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Abstract: This study investigates the impact of the surface characteristics and the inner close-to-
surface characteristics of die-cast Al-Si-Cu alloy on the anodizing process under steady-state voltage
and current modes. Samples of industrial-pressure die-cast aluminium-silicon alloy AlSi12Cul(Fe)
underwent anodization in as-die-cast surface conditions and after surface-grinding operations with
material removal of 0.1, 0.5, and 1 mm. After surface grinding operations, the anodic layer thickness
was significantly greater when subjected to a steady-state voltage of 35 V compared to that formed
under a steady-state voltage of 20 V, showing an increase in the range of 2 to 2.5 times more than
the thickness at 20 V. Additionally, anodizing under steady-state current mode (1.6 A-dm~2) yielded
thicker layers compared to steady-state voltage mode (35 V, 1.6 A-dm~2 max) across all surface
states (as-cast, ground). SEM-EDS analysis with element mapping revealed the subsequent effects of
element distribution on anodic layer growth and structure. Grinding prior to anodization resulted in
larger cavity sizes and lengths, attributed to microstructural variations induced by grinding. Grinding
also exposed areas with slower solidification rates, fostering a homogeneous Al phase that facilitated
enhanced oxide growth. Moreover, the formation of oxide was directly correlated with the presence
of alloying elements, particularly silicon particles, which influenced the presence of the unanodized
aluminium regions.

Keywords: die-cast Al-5i-Cu alloy; anodizing; anodic layer; microstructure; surface characteristics

1. Introduction

Die casting is a flexible method used to create complex metal components. This
method involves feeding the liquefied metal into durable steel molds, referred to as dies,
under considerable pressure. The designed dies can have intricate forms while maintaining
precise and consistent results. This process yields finely structured parts with relatively
smooth surfaces, even in exterior areas, making them suitable for applying appealing and
functional coatings afterward [1].

During anodizing, the primary elementary component that dissolves during such an
electrochemical surface treatment is the base metal, i.e., the aluminium; in principle, all
aluminium alloys can be surface-oxidized by this process. However, practical knowledge
suggests that the anodization process of the substrate is affected by the presence of certain
alloying elements, and the level of difficulty rises when the alloy contains high amounts of
them. Taking this into account, it is intriguing to observe that cast alloys are considerably
more difficult to anodize than wrought alloy of good quality [2,3].

Nevertheless, the cast-type Al-Si alloys, due to their favorable characteristics such as
excellent castability, low shrinkage, and high specific strength [4,5], are still widely utilized
in the production of mechanical components, which occasionally have anodized surface
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finish as well. In recent times, certain eutectic or near-eutectic Al-Si alloys like AlSi12
and AlSi10Mg have emerged as highly promising materials for additive manufacturing
of Al alloy products [6,7]. However, the relatively low hardness and inadequate corrosion
and abrasion resistance properties impose significant limitations on the durability of such
Al-Si alloy products [8,9]. Consequently, various surface technologies, including anodiz-
ing [10], laser remelting [11], plasma electrolytic oxidation (PEO) [12], and cathode plasma
electrolytic deposition [13], have been employed to address these concerns.

The oxide film produced by anodizing is composed of two distinct layers: a thin,
nonporous dielectric base layer in direct contact with the underlying metal, known as the
barrier layer, and a porous surface layer situated above it [14-17]. The barrier layer plays
a crucial role in enhancing the overall anticorrosion properties, while the outer porous
structure renders the film susceptible to corrosion in aggressive environments due to
its high absorbency. To mitigate this vulnerability, anodized films commonly receive an
additional physical or chemical sealing treatment, effectively reducing the porosity and
adsorption capacity of the oxide layer [18].

Cast Al-Si alloys exhibit a bimodal microstructure, characterized by x-Al dendrites
and a eutectic alpha-Al + Si aggregate [19,20]. Among the various Al-Si foundry alloys,
the anodizing response of hypoeutectic alloys (Si content < 12.6 wt%) has been extensively
studied. The microstructure of these alloys comprises an «—Al primary phase and a
eutectic mixture of silicon and aluminium. Depending on the chemical composition of
the alloy and cooling rate during solidification, intermetallic compounds may also be
present in the interdendritic regions and along the grain boundaries. In Al-Si alloys,
the growth of the anodic layer is primarily impeded by the presence of Si particles and
intermetallic compounds rich in Cu, Mg, and Fe. These elements not only diminish
the surface mechanical properties of the oxide layer but also lead to the formation of
aesthetic defects on the anodized surface of the castings [21,22]. The chemical composition
and microstructure of the substrate have a significant impact on the growth and final
characteristics of the oxide layer during anodization [23]. The anodizing process of cast
Al alloys results in oxidized surfaces with a lower quality due to high amounts of Si and
other elements, especially those of Fe and Cu [24]. The presence of alloying elements
in solid solution typically does not have a significant effect on the anodizing response
of Al alloys. However, the formation of precipitates or intermetallic particles within
the a—Al matrix or along grain boundaries can compromise the integrity of the oxide
layer [25]. These compounds often have different oxidation rates compared to pure Al
due to their positions in the so-called electrochemical series or standard redox potentials
of elements [26]. Intermetallic phases with more positive redox standard potentials (i.e.,
being more noble) than the «a—Al matrix exhibit slower oxidation rates and remain there
as unanodized particles at the end of the anodizing process. Conversely, intermetallic
compounds with higher oxidation energies are completely dissolved during anodization,
resulting in the formation of excess porosities within the oxide layer [2].

Oxide layer growth during anodizing is significantly affected by the chemical com-
position of the electrolyte. When the products of the anodic reaction are insoluble in the
electrolyte, a strongly adherent barrier-type film is formed. As a result, at relatively high
voltage levels, a thin and dielectric compact film is produced when using neutral pH salt
solutions like borate or tartrate electrolytes [27]. On the other hand, when working with
acidic electrolytes such as sulfuric, phosphoric, chromic, and oxalic acids, a porous oxide
layer is formed on top of the barrier layer. The solubility of the reaction products in these
acidic electrolytes leads to the creation of a more porous outer structure in the oxide layer
during anodizing [27]. This difference in the characteristics of the oxide layer formed under
different electrolyte conditions has important implications for the surface properties and
applications of anodized Al-Si alloys [26].

The development of the oxide layer is also associated with the casting technique em-
ployed. Labisz et al. conducted a study [28] comparing the anodizing process of Al-Si-based
alloys manufactured through pressure die casting and sand casting. The results revealed
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that the anodized layer is thicker in the case of sand-cast materials compared to those
produced by pressure die casting. In a separate investigation by Ridder et al. [29], anodized
Al surfaces from four different fabrication methods (namely, extruding, permanent mold
casting, sand casting, and high-pressure die casting (HPDC)) were examined. The study
indicated that the uniformity of the oxide layer on an extruded sample could be attributed
to the low Si content of the alloy as well as the fabrication method. Conversely, materials
produced by casting processes displayed non-uniform-thickness oxide layers on the surface,
with the HPDC sample exhibiting the lowest mean value and the greatest scattering due to
the high cooling rate associated with the HPDC process.

The present study investigates the chemical element distribution in the anodic layer
when the anodizing process is accomplished in as-die-cast condition and after surface-
grinding operations. All the laboratory experiments were carried out under the same
treatment sequence and utilizing identical anodizing parameters. We aimed to gain a
deeper understanding of how the alloy’s microstructure influences the properties of the
anodic layer formed during the anodizing process.

2. Materials and Methods
2.1. Materials

A set of AlSi12Cul(Fe) die-cast alloy samples (Al 84.4; Si 12.6; Fe 1.07; Mg 1.05; Cu 0.85,
all in wt.% analyzed by EDS) were subjected to testing. The tested samples were cut from
the original cast product as small specimens with a total surface area of 20 cm?. The samples
possessed flat surfaces that underwent polishing to remove varying amounts of material
(0.1, 0.5, and 1 mm). The grinding technique involved monitoring the thickness using a
caliper measuring tool both before and during the grinding process to attain the desired
final sample thickness. The wet grinding process was carried out using SiC abrasive paper
in order to keep the surface roughness close to the as-cast surface roughness Ra = 0.72 pm
and Rz = 4.7 pm. The samples were affixed to a holder positioned between two cathodes,
situated at a distance of 7 cm. The sample numbers employed in the experiments are
detailed in Table 1.

To achieve the requisite current density in the anodizing process, numerous attempts
were undertaken. Ultimately, two voltage values were applied: 20 V and 35 V. The voltage
increased gradually to attain the desired voltage in steady-state voltage (55V) mode. Subse-
quently, by transitioning to steady-state current (55C) mode, the minimum current density
achieved in the steady-state voltage mode (35 V) was maintained.

Table 1. Description of the anodizing process parameters for tested samples.

- Theoretical
Anodizing Anodizing Current Apparent
Sample  Surface Condition St Duration . )
ate (min) Density(,,x  Charge (A-s)
(A-dm—2)

VC1 As-Cast SSV (35 V) 60 1.6 48
VM11 ground (—0.1mm) SSV (35V) 60 23 56
VM12 ground (—0.5mm) SSV (35V) 60 24 58
VM13 ground (—1 mm) SSV (35 V) 60 2.8 74

vC2 As-Cast SSV (20 V) 60 0.7 28
VM21 ground (—0.1 mm) SSV (20 V) 60 0.7 32
VM22 ground (—0.5mm) SSV (20V) 60 0.7 32
VM23 ground (—1 mm) SSV (20 V) 60 0.9 37

CC1 As-Cast SSC 60 1.6 90

M1 ground (—0.1 mm) SSC 60 1.6 90

CM2 ground (—0.5 mm) SSC 60 1.6 90

CM3 ground (—1 mm) SSC 60 1.6 90
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2.2. Anodizing Process

The anodizing process consists of three steps: pretreatment, anodizing (oxide layer
growth), and post-treatment. In this research, we excluded the post-treatment step in order
to reveal the effect of anodizing parameters on the anodic layer thickness and structure.

The first stage in the pretreatment step is the degreasing process. Degreasing is a vital
preprocessing step aimed at achieving optimal wetting characteristics, thereby promoting
uniformity in subsequent processing steps on the substrate surface [30], because the as-cast
alloys of this type often have grease and oils on their surfaces. In our experiments, the
degreasing solution used contained phosphates, borates, and potassium hydroxide and
were moderately alkaline and free of silicon compounds. The samples were immersed in
this degreasing solution using an ultrasonic cleaning device for 10 min at 65 °C. After de-
greasing, the samples were rinsed in distilled water. The last stage in the pretreatment was
pickling, when the samples were immersed in the pickling solution containing 181.4 g-L~!
sulfuric acid, 8.1 g-L~! Al, and 7 g-L~! hydrogen peroxide for 15 s. After pretreatment,
the samples were fixed to the anode, which was made from titanium, and placed in the
desired position using an anode holder. The cathode as well was made from titanium and
connected to the negative pole of the power supply unit. The purpose of using titanium is
due to its strong stability in the electrolyte medium which contains sulfuric acid and oxalic
acid. The pump and refrigerator were used to adjust the electrolyte temperature to the
desired temperature for the anodizing process; this step is the first step before starting the
anodizing process, and this step was accomplished by using a thermometer and recording
the electrolyte temperature inside the container, which was made of double-wall glass.

Anodic layers were fabricated in the electrolyte medium containing 181.1 g-L~! sulfu-
ric acid, 10.6 g-L~! Al, and 7.1 g-L~! oxalic acid as well. The current was provided by a DC
power supply unit (QPX600 Dual 600Watt). The electrolyte was in continuous agitation and
maintained at a temperature of 18 °C.

2.3. Examination Methods Analytical Techniques

The microstructure and the anodic layer thickness were examined using scanning
electron microscopy (Thermo Fischer Helios G4 PFIB SEM, Thermo Fischer, Waltham,
MA, USA), and the chemical composition of the sample cross section was identified using
energy-dispersive X-ray spectroscopy (EDS).

3. Results and Discussion
3.1. Voltage-Current Density Behavior

By tracking changes in current density in SSV and SSC modes, one could anticipate
the behavior of anodic layer growth. In the SSV mode, after reaching the desired steady
voltage in both cases (20 and 35 V), the current density began to decrease incrementally, as
shown in Figure 1. This decrease was more pronounced at 35 V than at 20 V. The reduction
in current density over the 60 min anodizing process indicates a change in resistance,
signifying a shift in the anodic layer thickness. Regarding SSC, Figure 2 depicts that after
reaching the desired current of 1.6 A-dm~2, the voltage continued to increase throughout
the anodizing duration. As the anodic layer constitutes an insulating oxide, the rise in
voltage corresponds to an increase in the anodic layer thickness.
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Figure 1. Voltage—current density profile of a die-cast samples (as-cast) as a function of anodization
time at steady-state voltage of (a) 35 V and (b) 20 V, respectively.
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Figure 2. Voltage—current density profile of a die-cast sample (as-cast) as a function of anodization
time at a steady-state current of 1.6 A-dm~2.

3.2. The Anodic Layer Thicknesses

The scanning electron microscopy (SEM) technique was utilized for the measurement
of the anodic layer thickness. Many measurements of the anodic layer thickness were
conducted at various points. This was undertaken due to the heterogeneous microstructure
of the alloy and the potential defects present in the casting alloy, as illustrated in Figure 3.

For the as-cast surface, by applying a SSV of 35V, it is associated with a maximum
current density of 1.6 A-dm~2, which is higher than that corresponding to 20 V. In this
scenario, the total anodic layer developed after 60 min in the SSV was greater at 35 V com-
pared to the 20 V, as illustrated in Figure 4. This difference in thickness may be associated
with the enhancement of other properties, such as corrosion and wear resistance. Notably,
this difference represents a change in the thickness of approximately 12%. This alteration in
thickness holds significance in the context of cast Al-Si alloy, given the challenges associated
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with anodizing this type of alloy and the presence of the silicon and others element such as
copper and iron.

Figure 3. SEM micrographs of the cross section depicting some defects at the surface region and the
heterogeneous microstructure.

60

30 OAs-Cast (20 V)
O As-Cast (35 V)
O As-Cast (1.6 A/dm~2)
ssc EY 0-0.1 mm (20V)
0-0.1 mm (35 V)
0-0.1 mm (1.6 A/dmA2)

40

30

Anodic layer thickness (um)
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Figure 4. Variation in oxide layer thickness in the different experimental configurations.

The anodizing power mode also plays a crucial role in determining the anodizing
thickness, as demonstrated in Figure 4. The mode transition to SSC, while maintaining
the current density 1.6 A-dm~2, results in a higher anodic layer thickness compared to
the anodic layer thickness produced in SSV for the as-cast surface, as depicted in Figure 4.
Specifically, the anodic layer thickness increases by 2.8 times compared to SSV (20 V)
and 2.5 times compared to SSV (35 V). The total charge received during the anodizing
process for these three samples appears in Table 1; as the anodizing process depends on
the current density and the anodizing duration, we can expect the higher anodic layer
thickness produced in the sample CC1 in SSC mode. As observed in Figure 3, the surface
layer may contain defects associated with the casting process and chemical composition. In
the case of the Al-Si cast alloy, the cooling rate significantly influences the microstructure of
the surface region, which has a higher cooling rate than the bulk material. To investigate
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the impact of the skin layer on the behavior and growth of the anodic layer, some samples
underwent grinding to remove varying material depths (0.1, 0.5, and 1 mm). Subsequently,
an SSV (20 and 35 V) was applied in the anodizing process, and some samples underwent
SSC (1.6 A-dm~2). Figure 4 illustrates the anodic layer thickness across all scenarios.

For both applied voltages (20 V and 35 V), the anodic layer thickness increased with
greater material removal through grinding. Notably, the anodic layer thickness generated
at 35 V was significantly higher than that produced at 20 V, showing an increase in the range
of 2 to 2.5 times compared to the thickness achieved at 20 V. The data in Table 1 clearly show
a link between the total applied charge (apparent charge) to the samples and the thickness
of the anodic layer. In both SSV conditions, a consistent rise in charge was observed
when material was incrementally removed from the surface. This divergence stems from
disparities in surface roughness and the composition of the alloy. These differences in
surface characteristics contribute significantly to the observed variations in the charge
accumulation during the process, underscoring the impact of surface condition on the
overall electrochemical behavior. Different surface states could need different amounts
of activation energy or starting charge to start the anodizing process; this is especially
noticeable when comparing polished and as-cast surfaces.

3.3. The Anodic Layer Composition

The alloy shown in Figure 5 has a heterogeneous microstructure consisting of inter-
metallic, eutectic, and aluminium compounds. These microstructural differences cause
the anodic layer growth rate to change. Furthermore, Figure 5 illustrates the variations in
structural phase sizes in comparison to the bulk material. Thus, the removal of the surface
region that has a finer structure is responsible for the observed rise in the anodic thickness.
This phenomenon arises from rapid solidification compared to the bulk alloy.

Moldjmaterial v
I S 5

Figure 5. SEM-EDS map micrographs of the cross section of the as-cast anodized sample under SSV
mode using 20 V; the anodic layer thickness is 3 um.

As shown in Figure 6, the examination of the element distribution in the cross sections
of the base alloy and the anodic layer reveals a number of significant features. The elements’
random distribution is seen in Figure 6a. It should be mentioned that the brilliant-white
regions that appear in Figure 6 are due to overelectrical surface charging.

The silicon and aluminium distributions are shown in Figure 6b,c, respectively. It is
evident from these figures that there are homogeneous aluminium regions connected to
cavities, especially where the boundaries meet silicon particles. There is a relationship
between the size of these cavities and the nearby silicon particles or clusters. Figure 6c
shows that unanodized aluminium regions are found within the anodic layer according
to the SEM-EDS investigation. This is a complicated process that has to do with how
oxide grows toward the bulk alloy. The formation of oxide is directly correlated with the
presence of alloying elements, specifically silicon particles, whose size and distribution
affect the areas of aluminium that are not anodized, and the unanodized aluminium areas
surrounded by silicon particles are seen in Figure 6c¢.
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Regions containing Iron

Figure 6. EDS for sample VM12: (a) EDS map micrographs of the cross section; (b) silicon distribution;
(c) aluminium distribution; (d) oxygen distribution; (e) sulfur distribution; (f) carbon distribution;

(g) iron distribution; (h) copper distribution.

Figure 6d shows that oxygen is evident in the anodic layer as a result of the production
of aluminium oxide. In the electrolyte solution, sulfuric acid dissociates to sulfate ions
and hydrogen ions. Sulfur ions are incorporated into the anodic layer during anodization,
allowing for its detection as seen in Figure 6e. Furthermore, it appears that sulfur’s
distribution is similar to that of oxygen. Carbon can also be found in the anodic layer due
to using an electrolyte that contains oxalic acid. The distribution of carbon is shown in
Figure 6f. It is primarily found in the black areas of the anodic layer that correspond to the
cavities. The distributions of iron and copper are shown in Figure 6g,h, respectively.

Further element distribution study (EDS) was carried out on many anodized samples
to investigate the element distribution within the anodic layer. The darker area of sample
VM22, as shown in Figure 7, has a higher carbon peak/concentration. Although minor
amounts of carbon were detected throughout the cross section, this was most likely a result
of sample preparation before the SEM-EDS test. The preparation process involved polishing
and embedding in a resin mold as evidenced by a gradual increase along the EDS analysis
line, reaching its peak in the black region before returning to normal concentration levels.
The silicon content varies along the EDS analysis line and peaks below the black area that
represents the anodic layer’s vacancies. The variation in silicon concentration continues,
depending on the distribution of silicon within the anodic layer and the bulk alloy.

Mold Material
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-
-
°
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-

<1 Bck
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Wik

S K
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Figure 7. Cont.
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Figure 7. Element profile plot of the alloying elements for sample VM22.

The identical composition of the anodic layer can be identified by tracing the EDS
analysis line for sample CM2, which underwent anodization under SSC mode following
the removal of 0.5 mm of material from its surface through grinding. In Figure 8, a homo-
geneous region with a lower concentration of silicon is evident before point 1. Similarly,
the composition between points 2 and 3 exhibits similarities. However, nonhomogeneity is
observed between points 1 and 2, where the silicon content increases, mirroring the trend
between points 2 and 3. The area delineated by points 5 and 6, resembling a polygon,
signifies the presence of Fe-rich intermetallic compounds.

Mold Material
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S K
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B cuk

Anodic Layer

110
100

ZafAt

20-

"O‘\'v.». R
0-

R
= “W/J\M

Distance (um)

b2

Figure 8. Element profile plot of the alloying elements for sample CM2.

3.4. The Anodic Layer Structures

The anodization process of cast aluminium alloys leads to the formation of oxidized
surfaces characterized by lower quality, primarily due to elevated levels of silicon (Si)
and other elements like iron (Fe) and copper (Cu) [31]. The presence of surface defects;
intermetallic, eutectic segregation; and surface liquid segregation (SLS), which are typical
in die castings, induces alterations in the growth, composition, and microstructure of the
porous anodic film [16].
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Various as-cast substrates can influence the anodization process. Eutectic Si and
intermetallic compounds, such as Mg,S5i, 3-AlsFeSi, a—Al(Fe, Mn, Cr)Si, and Al,Cu phases,
prove detrimental to the anodization process [14,16,32,33]. These secondary phases cause
localized changes in the composition and morphology of the interface between the bulk
material and the oxide, influencing the thickness of the oxide layer [30]. Moreover, certain
phases may reduce the hardness and thickness of the anodic film while increasing its
porosity [14,32].

The region of the surface affected by Si segregation typically has a thickness of up to
approximately 1 mm and exhibits a higher concentration of Al-5Si eutectic compared to the
center of the casting. Additionally, die castings, though generally near-net shape compo-
nents, often undergo surface mechanical finishing such as grinding, vibratory treatment, or
blasting. Surface machining serves to eliminate surface segregation and many intermetallic
particles formed in close proximity to the casting surface [21].

It is evident that the surface defects and heterogeneities mentioned previously are
primarily present in areas where the casting surface has not undergone mechanical ma-
chining. Depending on the power mode being utilized, the removal of different materials
from the surface modifies the structural characteristics and causes a shift in the thickness
of the anodic layer. During the anodization process of Al-Si alloy, the presence of eutectic
silicon (Si) particles can trigger the development of various defects within the anodic layer.
These include the following:

1.  Formation of oxygen gas-filled voids: When the oxide front interacts with the silicon
phase, it leads to the generation of both SiO, and gaseous oxygen due to the semicon-
ductor properties of the Si—O bond. Consequently, oxygen gas-filled voids emerge in
the aluminium substrate in proximity to the Si particles [31,34].

2. Creation of unanodized zones: Unanodized zones form when the oxide front fails to
entirely encircle the Si phase, possibly due to its shape or reduced spacing between
particles. Consequently, the eutectic silicon phase acts as a barrier shielding the
adjacent Al matrix, preventing it from being reached by the oxide front and thus
remaining unanodized. The residual metallic Al phase is predominantly detected
beneath or amid coarse and interconnected Si eutectic particles [31].

3. Influence on film cracking and intrinsic stress: Silicon particles can hinder the volu-
metric expansion of the oxidizing matrix, leading to localized intrinsic stress and the
formation of cracks within the film [31,35].

In the case of SSV mode using 35 V, the as-cast surface, owing to its finer structure,
reveals smaller converted aluminium regions, whereas the removal of 0.5 mm of material
exposes larger converted Al phase regions accompanied by cavity formation, as shown
in Figure 9. These cavities, linked to the presence of eutectic silicon particles, manifest as
larger in Figure 9b compared to Figure 9a because they relate to the eutectic silicon particles,
which are much finer in the as-cast surface. Concurrently, cracks emerge in the converted

Al phase.
Converted Al
phase regions

™
o ;

‘ %
g ~
§ \
DES

P

Anodic Layer

1‘: r/ Lt

Anodic Layer

Converted
Eutectic region

s L R e N 4 A
7 gipt —5pm—|

Figure 9. The anodized layer structure obtained under a steady-state voltage of 35 V. (a) The as-die-
cast surface, sample VC1. (b) The ground surface, removing 0.5 mm of material, sample VM12.
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Similar structural patterns emerge after removing 1 mm of material before anodizing,
as seen in Figure 10. The anodic layer’s structure reflects the original material’s configura-
tion, showcasing uniformly converted Al phases and cavities attributed to silicon particles.
This consistent behavior persists even at an SSV of 20V, as depicted in Figure 11; a clear
structural contrast is evident between the silicon-containing converted region and the
converted aluminium phase, where the oxide front advances toward the bulk alloy with
more depth compared to the region containing higher silicon eutectic particles.

—

. Silicon particles

Anodic Layer

Converted Al
phase "

5 um—|
> ;

Figure 10. The anodized layer structure obtained under a steady-state voltage of 35 V after removing

1 mm of material, sample VM13.
content region

s Dlnoiily/ : <o
- e

’;ﬁ’ | converted Al Converted Al ¢ 4
Y i phase regions phase regions . o8

e

Figure 11. The anodized layer structure obtained under a steady-state voltage of 20 V. (a) The
as-die-cast surface, sample VC2. (b) The ground surface, removing 1 mm of material, sample VM23.

The structure of anodized samples in SSC mode exhibits the same characteristics.
The anodic layer structure resulting from the as-cast surface and after removing 0.5 mm
and 1 mm of material, respectively, is shown in Figure 12. Along with homogeneous
sections—the converted aluminium—the structure also has inhomogeneous regions and
black regions with varying lengths and widths.
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Figure 12. The anodized layer structure obtained under a steady-state current of 1.6A-dm~2 for
(a) the as-cast surface, sample CC1; (b) the ground surface, removing 0.5 mm of material, sample
CM2; (c) the ground surface, removing Imm of material, sample CM3.

4. Conclusions

In this study of die-cast AlSi12Cul(Fe) alloy, the anodic layer thickness increased
following material removal by grinding before the anodizing process. The amount of
material removed, up to one millimeter, is directly correlated with the anodic layer thickness
increase. The thickness of the anodic layer produced following the grinding of surfaces was
notably higher when anodized under SSV at 35 V than that anodized under SSV at 20V,
showing an increase in the range of 2 to 2.5 times more than the thickness of the anodic layer
obtained under SSV at 20 V. Furthermore, the anodizing under steady-state current mode
(1.6 A-dm~2) resulted in a thicker anodic layer than the anodic layer thickness obtained
under steady-state voltage mode (35 V, 1.6 A-dm~2 max) in all initial surface states (as-cast,
ground). These findings were substantiated by recording the total apparent charge in both
scenarios, showcasing a direct proportionality between the anodic layer thickness and the
total apparent charge.

Furthermore, the alterations observed in the anodic layer thickness after surface grind-
ing can be attributed to shifts in the alloy composition. The skin layer exhibits a finer
structure, and as the oxide layer progresses deeper into the alloy, notable alterations occur
in both the composition and the reactive phase. Grinding the skin layer and accessing
areas characterized by a slower solidification rate leads to the presence of a large, homo-
geneous Al phase. This Al phase, in turn, supports an increased rate of oxide growth.
Surface-grinding operations before the anodizing process result in larger cavity sizes. This
phenomenon is directly linked to variations in the microstructure composition and the size
of the forming phases.
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