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b Jožef Stefan Institute, Department of Physical and Organic Chemistry, Jamova c. 39, SI-1000 Ljubljana, Slovenia
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A B S T R A C T

This study investigates the formation and mechanism of action of advanced cerium-containing hexamethyldi
siloxane (HMDSO) coatings to improve the corrosion resistance of AlSi10Mg0.3 alloy, fabricated by laser-based 
powder bed fusion (L-PBF). HMDSO coatings were deposited using an aerosol-assisted atmospheric pressure 
plasma deposition (APPD) process to protect the metal surface. This study investigated the effect of different 
cerium concentrations in the aerosol solution on the deposition process.

The coatings were characterised using profilometry to determine coating thickness, while light optical mi
croscopy was used for morphology analyses. Fourier transform infrared spectroscopy and transmission electron 
microscopy provided detailed information about coating formation and microstructure, while corrosion 
behaviour was assessed through potentiodynamic polarisation (PDP) measurements in 0.1 M NaCl solution and 
six-weeks salt-spray tests (ASTM B117–23).

Results showed that aerosol-assisted APPD enables the deposition of approximately 800 nm thick HMDSO 
coatings with incorporated CeO2 nanoparticles. Corrosion measurements revealed reduced corrosion current 
density, indicating improved corrosion resistance. The presence of cerium in the coatings further enhanced this 
resistance, as the formed CeO₂ nanoparticles acted as diffusion barriers against the corrosive medium. Corrosion 
testing confirmed that the coating with 10 wt% cerium in the aerosol solution provided the most durable pro
tection. Cerium-containing HMDSO coatings have demonstrated beneficial corrosion protection for L-PBF- 
fabricated AlSi10Mg0.3 with further possible improvements in studying active protection.

1. Introduction

Aluminium alloys are fundamental to modern engineering, and they 
have found extensive applications in the automotive and aerospace in
dustries due to their exceptional strength-to-weight ratio. This key 
property enhances fuel efficiency and overall performance and reduces 
emissions and costs [1]. Traditionally, aluminium components have 
been produced using conventional manufacturing processes such as 

casting or machining, but these methods often limit design flexibility 
and material efficiency [2]. In contrast, laser-based powder bed fusion 
(L-PBF), an advanced additive manufacturing technique, has emerged as 
a transformative process for aluminium alloys [3,4]. L-PBF allows for the 
precise fabrication of complex and lightweight components, making it 
particularly attractive for aerospace and high-performance applications 
[3,5].

Compared to conventionally manufactured aluminium alloys, L-PBF- 
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fabricated ones offer several advantages [5–7]. These include enhanced 
geometric freedom, reduced material waste, and the ability to tailor 
microstructures to achieve specific mechanical properties [8,9]. One of 
L-PBF’s most commonly used aluminium alloys is the near-eutectic 
AlSi10Mg0.3 alloy, which exhibits favourable melting behaviour due 
to its low melting point and reduced susceptibility to hot cracking [9]. 
Rapid solidification during L-PBF enables the formation of refined mi
crostructures, which contributes to superior mechanical properties, such 
as higher or at least comparable hardness and strength, when compared 
to conventionally manufactured AlSi10Mg0.3 [8–11]. However, despite 
these benefits, L-PBF-fabricated AlSi10Mg0.3 is particularly susceptible 
to corrosion, especially in harsh or chloride-rich environments 
[5,12,13].

A key challenge in utilising L-PBF-fabricated AlSi10Mg0.3 is its 
susceptibility to corrosion, driven by unique microstructural features 
[7,12,13]. The laser melting process creates microstructural heteroge
neities, including melting pools and the formation of a fine eutectic 
microstructure composed of α-Al and Si phases, which serve as prefer
ential sites for localised corrosion [9,13]. Moreover, post-fabrication 
solution heat treatments, necessary to optimise mechanical properties 
[9,13,14], can further exacerbate the alloy’s susceptibility to corrosion 
[14,15]. These challenges are compounded by the growing environ
mental regulations that restrict the use of hazardous substances, such as 
hexavalent chromium (Cr(VI)), a commonly used corrosion inhibitor in 
traditional coating systems [16–18]. Cr(VI) compounds are highly 
effective in providing corrosion resistance but are toxic and carcinogenic 
[19,20], driving the need for safer alternatives [21].

Traditional coating systems, which often rely on additive or spray- 
based methods, are not entirely suitable for L-PBF alloys due to their 
reliance on thicker coatings and lack of compatibility with the micro
structure of L-PBF-fabricated parts. These coatings may fail to 
adequately adhere to the complex surface features of L-PBF components 
or prevent the localised corrosion initiated by microstructural defects. 
As a result, there is an urgent need to develop advanced coating systems 
tailored to the specific requirements of L-PBF aluminium alloys [22].

State-of-the-art approaches to corrosion protection of aluminium 
alloys focus on developing environmentally friendly solutions that 
combine passive and active protection mechanisms [5,22]. Various 
surface treatments and coating methods have been proposed and stud
ied, including plasma electrolytic oxidation, micro-arc oxidation pro
cess, CVD, PVD, and sol-gel coating [23–29]. Among these methods, sol- 
gel coating gained much attention due to its simple fabrication route, 
cost efficiency, and adaptability, while offering good corrosion resis
tance. Zhou et al. [30] demonstrated that benzoxazine-based hybrid sol- 
gel coating (TEOS-PBz), applied by dip-coating, provides improved 
protection against corrosion, if a fully developed cross-linked network 
structure and highly water-repellent polymer matrix is achieved by an 
optimised curing procedure. A study of Li et al. [31] deals with the sol- 
bath-gel approach including dipping of the aluminium alloy into silane 
sol, slowly withdrawing, and drying. Potentiodynamic polarisation and 
electrochemical impedance testing of the prepared hybrid coating 
confirmed its ability to suppress the anodic dissolution, providing long- 
term corrosion protection, which can be greater than that of the chro
mate conversion coating. Furthermore, Jafari-Tarzanagh et al. [32] re
ported enhanced corrosion protection of AA2024 by incorporating 
diclofenac sodium-loaded (DFS) Santa Barbara Amorphous-15 (SBA-15) 
silica into the sol-gel coating. They show that the polarisation resistance 
over 150 days in simulated acid rain significantly increases from 0.006 
to 0.05 MΩ cm2 after incorporating aminated SBA-15 and can be further 
increased to 14.454 MΩ cm2 when encapsulated DFS-loaded SBA-15 was 
added into the coating, demonstrating the active corrosion protection.

Nevertheless, another promising alternative to deposit environ
mentally friendly polysiloxane coatings is atmospheric pressure plasma 
deposition (APPD) [33–35]. Although APPD requires special equipment, 
such as a plasma jet, and demands significant effort for process opti
misation [36], it offers several advantages over other commonly used 

methods. For example, coating deposition using APPD can take place in 
a single-step deposition, without time- and energy-consuming drying, or 
curing processes, as often required in the sol-gel method, to get cross- 
linked and dense coatings. Additionally, critical issues such as the ma
terial waste due to contamination of the liquid sol-gel bath are absent in 
the APPD process. APPD combines the advantage of precisely controlled 
deposition of the desired coating thickness even for complex three- 
dimensional parts, how it is the case for the CVD and PVD process, 
with an order of magnitude larger possible deposition rates (up to 100 
nm/s), which are of the order of magnitude suitable demanded by in
dustrial applications [37]. However, compared to CVD and PVD, APPD 
eliminates the need for a vacuum chamber [38], making it a cost- 
effective and scalable process, with high potential for automation and 
continuous production [39]. In order to provide adequate corrosion 
protection, a well-adhering coating is essential. Using APPD, this can be 
easily achieved with a plasma pretreatment of the samples’ surface using 
argon gas directly before depositing the coating without further 
handling of the sample [40,41].

To realise an environmentally friendly coating using APPD, hexam
ethyldisiloxane (HMDSO) is a commonly used organosilicon precursor 
[42]. The monomer HMDSO has gained significant interest in the APPD 
method due to its flexibility in the backbone’s Si–O–Si bond and the 
water-repellence of its formed polysiloxane coatings.

As already reported in [33,43], plasma-polymerised HMDSO coat
ings demonstrate good corrosion protection on various aluminium al
loys. However, due to porosity inside the coatings’ cross-linked network, 
water permeates through the coating, reducing the corrosion resistance 
over time [44].

To optimise the long-term corrosion protection, cerium-based com
pounds using as corrosion inhibitors, gained attention. The compounds 
have especially garnered attention as corrosion inhibitors due to their 
environmentally benign nature and multifunctional protective proper
ties [45–48]. Cerium incorporated into coatings enhances corrosion 
resistance through two primary mechanisms: (i) passive barrier pro
tection and (ii) active inhibition or self-healing [48–50]. Passive barrier 
coatings form a physical barrier to isolate the substrate from the cor
rosive environment, while active inhibition occurs when cerium ions 
(Ce3+) respond to localised damage [51–55]. The formation of hydrox
ide ions (OH− ) at the damaged sites triggers the precipitation of cerium 
hydroxide (Ce(OH)₃), which subsequently oxidises into cerium oxide 
(CeO₂), effectively sealing the defect [46–48,56].

With APPD, the deposition of doped coatings through an aerosol- 
assisted deposition mode is possible, allowing precise control over the 
coating composition [57,58]. In this deposition mode, salts can be 
introduced into the plasma via water-based solutions, modifying coating 
properties and enhancing the corrosion resistance [9].

This study aims to fill a critical gap in addressing the corrosion 
challenges of L-PBF-fabricated AlSi10Mg0.3 by developing cerium- 
containing HMDSO coatings using aerosol-assisted APPD. Coatings 
produced with HMDSO, as a precursor, along with a cerium-containing 
aerosol were deposited onto aluminium substrates. Coating characteri
sation was conducted using profilometry, light optical and transmission 
electron microscopy, and Fourier transform infrared spectroscopy. 
Corrosion resistance, in particular the passive barrier protection, was 
evaluated in 0.1 M NaCl solution by using potendiodynamic polarisation 
measurements and salt-spray chamber tests, to gain an in-depth 
knowledge of these coatings. The findings reveal their potential as 
innovative, environmentally friendly, and effective passive corrosion 
protection solutions, with the potential to transform automotive and 
aerospace applications.

2. Materials and methods

2.1. Chemicals and material

L-PBF-fabricated AlSi10Mg0.3 alloy plates with dimensions of 100 ×
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70 × 3 mm3 produced by f3Nice, Piantedo, Italy, were used as sub
strates. For coating deposition, the precursor HMDSO ≥98 % and cerium 
(III) nitrate hexahydrate (Ce(NO3)3 × 6 H2O, 99 % trace metals basis), 
both from Merck Chemicals and Life Science GesmbH, Vienna, Austria, 
were used. The corrosive medium, 0.1 M NaCl solution, was prepared 
with NaCl (purity >99.5 %, AppliChem, Germany) and Milli-Q Direct 
water with a resistivity of 18.2 M cm2 at 25 ◦C (Millipore, Billerica, MA).

Silicon (Si) wafer pieces (p-type, boron-doped, Active Business 
Company GmbH, Germany) were placed on the platform next to the 
AlSi10Mg0.3 substrates for additional coating characterisation. A small 
heat-resistant polyimide (Kapton®) tape was used to fix the Si wafer 
pieces beneath the moveable plasma source, and it also served as a mask 
for further coating thickness measurements.

2.2. Sample preparation

2.2.1. Grinding and cleaning
The mechanical grinding of the sample surface was performed using 

the Struers Tegramin 30 machine. First, a MD Molto plate was used for 
grinding (contact pressure: 300 N, rotation speed: 40 rpm, time: 1 min). 
The second step involved using a SiC paper with a grit P1200, applying a 
contact pressure of 300 N, a rotation speed of 40 rpm, and a duration of 
1 min. All grinding steps were performed in the presence of water. Af
terwards, all AlSi10Mg0.3 substrates were ultrasonically cleaned in 
ethanol for 5 min. Samples were dried in the air for at least 30 min.

2.2.2. Coatings deposition
An aerosol-assisted APPD setup was used to deposit the coatings 

(Fig. 1 and Figure S1). The hot gas plasma source (Type: IC3, INOCON 
Technologie GmbH, Austria) was operated with argon as a plasma gas 
with a flow rate of 10 L/min. The ground AlSi10Mg0.3 substrates were 

Fig. 1. (a) Schematic representation of the aerosol-assisted atmospheric pressure plasma deposition (APPD) setup. HMDSO was used as a precursor for the coating 
process. It was combined with an aerosol generated from a cerium nitrate hexahydrate solution (Ce(NO₃)₃ x 6 H2O dissolved in H2O) in the plasma. The plasma source 
directs the reactive plasma onto the substrate for coating deposition to produce a few hundred nm thick coating. (b) Schematic representation of the coating structure 
formed by polymerisation of HMDSO without and (c) with addition of an aerosol in the plasma process. In this study, various solutions for aerosolisation were used, 
containing different concentrations of cerium (x = 5, 10, 15, and 20 wt%).
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fixed on the platform with double-sided tape for the deposition. Next to 
the substrates the Si wafer pieces were placed. Before the coating pro
cess, all substrates were plasma pre-treated (100 A, 100 mm/s, 2 runs) to 
remove organic contaminants from the samples’ surface.

As a precursor, evaporated HMDSO with a 50 mL/min flow rate was 
used (dosing system Sura Instruments STS 10.2, Germany). The HMDSO 
vapour was introduced via external feeds into the plasma (Fig. 1a). 
Compressed air was used as a carrier gas for the precursor (6 bar).

Cerium nitrate hexahydrate, (Ce(NO3)3 × 6 H2O), was dissolved in 
distilled water by stirring for 5 min. For this study, solutions with 
varying cerium concentration from 5 up to 20 weight percentage (wt%) 
were prepared (Table 1). For coating deposition, the solution with the 
specific concentration was filled into an aerosol generator vessel 
(ATM211, Topas GmbH, Germany). Compressed air, at an inlet pressure 
of 6 bar, was used as the carrier gas for the aerosol. Its pressure was 
manually set to 0.75 bar using a pressure regulator on the aerosol 
generator, corresponding to an air flow rate of 14 L/min. The aerosol 
generator utilises a two-substance nozzle with a nozzle diameter of 1.1 
mm to aerosolise the cerium-containing solution. This aerosol was 
simultaneously introduced into the plasma at a flow rate of 0.0167 mL/ 
min (≙ 0.0033 g/min of cerium for the 20 wt% aerosol) via internal 
feeds, along with HMDSO vapour introduced via external feeds (Fig. 1a). 
This results in an HMDSO-to-aerosol ratio of 2989:1 in the plasma.

The plasma was operated with a discharge current of 120 A. To 
achieve a homogeneous coating, the path of the plasma jet was a 
meander with a speed of 100 mm/s 50 mm above the substrate. After 
each complete pass, the meander was offset ±5 mm, resulting in mul
tiple coating layers.

2.2.3. Coating variations
Coatings were produced on the L-PBF-AlSi10Mg0.3 substrate with 

the same (three) number of layers. In Table 1, the different variations of 
the produced samples are listed. Besides the uncoated reference, coat
ings were deposited with HMDSO and cerium-containing aerosols with 
concentrations ranging from 0, corresponding to no aerosol usage, up to 
20 wt% in the aerosol. The sample abbreviation consists of the first letter 
of the precursor (H), coating (C) and amount of cerium in the aerosol (x 
= 5, 10, 15, 20 wt% Ce).

2.3. Coating characterisation and corrosion testing

2.3.1. Analysis of coating thickness and optical appearance
Coating characterisation included thickness measurements and light 

optical microscope analyses. Thickness measurements were carried out 
with a tactile profilometer (Veeco Dektak 150) on the simultaneously 
coated Si wafer pieces (30 × 30 mm2), which were masked during the 

coating process. Light optical microscope analyses were performed on 
simultaneously coated Si wafer pieces to investigate the appearance of 
the coatings. Since a significant portion of the provided cerium is ex
pected to undergo oxidation during the APPD process, as supported by 
literature [59,60], and cerium is incorporated in the HMDSO coating not 
only in the metallic state, the wt% of cerium differs from the cerium 
concentration of the solution used for aerosolisation. Therefore, to es
timate the approximate concentration of cerium incorporated as cerium 
oxide in the coating, the standard test method for determining volume 
fraction by systematic manual point count, described in ASTM E562–02 
[61], were applied on images (1138 pixel × 1138 pixel, 37.8 pixel/cm) 
of samples taken with a 100 x magnification. A point distance of 1 mm 
was chosen for the grid of points on the image, resulting in a total of 
1681 points (PT). Points that fall within the particles were manually 
counted and the volume fraction was estimated with Eq. (1): 

VCeO2 = Pp =
Pi

PT
×100 (1) 

The concentration of cerium in wt% was obtained through the mass 
quantities and the ratio of MCe/MCeO2 , using the mass of CeO2 particles (ρ 
= 7.22 g/cm3) and the mass of the SiOxCHx matrix (ρ = 1.43 g/cm3 

[62,63]). The procedure was repeated on five different images of the 
sample to obtain statistical values.

2.3.2. Fourier transform infrared spectroscopy
Fourier transform infrared spectroscopy (FTIR) was employed to 

characterise the coating formation. Measurements were performed with 
a Shimadzu IRSpirit spectrophotometer in damped total internal 
reflection mode between 400 cm− 1 and 4000 cm− 1. The spectra were 
analysed using Shimadzu LabSolutions IR software, with baseline 
correction and smoothing applied before display.

2.3.3. Transmission electron microscopy
Detailed microstructural characterisation of selected coatings 

deposited on AlSi10Mg0.3 substrates was conducted using transmission 
electron microscopy (TEM). Analyses were performed in bright-field 
mode (TEM BF), scanning transmission mode (STEM), and high- 
resolution mode (HRTEM). Phase identification was carried out via 
selected area electron diffraction (SAED) and HRTEM imaging, while the 
qualitative chemical composition was analysed using energy-dispersive 
X-ray spectroscopy (EDXS).

A high-resolution TEM (ThermoFisher THEMIS) equipped with a 
field emission gun (FEG) and operating at an accelerating voltage of 200 
kV was employed. Thin foils were prepared using the focused ion beam 
(FIB) technique to ensure electron transparency. This exploration was 
performed with a DualBeam SCIOS II scanning microscope (Thermo
Fisher), combining an electron beam for imaging and an ion beam for 
precise foil cutting. The system also included an automated preparation 
feature with AutoTEM4 software.

2.3.4. Potentiodynamic polarisation measurements
Potentiodynamic polarisation (PDP) measurements were performed 

in freshly prepared 0.1 M NaCl solution used as a corrosive media. 
Measurements were conducted at room temperature in a press-fit 
corrosion cell (250 mL volume) using a standard cell with three- 
electrode setup (K0235 Flat Cell Kit, Ametek, Figure S3). The working 
electrode was an AlSi10Mg0.3 substrate with an exposed surface area of 
1.0 cm2. A carbon rod was used as the counter electrode, while a satu
rated Ag/AgCl electrode (E = 0.197 V vs. the standard hydrogen elec
trode) was the reference electrode. Measurements were carried out 
using an Autolab PGSTAT 204 M potentiostat/galvanostat (Metrohm 
Autolab, Utrecht, Netherlands) controlled by Nova 2.1 software.

Before measurements, the samples could stabilize for 1 h under open 
circuit conditions. The stabilized quasi-steady-state potential at the end 
of this period was defined as the open-circuit potential (Eoc). PDP 
measurements were then conducted at a potential scan rate of 1 mV/s, 

Table 1 
Sample abbreviations for various samples investigated within this study: Un
coated samples (UNC), with HMDSO coated samples but without adding a 
cerium-containing aerosol in the deposition process (HC), and with adding 
cerium-containing aerosols using different cerium concentrations; for 5 wt% 
HC5Ce, for 10 wt% HC10Ce, for 15 wt% HC15Ce, for 20 wt% HC20Ce.

Abbreviation Coating deposition components Flow rates of components

Components Ce-concentration 
of aerosol [wt%]

HMDSO 
flow rate 
[mL/min]

Aerosol 
flow rate 
[mL/min]

UNC – – – –
HC HMDSO – 50 –
HC5Ce HMDSO +

aerosol
5 50 0.0167

HC10Ce HMDSO +
aerosol

10 50 0.0167

HC15Ce HMDSO +
aerosol

15 50 0.0167

HC20Ce HMDSO +
aerosol

20 50 0.0167
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starting at − 250 mV relative to Eoc. The potential increased anodically 
up to 1 V vs. Ag/AgCl. Each measurement was repeated thrice, and a 
representative dataset was selected.

Electrochemical corrosion parameters, including the corrosion cur
rent density (jcorr) and corrosion potential (Ecorr), were determined from 
the polarisation curves using Tafel extrapolation. The coating break
down potential (Ebd) was identified as the potential within the passive 
region where the current density increased sharply. ΔE was calculated as 
the absolute value of the difference between Ebd and Ecorr (ΔE = ∣Ebd −

Ecorr∣).

2.3.5. Salt-spray chamber testing
In addition, accelerated corrosion tests were conducted on ground 

and coated AlSi10Mg0.3 samples. The edges and backside of the samples 
were masked with adhesive power tape, exposing a surface area of 100 
× 70 mm2 to the salt-spray environment. The tests were carried out in an 
HKT 750 BASIC-LINE salt-spray chamber (KÖHLER, 0.750 m3 capacity) 
following the ASTM B117–23 standard.

The NaCl solution (50 ± 1 g/L) was prepared with an initial pH of 
6.0–6.5 at room temperature and adjusted to a range of 6.5–7.2 at 35 ◦C. 
The pH was regulated using 0.1 M NaOH or HCl solutions. The spraying 
system included a clean air supply with controlled pressure and hu
midity, a reservoir for the salt solution, and a single nozzle sprayer. The 
chamber temperature was maintained at 35 ± 1 ◦C, and the spray rate 
was set to approximately 1 mL/h, verified using standardised collection 
devices (glass funnels and graduated cylinders).

The test duration was up to 6 weeks (~1000 h). After the test, 
samples were thoroughly rinsed with tap and distilled water to remove 
salt deposits and loose corrosion products. Photos of the samples were 
taken before the test, after 3 weeks and 6 weeks to facilitate qualitative 
analyses.

2.3.6. Analysis of corrosion attack
Quantitative photo analyses of the corrosion attacks were performed 

using ImageJ software. Representative image sections were selected and 
converted to 8-bit images. Individually defined thresholds were applied 
to distinguish corroded areas from protected regions using specific grey 
value ranges. These thresholded images were then used to calculate the 
percentage of the area affected by corrosion. The results were validated 
using a Python code (Figure S2). Each analysis was repeated three times 
per sample, and an average corrosion attack percentage was determined. 
Secondary electron (SE) micrographs of samples were taken before and 
after the salt-spray chamber test with a TESCAN VEGA3 microscope 
equipped with a heated tungsten filament and a 20 kV high-voltage 
supply. Additionally, chemical analyses using EDXS were performed 
with an Oxford detector at 20 kV over an area of 4.5 × 3.0 mm2, in the 
same location as the before acquired SE micrographs. Surface element 
distributions, including aluminium, oxygen, carbon, silicon, sodium, 
chloride, and cerium, were normalised to 100 at.%.

3. Results and discussion

3.1. Thickness measurements

The thickness of HMDSO coatings on plasma-pretreated Si wafers 
increased by adding cerium nitrate, as illustrated in Fig. 2. The undoped 
HMDSO coating (HC) exhibited a thickness of 798 ± 29 nm, while 
adding cerium to higher concentrations increased the thickness, reach
ing a maximum of 938 ± 52 nm (HC20Ce). This trend is attributed to the 
influence of the cerium-containing aerosol introduced into the plasma. 
The aerosol introduces additional oxygen from the carrier gas into the 
plasma, enhancing coating formation and resulting in thicker coatings 
[64]. Additionally, it is suggested that the catalytic effect of cerium on 
the coating formation process [65] plays a significant role. The 
increased presence of cerium ions from the aerosol further influences the 
coating growth, resulting in thicker films. These observations highlight 

the critical role of the cerium nitrate solution in tuning the properties of 
HMDSO coatings for improved performance.

The variations in coating thickness between the samples are rela
tively narrow and fall within the typical range of thin-film coatings 
commonly used for applications requiring precision and nanoscale 
uniformity. Therefore, the coatings remain categorised as thin films 
despite the increased thickness observed with higher cerium concen
trations. This classification differentiates them from other protective 
coatings, such as paints or barrier coatings, which generally have 
thicknesses ranging from 10 μm to several hundred micrometres 
[66–68].

3.2. Light optical microscope analysis

In Fig. 3, light optical microscope images compare the appearance of 
HMDSO coatings when the coating is deposited with or without the 
simultaneous introduction of the cerium-containing aerosol. Fig. 3a 
shows a micrograph of coating HC exhibiting an almost uniform 
appearance. However, a few small, round dark spots are observed within 
the coating, which could be pinholes or other imperfections resulting 
from the plasma process conducted in an ambient atmosphere. Unlike 
the coating HC, coatings produced with cerium-containing aerosol 
appear more heterogeneous, suggesting that particle agglomerates, with 
sizes in the micro- and nanometre range, are distributed throughout the 
coating. For example, coating HC10Ce and HC20Ce are shown in Fig. 3b 
and c.

Additionally, increasing the cerium concentration in the aerosol in
creases the concentration of the particle agglomerations in the HMDSO 
coating, as visible in Fig. 3c for coating HC20Ce. Using the standard test 
method for determining volume fraction by systematic manual point 
count, (ASTM E562–02 [61]), microstructural analyses of light optical 
microscope images result in a particle volume fraction VCeO2 of 1.42 ±
0.17 %, 2.28 ± 0.44 %, 3.45 ± 0.34 %, and 5.51 ± 0.82 % in HC5Ce, 
HC10Ce, HC15Ce, and HC20Ce, respectively. This investigation sug
gests that the agglomerates originate from the aerosol and cause varia
tions in the coatings. It is proposed that particle agglomerations are most 
likely cerium-containing (cerium oxide, CeO2) ones, which was 
confirmed by detailed TEM analyses (Section 3.5). It has to be consid
ered that, the cerium is oxidised in the APPD process and incorporated 
into the HMDSO matrix, which consequently changes the concentration 
of cerium present in the coating compared to the concentration of the 

Fig. 2. Coating thickness without cerium HC, and with different cerium con
centrations for 5 wt% (HC5Ce), for 10 wt% (HC10Ce), for 15 wt% (HC15Ce), 
for 20 wt% (HC20Ce).
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prepared solution used for aerosolisation.
Thus, the concentration of cerium in the coating was calculated to 

further estimate the content present in the coatings (Fig. 6d). It is 
important to note that both results, consequently the volume fraction 
and the concentration, obtained from light optical microscope analyses 
tend to be overestimated. This overestimation occurs because both 
particles on the surface and embedded within the coating are included in 
the calculation, as they are visible through the transparent HMDSO 
coatings. However, the test method is intended for analysing a two- 
dimensional cross-section of the sample. Furthermore, images taken 
with the microscope may contain artefacts that are mistakenly inter
preted as particles, although they are not actually ones and the manually 
counting is prone to subjective errors.

3.3. FTIR spectroscopy of coatings

Fourier transform infrared (FTIR) spectroscopy is a valuable 
analytical tool for verifying a coating formation and allows the deriva
tion of a possible coating structure based on the position and shape of 
the absorption peaks. Therefore, spectroscopy of the uncoated 
AlSi10Mg0.3 substrate, the HMDSO precursor and the different coatings 
were analysed. Since the main observable differences of the absorption 
peaks are observed in the range of 1500–500 cm− 1, the zoomed spectra 
are displayed in the insert of Fig. 4 (see Table 2).

According to Möller et al. [69] the prominent absorption peaks of the 
HMDSO precursor can be found at: 754 and 846 cm− 1 (Si(CH3)x 
stretching mode), 1060 cm− 1 (-Si-O-Si- stretching mode), 1260 cm− 1 (Si 
(CH3)3 rocking), 1420–1450 cm− 1 (-CH3 bending mode), and 2850 and 
2950 cm− 1(-CH3 stretching). Most modes were also detected in the 
coatings spectra; however, the peaks changed, indicating different 
chemical structures of the formed HMDSO coating. The spectra show a 
broad and strong peak between 1000 and 1200 cm− 1, with a maximum 
close to 1055 cm− 1, originating from the -Si-O-Si- stretching mode. The 
appearance of this absorption peak is mainly influenced by the present 

Si–O bond angle, the chain length, and the number of oxygen sub
stituents on the silicon atoms [33]. Grill et al. [70] describe that peak 
maxima at 1135 cm− 1, 1063 cm− 1 and 1023 cm− 1 refer to a “cage”, 
“network”, and “silicon suboxide” coating structure, respectively. 
Therefore, the analyses indicate formation of a siloxane “network” 
during the plasma processing, which also includes “cage”-like structured 
regions within its structure [71,72]. As the degree of cross-linking 
within the Si-O-Si structure network correlates with the resulting 
coating density [73], it is assumed from the analyses that a highly cross- 
linked and dense HMDSO coating was formed. Nevertheless, as with 
“cage”-like regions in the network, a reduced density is also expected.

The peak observed at 900 cm− 1, corresponding to Si-OH symmetric 
bending, suggests the presence of silanol groups [71], indicating regions 
of a lower degree of cross-linking as well. Besides, alteration of the ab
sorption peaks, originating from various vibrational modes of the Si 
(CH3)x structure, reflects a transition from a methyl-dominated silicon 
environment in the precursor to a siloxane network-dominated envi
ronment in the coating [74].

Furthermore, from the spectra, it is observed that the addition of 
cerium-containing aerosol generates modifications of the peaks, espe
cially in the Si-O-Si peak. For HC20Ce and HC5C, there is a slight shift of 
the Si-O-Si absorption peaks to higher wavenumbers and a broadening 
of the peak, implying an increased amount of “cage”-like regions in the 
coating. This effect can also be observed for HC15Ce, although not that 
strongly. For HC10Ce, a minimal peak shift to lower wave numbers is 
detected, indicating a more dense “network” structure with fewer 
“cage”-like regions. Additionally, a relatively low absorbance of the 
symmetric bending of Si-OH groups is observed in its spectrum, sug
gesting a more densely packed siloxane network.

Although the spectra reveal the chemical structure of the coatings, 
they do not provide detailed insights into cerium-containing particle 
agglomerations incorporated in the coating. This limitation arises due to 
overlapping absorption peaks of Si–O bending vibrations between 400 
and 550 cm− 1 [75] and the characteristic stretching vibration of cerium 

Fig. 3. Light optical microscope images of (a) HC, (b) HC10Ce, (c) HC20Ce, deposited on Si wafers, and (d) calculated concentration (wt%) of cerium in the coating.
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oxide (Ce–O) at 450 cm− 1 [76].

3.4. Corrosion testing using potentiodynamic polarisation measurements

Potentiodynamic polarisation (PDP) measurements were performed 
to evaluate the corrosion protection properties of the coating. PDP 
curves of uncoated AlSi10Mg0.3 (UNC) and coated samples with HC, 
HC5Ce, HC10Ce, HC15Ce and HC20Ce are shown in Fig. 5, while the 
determined electrochemical corrosion parameters from the Tafel ex
trapolations are given in Fig. 6 (Table S1).

The barrier protection of the coatings can be observed as the corro
sion current density (jcorr) of the uncoated sample (6,0 × 10− 7 Acm− 2) is 
reduced by the application of the coatings. In addition to coating 
thickness and composition, the cerium concentration affects the coating 
performance. Adding a cerium-containing aerosol during APPD, signif
icantly reduces the corrosion current density of the sample, enhancing 
the corrosion resistance of AlSi10Mg0.3. While the sample coated with 
HC shows a corrosion current density of 4.8 × 10− 8 Acm− 2, the coatings 
produced with the addition of cerium-containing aerosols show one of 

5.6 × 10− 9, 3.8 × 10− 9, 2.7 × 10− 9, 2.9 × 10− 9 Acm− 2 for HC5Ce, 
HC10Ce, HC15Ce and HC20Ce, respectively (Fig. 6a, Table S1).

Further electrochemical corrosion parameters (Ebd, Ecorr, and ΔE =
∣Ebd − Ecorr∣) plotted against cerium concentration are summarised in 
Fig. 6b-d, Table S1. While the uncoated sample (UNC) shows the lowest 
breakdown potential (Ebd = − 0.57 V) based on the poor breakdown 
corrosion resistance of AlSi10Mg0.3, coating HC shows the highest (Ebd 
= − 0.20 V), Fig. 6b. Coatings produced with intermediate cerium con
centrations in the aerosol (HC10Ce, HC15Ce) show a gradual increase in 
Ebd, reflecting an enhancement in their corrosion resistance. But HC20Ce 
(with great amount of cerium oxide particles) exhibits a more negative 
Ebd (− 0.83) V, suggesting the lowest resistance to local coating break
down among all coatings.

A decrease in Ecorr is observed for all coated samples (Fig. 6c, 
Table S1).This shift towards more negative potentials is attributed to the 
barrier effect of the coating and increased oxidation reactions facilitated 
by cerium. Although cerium is mainly present as CeO2 in the coating, 
environmental conditions and chemical interactions such as localised 
acidic conditions, can facilitate a release of Ce3+ ions [77,78]. The ions 

Fig. 4. FTIR spectra of the HMDSO precursor, uncoated AlSi10Mg0.3 (UNC), and AlSi10Mg0.3 coated with HC, HC5Ce, HC10Ce, HC15Ce and HC20Ce. Insert image 
presents the characteristic bands zoomed from the spectra.
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are soluble and can migrate through the coating, re-oxidise at different 
locations, and contribute to a passivation by forming Ce-hydroxide, 
which subsequently oxidises further to Ce-oxide [46–50]. With higher 
cerium concentrations, oxidation reactions occur more frequently dur
ing electrochemical testing, shifting Ecorr into a more negative (non- 
noble) region [45,46,48]. These oxidation reactions (Ce-hydroxide → 
Ce-oxide) seal defect sites in the coating and extend the passive region in 
the anodic branches (for HC5–HC15).

However, the enhancement in corrosion resistance provided by the 
coatings is evident in Fig. 6d, which shows ΔE for the individual sam
ples. A larger ΔE indicates improved barrier protection, which is critical 
for long-term corrosion resistance. The data reveal that both the HMDSO 
coating (HC) and coatings produced with the addition of cerium- 
containing aerosol during APPD (HCxCe) positively influence ΔE, 
thereby significantly enhancing the corrosion resistance of 
AlSi10Mg0.3.

The best barrier protection was observed in HC (ΔE = 0.51 V), while 
the optimal cerium concentration of the aerosol lies in the range of 10 to 
15 wt% (ΔE = 0.46, and 0.47 V). A further increase in cerium concen
tration (HC20Ce) reduces the barrier protection, likely due to structural 
changes within the coating resulting from excessive cerium content. This 
aligns with previous findings that excessive cerium loading can nega
tively affect coating integrity by introducing porosity or internal stress, 
as reported in the literature [51,53].

3.5. Coating analysis using TEM

Detailed microstructure analyses using the TEM technique in BF 
mode were performed on thin foils of selected HMDSO coatings, HC and 
HC10Ce (Fig. 7) to investigate the role of particle agglomerates observed 
in a light optical microscope, which were held to be responsible for the 
different corrosion properties of the coatings. Observation of the coat
ings in cross-section allowed us to estimate their thickness (~800 nm), 
which correlates well to thickness measurements carried out on Si wafer 
pieces. Furthermore, good adhesion of the coating on the ground 
AlSi10Mg0.3 substrate can be detected, which results from the plasma 
pretreatment. In Fig. 7a, coating HC is shown. It appears homogeneous 
over the entire coating thickness. Comparing HC with HC10Ce (Fig. 7b), 
particles in the size of a few tens of nanometres were incorporated in the 
coating. These nanoparticles are well connected to the HMDSO matrix, 
showing no pores around the particles.

Furthermore, a relatively uniform particle distribution was observed, 
consistent with the appearance of the coating already seen under the 
light optical microscope. An EDXS analysis was carried out to qualita
tively analyse the chemical composition of both, the coating and the 
nanoparticles (Fig. 8a). This result reveals the presence of cerium- 
containing nanoparticles. Line spectra analysis shows that nano
particles are instead containing oxide and are not pure cerium (Fig. 8b 
and c). This confirms that cerium-containing aerosols varies the coatings 
composition, as already suggested from light optical microscope 
analyses.

Additionally, the HMDSO matrix and the nanoparticles were inves
tigated in terms of their microstructure. The selected area electron 
diffraction pattern shows an amorphous matrix formed by the Si-O-Si 

Table 2 
Assignment of the FTIR absorption peaks.

Assignments Peaks 
(cm− 1)

References

Precursor
-CH₃ Stretching 2850, 2950 [69]
-CH₃ Bending Mode 1420–1450 [69]
Si(CH₃)₃ Rocking 1260 [69]
-Si-O-Si-O-Si- Stretching Mode 1060 [69]
Si(CH₃)x Stretching Mode 754, 846 [69]

HMDSO coatings
Si(CH₃)₃ Rocking 1280 [69]
“Network” Structure (-Si-O-Si- Stretching) 1055 [70]
Si-OH Symmetric Bending (Silanol-groups) 900 [71]
Si(CH₃)x Stretching Mode 840, 800 [74]
Si-O Bending 400–550 [75]
Ce–O Stretching 450 [76]

Classification of siloxane coatings by Grill et al.
“Cage” Structure (-Si-O-Si- Stretching) 1135 [70]
“Network” Structure (-Si-O-Si- Stretching) 1063 [70]
“Silicon Suboxide” Structure (-Si-O-Si- Stretching) 1023 [70]

Fig. 5. Potentiodynamic polarisation (PDP) curves of uncoated AlSi10Mg0.3 (UNC) and AlSi10Mg0.3 coated with HC, HC5Ce, HC10Ce, HC15Ce and HC20Ce.
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network, as indicated by FTIR measurements, and polycrystalline 
nanoparticles. HRTEM analyses and Inverse Fast Fourier transformation 
(IFFT) confirmed the presence of a hexagonal cerium dioxide (CeO2) 
phase within the particles present (Fig. 9). The crystal formation can be 

explained by the oxidation of cerium ions, according to reactions (1–3) 
[79], which take place during the APPD process. 

Ce3+ − e− →Ce4+ (1) 

Fig. 6. (a) Corrosion current density jcorr (b) coating breakdown potential Ebd (c) corrosion potential Ecorr and (d) ΔE = ∣Ebd − Ecorr∣ plotted against cerium con
centration evaluated by potentiodynamic polarisation measurements presented in Fig. 5.

Fig. 7. TEM BF image of (a) HC and (b) HC10Ce deposited on AlSi10Mg0.3.
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Ce4+ +4OH− →Ce(OH)4 (2) 

Ce(OH)4→CeO2 +2 H2O (3) 

These investigations validate the structural differences in the coat
ings. Polycrystalline nanoparticles are more densely packed than the 
amorphous HMDSO matrix, contributing to an overall increase in 
coating density. Additionally, as already observed in light optical mi
croscope analyses, increasing the cerium concentration leads to a higher 
occurrence of particle agglomerates in the coating, further enhancing its 
overall density.

The images of the sample HC10Ce were used to further quantify the 
atomic concentration of cerium in the coating. For this, the same test 

method as applied on the light optical microscope images was carried 
out. However, the grid of points were configured to the scale of the 
images (308 points). The evaluated average volume fraction VCeO2 of 
particles results in 1.31 ± 0.54 % and a concentration of cerium was 
calculated to be 5.47 ± 0.67 wt%, which is slightly lower than the 
estimated concentration from the light optical microscope image (8.55 

± 1.51 wt% for HC10Ce).

3.6. Corrosion testing in salt-spray chamber

Mechanically ground AlSi10Mg0.3 samples coated with HMDSO and 
cerium-containing aerosol (HC and HCxCe) were exposed to salt-spray 
to investigate the coatings’ long-term corrosion performance. The 

Fig. 8. (a) EDS mapping of HC20Ce deposited on AlSi10Mg0.3, (b) EDS mapping of the cerium-containing particle incorporated in the coating and (c) EDS line 
profile performed at the particle.
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samples were compared to an uncoated reference sample (UNC). 
Fig. 11a depicts the samples directly before the salt-spray chamber test. 
Figure S3 (Supplementary Material) illustrates their condition after 3 
weeks of testing, and Fig. 10b shows the samples after 6 weeks. The 
protective effect of the coatings is evident already after 3 weeks. While 
the uncoated sample exhibited a fully corroded surface, all the coated 
samples retained their metallic sheen. This trend continued to the end of 
the test at 6 weeks, where coated samples showed only localised spots of 
corrosion. Thus, it confirms the effective corrosion resistance provided 
by the various types of the relatively thin HMDSO coatings. As indicated 
by the results of the PDP measurements, the salt-spray chamber test 
further confirms the enhanced protective effect of cerium. Samples 
coated with cerium-containing HMDSO coatings performed better, 
exhibiting even less localised corrosion compared to the sample coated 
with undoped HMDSO (Fig. 10b and c). The results of the quantitative 
photo analysis, shown in Fig. 11, indicate that a cerium concentration of 
5 wt% or, preferably, 10 wt% in the aerosol is required to fully utilise the 
corrosion protection effect of cerium-containing HMDSO coatings.

To investigate the corrosion protection of cerium-containing HMDSO 
coatings in more detail, SE micrographs and EDXS of the uncoated and 
coated AlSi10Mg0.3 were taken before and after the salt-spray chamber 
test. Fig. 12a-c representatively show SE micrographs of UNC, HC, and 
HC10Ce before testing, associated surface element distribution 
measured by EDXS are depicted in the circle charts below (Fig. 12d-f). 
Further micrographs and results of the EDXS can be found in the sup
plementary material (Figures S6 and S7, Tables S1and S2). The HMDSO 
layer cannot be identified from the SE micrographs alone. However, 
when comparing the element distributions of the uncoated to the coated 

samples, the presence of the deposited HMDSO coating becomes evident 
due to the increased silicon and oxygen concentrations and the simul
taneous decrease in aluminium content. Despite cerium is present in 
detectable amounts using light optical microscope and TEM analyses, 
cerium was not measured in EDXS, likely due to the signal dominance of 
aluminium, oxygen, carbon and silicon, as predominant elements as well 
as the low magnification, which further reduces the sensitivity to its 
detection. The microscopic investigations of the samples after the salt- 
spray chamber test confirmed the values obtained from PDP measure
ments as well as the qualitative and quantitative results of the salt-spray 
chamber test (Fig. 13). The corrosion attack of the entire uncoated 
AlSi10Mg0.3 surface is visible, as the ground surface is not flat anymore 
and is covered with corrosion products. In Fig. 13b and c, the protective 
characteristics of the HMDSO coatings are visible, as the surface of the 
samples is significantly less corroded compared to the uncoated sample. 
The coatings effectively reduce the exposure of the underlying metal to 
the corrosive media preserving the ground appearance, demonstrating 
effective protection against corrosion, which can also be determined 
from the EDXS. Whereas, the uncoated sample experienced a significant 
depletion of aluminium and the oxygen concentration highly increased, 
the element distributions of the coated samples insignificantly changed. 
The effect of incorporated cerium is apparent when comparing the mi
crographs from coating HC to HC10Ce. While localised corrosion and 
formation of corrosion products can be detected on sample coated with 
HC, the sample coated with HC10Ce demonstrates an almost fully pro
tected surface, with the cerium incorporation further enhancing the 
coating’s protective performance. The minor shift in the oxygen con
centration in the EDXS of HC can likely be attributed to the corrosion of 

Fig. 9. TEM analysis of a cross-section of HC10Ce deposited on AlSi10Mg0.3 performed by (a) SAEDP, (b) diffraction pattern of the coating and the cerium- 
containing particle and (c) HRTEM and Inverse Fast Fourier transformation (IFFT) image of the particle.
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the AlSi10Mg0.3 substrate with Al2O3 and Al(OH)3 as the typical 
corrosion products of the alloy.

3.7. Protection mechanism and its limitations

Based on the described results, a schematic corrosion protection 
model was developed for L-PBF-fabricated AlSi10Mg0.3, as shown in 
Fig. 14.

Coating characterisations showed that the APPD of HMDSO, along 
with the aerosol, enables the production of coatings a few hundred 
nanometres thick. While the coating formed from HMDSO alone appears 
dense and uniform, consisting of an amorphous siloxane network, the 
addition of a cerium-containing aerosol results in a heterogeneous 
coating, where the siloxane network serves as a matrix for CeO2 nano
particles formed during the plasma process. Besides this, a good adhe
sion of the HMDSO coatings to the metal surface was achieved. Results 
of PDP measurements demonstrate that the undoped HMDSO coating 
(HC) notably protects the metal surface from corrosion. However, salt- 
spray chamber tests have also revealed that the long-term protection 
performance of the coating is limited. One reason for that can be the 
“cage”-like structured regions with a less densely packed siloxane 
network within the coating, enabling electrolyte (corrosion medium, 
NaCl(aq)) to gradually penetrate the coating and potentially reducing the 
corrosion resistance over time.

Additionally, it is assumed from light optical microscope analysis 
that imperfections, such as small pinholes, are present in the coating. 
These defects decrease the coating’s corrosion resistance by also 

Fig. 10. The surface appearance of mechanically ground AlSi10Mg0.3, including the uncoated sample and coated samples, (a) before the salt-spray test and (b) after 
6 weeks of testing. (c) Results of the photo analysis of Fig. 10b using ImageJ.

Fig. 11. Quantitative results of the corrosion attack after 6 weeks of salt-spray 
testing obtained from photos depicted in Fig. 10c using ImageJ.
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Fig. 12. SE micrographs taken before salt-spray chamber test of (a) uncoated sample (UNC), (b) sample coated with HC, and (c) sample coated with HC10Ce. The 
associated surface element distribution measured by EDXS are depicted below the respective micrograph in the circle charts in (d-f).

Fig. 13. SE micrographs taken after salt-spray chamber test of (a) uncoated sample (UNC), (b) sample coated with HC, and (c) sample coated with HC10Ce. The 
associated surface element distribution measured by EDXS are depicted below the respective micrograph in the circle charts in (d-f).
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facilitating the electrolyte’s penetration. As a result, Cl− ions are present 
at the interface, promoting localised corrosion and degradation of the 
AlSi10Mg0.3 substrate (Fig. 14b).

Thus, an important improvement in the corrosion resistance of the 
coating found in this study is the incorporation of CeO2 nanoparticles 
into the HMDSO coating by utilising a cerium-containing aerosol during 
APPD. Light optical microscope and TEM analysis showed the presence 
of these particles, which were identified as CeO2 nanoparticles. These 
polycrystalline nanoparticles are effectively integrated into the HMDSO 
coating. As observed from corrosion tests, this results in enhanced 
corrosion resistance of the HMDSO coatings. The improved protection 
can be explained by increased coating density due to CeO2 particles. 
They act as barriers and hinder the diffusion of Cl− ions to the substrate 
(Fig. 14c). This result shows the beneficial influence of adding cerium- 
containing aerosol in the APPD process. However, due to the aerosol 
addition and modifications of the APPD process with overlapping effects 
of interacting reactions [80], a possible promotion to the formation of 
regions with a “cage “-like structure was found in FTIR spectra of 
coatings produced with low and high cerium concentrations (HC5Ce and 
HC20Ce, respectively). These findings mainly affected the corrosion 
resistance of HC5Ce, as revealed in corrosion tests. Coatings produced 
with cerium concentration higher than 10 wt% in the aerosol exploit the 
incorporation of CeO2 nanoparticles as dense filling and showed 
improved corrosion resistance compared to the other coatings studied 
here. At this point, it should be noted that further enhancement of the 
protection performance is challenging to achieve in the used process 
configuration. On the one hand, it was observed in FTIR spectroscopy 
that higher cerium concentrations lead to a less cross-linked and more 
porous siloxane network. However, 20 wt% of cerium is close to the 
saturation limit of the solution used for the aerosol generation. There
fore, a high viscosity of the solution was observed, which hindered 
consistent aerosol generation during the deposition process.

Since only a small amount of CeO2 particle agglomerates was 
detected in the coatings (an area fraction of max. 5 % in HC20Ce), it is 
hypothesized that a part of the introduced cerium remained as Ce3+ and 
Ce4+ ions introduced in the coatings and can act there as active corro
sion inhibitors. However, the main aim of this study was to analyse the 
barrier protection of the coatings. The tests did not focus on whether 
cerium ions were present in the coatings, and active protection was not 
studied in detail. These effects can be analysed in the next step to 
improve the corrosion protection of cerium-containing HMDSO coatings 
further.

4. Conclusions

This study investigated the formation of cerium-containing HMDSO 
coating with an aerosol-assisted atmosphere pressure plasma deposition 
(APPD) and its corrosion protection performance on L-PBF-fabricated 

AlSi10Mg0.3 substrates. The key findings can be summarised as follows: 

• Undoped and cerium-doped HMDSO coatings were efficiently 
deposited on AlSi10Mg0.3 substrates, with an approximate thickness 
of 800 nm.

• Samples with low and high cerium concentrations exhibit “cage-like” 
structured regions in the coating, characterised by FTIR spectros
copy. These regions can be related to a less cross-linked siloxane 
network and consequently a minimally reduced protection.

• TEM analysis confirmed that the presence of CeO₂ nanoparticles 
contributed to changes in the coating structure.

• Potentiodynamic polarisation measurements confirmed that the 
undoped HMDSO coating reduced corrosion current density 
compared to the uncoated AlSi10Mg0.3 alloy, indicating barrier 
corrosion protection. The addition of cerium, with an optimal con
centration of 10 wt% in the aerosol solution, showed lower corrosion 
current density than the coating without cerium, indicating optimal 
barrier protection.

• Incorporated CeO2 nanoparticles mitigate the limitations caused by 
structural defects of the HMDSO coating and prevent penetration of 
the chloride ions from the corrosive environment.

• Moreover, the salt-spray test, according to ASTM B117–23, 
confirmed the durability of corrosion protection for up to 6 weeks. 
The most protected was alloy coated with HC10Ce.

This study showed that cerium-containing HMDSO coating serves as 
a good alternative for corrosion protection, providing passive barrier 
protection for L-PBF-fabricated AlSi10Mg0.3 alloy. Future work should 
focus on the detailed investigation of cerium within the coating and the 
possibility of active corrosion protection with cerium to optimise the 
protective performance of cerium-containing HMDSO coatings pro
cessed by aerosol-assisted APPD.
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