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ABSTRACT 

In this study, the effects of copper addition and casting temperature on the fluidity and 
microstructural properties of secondary aluminum recovered from dross waste generated 
during aluminum production were investigated. In this context, alloys containing different 
copper contents (0%, 1%, and 2.5%) were processed at casting temperatures of 700, 725, 
and 750 °C, and the fluidity performances of the alloys were evaluated using the spiral mold 
method. The microstructural properties of the obtained samples were examined using 
scanning electron microscopy (SEM) and energy-dispersive X-ray spectroscopy (EDS), and 
microhardness measurements were performed. The results showed that copper addition 
and casting temperature jointly affected the fluidity behavior. While the highest fluidity 
lengths in the samples without copper addition and containing 1% Cu were measured as 
17.6 and 17.0 cm, respectively, at 750 °C, the highest value in the sample containing 2.5% 
Cu was determined as 15.7 cm at 725 °C. Microstructural examinations revealed that, with 
copper addition, the morphology of the secondary phases transformed from needle-like and 
plate-like structures into a eutectic-dendritic network and coarser, band-like structures. 
The findings indicate that the casting performance of dross-derived secondary aluminum 
can be improved by controlling the alloy composition and process temperature. 
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INTRODUCTION 

Aluminum dross generated during industrial aluminum production and casting processes is 
classified as hazardous waste due to its adverse effects on the environment and human health [1]. 
The reaction of this waste with moisture in storage areas leads to the release of toxic gases, 
particularly ammonia gas released as a result of the hydrolysis of aluminum nitride (AlN) in its 
structure [2], [3]. Sustainable environmental policies and circular economy requirements 
necessitate the recovery of these secondary wastes as value-added raw materials or engineering 
materials beyond their disposal [1], [3]. Physical and chemical characterization studies of 
aluminum dross have shown that, as the particle size of granular dross decreases, the oxide (Al₂O₃) 
and salt contents increase, whereas the metallic aluminum content decreases [4]. Pyrometallurgical 
melting processes are widely used to recover metallic aluminum from dross, and the efficient 
separation of the resulting liquid metal depends on the matrix components and the control of 
impurity elements [1], [4]. In addition, secondary aluminum dross can also be utilized as an 
environmentally friendly co-reductant in various high-temperature processes, such as the recovery 
of iron from copper slag [5]. 



In high-temperature metallurgical processes, the separation of liquid metal droplets from the slag 
phase and their clean collection at the bottom depend on the wettability characteristics and density 
differences between the phases [5], [6]. In studies conducted to increase aluminum recovery from 
aluminum white dross, it was determined that the liquid aluminum alloy exhibited a distinct non-
wetting behavior on a solid slag substrate in the temperature range of 973 K to 1373 K [6]. Due to 
this barrier formed by the aluminum oxide layer and the poor wetting behavior, the coalescence of 
molten droplets is restricted in systems where flux (slag-forming agent) is not used [6]. However, 
the addition of metallic copper (Cu) to the medium increases the density of the metal phase and, 
together with suitable flux additions, enables the complete separation of the liquid metallic Al-Cu 
alloy from the slag and its clean collection at the bottom [6]. 

The success of recovered or alloyed aluminum-based materials in component manufacturing 
directly depends on the fluidity parameter, defined as the ability of liquid metal to fill the mold 
cavity [7]. Fluidity is a complex system dynamic affected by metal properties such as the chemical 
composition of the alloy, viscosity, surface tension, inclusion content, and solidification range, as 
well as casting temperature, mold material, and heat transfer conditions [7], [8]. While increasing 
the casting temperature linearly increases the fluidity distance of liquid metal, excessively high 
temperatures can increase the gas-dissolving capacity of the liquid metal, leading to porosity 
defects and the formation of coarse microstructural constituents in the casting structure [7], [9]. 
Increasing the mold temperature or using mold materials with low thermal conductivity, such as 
plaster, considerably increases fluidity by slowing the heat transfer rate, whereas microscopic 
inclusions and oxide films in the liquid metal increase the effective viscosity and surface tension, 
thereby restricting fluidity in narrow channels [8], [10]. 

Unlike pure metals, the fluidity mechanism in alloy systems undergoes fundamental changes 
depending on the type and amount of alloying elements [8], [11]. The addition of copper (Cu) to 
the aluminum matrix widens the solidification temperature range (ΔT) of the alloy and leads to a 
semi-solid solidification mode [10], [12]. Along this expanded solidification range, crystal 
interlocking (dendrite coherency) and solid-phase accumulation occurring at the tip of the flowing 
metal stream physically stop the progression of the liquid melt, resulting in a clear decrease in the 
fluidity distance [8], [11], [12]. It has been reported in spiral fluidity tests that increases in the Cu 
content lead to decreases in overall fluidity performance due to the widening of the solidification 
range [11], [13]. In contrast, changing the grain size morphology in the microstructure or 
transforming it into a globular morphology plays a decisive role in fluidity performance by 
affecting the apparent viscosity and stopping mechanisms of the semi-solid suspension [9], [13]. 

Within the scope of this study, the castability and flow characteristics of aluminum obtained 
through pyrometallurgical methods from aluminum dross, which is of critical importance in terms 
of hazardous waste management and the circular economy, were investigated. Although the fluidity 
behavior of Al-Cu systems containing primary or standard alloying elements has been extensively 
addressed in the literature, studies on the fluidity of aluminum matrices recovered from dross are 
limited. Accordingly, the effects of adding copper at different ratios (0%, 1%, and 2.5% Cu) to 
dross-derived aluminum and the effects of these addition ratios on the fluidity performance of the 
alloy at different casting temperatures (700°C, 725°C, and 750°C) were systematically compared. 



2. MATERIALS AND METHODS 

2.1. Raw Materials 

The Al dross used in the study was obtained from a local industrial manufacturing company. The 
chemical composition of the dross, determined as a result of the analysis, is given in Table 1. The 
results shown in Table 1 indicate that the dross was obtained from the production of Zn-alloyed 
7104 series alloys. 

Table 1. Chemical Composition of the Aluminum Dross Used in the Experiments 

Al Zn Si Fe Mn Cu Others 
87.46 11.02 0.79 0.38 0.22 0.11 0.02 

 

KCl and NaCl, used as fluxes in the study, were purchased from Sözen Kimya in technical grade 
(min. 99%). A graphite crucible and a Protherm 1100 model muffle furnace were used to melt the 
dross. After the dross was melted, slag removal was performed by adding flux. Subsequently, Cu 
was added to prepare the alloys designed to contain 1 and 2.5% Cu, and the melt was held at the 
casting temperature for 20 minutes for homogenization before being poured into the spiral fluidity 
mold, the technical drawing of which is presented in Figure 1. 

 

Figure 1. Technical Drawing of the Spiral Fluidity Mold 

 

 

 

 



2.2. Characterization 

The chemical composition of the obtained alloys was determined using Optical Emission 
Spectrometry (OES). The chemical composition of the cast alloys is given in Table 2. 

  

Table 2. Chemical Composition of the Cast Aluminum Dross Alloy 

Al Zn Si Cu Fe Mn Others 

87.95 10.04 0,75 0,38 0,34 0,19 0,35 

 

When Table 1, which shows the chemical composition of the raw material, is compared with Table 
2, which contains the analysis results of the cast alloy, a slight decrease in the zinc (Zn) content of 
the dross during the melting and slag removal processes with flux can be observed. The high 
tendency of zinc to evaporate at increasing temperatures, the removal of a portion of it in the gas 
phase at high temperatures during pyrometallurgical melting, and its transfer into the slag structure 
through flux applications are considered the main reasons for this partial decrease. 

The fluidity test results were determined by measuring the distance traveled by the alloys cast at 
the specified casting temperatures in the mold before completely solidifying. SEM/EDS and optical 
microscopy images were obtained from samples taken from the material solidified as a result of 
the fluidity test. HV0.5 microhardness measurements were performed to determine the effect of 
alloying on the material hardness. 

 

3. RESULTS AND DISCUSSION 

 



 

Figure 2. Variation in the fluidity length of secondary alloys obtained from aluminum dross as a function of different 
casting temperatures and copper contents. 

 

According to the graph shown in Figure 2, in the sample without copper addition (0% Cu), the 
fluidity length, measured as 16.3 cm at 700 °C, decreased slightly to 14.1 cm at 725 °C, and reached 
its maximum value of 17.6 cm at a casting temperature of 750 °C as the liquid metal became 
superheated with increasing temperature. The high casting temperature reduced the dynamic 
viscosity of the melt, extended the time available for the solidification front to advance along the 
mold channel, and positively affected fluidity [8], [10]. 

A similar trend was observed in the alloy containing 1.0% Cu; the fluidity length decreased to its 
lowest value of 9.9 cm at 725 °C and then increased to 17.0 cm at 750 °C. In contrast, a different 
behavior emerged in the sample containing 2.5% Cu: while the lowest fluidity value (9.4 cm) was 
recorded at 700 °C, it reached 15.7 cm with a significant increase at a casting temperature of 725 
°C, and then decreased to 13.6 cm at 750 °C. 

The limitation of fluidity by a high copper content (2.5% Cu) at low temperatures (700 °C) can be 
explained by the widening of the solidification temperature range (solidus–liquidus difference) in 
the Al-Cu system and the nucleation of primary intermetallic phases (image) during liquid flow, 
which increases viscous resistance [8]. However, a temperature of 725 °C stands out as the casting 
temperature at which the melt viscosity and thermal energy reach an optimum balance for the 
secondary alloy containing 2.5% Cu. 

 



 

Figure 3. Mass per unit length (g/cm) values of fluidity channels cast at different casting temperatures and copper 
concentrations. 

When the data obtained in Figure 3 are examined, an inversely proportional relationship is 
observed between the fluidity length and the mass per unit length (g/cm). At a casting 
temperature of 700 °C, the sample containing 2.5% Cu exhibited the highest mass per unit length, 
at 5.52 g/cm, despite having the shortest fluidity distance. This situation is associated with the 
high specific gravity of copper (image) and the complete filling of the mold cross-sectional area 
before the liquid flow stops. 

At 725 °C, the highest mass per unit length was obtained in the sample containing 1.0% Cu (4.64 
g/cm), in which the fluidity length was restricted. At the highest casting temperature of 750 °C, 
the mass per unit length values of all alloys converged and decreased to a lower range (2.41–3.12 
g/cm). This decrease observed at high temperatures is explained by the solidification of the liquid 
metal along a thinner cross-section at the mold wall due to its high flow velocity, oxide inclusions 
increasing with temperature in dross-derived secondary aluminum melts, or solidification 
porosity. 

The fact that the sample containing 2.5% Cu at a casting temperature of image exhibited the 
highest mass per unit length with image despite having the shortest fluidity distance (9.4 cm) is 
noteworthy in terms of hydrodynamic flow and cross-sectional filling characteristics. This 
situation is explained by the liquid flow being stopped at an early stage before it can advance 
along the channel due to the high dynamic viscosity of the melt and the widening solidification 
range at a low casting temperature [8]. However, before the flow stopped, the channel cross-
sectional area was completely and densely filled in the transverse direction due to the high 
specific gravity of copper (image) and the effect of dense intermetallics. This dense mass transfer, 
which could not extend over long distances and was confined to a short path, caused the linear 
mass per unit length to reach its maximum level. In contrast, at high temperatures such as image, 



the increase in the flow velocity of the melt and its progression along the channel in the form of a 
thinner cross-section triggered a decrease in the mass per unit length values [8]. 

 

 

Figure 4. SEM microstructure images of the secondary aluminum sample without copper addition (0% Cu): a) 1000×, b) 
2500×, and c) 5000× magnification. 

 

Figure 5. SEM microstructure image and EDS analysis points of the secondary aluminum sample without copper addition 
(0% Cu). 

 



Table 3. EDS Point Analysis Results Obtained from the Unalloyed (0% Cu) Secondary Aluminum Sample (wt.%). 

Analysis Point Mg Al Mn Fe Cu 

1 1.26 83.34 4.37 11.03 - 

2 - - - - - 

3 1.13 97.98 0.68 - 0.21 

 

 The SEM microstructure images at different magnifications, elemental analysis points, and energy-
dispersive X-ray spectroscopy (EDS) results expressed in weight percent (wt.%) obtained from 
these points for the secondary aluminum alloy without copper addition (0% Cu), obtained by 
melting aluminum dross, are presented in Figures 4 and 5 and Table 3, respectively. 

 Microstructural examinations performed using SEM revealed that secondary phases with a light-
colored (bright) contrast were aligned parallel to the solidification and liquid metal flow directions 
and exhibited orientation throughout the matrix within the image-Al solid solution matrix. In the 
high-magnification images (see Figure 4b, c), it becomes evident that these phases have a 
discontinuous, fractured, needle-like, and plate-like morphological structure [14]. 

 The point EDS analyses performed to verify the qualitative and quantitative compositions of the 
phases (see Figure 5 and Table 3) support the microstructural observations. The concentrations of 
11.03% Fe and 4.37% Mn detected in the Point 1 analysis obtained from the light-colored needle-
like precipitate indicate that the Fe and Mn impurities present in the dross-derived secondary 
aluminum melt form Fe-Mn-rich intermetallic precipitates (image or image-image derivatives) in 
the interdendritic regions during solidification [14], [15]. 

 In contrast, the Point 3 analysis obtained from the dark-colored matrix region represents the 
primary image-Al solid solution, with a composition of 97.98 wt.% Al and 1.13 wt.% Mg. The 
presence of Mg in the matrix reflects the traces of secondary aluminum present in the recovered 
dross source [16]. 

 These hard and brittle needle-like Fe-Mn-rich intermetallic phases, which precipitate between 
dendrite arms and become oriented along the flow direction during the solidification of the dross 
melt, increase viscous resistance during liquid metal progression. The distribution of these needle-
like phases observed in the structure constitutes the fundamental microstructural mechanism 
underlying the fluidity limitations and mass per unit length (g/cm) variations exhibited by 
unalloyed dross melts during casting. 



,  

Figure 6. SEM microstructure images of the secondary aluminum sample with 1% Cu addition: a) 1000×, b) 2500×, c) 
5000×, and d) 25000× magnification. 

 

Figure 7. SEM microstructure image and EDS analysis points of the secondary aluminum sample with 1% Cu addition. 

 

 

 

 



Table 4. EDS Point Analysis Results Obtained from the Secondary Aluminum Sample with 1% Cu Addition (wt.%). 

Analysis Point Mg Al Mn Fe Cu 

1 1.28 87.44 2.83 7.94 0.51 

2 1.17 80.70 3.88 14.26 - 

3 1.01 81.80 4.12 13.07 - 

4 1.04 98.06 0.89 - - 

5 0.95 81.36 3.78 13.77 0.16 

 

The SEM microstructure images at different magnifications of the secondary aluminum alloy 
obtained by adding 1% Cu to the aluminum dross melt, the EDS analysis locations on the 
microstructure, and the elemental composition data expressed in weight percent (wt.%) obtained 
from these points are shown in Figures 6 and 7 and Table 4, respectively. 

SEM microstructural examinations (see Figure 6a–d) clearly show that the addition of copper to 
the melt significantly transforms the phase morphology during solidification. In contrast to the 
distribution of oriented needle-like and plate-like precipitates observed in the unalloyed sample 
(0% Cu), it was determined that the secondary phases in the alloy containing 1% Cu branched 
along the grain boundaries and between the primary image-Al dendrite arms, forming eutectic and 
fishbone-like (dendritic/eutectic-like) network structures. In the high-magnification images (see 
Figure 6c, d), this branched morphology is observed to progress as a continuous line, becoming 
confined within narrow interdendritic regions during the final stages of solidification. 

The results of point EDS spectroscopy obtained from critical regions of the microstructure (see 
Figure 7 and Table 4) confirm the elemental characteristics of this solidified network phase 
structure. The analysis obtained from Point 4 represents the primary image-Al solid solution 
matrix, largely free of impurities, with a composition of 98.06 wt.% Al and 1.04 wt.% Mg. In the 
analyses obtained from Points 1, 2, 3, and 5 in different regions of the dendritic network structure, 
high Fe concentrations ranging from 7.94% to 14.26% and Mn concentrations ranging from 2.83% 
to 4.12% were measured. This demonstrates that the presence of copper in the melt affects the 
solidification range and promotes the precipitation of Fe- and Mn-based intermetallic phases in a 
eutectic-like morphology, forming networks along the peripheries of the primary dendrite arms 
[14], [17]. Furthermore, the Cu concentrations of 0.51% and 0.16% detected in the analyses of 
Points 1 and 5, respectively, indicate that a portion of the added copper has begun to incorporate 
into the peripheries of the intermetallic phases, forming complex compounds. 

These dendritic Fe-Mn-rich intermetallic structures, which solidify as a continuous network 
between grain boundaries and dendrite arms, narrow the effective flow channels of the liquid metal 
advancing within the mold cavity and increase hydrodynamic frictional resistance. This eutectic-
dendritic transformation identified in the microstructure constitutes the fundamental 



microstructural mechanism underlying the variations in fluidity distance and fluctuations in mass 
per unit length (g/cm) exhibited by the 1% Cu addition at different casting temperatures. 

 

Figure 8. SEM image of the dendritic intermetallic phase region of the secondary aluminum alloy with 1% Cu addition 
and the corresponding EDS elemental mapping distributions: (a) reference SEM image, (b) Al, (c) Fe, (d) Mn, (e) Cu, and 

(f) Mg elemental maps. 

The EDS elemental mapping analysis results performed to verify the elemental distribution and 
spatial clustering of the eutectic-dendritic secondary phases observed in the alloy with 1% Cu 
addition are presented in Figure 8. Examination of the elemental maps revealed that Fe and Mn 
elements were concentrated with a direct overlap on the light-colored precipitate morphology 
located between the primary image-Al dendrite arms. In contrast, the Al signal was observed to 
decrease in these intermetallic regions, while the Mg element exhibited a homogeneous distribution 
throughout the matrix. The Cu signal, represented by the purple color, was determined to exhibit 
local clustering at the peripheries of Fe-Mn-rich intermetallic phases, in addition to being dissolved 
within the matrix. These findings support the point EDS data and demonstrate that the addition of 



1% Cu interacts with Fe and Mn impurities in the dross melt, forming a continuous intermetallic 
network structure at the grain boundaries [17]. 

 

 

Figure 9. SEM microstructure images of the secondary aluminum sample with 2.5% Cu addition: a) 1000×, b) 2500×, c) 
5000×, and d) 25000× magnification. 

 

Figure 10. SEM microstructure image and EDS analysis points of the secondary aluminum sample with 2.5% Cu addition. 

 

 



Table 5. EDS Point Analysis Results Obtained from the Secondary Aluminum Sample with 2.5% Cu Addition (wt.%). 

Analysis Point Mg Al Mn Fe Cu 

1 1.49 96.11 0.86 0.81 0.72 

2 1.55 84.90 3.69 7.88 1.98 

3 5.86 74.31 0.93 2.57 16.33 

4 4.15 73.67 1.78 4.06 16.35 

5 5.22 76.58 5.02 11.62 1.55 

6 1.00 98.33 0.67 - - 

 

The SEM microstructure images at different magnifications, elemental analysis points, and EDS 
results expressed in weight percent (wt.%) obtained from these points for the secondary aluminum 
alloy obtained by adding 2.5% Cu to the aluminum dross alloy are presented in Figures 9 and 10 
and Table 5, respectively. 

When the SEM microstructure images at different magnifications, elemental analysis points, and 
EDS results expressed in weight percent (wt.%) obtained from these points for the secondary 
aluminum alloy obtained by adding 2.5% Cu to the aluminum dross melt are examined, it is 
observed that the increasing copper content leads to a distinct phase evolution in the structure. In 
the microstructural examinations, unlike the needle-like structures in the unalloyed sample and the 
eutectic-dendritic network structure in the alloy containing 1% Cu, it was determined that the 
phases with bright contrast in the alloy containing 2.5% Cu formed coarser, more continuous, and 
band-like morphologies along the flow and solidification directions. In the high-magnification 
images, these bright phases located between the primary image-Al dendrite arms are observed to 
cluster as coarse precipitates as a result of eutectic reactions during the final stage of solidification. 

Point EDS spectroscopy data obtained from different phase regions of the microstructure 
demonstrate that two main groups of secondary phases coexist in the structure. While the Point 6 
analysis obtained from the dark-colored matrix region represents the primary image-Al solid 
solution free of impurities, with an Al content of 98.33% and an Mg content of 1.00%, high Cu 
concentrations of 16.33% and 16.35% were measured in the analyses obtained from Points 3 and 
4, respectively, where the bright precipitates were prominent. This high copper content clearly 
confirms that the increasing Cu content in the melt leads to the formation of Cu-rich image (image 
eutectic phase), characteristic of cast aluminum alloys, or its complex Fe-Mn derivatives during 
the final moments of solidification [14], [17]. In addition, the analyses of Point 2 (7.88% Fe, 3.69% 
Mn, 1.98% Cu) and Point 5 (11.62% Fe, 5.02% Mn, 1.55% Cu) indicate that Fe and Mn impurities 
originating from the dross interact with Cu, incorporating a certain amount of Cu into Fe-Mn-rich 
complex intermetallic phases [18]. The increased Mg contents (4.15–5.86% Mg) detected at Points 
3, 4, and 5 indicate the presence of complex secondary eutectic compounds composed of Al, Cu, 
Mg, Fe, and Mn elements at the peripheries of the secondary phases after solidification [15]. These 
high-volume-fraction Cu-rich image and complex Fe-Mn intermetallic precipitates, which form at 



grain boundaries and between dendrites, increase the viscosity and hydrodynamic flow resistance 
of the liquid alloy, constituting the fundamental microstructural basis for the variations in fluidity 
distance and mass per unit length (g/cm) values measured depending on the casting temperature. 

 

Figure 11. SEM image of the dendritic intermetallic phase region of the secondary aluminum alloy with 2.5% Cu addition 
and the corresponding EDS elemental mapping distributions: (a) reference SEM image, (b) Al, (c) Fe, (d) Mn, (e) Cu, and 

(f) Mg elemental maps. 

The EDS elemental mapping analysis results performed to detail the microstructural phase 

distribution and elemental clustering behavior of the alloy cast by adding 2.5% Cu to the aluminum 

dross melt are presented in Figure 11. When the elemental distribution of the bright-morphology 

intermetallic phases extending between the eutectic dendrite arms is examined in the reference 

SEM image, it is determined that the Al signal exhibits high intensity in the matrix, while it locally 

decreases in the regions where the intermetallic phase is present. In contrast, the signals belonging 

to the Fe and Mn elements are observed to overlap directly and concentrate precisely on this bright 

intermetallic network, confirming that iron and manganese impurities originating from the dross 

form Fe-Mn-rich complex intermetallic precipitates during solidification [17]. In the copper map, 

where the color is represented by purple, it is clearly observed that, in addition to the partial 

distribution of the Cu signal throughout the solid-solution matrix, a localized, high-intensity bright 

cluster forms in the upper region of the intermetallic phase. This local Cu enrichment demonstrates 

that, with increasing copper content, Cu-rich image (image eutectic phase) or secondary phases 

derived from it nucleate at the boundaries of Fe-Mn intermetallic structures during the final 

moments of solidification [14], [18]. The Mg signal, represented in red, is generally distributed 



uniformly throughout the matrix, while exhibiting a slight local concentration in the region where 

Cu clustering is observed; this is considered to indicate that complex eutectic reactions involving 

Al-Cu-Mg compositions occur at the end of solidification [15]. 

Table 6. HV0.5 microhardness results of secondary aluminum alloys as a function of different copper contents 

Copper Content Microhardness (HV0.5) Standard Deviation (±) 

%0 Cu 69 2,65 

%1 Cu 72,5 3,65 

%2.5 Cu 74,5 3,46 

 

The effects of copper additions at different proportions (0%, 1%, and 2.5%) to the secondary 
aluminum alloy recovered from aluminum dross on the material microhardness (HV0.5) were 
investigated. Microhardness measurements were performed at 3 different points on the material 
surface under a load of 0.5 kgf, and the average HV0.5 measurement results are presented in Table 
6 together with the standard deviation values. According to the HV0.5 measurement results, the 
average microhardness of the copper-free (0% Cu) sample was measured as image HV0.5. 
Subsequently, with the addition of 1% Cu to the alloy, the hardness value increased to image 
HV0.5. In the alloy in which the copper content was increased to 2.5%, the microhardness reached 
its maximum value of image HV0.5 with the increase in the volume fraction of Cu-rich image 
(image eutectic phase) and Fe-Mn-based complex intermetallic precipitates concentrated at the 
grain boundaries after solidification [19], [20]. 

This hardening behavior is directly related to the solid-solution strengthening provided by the 
added copper atoms within the matrix, in addition to the Fe and Mn impurities originating from the 
dross, and the inhibition of dislocation movement by the hard intermetallic phases precipitated at 
the grain boundaries [15], [21]. The needle-like structures in the undoped sample containing 0% 
Cu evolved into a eutectic and network-like morphology in the interdendritic regions with the 
addition of copper. First, the partial dissolution of copper atoms within the image-Al solid-solution 
matrix generated lattice strains, thereby providing solid-solution strengthening. Second, as also 
confirmed by SEM and EDS analyses, the Fe-Mn-rich phases exhibiting needle-like and plate-like 
characteristics in the undoped sample containing 0% Cu evolved into a continuous network and 
band morphology in the interdendritic regions with the addition of copper. At a Cu content of 2.5%, 
the volumetric density of image phases and complex intermetallics increased during the final stage 
of solidification [21]. These hard and brittle precipitates mechanically inhibited the sliding 
movement of dislocations during plastic deformation, significantly increasing the deformation 
resistance and microhardness of the material [19], [21]. 

 

 

 



4. CONCLUSIONS 

The effects of copper additions at different proportions (0%, 1%, and 2.5% Cu) and casting 
temperatures (700, 725, and 750 °C) on the fluidity, microstructure, and hardness properties of a 
secondary aluminum alloy recovered from aluminum dross by pyrometallurgical methods were 
investigated. 

1. Increasing the casting temperature generally increased the fluidity distance by reducing the 
dynamic viscosity of the molten aluminum alloy. The highest fluidity lengths for the copper-free 
(0% Cu) and 1% Cu-containing alloys were measured as 17.6 cm and 17.0 cm, respectively, at 750 
°C. In contrast, in the alloy containing 2.5% Cu, the highest fluidity distance was obtained at 725 
°C (15.7 cm) due to the widening of the solidification temperature range and the increase in viscous 
resistance. 

2. An inversely proportional relationship was identified between the fluidity length and the mass 
per unit length (g/cm). Depending on the high specific gravity of copper and the filling 
characteristics of the mold cross-section, the sample containing 2.5% Cu, which had the shortest 
fluidity distance at 700 °C, exhibited the highest mass per unit length value of 5.52 g/cm. 

3. The needle-like and plate-like Fe-Mn-rich intermetallic phases observed in the undoped 
secondary aluminum alloy evolved into a eutectic-dendritic network morphology in the 
interdendritic regions with the addition of copper. When the copper content in the melt was 
increased to 2.5%, the volumetric density of Cu-rich image (image eutectic phase) and complex 
intermetallic precipitates increased significantly during the final stage of solidification. 

4. In addition to the Fe-Mn impurities originating from the dross, solid-solution strengthening 
within the matrix due to the increased copper content and the inhibition of dislocation movement 
by hard intermetallic phases precipitated at grain boundaries positively affected the microhardness 
values. The average hardness of image HV0.5 in the undoped alloy increased to image HV0.5 with 
the addition of 1% Cu and reached a maximum level of image HV0.5 with the addition of 2.5% 
Cu. 

5. The findings demonstrate that aluminum dross waste, which is of critical importance from both 
environmental and economic perspectives, can be transformed into value-added casting materials 
through appropriate copper alloying and process temperature optimization. 
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