the interfaces of SiC particles is

shown. Divandari & Campbell43 reported on the oxide film

characteristics in an AlSi7Mg alloy for analyzing the

dynamic conditions in castings. The entrainment of newly

created oxide films in the bulk of molten Al occurs when a

dry surface adheres to an opposing dry surface as a double

folded oxide film (better known as bifilms) that is finally

wetted by the melt.37,42 The inner, unwetted surface in the

liquid represents an unbound interface as a folded oxide

film, resulting from the turbulent transfer of the molten Al

in common casting operations or from turbulent conditions

during mold filling (as seen previously).37,43 These double

folded oxide layers (or bifilms) are schematically illus-

trated on the surface of the SiC particles by blue arrows in

Figure 6. Likewise, turbulent filling conditions can cause

the formation of bifilms also in dissimilar alloys, since the

occurrence of extensive bifilms consisting of aluminum

and manganese oxides in the inlet region of a 10 ppi CFF

has been detected in FeMnAl steels.24

The literature described the entrainment of folded oxides

by penetrating the melt surface from the outside via

exogenous particles (SiCp) or non-metallic inclusions.38,42

As aluminum immediately forms an oxidic film of alumina

by contact with the atmosphere, any turbulence at the

surface leads to the formation of entrapped bifilms (through

melt motion). This implies three potential causes of these

defects on the extrinsic inclusions: turbulence due to

(a) mold filling, (b) melt transport, and (c) melting tech-

nology. In this context, the low wettability of the SiC

particles with the melt can be explained by the formation of

oxidic bags (also known as paper bags), in which the

particles are enshrouded by the oxide layers and separated

Figure 6. SEM image in (a) SE contrast from the cross-section of the inlet (I) of Fig. 4a
with a schematic Illustration of entrapped oxide films on interfaces of SiC particles
(below), as well as EDS maps to determine the elemental distribution of (b) carbon
(C), (c) oxygen (O), (d) silicon (Si), and (e) aluminum (Al). The elemental distribution of
C and Si corresponds to the SiC particles, while the element O represents an oxide
layer around the respective SiCp, and Al represents the aluminum matrix.
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by an air pocket, so that the entrained particles are not

submerged in the molten metal.38,42 The entrainment of

particles of smaller size (such as SiC with a diameter of

lesser than 125-140 lm)6,17 occurs in agglomerates, which

has also been established previously and commonly

observed during the manufacture of metal matrix com-

posites (MMC) even in the stir casting process.42 For this

purpose, melting technologies with the potential objective

for the processing and purification of particle-reinforced

aluminum alloys are recommended.

One of them is the utilization of a crucible induction fur-

nace with several sub-coils and direct induction heat-

ing.28,29 The individually selectable sub-coils allow a

reduced input of oxides and further inclusions due to a

special melt bath treatment. However, in this study, the

referred process technology was not available to the

authors for investigations, since a conventional medium-

frequency induction crucible furnace was used, that did not

allow any control of sub-coils. The relatively high fre-

quency of melting (&7000 Hz) resulted in an enhanced

heat input into the melt but not in a stronger stirring effect

to retain the SiCp in suspension. Furthermore, the adverse

position of the ingot material led to the floating of the

material portion that had not been liquefied. In conven-

tional melting technology for induction crucible furnaces,

the melt front rises from the bottom to the top during

melting, allowing the residual solid fraction to float up

unhindered.29 Consequently, this material breaks through

and permanently destroys the oxide layer on the bath sur-

face. Due to the electromagnetic field, the residual portions

are set in rotation around their own axes. The strong

rotational motion leads to the constant formation of new

oxide surfaces and therefore explains the entrainment of

oxidic defects such as double folded, unbounded non-

metallic surfaces (depicted in Figure 6), according to the

literature.37,38,42,43 Once the rest of the solids are melted on

the bath surface, the persistent turbulences create the

potential for the formation of mixed oxides (e.g., spi-

nels),29,41 which also promote the entrainment of these

oxides into the melt.

Another appropriate purification technology is the com-

bined or hybrid stirring method to maintain the SiCp in

suspension. Considering the computational fluid dynamics

results (Ansys CFD), the authors obtained a uniform dis-

persion of SiCp with a homogeneity of 75% using the

combined stirring method.7 This method consists of both

mechanical and ultrasonic stirring.7 However, since the

dispersion of SiC particles was merely shown numerically,

the filtration efficiency in the practical trials of this study

would be decreased due to the increased accumulation of

SiCp in the inlet region of the CFF, leading to a possible

clogging effect, which was observed previously (Figure 5).

For this purpose, centrifugal forces could be applied in a

round filter housing to remove these agglomerates. Due to

the tangential ingate of the housing, the clogging of a

cylindrical CFF placed in the centre can be avoided by

ensuring that the filter bridges are unclogged by SiC par-

ticles of larger size classes (C200 lm). Using the simple

geometry of round filter housings with an appropriate ini-

tial casting velocity, the SiC agglomerates can be retained

by the inertial or centrifugal forces, while the particles of

smaller size classes can be effectively separated from the

residual molten material via the CFF.

Remelting Tests

To investigate the influence on the recycling capability due

to remelting of the composite material, rod specimens were

cast according to the geometry shown in Figure 7a. For this

purpose, the same base material with 20 wt% SiCp was

melted and solidified several times. The recyclability is

limited due to the viscosity of the liquid MMC, as particle-

depleted and particle-rich zones are formed during melting

and solidification, as described in the literature.5,8,17,29 As

the SiCp are not retained in suspension (segregation), this

adversely affects the casting and mechanical properties.1,6

This results from the low wettability of the SiC particles,

leading to an increasing viscosity in the particle-rich zone.

Consequently, the particles in this zone become more

bound to each other due to internal friction and might be

less moveable. This leads to a relatively strong accumu-

lation effect of SiC particles.

Figure 7b constitutes the micrograph of the polished rod

sample of the base material with 20 wt% SiCp after the first

melting process (cycle 1). The micrograph depicts finely

distributed SiC particles in an almost dendritic structure of

the Al matrix alloy. The determined area fraction of this

sample is 15.75%, with an averaged ROI area of 2.175

mm2, which is comparable to the values of the base

material in Table 2. After each cycle of melting, an

increasing accumulation of SiC particles is observed, with

an increase in area fraction from 20.28% to 28.32% from

the 2nd to the 3rd cycle (Figure 7c). After the 3rd time of

remelting the same material (cycle 4), the area fraction was

30.18%, retaining a mushy slime-like residual material in

the induction crucible furnace after sampling. Finally, in

the remelted residual material, the area fraction was

35.16% (here designated as sludge, Figure 7d). The mean

ROI areas ranged from 2.147 to 2.175 mm2. The higher

area fraction indicates an increasing accumulation of SiC

particles after each remelting cycle of the same material,

which means that Al alloys reinforced with SiC particles

cannot be reused and recycled as often as desired. Sharma

et al.17 also observed a strong settling effect during

remelting of composite casting scrap. Herein, the settling

rate was strongly dependent on the particle size and weight

fraction of SiC particles. However, even these parameters

are significantly affected by remelting of the same
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reinforcing material, increasing the weight fraction in some

sections, as reflected in the increased area fractions, as well

as in the particle size (see Figure 8).

Figure 8 represents the relative frequency plotted against

the normal distribution of particle size aligned to the

detected SiC particles and their individual area fractions (in

lm2). The individual values of area fraction (or particle

size) are plotted as single points for each melting cycle

(marked in colors), which are previously illustrated in

Figure 7. Likewise, the marked boxes indicate the respec-

tive mean values for each cycle. However, the dot plot

merely depicts the density function of the normal distri-

bution N (l, r2) and not the distribution functions of the

individual cycles themselves. Here, an expectation value l
(in this case the mean value) and a defined standard devi-

ation are predetermined from the image analysis data. The

standard deviation r describes the width of the normal

distribution. Thus, the standard deviation can be assigned

to a simple relevance regarding the magnitude of the

occurring probabilities or frequencies. Therefore, the dis-

played Y-values are frequencies (in %). Concerning the dot

plot, an increasing mean value (particle size) is revealed by

each additional melting cycle, with the relative frequency

dropping from 0.0035% initially to below 0.0005%. The

mean value increases concurrently from 79.67 to 524.21

lm2 in the sludge, indicating a strong accumulation effect

Figure 7. Illustrations of the (a) sampling scheme, as well as the polished specimens
(taken from the section marked with a blue arrow) for determining the area fractions
on a cross-section of the rod samples for different cycles of the remelting tests:
(b) origin material (20 wt% SiCp), (c) after remelting two times, and (d) residual
material in the crucible (presented as sludge).

Figure 8. Illustration of the frequency (in %) plotted over
the normal distribution of particle size, aligned to the
detected SiC particles and area fractions (in lm2)
obtained via image analysis. Mean values of the normal
distribution curves are marked in the respective boxes,
which refer to the respective cycle of the remelting trials
(cf. in Fig. 7).
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by means of the steadily flattening curve of the density

function after the reuse of the same material. Consequently,

an infinite reuse of the SiC particle-reinforced material

cannot be confirmed, meaning that the recycling capability

and reuse of AMCs are limited due to the strong agglom-

eration or accumulation effect in the induction crucible

furnace. Therefore, advanced melting technologies have to

be used for processing and recycling these composite

materials. The AMCs cannot be processed without an

appropriate stirring technique; otherwise, the particles will

not be maintained in suspension. Nevertheless, according

to these results of particle size and distribution curves, an

increasingly strong accumulation effect occurred, despite

the usage of electromagnetic fields in the induction crucible

furnace.

Conclusion

The concluding remarks can be drawn from this study as

follows:

(1) The simulation results reveal uniform flow

conditions during mold filling with a relatively

low-turbulent absolute velocity in the inflow

region on the ceramic foam filters (CFF),

resulting in their wetting with an approximately

constant flow length, temperature, and velocity.

(2) The filtration efficiency increased by decreasing

the weight fraction from 20% to 5% of SiC

particles (SiCp), achieving a significant particle

reduction of more than 90%. The 20 ppi SiC

filter exhibited the lowest filtration efficiency for

the removal of SiCp. Therefore, Al2O3 and ZrO2

filters are recommended for the filtration process

at lower weight fractions of SiC particles.

(3) Investigations on CFFs of alloy composition of

10 wt% of SiCp have shown a clogging effect on

the filter bridges by SiCp agglomerates through

a changed permeability. The metal flow inter-

ruption during mold filling occurred due to the

introduction of oxides by the addition of pure

aluminum.

(4) The interactions between the reinforcement

phase (SiCp) and aluminum matrix (Al) show

oxide layers around the respective SiC particles

in the scanning electron microscope (SEM) with

energy-dispersive X-ray spectroscopy (EDS).

Hence, this indicates a generally low wettability

of the SiCp, caused by the entrapped oxide films

at the interfaces between the reinforced particles

and the metal matrix.

(5) Moreover, an increasing accumulation of SiC

particles with an increased mean value (particle

size) was observed, indicated by a steadily

flattening curve of the density functions after

each additional remelting cycle of the same

composite material in the crucible induction

furnace. Therefore, the recycling capability is

limited to advanced melting and recycling

technologies, since the SiC particle-reinforced

Al alloys cannot be reused and recycled as

frequently as desired. In particular, the applica-

tion of a simple geometrically designed filtration

housing with an internal tubular filter can

potentially achieve almost complete recovery

of the aluminum matrix.
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