High Temperatures-High Pressures, Vol. 54, pp. 187-201 ©2025 Old City Publishing, Inc.
Reprints available directly from the publisher Published by license under the OCP Science imprint,
Photocopying permitted by license only a member of the Old City Publishing Group
DOI: 10.32908/hthp.v54.1905

Enhanced iron impurity removal in low iron
Al-Si alloys by Mn addition

ABDULLAH HARAZEEN*, LUCIA LATTANZI, TAISHI MATSUSHITA AND
ANDERS E. W. JARFORS

Department of Materials and Manufacturing, School of Engineering,
Jonkoping University, Gjuterigatan 5, SE-551 11 Jonkoping, Sweden

Received: July 16, 2024, Accepted: October 23, 2024.

Over the past decades, demand for high-purity aluminium (Al) has increased
in many sectors, like aerospace and automotive sectors, since it combines a
high level of purity with the flexibility of controlled alloying, which allows
for tailored enhancements of material properties. To accommodate the ris-
ing demand, primary Al production has significantly increased since the
refining of secondary Al is constrained by high impurity levels, especially
iron (Fe). A way to mitigate this problem is to add Fe-bearing intermetallic
particle formers, like manganese (Mn). This paper investigates the influence
of different Mn additions for low-Fe composition aluminium melts at a
cooling rate of 3 °C/min, as the primary Fe-rich phases may differ and can-
not be extrapolated. More specifically, the impact of filters, the Fe removal
efficiency for different Mn additions, and the Fe-bearing intermetallic par-
ticles’ Fe removal potential. Fe removal potential was evaluated by combin-
ing intermetallic particle area fraction with their average Fe content. This
was done by running Thermo-Calc equilibrium calculations to guide the
planning of the experimental work. Then, running small-scale experiments
with 8 kg of Al-11Si-0.5Fe alloy. The study concludes that the Fe-bearing
intermetallic parties sedimented at the bottom of the furnace since the com-
position of the filtered and unfiltered samples from the top part of the melt
was similar. Additionally, larger amounts of Mn are required to improve the
Fe removal efficiency for low-Fe concentration Al-Si cast alloys since it
improves the Fe removal potential and increases the amount of Fe-bearing
intermetallic particles in the melt.
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1 INTRODUCTION

The demand for aluminium (Al) has significantly increased over the past dec-
ades for the automotive and aerospace industries since it combines a high
level of purity with the flexibility of controlled alloying, which allows for
tailored enhancements of material properties. Additionally, it has many
favourable characteristics like a high strength-to-weight ratio, high electric
and thermal conductivity and low density [1, 2]. More primary aluminium is
produced to cope with this demand, which is problematic since every kg of
primary aluminium will typically generate 12 kg of CO, [3]. Recycling alu-
minium scrap is one of the best ways to follow a circular economy because
aluminium can be recycled without degrading its properties and helps close
the production loop [4]. In addition, aluminium recycling emits approxi-
mately 0.6 kg of CO, for every kg produced, considerably lower than the
emissions from primary aluminium production [5].

However, refining secondary aluminium is necessary to remove impuri-
ties like tramp elements, undesired alloying elements and inclusions from
the melt. These impurities can cause various problems, including increased
porosities, decreased melt fluidity, poor machinability, and negatively
affecting the material’s mechanical properties [6]. As a result, refining and
controlling these impurities is a challenge. This challenge will significantly
intensify in the coming years, mainly in the recycling process of alumin-
ium, since the demand for high-quality Al will increase (to reduce carbon
emission), which will lead to a decrease in the availability of high-quality
scrap, and an increase in the availability of low-quality contaminated
scrap [3].

Iron (Fe) impurity is a significant problem for secondary aluminium due
to its detrimental effects on mechanical and casting properties [7]. The
alloy addition method is most effective for Fe-containing Al-Si cast alloys.
However, this will not be a problem since, according to Sanchez et al. [8]
and Hegde et al. [9], approximately 80% of the employed aluminium cast-
ing alloys in the manufacturing industry are Al-Si alloys. The most harmful
phase in this alloy is the 3-AlsSiFe phase from its brittleness and morphol-
ogy, affecting its mechanical properties. Additionally, the structure of the
(-AlsSiFe appears to be like a coarse plate with sharp edges that increase
the stress concentration, reducing the aluminium alloy’s ductility and fluid-
ity of the melt [7]. Therefore, Fe reduction in the melt is crucial to mitigate
this problem.

One way to reduce Fe from the aluminium melt is by adding elements
referred to as sludge formers in the literature [10]. In this paper, the term
“sludge” was clarified to refer specifically to Fe-bearing intermetallic parti-
cles, as “sludge” is a broad term that could lead to a misunderstanding. This
method promotes the formation of Fe-bearing intermetallic particles, which
could be later removed by either filtration or sedimentation. Some transition
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metals like nickel (Ni), manganese (Mn), chromium (Cr), cobalt (Co), vana-
dium (V) and titanium (Ti) alloys are the Fe-bearing intermetallic particle
formers that could be used to decrease the Fe content in the melt [11].

Some research papers have tested different transition elements, and the
most used elements to reduce the Fe content in the melt are Cr and Mn.
Dietrich et al. [7] showed that, for Al-9Si-3Cu(Fe) alloys, Mn generates
larger Fe-bearing intermetallic particles with higher particle density. As a
result, particles sink to the bottom of the melt easily (easily removed by either
decanting or filtration). Cr generates greater numbers of smaller Fe-bearing
intermetallic particles with lower density, making them harder to remove [7].
To mitigate this problem, a combination of Mn and Cr alloys provides effi-
cient and effective Fe-bearing intermetallic particle creation and, in turn,
decreases the Fe content in the melt [7]. It is crucial to remember that although
Mn and Cr convert the harmful 3-AlsSiFe intermetallic phase to a more harm-
less intermetallic phase and morphology, it also creates more intermetallic
particles that need removal.

Many research studies have shown that adding different amounts of
Fe-bearing intermetallic particle formers to high-Fe aluminium alloys
improves the Fe removal efficiency [7, 12, 13]. For example, Ferraro et al. [12]
showed that for Al-9Si-3Cu(Fe) alloy, varying levels of Fe, Mn, and Cr affect
the Fe-bearing intermetallic particle formation, size and density. In another
study, Song et al. [13] also investigated the effectiveness of the Mn/Fe ratio
on Fe removal from an Al-7.0Si-2.4Fe alloy and how varying initial Fe con-
tent affects the microstructure and mechanical properties of the alloy. Also, as
the Mn/Fe ratio increases, the type of primary Fe-rich phase gradually
changes from a-AlgFe,Si to a-Al,s(FeMn);Si, [13].

Published research papers on the Fe refining method investigated the use
of melts with high initial Fe content (0.8-2 wt%). These results show that the
Fe-bearing intermetallic formation method’s efficiency in reducing the Fe
content and particle population was not investigated for low initial Fe content
in the melt. These data cannot be extrapolated since the primary Fe-rich phase
may differ. This paper investigates the influence of different Mn additions on
the Fe removal efficiency for low Fe composition aluminium melts at a con-
stant cooling rate. In addition to that, the impact of using filters was tested.
The characteristics of the Fe-bearing intermetallic particles were quantified
using image analysis and energy dispersive x-ray spectroscopy to find the
Fe-removal potential of different Mn additions.

2 MATERIALS AND EXPERIMENTAL METHODOLOGY

2.1 Materials
This study used a secondary aluminium Al-Si alloy (EN AB-44300 alumin-
ium alloy, Stena Aluminium AB, Sweden) with 0.5 wt% Fe, as a base alloy.
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The chemical composition of the EN AB-44300, obtained using optical emis-
sion spectroscopy SPECTROMAXx CCD LMXM3 (AMETEK), is shown in
Table 1.

2.2 Sample preparation and production

Small-scale experiments were conducted in which 8 kg of aluminium was
melted per experiment in a tilting furnace. Two different alloys were prepared
using varying Mn compositions based on thermodynamic phase diagram cal-
culations using Thermo-Calc. The master alloy used to obtain the desired
compositions was a Al-80Mn type alloy.

The melt was heated up to 1073 K. Then, it cooled at 3 K/min. In the cool-
ing stage, the sampling was made at different temperatures. Two to three
samples were taken before the Fe-bearing intermetallic particle formation
temperature. Then, two to five samples were taken after the calculated
Fe-bearing intermetallic particle formation temperature, depending on the
difference between the Fe-bearing intermetallic particle formation tempera-
ture and the FCC formation temperature. The Fe-bearing intermetallic parti-
cles formation temperature was obtained from Thermo-Calc Software
TCALS/Al-alloys Database version 8.2 [14]. A total of seven samples were
taken from the top of the crucible. The samples were taken from the top of
the melt to assess the Fe cleaning efficiency at different temperatures since
the Fe-bearing intermetallic particles are expected to sediment. In the end, a
sample from the bottom of the crucible was taken to analyse the remaining
residue.

The samples were taken from the top of the crucible (20 cm diameter x
25 cm height) using a scoop and poured into a 3 cm diameter and 1.5 cm
coin-shaped mould. A trough-type fibreglass mesh filter (Pyrotek) with a hole
size of 0.0138 cm? was also fixed on top of the mould.

TABLE 1
Chemical composition (wt%) and the standard deviation (STD) of EN AB-44300 aluminium
alloy and the experimental alloys.

Alloy Name Si Fe Mn Cr Cu Mg Ni Ti Al

Comp
ENAB  (wi%) 11.0 051 0.11 0.01 006 002 001 004 Bal

44300

STD 0.2 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 -

Comp
0.6Mn _(Wt%)
STD 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 -

11.0 046 058 0.01 006 001 001 004 Bal

Comp
1.5Mn _(Wt%)

STD 0.1 0.04 0.17 <0.01 <0.01 <0.01 <0.01 <0.01 -

10.8 0.51 1.59 0.01 0.06 0.005 001 0.04 Bal
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2.3 Material characterisation

Metallographic preparations were performed on the samples. These prepara-
tions comprise cutting and grinding of the samples to get a smooth flat sur-
face. After that, the sample’s chemical composition was identified using the
spectrometer. A total of four points were analysed per sample. Regarding the
sample taken from the bottom of the crucible, it was grinded and polished for
metallographic observations and to characterise the intermetallic particles’
with chemical composition and population size using scanning electron
microscopy (SEM, Tescan LYRA3) and energy-dispersive X-ray spectros-
copy (EDS, Edax Octane Plus). The backscattered electrons detector in the
SEM was used to perform quantitative image analysis and describe the
geometrical features of the particles’ population. The Fe-bearing intermetal-
lic particles were identified by analysing the composition of different parti-
cles using EDS. The particles with Mn, Fe and Si in their composition are the
Fe-bearing intermetallic particles.

The population of the Fe-based particles at the bottom of the crucible sam-
ple was quantitatively analysed on a 1018 ym x 2036 um region using MIPAR
as the image analysis software. A total of 18 (3 x 6) images with a field of
view of 340 um at a random position on the sample were first taken using
Olympus DSX1000 optical microscope. Then, the images were imported to
the MIPAR software, and the Fe-bearing intermetallic particles, identified
using EDS, were selected. After that, the MIPAR software was run to deter-
mine the Fe-bearing intermetallic particle amount, calliper diameter and area.

3 RESULTS AND DISCUSSION

3.1 Mn composition addition selection

To decide the amount of Mn to add, a thermodynamic calculation was made
using Thermo-Calc. The stable phase(s) at each temperature and Mn amount
were calculated as shown in the phase diagram (Figure 1). Based on the cal-
culations, two Mn concentrations were chosen: 0.6 wt% Mn, where the
Fe-bearing intermetallic particles start to be the primary precipitating phase
at 873 K, and 1.5 wt% Mn, where the Fe-bearing intermetallic particle forma-
tion temperature is relatively high (923 K).

3.2 Calculated Fe-bearing intermetallic particles’ formation starting
point
Equilibrium calculations were performed in Thermo-Calc to estimate the
Fe-bearing intermetallic particle formation temperature. The volume fraction
of phases against temperature was calculated for the given alloy composition.
The results are shown in Figures 2a and 2b. In this case, the Fe-bearing inter-
metallic particle phase is Al;5Si,M,, where M is (Cr, Fe, Mn, Mo). These
figures show that the Fe-bearing intermetallic particle formation points start
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The vertical section of the phase diagram shows the effect of Mn-composition on an EN
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for 0.6Mn and 1.5Mn at 873 and 926 K, respectively. Also, the volume frac-
tion of the Al;5Si,M, phase at higher temperatures is low in the 0.6Mn (0.022)
alloy compared to the 1.5Mn (0.048) alloy. The differences in the formation
temperature and volume fraction of the Fe-bearing particles highlight the
influence of the Mn addition on the Fe-bearing intermetallic particles and
their amount. In addition, the phase diagram (Figure 1) and the equilibrium
calculation graph (Figure 2) show that adding Mn to the alloy promotes the
formation of the Fe-bearing intermetallic particles.

3.3 Effect of Mn addition on Fe-bearing intermetallic particles’ formation
Two different alloys with different Mn compositions were prepared for this
study. Table 2 shows the Fe-bearing intermetallic particle formation temper-
atures using Thermo-Calc software. Then, the experiment was performed.

After the experiment was performed and the samples were taken, the sam-
ple’s element composition was identified using the spectrometer to obtain Fe
and Mn content in the melt at different temperatures. The results of both the
filtered and the unfiltered data are summarised in Figures 3a and 3b.

Figures 3a and 3b show that the average contents of Fe and Mn of the fil-
tered and unfiltered samples for both alloys were reasonably similar when
considering the standard deviation since the content variation between the
filtered and unfiltered samples were similar. One reason for the Fe and Mn
content similarity between the filtered and unfiltered samples was the sam-
pling method; both samples were taken from the top of the melt. This indi-
cates that few large Fe-bearing intermetallic particles were present at the top
of the melt that could be filtered out.

Then, the Fe and Mn removal composition reduction percentage was cal-
culated using Equation 1.

C. .. —C
CR _ initial final XIOO (1)

initial
where CR is composition reduction (%), C, ., is the initial composition of the
melt before starting the experiment (wt%), and Cy , is the final composition
at the lowest temperature (wt%). When adding 0.6Mn, the Fe and Mn content
of the samples decreases by 31 % and 38 %, respectively. The main decrease

TABLE 2
Experimental alloys targeted and achieved (in parenthesis) initial compositions of Fe and Mn
composition.

Alloy Calculated Fe-Bearing Intermetallic Calculated FCC Formation
Name Formation Temperature (°C) Temperature (°C)
0.6Mn 600 590

1.5Mn 653 590
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0.6Mn and 1.5Mn in the filtered and unfiltered conditions with a) Mn composition and b) Fe
composition.
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occurred when the melt temperature was at around 883 K. For the 1.5Mn
addition, the Fe and Mn content of the samples decreased by 59 % and 71 %,
respectively. The Fe and Mn content reduction was almost twice that observed
with a 0.6Mn addition. Both Fe and Mn content started to decrease at a tem-
perature of 979 K.

The results show that using Fe-bearing intermetallic particle formers,
Mn in this case, works for lower Fe compositions in the melt. However,
larger amounts of Mn are required to decrease efficiently the Fe content in
the melt.

3.4 Fe-bearing intermetallic particles analysis

In order to characterise the Fe-bearing intermetallic particles, a sample was
taken from the bottom of the crucible. After that, SEM and MIPAR tools were
used to analyse the microstructure and chemical composition of the Fe-bearing
intermetallic particles.

The particle analysis was performed on the sample on a 1018 x 2036 pm
area from the residual sample’s bottom plane. The Fe-bearing intermetallic
particle area fraction and the number of particles for 0.6Mn and 1.5Mn sam-
ples are summarised in Table 3. The table shows that the cross-section area of
the Fe-bearing intermetallic particle when adding 1.5 Mn was almost three
times that of 0.6 Mn addition. It has been reported by Dietrich et al. [7] and
Ferraro et al. [12] that the higher the Mn/Fe ratio, the higher the area fraction
of the Fe-bearing intermetallic particles for alloys with higher initial Fe con-
tent in the melt. Similar results are observed for the performed experiments in
this paper for lower initial Fe content. However, the area fraction of the
Fe-bearing intermetallic particles is lower for lower initial Fe content.

The volume fraction of Fe-bearing intermetallic particles obtained from
Thermo-Calc (Figure 2) are comparable with the experimental area fraction
(Table 3). The comparable values are because the experimental area fraction
represents an average area fraction from multiple observation planes, assum-
ing a uniform and isotropic microstructure. Therefore, the experimental area
fraction from different random sections approximates the volume fraction.

TABLE 3
Fe-bearing intermetallic particles analysis at the lowest temperature and bottom of crucible
samples

Fe-bearing intermetallic particles
area fraction (%)

Total number of Fe-bearing
intermetallic particles

Alloy
Name Bottom of Top of crucible Bottom of Top of crucible
crucible at the lowest crucible at the lowest
temperature temperature
0.6Mn 1.9+05 03+0.5 88 31
1.5Mn 53+£09 0.7+ 1.1 273 42
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According to the Thermo-Calc calculation shown in Figure 2, the volume
fractions of 0.6Mn and 1.5Mn alloys are 2.4 and 5.7 %, respectively, while
the area fractions of both experiments are summarised in Table 3. When com-
paring these data, the Thermo-Calc estimation of the volume fraction of
Fe-bearing intermetallic particles generated after the solidification of the
alloy aligns with the experimental results for 0.6Mn and 1.5Mn alloys. The
Thermo-Calc calculated volume fraction is within the standard deviation of
the experimental area fraction of the Fe-bearing intermetallic particles.

A histogram plot of the probability density function (PDF) against the
Feret diameter of the Fe-bearing particle, where the Feret diameter is a meas-
ure of the longest distance across the particle, was plotted in Figure 4a. The
PDF is a function used to describe the likelihood of a continuous random
variable taking a particular value. It helps provide a complete description of
the distribution of the Feret diameter to describe the Fe-bearing intermetallic
particles. Figure 4a illustrates the impact of Mn addition on the size distribu-
tion of the Fe-bearing intermetallic particles. The 0.6Mn addition results in
larger amounts of small Feret diameter Fe-bearing particles than the 1.5Mn
addition. However, the largest particle had a Feret diameter of 80 um, while
1.5Mn addition generated larger particles that go up to 120 um. In addition to
that, the 1.5Mn alloy precipitated a greater number of Fe-bearing intermetal-
lic particles than the 0.6 Mn addition.

Given that the particle diameter data was left-skewed in Figure 4a, the
particle size histogram was fitted with a lognormal distribution (Figure 4b).
The lognormal distribution was chosen since it allows for a more accurate
representation of the particle size distribution compared to the normal distri-
bution, providing a robust framework for subsequent statistical analysis and
interpretation. Figure 4b demonstrates the efficacy of the lognormal model in
capturing the asymmetry and spread of the particle’s Feret diameter. The peak
of the PDF indicates the mode (data most concentrated) of the Fe-bearing
intermetallic particle distribution. The curve’s width demonstrates the vari-
ance (spread) of the data. While the tail of the curve represents the likelihood
of having extreme values. When comparing 0.6Mn and 1.5Mn addition,
Figure 4b shows that the peak of the 0.6Mn was higher than 1.5Mn addition,
which means a higher frequency of small particles. While the tail of the curve
for 0.6 and 1.5Mn alloys were almost the same.

These findings suggest that higher Mn concentrations promote the forma-
tion and growth of the Fe-bearing intermetallic particles both in terms of size
and quantity. The increase in the number and size of the Fe-bearing interme-
tallic particles with higher Mn addition could be attributed to enhanced
nucleation, particle coalescence, and growth kinetics facilitated by the
increase in the Mn content. This behaviour emphasises the crucial role of
the alloying elements in controlling the microstructure and, consequently, the
material’s properties. Future work needs to be done focusing on optimising
Mn concentrations to achieve a desirable balance between particle size
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distribution and separation efficiency. Also, further research needs to be done
on the nucleation and growth kinetics of Fe-bearing intermetallic particles.

The decrease of Fe content at the top part of the melt (Figure 3b) is notice-
able. The similar Fe content in the filtered and unfiltered samples (at the top
of the melt) suggests that the filter did not remove Fe-bearing intermetallic
particles. Also, using the spectrometer, the average Fe contents of the 0.6Mn
and 1.5Mn alloys at the bottom of the melt were 0.58 £ 0.05 and 0.67 + 0.11
wt%, which is significantly higher than the Fe content at the top part of the
melt at the lowest temperature. Note that since the spectrometer’s analysis
points cover a wide area, the average Fe content is the sum of both the
Fe-bearing particles and the matrix being measured here. In addition, the
amount of the Fe-bearing intermetallic particles at the bottom of the crucible,
when compared to the top of the melt sample (Table 3), shows that there are
more Fe-bearing intermetallic particles, in both 0.6Mn and 1.5Mn alloys,
over the same analysed area. Combining these results, the decreasing Fe con-
tent in the top part of the melt is likely due to the sedimentation of the
Fe-bearing intermetallic particles at the bottom of the crucible. Therefore,
this analysis suggests that the sedimentation of most large Fe-bearing inter-
metallic particles from the top part of the melt occurs within the experimental
time duration. Consequently, the Fe content of the top part of the melt
becomes depleted as the Fe-bearing intermetallic particles migrate down-
wards, leading to a difference in the Fe concentration from the top to the
bottom of the melt. This phenomenon is reasonable because the Fe-bearing
intermetallic particles have a higher density (around 3.6 g-cm™ between 863
to 1023 K [14]) than the liquid Al-Si alloy (2.40 to 2.45 g-cm™ within the
same temperature range [14]).

The Fe-bearing intermetallic particles were then analysed using SEM in
conjunction with EDS to identify and quantify the elemental composition of
the Fe-bearing intermetallic particles. A typical EDS spectrum on one of the
particles is shown in Figure 5. Figure 5a represents an SEM micrograph of
the microstructure; the polygonal particles are primary Fe-based compounds.
Figure 5b shows the same micrograph in a) with the Fe-bearing intermetallic
particles selected (the green particles). These particles were then analysed for
quantitative image analysis and EDS analysis. The green particles were cho-
sen for the analysis, and the turquoise particle (Figure 5c) was selected to
show the EDS spectrum related to them.

For the 1.5 Mn and 0.6 Mn additions, a total of 412 and 1660 particles
were analysed with the EDS, respectively. The analysis revealed that the
average content of Fe in the Fe-bearing intermetallic particles for 0.6 Mn
addition was 11.4 £ 0.8 wt%; when 1.5wt% Mn was added, the average Fe
content in the particle decreased to around 7.8 £ 0.5 wt%, as summarised in
Table 4.

The Fe removal potential using varying amounts of Mn to promote the
formation of Fe-bearing intermetallic particles was assessed by combining



ENHANCED IRON IMPURITY REMOVAL IN LOW IRON AL-SI ALLOYS BY MN ADDITION 199

c.

-1.8k
- 1.6k
- 1.4k
-12k
- 1.0k
- 0.8k
- 0.6k

- 0.4k
Si
-02k Mn
F
A"m peite

keV 2.00 4.00 6.00 8.00

Counts

FIGURE 5
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TABLE 4
Summary of Fe-bearing intermetallic particles results

Alloy Fe-bearing Total Number of  Average Fe content Fe Removal
intermetallic Fe-bearing in Fe-bearing Potential
particles area intermetallic intermetallic (%)
fraction (%) particles particles (wt%)

0.6 Mn 1.9+05 88 114+£0.38 0.22 £ 0.06

1.5 Mn 53+09 273 7.84+0.5 0.41 +0.08

the total amount of Fe contained in the Fe-bearing intermetallic particles and
the overall area fraction of the Fe-bearing intermetallic particles (Equation 2):

¢Fe = f;’e,p X WFe,p (2)

where ¢, is the Fe removal potential (%), fy,, is the area fraction of the
Fe-bearing intermetallic particles (%) and w,  is the average Fe content in
the Fe-bearing intermetallic particles (wt%). The results are summarised in
Table 4. The findings indicate that adding 1.5 wt% Mn nearly doubles the Fe
removal potential despite the lower Fe content in the Fe-bearing intermetallic
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particles. This increased Fe removal potential was attributed to the signifi-
cantly higher number formed with the 1.5 wt% Mn addition than the 0.6 wt%
Mn addition. In conclusion, the decrease of the Fe content in the melt was
mainly attributed to the Mn addition increase, as 1.5Mn addition has a higher
Fe removal potential than 0.6Mn addition.

4 CONCLUSION

In this paper, the influence of different Mn additions for low Fe composition
EN AB-44300 aluminium alloy at a constant cooling rate was investigated.
Mn containing Fe-bearing intermetallic former works well for lower Fe com-
positions in the melt as a Fe-remover agent. However, larger amounts of Mn
are required to increase the efficiency of Fe removal in the melt. The pre-
sented experiments show the Fe reduction from 0.5 to 0.2 wt%. Specifically,
the addition of 1.5 wt% Mn nearly doubled the Fe removal potential despite
the lower Fe content in the Fe-bearing intermetallic particles, which was due
to the significantly greater number of the Fe-bearing intermetallic particles
formed compared to the 0.6 wt% Mn addition. Therefore, the reduction of the
Fe content in the melt was primarily attributed to the increased Mn addition,
as 1.5Mn addition has a higher Fe removal potential than 0.6Mn addition.
The Fe-bearing intermetallic particles sedimented from the top part of the
melt within the experimental time duration.
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