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Inline Monitoring of Coatings

on Metals and Composites

CHARACTERIZING COATING CHEMISTRY IN MID-INFRARED

Many polymer coatings exhibit
characteristic absorption features
in the mid-infrared, originating from
vibrations in molecular bonds such
as C-H, O-H, N-H, C=0, and other
functional groups depending on the
chemistry of the coating.

Hence, MIR can provide valuable
insight into coating thickness,
material composition, and surface
uniformity.

Unlike conventional offline inspection
methods, the high acquisition
speed and sensitivity of NLIR's mid-

infrared technology make it suitable
for inline and in situ monitoring
of coated metal sheets during
manufacturing, quality control, and
process optimization.

Fast acquisition makes it possible
to scan multiple points across a
surface or follow changes over time,
enabling a more representative
view of the coated part compared
with single-point offline testing.

This can help detect variations in
coating thickness, curing state,
material distribution, or process

stability before the product reaches
final inspection.

SPECTRAL DATA OBTAINED AND KEY OBSERVATIONS

Graph 1 shows one representative
point measurement on the coated
metal panel among multiple spectra
recorded during the measurement.

The spectrum was acquired with a
10 ms exposure time, demonstrating
the possibility of obtaining useful
coating information within a very
short measurement window.

The measured spectrum contains
two main types of information:

= Interference fringes related to
coating thickness:

The sinusoidal fringe pattern
observed across the spectral
range originates from optical
interference within the thin
coating layer due to the
differences in the refractive
index. The spacing between the
fringes is related to the optical
thickness of the coating.

By measuring the distance between
the fringe periods, the coating
thickness can be calculated.

In this measurement, the coating
thickness was estimated to be
approximately 16 pm.
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With  suitable calibration and
software integration, this
calculation can be automated so
that the system directly outputs
coating thickness values during
measurement.
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Graph 1. Thickness and Material information
of coating on a metal substrate.
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= Material-specific absorption
features related to coating
chemistry:

The spectral region around
3500 - 2700 cm™ contains
absorption features that provide
information about the polymer
material applied to the metal

surface. These absorption
bands arise from molecular
vibrations within the coating
and can be used as a spectral
fingerprint of the material.

Due to confidentiality, the specific
coating material is not identified in
this report. Together, these results

show that mid-infrared reflection
spectroscopy can provide both
physical and chemical information
from the same measurement. The
fringe structure enables coating
thickness estimation, while the
absorption features provide
information about polymer identity
and material consistency.

CASE 2: COATINGS ON THE SURFACE OF A CAR

A second reflection measurement
was performed on the painted
surface of an Audi Q5 using a
handheld probe that combines
both the MIR light source (through
an optical fiber) and a collection
lens. The probe was positioned
approximately 3cmfromthe surface
and moved around the surface for a
continuous measurement.

Spectra were acquired with 25 ms
exposure time, and the first
measurement was used as the
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reference, meaning that the
displayed data represents relative
reflectance compared with the
initial measurement point.

Automotive paint can comprise
multiple functional layers, such as
primer, basecoat, clearcoat, and
additional protective or decorative
layers.

By applying Fourier-transformation
to the obtained spectra, we are
able to observe two clear peaks in
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Graph 2. Thickness and material information
on the multi-layer coatings on metal
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graph 2, indicating two dominant
layer-related fringe periods in the

measured paint structure. The
x-axis represents the oscillation
periods of fringes similar to those
shown in graph 1 for the coated
metal plate.

If the exact refractive index
and material composition of the
automotive paint layers are known,
these fringe periods could be
translated more accurately into
physical thickness values. Based on
a qualified estimate of the material
properties, the two observed peaks
are interpreted as layers with
approximate thicknesses of 40 um
and 51 um.
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Equipment Used to Perform
the Measurements

NLIR's REFLECTION Measurement System was used for these measurements. It essentially includes the
AURALIS Light Source, the SAMPLER Accessory for collecting the signal reflected from the surface, Mid-IR
optical fibers and the MIDWAVE Spectrometer. The setup shown here has a working distance of 15 cm, which
can be scaled based on the application requirements.

REFLECTION Measurement System

SAMPLER Accessory

*MIDWAVE Spectrometer comes with a costum-tailored NLIzeR Software.

Enhance your coating process with
faster critical feedback

If you are looking to elevate your coating process beyond the vision-based
mechanical information, MIR (2.0 — 5.0 um) scanning offers a powerful
extension. MIR provides information regarding the defects and consistency
that vision based systems miss, adding crucial insights for the industries
where quality control is critical for standardization. With high-speed
acquisition designed for large-area coverage, MIR can be added to existing
workflows without slowing production or throughput «
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