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Abstract. The present study investigates the effect of aluminum coating thickness on the key performance
characteristics of reflectors, with particular emphasis on optical efficiency, resistance to atmospheric exposure,
and operational durability. Aluminum coatings were deposited using a vacuum deposition technique,
producing reflective layers with varying thicknesses. A comparative analysis of the samples was carried out to
evaluate changes in reflectance, surface uniformity, and corrosion resistance as a function of coating thickness.
The results demonstrate that insufficient aluminum layer thickness leads to reduced reflectance and lower
environmental stability due to incomplete surface coverage, whereas excessively thick coatings may cause the
development of internal stresses and a deterioration of adhesion properties. An optimal range of aluminum
coating thickness was identified, providing a balanced combination of high reflectance, enhanced resistance
to atmospheric degradation, and long-term durability under different operating conditions. The findings of this
study offer practical guidance for optimizing aluminum coating parameters in the design and manufacturing
of optical, lighting, and heat-reflective systems.

Keywords: aluminum coating, reflector, reflectance, corrosion resistance, layer thickness, vacuum
deposition.

Introduction. Reflectors are widely employed Excessively thin layers may exhibit poor resistance
across various fields of engineering-from lighting to mechanical and chemical impacts, whereas an
devices and solar collectors to antennas and excessive increase in thickness can degrade optical
scientific measuring systems. One of the key properties due to internal scattering and defect
parameters determining reflector efficiency is its formation. The present study examines the
reflectance, which is directly dependent on the influence of aluminum coating thickness on the
coating material and the deposition technique. performance characteristics of reflectors, including
Aluminum is the most commonly used material for reflectance, corrosion resistance, and mechanical
reflective coatings, owing to its high reflectance strength.
over a broad range of wavelengths. The determination of aluminum coating

Aluminum reflective coatings on automotive thickness on automotive headlight reflectors
reflector surfaces are typically deposited via thermal requires the application of both non-destructive and,
evaporation under high-vacuum conditions, a where necessary, destructive analytical techniques.
process that enables precise control over film Among the non-destructive methods, eddy-current
thickness and ensures high purity and uniformity of and inductive thickness gauges are frequently
the resulting layer (Figure 1). employed due to their ability to provide rapid, point-

However, both the reflectance of the aluminum specific measurements without impairing the
layer and its resistance to external influences are integrity of the substrate.

strongly influenced by coating thickness.
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Figure 1. Vacuum installation for obtaining aluminum coatingé

Optical techniques, including reflectometry
and interferometry, may also be applied to achieve
high-resolution  surface characterization. For
applications where enhanced precision or in-depth
material characterization is required, destructive or
semi-destructive methods such as cross-sectional
microscopy, scanning electron microscopy (SEM),
or X-ray fluorescence (XRF) analysis are utilized.
The choice of method is typically guided by several
factors, including the required accuracy of
measurement, the acceptable degree of reflector
alteration, and the physical and chemical properties
of the deposited aluminum layer. This
methodological flexibility ensures that the most
suitable technique can be selected according to the
balance  between analytical precision and
preservation of the component.

Materials and Methods. Samples and
Coating Deposition Technique. For the study,
aluminum coatings of varying thicknesses (ranging
from 50 to 500 nm) were prepared using vacuum
deposition onto glass and polymer substrates [1-3].
High-purity aluminum (99.99%) was employed as
the source material. The coating thickness was
monitored during deposition using a quartz crystal
microbalance sensor and further verified by atomic
force microscopy (AFM) and profilometry.

Methods of testing. The performance
properties were studied in the following directions:

— Reflectance - measured using a
spectrophotometer in the range of 300-1100 nm.

— Corrosion resistance - evaluated after
accelerated climatic tests in a salt spray chamber
and under cyclic humidity conditions.

— Coating adhesion - determined by the tape
test method.

— Surface morphology - examined using
scanning electron microscopy (SEM).
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Results and Discussion.

1. Dependence of reflectance on thickness.

The thickness of aluminum coatings is a key
determinant of optical reflectance and reflector
performance in automotive lighting systems. While
very thin films (<50 nm) fail to deliver sufficient
reflectance or durability, coatings in the range of
100-150 nm achieve optimal optical performance
while balancing production cost, mechanical
integrity, and long-term reliability. As vehicle
lighting technology continues to evolve, precise
control of aluminum coating thickness-along with
protective overcoating techniques-remains critical
for ensuring efficient, safe, and aesthetically
pleasing reflector designs.

Automobile reflectors serve a fundamental role
in headlight and taillight systems by redirecting
light from the source to achieve uniform and
efficient illumination. The optical efficiency of
these systems depends heavily on the reflectance of
the inner coating, typically made of vapor-deposited
aluminum. Since reflectance is highly sensitive to
the thickness and microstructure of the metallic
layer, understanding this dependency is crucial for
optimizing reflector design and manufacturing
processes.

Aluminum, as a metallic reflector, exhibits
high reflectance in the visible range (400—700 nm),
often reaching values of 90-93% under ideal
conditions. However, the reflectance of thin
aluminum films varies significantly with thickness,
especially in the nanometer scale:

Sub-critical thickness (< 30 nm): At very low
thicknesses, the aluminum film is often
discontinuous or partially transparent, leading to
low optical reflectance and increased absorption.
Incomplete surface coverage can cause light leakage
and scattering, which severely degrades reflector
performance.
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Growth and transition region (30-100 nm):
As the film thickens, continuity improves and
reflectance increases significantly. In this range, the
film begins to behave like a bulk material, and

specular reflectance dominates over diffuse
scattering.
Saturation regime (>100 nm): Beyond

approximately 100-150 nm, the reflectance
plateaus, reaching values comparable to bulk
aluminum. Further increases in thickness offer
minimal optical improvement, although they may
enhance mechanical durability.

Analysis of the spectral characteristics
revealed that the reflectance increases with the
thickness of the aluminum layer up to a certain
threshold (~200 nm). With further thickening,
saturation is observed and, in some cases, a slight
decrease in reflection in the ultraviolet range (300—
400 nm), which can be attributed to interference
effects and the formation of microdefects in thicker
layers (Figure 2).

Effect of Coating Thickness on Reflectance
92

0
o

o0
[=+]
T

(=2
=
T

Reflectance at A = 550 nm (%)
[a2]
(=3}

o
~
T

100 200 300 200 500
Coating thickness (nm)

Figure 2. Effect of coating thickness on reflection

efficiency

2. Corrosion resistance

Samples with a thickness below 100 nm
exhibited poor resistance to salt spray: after only 48
hours, oxide inclusions and surface tarnishing were
observed. In contrast, coatings with a thickness of
200-300 nm retained their gloss and reflective
properties for 96 hours or more. This behavior can
be attributed to the barrier effect of thicker layers,
which hinder the penetration of moisture and
aggressive ions to the substrate [4-6].

3. Adhesion properties

Maximum adhesion was observed for coatings
with a thickness of 100-200 nm. At smaller
thicknesses, the coating was easily peeled off,
especially on polymer substrates. At thicknesses
above 300 nm, cracking of the coating during
bending was likely, particularly in cases of
insufficient surface preparation of the substrate [7-
11].

4. Surface morphology

SEM analysis revealed that at the optimal
thickness (100-200 nm), the coating surface was the
most homogeneous and smooth. With increasing
thickness above 300 nm, signs of granulation and
microcrack formation were detected, which can
potentially reduce the service life of the reflector.

Conclusion. The conducted studies confirmed
the significant influence of aluminum coating
thickness on the performance characteristics of the
reflector. The optimal thickness range to ensure
high reflectance, corrosion resistance, and adhesion
was found to be 150-250 nm. Thinner coatings lack
sufficient durability against external factors,
whereas excessively thick coatings are prone to
microdefects and reduced adhesion.

The obtained results can be applied in the
design of lighting, optical, and thermal devices
where high reflectance and long-term durability of
the reflector are of critical importance.
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