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1. INTRODUCTION

A method of identifying traces of automotive paints with spectroscopic techniques is well
established. In this paper we focused not on identifying specific paints, but how exposure to

ultraviolet (UV) light effects automotive paints.

Identifying a sample just with infrared (IR) spectroscopic methods does not give sufficient
results. The concentration of dyes and pigments is small in paint trace, which makes
identification harder. However, this is not a problem for Raman spectroscopy, which is
sensitive to small amounts of pigments. IR and Raman spectroscopic methods are

complementary and together are interesting tool for forensic automotive paint analysis [1].

The paint coat of automobile is composed of many layers. A new car has about 3-6 layers, a
renovated car could have even more than 10 layers. After microscopic properties are
determined is time for precise chemical analysis of each layer [2]. Figure 1 shows forensic

examination process of car paints.

UNKENOWN PAINT SAMPLE

}

Microscopic examination

/\

FTIR - Pyv-GC-MS

!

SEM/EDX

Figure 1 Standard procedure in forensic examination of car paints [3]

Part of microscopic examination is to determine number, sequence, colour, thickness and

texture of layers. Layers are observed on a cross-section of the sample [3].

FTIR (Fourier transform infrared) spectroscopy is very useful for chemical characterization of
the sample. Spectroscopy is the study of matter reacting to electromagnetic radiation.
Electromagnetic energy can be divided into ultraviolet (UV), visible (VIS) and infrared (IR)
region, etc.; and we can divide spectroscopic methods by that as well. As is visible from Figure

1



2 in IRregion (from 700 nm to 10 nm) we are dealing with long wavelengths and low energies.
This region we can furthermore divide to the near, middle and far IR region. Most used is the
middle region ( from 2500 nm to 50000 nm or in wavenumbers from 4000 cm™ to 200 cm?)

and this is the one we used in our research.

- Energy increases

Short wavelength Long wavelength

105 nm 10> nm 1nm 10°nm 10 nm 1m 10°m
| | 1 | | |
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T T T T T T
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Figure 2 Electromagnetic spectrum [4]

Molecules absorb IR radiation when rotation or vibration of the molecule changes dipole
moment and the exact amount of energy is provided by the light source. Energy levels for
rotations and vibrations are different and are specific for every chemical bond. Vibrations in
general, can be placed in two groups, stretching and bending vibrations. Stretching vibrations
are movements along the axis of the bond between two atoms. There can be symmetric and
asymmetric movement. Bending vibrations are defined by changing the angle between two
bonds. There are four types: scissoring, rocking, wagging and twisting. Rotation transitions are
important in gases —for every vibrational transition there are several rotation energy levels.
However, in solids and liquids rotation is highly restricted and it shows on the IR spectrum
only as broadened vibrational band. Although, for IR spectrum to be specific we also need
vibrational coupling. The vibrational coupling means that chemical bonds around the one in
question influence the energy levels. That way we can discriminate between different
functional groups. Moreover, that is why the position of an absorption band corresponding to

a given organic functional group cannot be exactly specified [5].



Py-GC-MS (Pyrolysis gas chromatography) is an analytical method in which small amount of
organic complex molecules — samples — are broken down by heat to gaseous products and

then separated on a chromatographic column and detected ina mass spectrometer [3].

SEM/EDX means Scanning Electron Microscopy and Energy Dispersive X-ray spectrometry.
Scanning electron microscopy is used when there is a need for higher magnitude. SEM
produces an image with a focused beam of electrons. SEM connected with EDX uses X-ray
radiation which is produced when electron beam interacts with the sample for identification
of elements in sample. SEM/EDX is non-destructive method and useful when previous

analyses are inconclusive[3].

A trace of paint is one of the most common particles examined in forensic investigation. So, it
is not surprising that the theme of identifying these traces is well represented in scientific
articles. We examined few of them in our research. We could divide them into groups by
different methods used in the examination. They used Raman spectroscopy [6-8], combined
Raman with IR spectroscopy [9, 10] or added also optical microscopy [11-13]. All these articles

present a picture of this important field of forensic sciences.

Chang et al. [14] reviewed the use of automotive paint database. In their opinion forensic
examination of car paints involves either comparing a paint chip to a paint sample from a
suspected car involved or identification of potential sources with the help of reference
collection or database. In the experiment they were checking how the ageing process
influence the identification with a database. They left paint samples to the weather conditions
for three years. After three years, the searching algorithm still found the nearest match — all
changes in the spectrum fell to the “error region” in a search program. Still, ageing effects

should be considered when interpreting the searched results.

In one other paper [15] they examined a few environmental factors in which they included
mechanical, weathering and biological factors. To our research are the most interesting
weathering factors, sunlightto be specific. They stated that the severity of degradation caused
by weathering factors strongly depends on climate. However, either way it is almost
impossible to prevent automotive paints to be exposed to sunlight. The most harmful part of

sunlightis the UV range and most polymers are sensitive to this part of spectra.



1.1. PAINTSANDPIGMENTS[16]

The surface of an object is the most vulnerable. It is open to the air, sun, rain, fog, ice and
snow. Because of this iron rusts and wood rots, shrinks or cracks. The everyday object in use
are prone to scratches, dents and abrasions. To minimize the damage coatings are applied to
the surface. Coatings can also be used to decorate, add colour and smooth the surface. The
function of a coating is to protect and to decorate. Wallpapers, plastic sheets, chrome and
silverplating can alsobe called surface coatings in wider sense, but paint is the surface coating
which can be applied to any surface, whatever the shape is. The word paint covers all kinds of
materials, suchas enamels, lacquers, varnishes, undercoats, surfacers, primers, sealers, fillers,
etc. All these products are formulated on the same basic principles and contain three main
ingredients. First is a pigment. Pigments have a decorative and protective properties.
Whitewash is the simplest form of paint, when itis dry itis assembled only of whiting pigment
(calcium carbonate — CaCO3). It protects and decorates, but over time it rubs off. The second
ingredient helps with that: the film-former also known as the binder. This is a resin or a
polymer that bind together the fragments of pigment and hold them on the surface. The third
ingredient, solvent, ensures the fluidity of paint, which helps when painting more complex
forms. Together the solvent and binder form the base of the paint. When the pigment is not
present, the material is called varnish or clear coat when applied over metallic paints. Other
names such as enamel, lacquer, finish or topcoat all mean pigmented varnish. Finish or
topcoat imply that is the last coat to be applied and also the one that is seen when the object
is examined. Thermoplastic solution paints or varnishes are called lacquers — this term is
sometimes confusingly used to describe all clear wood finishes. Enamels are usually
thermosetting paints with a resemblance to vitreous enamels. Undercoat is a paint applied
before topcoat. Some of the undercoats can be defined as fillers or stoppers, primers,
surfacers, primer-surfacers and sealers. Fillers or stoppers are used to fill holes and
irregularities to provide a level surface for the next coat. Primers promote adhesion and
prevent absorption of later coats — they prepare the base material for paint application.
Surfacers are called undercoats in decorative house painting are highly pigmented materials.
They provide the body of the paint film, level out minor irregularities in the substrate and stick
well to primer and topcoat. Primer-surfacers are a combined material which can be used
directly on the surface. Sealers are clear or pigmented materials with the function of

preventing the passage of substances from one coat to another.



Figure 3 shows a scheme of the composition of paints. Pigments are fine solid particles that
do not dissolve in the varnish. When they do not provide colour, they are called extender
particles, which are cheaper than prime pigments and can have many other functions, like the
improvement of adhesion and film strength. Film-former is a polymer when is dry, but in the
wet sample may be the chemical ingredients, partly polymeric, that later react and form the
final polymer. The liquid can be separately supplied as a thinner, so the user can adjust the

consistency of a paint. Additives are small amounts of substances added for a special jobs.

PAINT
I I |
PIGMENT VARNISH
| | I | | |
EDLElILJHED EXTENDER FILM- FORMER LIQUID ADDITIVES
PIGMENT Polymer (or Thickener
reactive Flow agent
components) Mafting agent
Plasticiser Caralyst
Accelerafor
Inhibifror
Werting agent
Dyestuffs

1
SOLVENT  DILUENT

Figure 3 Components of paints [16]

The dried paint needs to stick to the surface beneath, be hard and flexible enough for the
purpose which is used for and must preserve protective and decorative properties for a long

time.

Adhesion has a problem of overcoming a critical face tension. Critical face tension of a smooth
solid material is numerical measure of the difficulty of wetting it. To achieve wetting of the
surface with paint, surface tension has to be equal or lower than critical face tension. When
the surfaceis wet, molecules in the paint came close enough that forces of attraction between

them work and paint stick together.



Hardness, toughness and durability can be achieved with cross-linked films. However, all this
can also be accomplished with high molecular weight of linear polymers . The other property,
flexibility, often goes against hardness. In cross-linked films they reach flexibility by spacing
out the cross-links. To linear polymers they add smaller molecules called plasticizers, which
reduce attractive forces between molecules and act as a lubricant, allowing the polymers to

slide past one another more easily.

Preserving decorative properties is very important to the users. Gloss candiminish, colour may
fade or darken, the surface becomes powdery. Allthisis a consequence of weathering. Oxygen
in the air, water and UV rays all attack paint films, breaking chemical bonds. The surface in
time wears away. This could be delayed by the use of resistant polymers and keeping the
portion of pigments down. If the volume of pigments in the film is high, then the breakdown
of a small amount of polymer cause detachment of surface pigment particles. Fading or

darkening of paint can be also delayed by using quality pigments.

The other useful quality of paint is the ease of repairing surface. Objects that are used every
day, are prone to scratches and other things that spoil the appearance. If these are small
irregularities all that is needed is lightabrasion and polishing. For a polish to be great, a surface
must be capable of softening by the heat, which will partially flow to even the irregularities.
In the cross-linked films this is harder to achieve, but in films constructed of linear polymers it

is not that hard.

The process of drying the paint is more complicated than just evaporating of the liquid. There
are three mechanisms of drying. First is drying without chemical reaction. In this case drying
is solely evaporation of liquids. The polymer is fully formed in wet paint and without solvent
is relatively hard and not sticky. There is no chemical change of the polymer during the drying
process. Second and third are drying by chemical reaction. Cross-linked polymers are great
film-formers, but they are insoluble and cannot be dissolved in solvents. That is why there are
linear or lightly branched polymers in the wet paint and then after the paint is applied cross -
linking is achieved with chemical reaction. The chemical reaction can occur between
ingredients in the paint and the oxygen or water in the air. This then encourage the polymers
in the filmto cross-link. Alternatively, the chemical reaction is between two ingredients in the

paint, which then means that measures must be made to prevent drying of the paint before



it reaches the final destination. This canbe achieved by dividing the ingredients into two packs
and mixing them just before applying them or choosing ingredients that only react at higher

temperatures or exposed to some form of radiation.

1.1.1. Pigments

In a decorative sense the most important part of paintis colour and shine. As discussed before,
the pigment gives paints colour. For a matter to be a pigment, it must have some special
functions. It must provide colour, special effects (sparkle), must obliterate previous colours,
improve the strength and adhesion of the paint film, improve durability, must increase the
protection against corrosion, reduce gloss and/or modify flow and application properties.
Pigment does not need to have all these functions, but it has to have at least some of them.
To choose the best pigment for a specific job we need to know some properties of the
pigment. One of them is tinting strength. Tinting strength is sometimes connected with white
pigments. Pigment has a poor tinting strength if a lot of it is required to achieve a shade. The
tinting strength is independent of its hiding power, that means that relatively transparent

pigments can have high tinting strengths.

Lightfastness is another property that we must know. If pigment gives good colour that still is
not enough. Colour must lastfor as long as paint film. Many pigments fade or change shade
in the light. This is because sunlight and UV rays break certain chemical bonds and change
molecules. Change of molecular structure means different absorption of light in the visible
region of the spectrum and consequently different colour. However, if a pigment can absorb
UV rays without breakdown, it will protect the binder, and the energy is dissipated as heat.
The bleeding characteristic of pigment is something that is not desirable. It got its name after
red pigments were dissolved by the white paint and instead of white paint we got pink. This
can happen with any colour, but organic reds are very prone to this. On the other hand, high
hiding power in something that is much desired. Normally one or two coats of paint should
cover any colour. To obliterate pigments must prevent light from passing through the film to
the previous layer. Hiding power is described as the number of square meters covered by 1
litre of paint. It depends on wavelengths and total amount of light that pigment will absorb,

on its refractive index and particle shape and size.



All pigments are divided as natural or synthetic and organic or inorganic chemicals. In industry
today, it is unlikely to find natural organic pigment in use, only synthetic. Contrarily, natural
inorganic pigments are still in use and they have a synthetic equivalent. Moreover, although
they are chemically the same, they might have different properties. One of the reasons for
this is the different shape and size of particles. In controlled conditions, the size of particles
can be more uniform, and particles may be induced to take a different shape. The other reason
for this are the impurities present in natural pigments. They may contain silica and other
impurities which are uneconomical to remove. Despite all the good properties of synthetic

pigments, iron oxides are still very important for obtaining red, yellow and black colours.

When we distinguish pigments between organic and inorganic, we can see that organic are far
more common now. However, there are ones which contain metallic elements and organic
structures. In the Table 1 there are listed pigments properties and preference of the type of
pigment used when we want that particular advantage. Although, it may seem that inorganic
pigments are more advantageous; organic pigments have a great brilliance and clarity which

compensates for other properties.

Table 1 Properties of pigments [16]

Property |Preference Reasons

Brilliance
The most attractive, cleanest colours can only be obtained with
and clarity of | Organic
organic pigments

hue
White and The purest white pigment is titanium dioxide and black is carbon.
Inorganic
black paints There are no organic blacks and whites
Non-
Inorganic | Inorganic compounds have negligible solubilities in organic solvents
bleeding

The valency bonds in inorganic compounds are generally more
Lightfastness| Inorganic
stable to UV light than in organic compounds.




Property |Preference Reasons
Heat
Inorganic | Very few organic compounds are stable above 300°C.
stability
Anti-
corrosive Inorganic | All anti-corrosive pigments are inorganic.
action
uv
Inorganic | Titanium dioxide blocks harmful UV radiation from the binder.
absorption
Reflective
Inorganic | Aluminium and treated mica available in reflective platelet form.
effects

1.1.2. Solvents

The solvent in the paint industry is used as any liquid that is present or added to paint. The
liquids used to dissolve the pigment and binder usually are water, aliphatic hydrocarbon
mixtures, terpenes, aromatic carbons, alcohols, esters, ketones, ethers, ether-alcohols,
nitroalkanes and chloroalkanes. Properties that are important for liquids in paints are
solvency, viscosity or consistency, boiling point and evaporation time, flash point, chemical
nature, toxicity, smell and cost. In our case, the drying method was without chemical reaction

— just with the evaporation of the solvents we will not gointo details about these properties.
1.1.3. Paintadditives

Paint additives are added to a paint in amounts as little as 0.001% to 5%, but they have great
influence on the physical and chemical properties of the paint. Some additives affecting
viscosity are silica and silicates, resinous thickeners and metal chelates. Representative for
additives affecting surface and interfacial tensions are surfactants. There are also additives

affecting appearance, chemical reaction and living microorganisms.




2. OBJECTIVE OF THE THESIS

The main objective of this research is to determine the effect of UV lights on automotive

paints. The other goal is to identify specific pigments used in paints.

We expect that the composition of paint changes when the paint is exposed to UV light over

long period of time. We assume that changes can be seen and identified by IR spectra.
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3. MATERIALS AND METHODS

Materials we used in this research were automotive spray paints in cans, small stainless-steel
tiles and chemicals used for FTIR. We used two UV bands, one with 254 nm and other with
304 nm wavelength. The methodology was IR spectroscopy and the analysis of obtained

results.

3.1.

Our research used cost effective spray paints made for repairing coatings on the automobiles.

SAMPLES

In Table 2 are collected data about samples. Information was gathered from spray cans in
which the paints were and safety sheets available online [17]. There was almost no
information about the content on the cans. Still, we managed to find some on the safety
sheets, but there were no data about used pigments. RAL number is a colour standard given
by a German organization Reichs-Ausschuss fir Lieferbedingungen for easier specification of

colour shades in the market [18].

As is shown in the Table 2 we used spray paints made in Italy, Croatia and Germany. They were
all acrylic paints yellow, red, green or blue colour. Specific pigments were determined by

comparing the IR spectra of the samples with IR spectra of known pigments. Because there

are no official data, our results are the best we could do with the available information.

Table 2 Information about samples

Sample
No. |Colour| RAL | Name Manufacturer Main ingredients | Chemicals in traces
SARATOGA INT. | methyl acetate,
isobutane,methanol,
SFORZA SPA, \Via|propane, n-butyl
Happy 2-butoxyethanol,
2 yellow | 1016 Edison 76, 20090|acetate, butane,
color ethylene glycol,
Trezzano  s/naviglio, | dimethyl
monobutyl ether
Italy carbonate

11




Sample

No. |Colour| RAL | Name Manufacturer Main ingredients | Chemicals in traces
ECO SERVICE, Viale
Eco
3 blue |5013 Europa 1 - Z.I., 36053
Service
Gambellara, Italy
SARATOGA INT.| methyl acetate,
isobutane,methanol,
SFORZA SPA, Via|propane, n-butyl
Happy 2-butoxyethanol,
4 green | 6029 Edison 76, 20090|acetate, butane,
color ethylene glycol,
Trezzano  s/naviglio, | dimethyl
monobutyl ether
Italy carbonate
MADEX d.o.o., Zlatka
Mega
7 red Balokovi¢a 20, 23000
akril
Zadar, Croatia
MADEX d.o.o., Zlatka
Mega
8 blue |5013 Balokovi¢a 20, 23000
akril
Zadar, Croatia
MADEX d.o.o., Zlatka
Mega
9 green | 6005 Balokovi¢a 20, 23000
akril
Zadar, Croatia
MOTIP DUPLI GmbH,
Kurt-Vogelsang-Str. 6,
12 red 3000 | Colors | D-74855

Hassmersheim,

Germany
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Sample

No.

Colour

RAL

Name

Manufacturer

Main ingredients

Chemicals in traces

13

blue

5010

Colors

MOTIP DUPLI GmbH,
Kurt-Vogelsang-Str. 6,
D-74855
Hassmersheim,

Germany

14

green

6005

Colors

MOTIP DUPLI GmbH,
Kurt-Vogelsang-Str. 6,
D-74855
Hassmersheim,

Germany

15

yellow

1023

Colors

MOTIP DUPLI GmbH,
Kurt-Vogelsang-Str. 6,
D-74855
Hassmersheim,

Germany

17

red

3020

Dupli-
Color

Prima

MOTIP DUPLI GmbH,
Kurt-Vogelsang-Str. 6,
D-74855
Hassmersheim,

Germany

acetone, dimethyl
ether, n-butyl
acetate, propane,
butane, 2-metoxy-
1-methylethyl

acetate

isobutane, cellulose

nitrate
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Sample

No. |Colour| RAL | Name Manufacturer Main ingredients | Chemicals in traces
acetone, dimethyl
MOTIP DUPLI GmbH,
ether, n-butyl
Dupli- | Kurt-Vogelsang-Str. 6,
acetate, propane, |isobutane, cellulose
18 blue |5010( Color |D-74855
butane, 2-metoxy- | nitrate
Prima |Hassmersheim,
1-methylethyl
Germany
acetate
acetone, dimethyl
MOTIP DUPLI GmbH, | ether, n-butyl
Dupli- | Kurt-Vogelsang-Str. 6,| acetate, propane,
isobutane, cellulose
19 green | 6005 | Color | D-74855 butane, 2-
nitrate
Prima |Hassmersheim, methoxy-1-
Germany methylethyl
acetate

3.1.1. Yellow pigments

For sample number 2 we deduced pigment used was yellow iron oxide [19] also known as iron

(1) trihydroxide or Pigment yellow 42. Yellow iron is a natural inorganic matter used in paints,

enamels, concrete colorants, rubber and paper [20].

The pigment of another yellow sample, sample 15, is one of diarylide pigments [21], pigment

yellow 12. This is an organic compound also known as azo compound. This name describes all

compounds with functional group R-N=N-R’. In this instance R means aromatic molecules [22].

3.1.2. Red pigments

Sample 7 consist of Pigment red 5 [23], which is one of the organic red pigments. Its whole

IUPAC name is N-(5-chloro-2,4-dimethoxyphenyl)-4- [[5-(diethylsulfamoyl)-2-methoxyphenyl]

hydrazinylidene] -3-oxonaphthalene-2-carboxamide [24].
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In sample 12 we found pigment 220 [25]. It is an organic pigment with the molecular structure

of double azo structure.

Sample 17 contained Pigment red 48 [26]. This is also one of the organic red pigments, sodium

salt - disodium 4-[(5-chloro-4-methyl-2-sulphonatophenyl)azo]-3-hydroxy-2-naphthoate.
3.1.3. Blue pigments

Pigment blue 60 [27] was found to be a part of samples 3 and 8. It is also called Indanthrene

blue. This pigment is an organic dye made from 2 aminoanthraquinone treated with potassium

hydroxide [28].

For samples 13 and 18 we deduced that the pigment used was Cobalt blue [29]. It is an

inorganic pigment - cobalt aluminate (Al2Co20s) [30].

3.1.4. Greenpigments

Insample 4 was used Pigment green 7 [31]. This organic pigment is alsoknown as halogenated

copper phthalocyanine or phthalo green [32].

Sample 9 contained Pigment green 10 [33]. This is also organic pigment, one of Nickel

complexes.

Sample 14 consisted Pigment green 17 [34] or Chromium (lll) oxide. It is inorganic pigment

with chemical formula Cr20s. Itis found in nature as rare mineral eslolaite [35].

For sample 19 was used Pigment green 36 [36]. This organic pigment is related to Pigment
green 7. In this pigment chlorine atoms (which are in Pigment green 7) are replaced with

bromine.

3.2. SAMPLE PREPARATION AND EXPERIMENT
On cleaned stainless steel tiles we applied spray paints — three tiles for each colour. Figure 4
presents one set of painted tiles. In this picture there are also black and silver samples, but we
excluded them from experiment, because obtaining clean IR spectra for these was much

harder than with other colours.
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Figure 4 Samples at the beginning of the experiment

After securing all the samples we put one set of tiles under 304 nm UV light (series B) and one

under 254 nm UV light (series C). One set (series A) we used as reference samples (blanks).

We left series B and C under UV lights first for 15 days and then for 15 days more. In between

we obtained IR spectra of reference samples.

Figure 5 Samples under UV lights. Firstis series B (304 nm wavelength), second is series C (254

nm wavelength)

The process of obtaining IR spectrum was the same for all samples. First, we scraped a little

bit of paint from stainless steel tile. We added potassium bromide (KBr) and made a pellet
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(Figure 6). In the process of making pellets/discs, we had to be very careful. The pellet had to
be strong enough, soit did not break when put in the measuring cell. It had to have the right
quantity of sample —if we put too much of it, the pellet was not transparent enough, if we put
too little, we could not detect it. In Figure 7 we can see products of successful tries. KBr was
used for making the disc because of its transparency in regions from near ultraviolet to
infrared wavelengths and has no significant optical absorption lines in its high transmission

region.

Figure 6 Adding KBr to the sample and

Figure 7 Finished pellets of different colours
homogenizing material for the pellet

After we made KBr discs we put them in Fourier Transform Infrared Spectrophotometer (FTIR).

We used Shimadzu FTIR —8400S.

Fourier Transform Infrared Spectrophotometer is composed of the source of IR radiation,
wavelength selector, sample cell, detector and signal processor (Figure 8). The FTIR
spectrophotometer replaced the dispersive IR spectrometer because the radiant power that
reaches detector is much greater, soit is possible to analyse complex spectra and the time to
obtain spectrum is considerably shortened. With the FTIR spectrophotometer we get one
spectrum in less than 1 s [5]. Figure 8 shows a simplified diagram of the instrument we used

for our measurements.
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Figure 8 Diagram of FTIR [37]

Number 1 on Figure 8 represents light source. Mirrors around number 2 are part of Michelson
interferometer. Number 3is sample compartmentand 4is adetector. The interferometeris one of the
most important parts of FTIR. Michelson interferometer consists of 3 mirrors and the beam splitter.
Afterthe beam goes past the first mirror it falls on the beam splitter, which divides the beam on the
remaining two mirrors of which one is fixed and other is movable. The optical system of FTIR must be

sealed because the beam splitteris susceptible to moisture [5].

Before we can obtain a spectrum, we have to choose an apodization function very carefully.
We get a spectrum when a Fourier transformation is applied to measured interferogram.
However, in reality, a moving mirror cannot move in an infinite range, soripples are formed
around large peaks. Apodization functions help us get a cleaner spectrum. There are a few
functions to choose from. Most common are named Box-car, Triangular and Happ-Genzel.
Each of these functions give us a different solution to a problem. The Box-car function is used
when we need good resolution, the Triangular when we need simple spectrum without large
ripples and the Happ-Genzel apodization function is considered to have a good balance

between ripple size and resolution [38].

Obtaining a spectrum is easy. First, we initiate the FTIR and connected PC. After waiting a few
minutes for the optical system to stabilize we measure the background spectrum. Then we

put the sample in sample compartment and measure the spectrum of the sample. The
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software (IR Solution) calculates itself and give us a spectrum without background. With the

use of software, we can find peaks and calculate area under them.

At the end of the experiment (after 30 days) we examined the tiles under a polarization
microscope. We took one set of tiles (tile from series A, series B and series C) for each colour

and look for changes between them.

Polarized light microscopy is a technique that improves the quality of the image by contrast-
enhancement. Polarized light microscope observes specimens that are visible because of their
optically anisotropic character. Because of this, the microscope needs a polarizer, placed in
the light path before specimen, and an analyser (a second polarizer) positioned after it. On

Figure 9 is a picture of one example of a polarized light microscope [39].

—

m | Digital
Recombined |— Camera
Light Rays | System
After o
Interference —

Eyepleces =—Extension

' E | Tube
!_, Epl-llltf:g:lnator
-Analyzer— = ‘ Reflected
e ™ Polarized
Extra- R Investigations
Ordinary—
Ray
Straln-Free
Objectlves
Plane Clrcular
Poi?rlﬁted- - Rotating Stage
g § —Microscope
Light Stand
From —— —
Source

Figure 9 Diagram of Polarized Light Microscope [39]

Basically, a polarized light microscope is great for analysing matter that produces two different
wave components upon reflection, because we can, with the help from analyzer, see both.
Moreover, this can reveal detailed information about structure and composition of materials

[39].

For our research we looked at the surface of painted tiles and looked for differences.
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4. RESULTS AND DISCUSSION

The results of our experiment were IR spectra and images taken with polarized microscope. In

this chapter, we will represent both.

4.1. SPECTROSCOPICANALYSIS

As mentioned before, in this research we put painted stainless steel under two different UV
bands. On day 15, we sampled the paint and put them back. On day 30 we stopped the
experiment. We measured the IR spectra of each sample three times — at the beginning (day
0), the middle (day 15) and at the end (day 30). We arranged samples into groups based on

the brand.
4.1.1. Italian manufacturer (Happy Color and Eco Service)

In this group we have yellow (sample 2), blue (sample 3) and green (sample 4) spray paint.
e Yellow paint

On Figure 10 we see the state of the tiles after the experiment. Change can be seen with naked

eyes.

Figure 10 Sample 2, 2A is reference tile, 2B is tile after 30 days under UV light (304 nm) and 2C
is a tile after 30 days under second UV light (254 nm)

However, if we look at the IR spectra (Figure 11), the change is not that great. The highest
peak of reference sample is at 1732 cm™ and this stays the same even after 30 days under UV
lights. When we look at the peaks of pigment, we can see that the peak at 998 cm™ disappears
in both sets of the experiment. However, this alone cannot explain the fade of the colour we

see at Figure 10.

20



Absobance

—— DA
—— 2B (154)

2B (30 d)

iy

4000

0.40
0.35
0.30
0.25

0204
0.15
0.10

Absorbance

3500

3000

v |
2500 2000 1500

Wavenumbers (cm™)

1000

500

— 26 (B0

2A
2C (15 d)

0.05 4
4000

T
3500

T
3000

T T T J T
2500 2000 1500

Wavenumbers (cm‘1)

T
1000

T
500

Figure 11 IR spectra of sample 2. The graph at the top represents FTIR spectra of samples under

UVB light (304 nm). The second one is FTIR spectra of samples under UVC light (254 nm)

e Blue paint

In the blue paint, peaks of pigments at the IR spectra (Figure 13) do not change under UV lights

after 30 days. There is no noticeable change of IR spectra in series B or inseries C.

Same as yellow sample the highest peak is at 1732 cm™. That is absorption signal of carbonyl

group in acryl polymer. The other important group of peaks is around 2900 cm™.

21



Figure 12 Sample 3 after the experiment

Figure 12 shows how tiles look after 30 days of experiment. The colour is visibly changed. We

can even distinguish between tile in series B (3B) and tile in the series C (3C).
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e Green paint

In green spectra of this manufacturer there are some more changes. If we focus first at the

top graph on Figure 14, changes are the same after 15 and 30 days. Peaks at the wavenumbers

1603 and 1673 cm™ disappear from the IR spectrum. In the series C (graph below) peak at

1603 cm™ wavenumber also disappear.
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Concerning peaks of pigments there are no changes in IR spectrum. How the colour visually

changed we cansee on Figure 15.

23



=
Figure 15 Tiles of sample 4
4.1.2. Croatian manufacturer (Mega akril)
This group consist of red (sample 7), blue (sample 8) and green (sample 9) paints.

e Red paint

Figure 16 Sample 7, series A,B and C

With this sample, change is the most visible (Figure 16). In the experiment of series B, from 8
peaks for a pigment that we identified, only 2 were left. There are many peaks that vanished
or appeared in this experiment. The one who appeared had a wavenumbers 616, 790, 1450,
1655 cm™. There was one who appeared only after 30 day — 1098 cm™. Peaks which
disappeared were at wavenumbers 690 and 875 cm™. Another interesting thing is shift of a

peak. From position at 3400 cm™ went to 3230 cm™.
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Figure 17 IR spectra of sample 7. The upper graph is a comparison between obtained spectra

in the experiment of series B, below is a comparison for series C

In the experiment of series C, pigment peaks did not change so much. Only the peak at
wavenumber 594 cm disappeared. The same shift (from 3400 to 3230 cm™) did occur. Few
peaks were developed (at wavenumbers 617, 1430 and 1655 cm™) and few disappeared (at

875, 1020, 1045 and 1385 cm™).
e Blue paint

This sample has the same pigment as the blue paint in the group before. Visual change is
therefore very similarto Figure 12. In series B peak at wavenumber 670 cm™ vanished. In the
experiment with the set C, were even less changes. In Figure 18 we see both graphs. First is

for series B and the second one is for series C.
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Figure 18 IR spectra of sample 8.

e Green paint

In sample 9 there were practically no changes in the spectra (Figure 20). And even change in

visual appearance (Figure 19) is hard to notice.

Figure 19 Tiles of sample 9.

26



Absorbance

Absorbance

B s
0.6-

——9A
| ——9B(154)
| 9B(304)

0.5
0.1 | B | ;
1 L I 3 I i I 4 I I ' 1 d 1
4000 3500 3000 2500 2000 1500 1000 500 0
Wavenumbers (cm'1) 9A
06- .................. ..................  N— ................ .................. - —9C (15 d)
. 5 | 1 ; § : 9C (30 d)
05_ ................... ................... ................... ................... ...................
04d — .................. .................. S ,,,,,,,,,,,,,,,,, .................. P——
oad | ‘ : ‘ .
0.1 - _ : s M\ﬂ ..............
I L I ! 1 Y I X I 1 i | L 1
4000 3500 3000 2500 2000 1500 1000 500 0

Wavenumbers (cm'1)

Figure 20 IR spectra of sample 9 (green).

4.1.3. German manufacturer (Colors)

We have two brands of the German manufacturer. Here we will represent samples from brand

Colors. We have red (sample 12), blue (sample 13), green (sample 14) and yellow (sample 15)

paints.

Red paint

Figure 21 Tiles of sample 12.
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Even though the change of colour on Figure 21 seems obvious, on IR, spectrum peaks for

pigments are all preserved.

Results of both experiments are almost the same in this case. This spectra do not have one
lone high peak at 1732 cm™ but has one right beside it at 1660 cm™®, which is higher. And here
happens the most significant change of spectrum. The peak at 1732 cm™ is slowly getting
higher and after 30 days is almost at the height of the peak at 1660 cm™. On Figure 22 we can

see other changes at IR spectrum.
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Figure 22 IR spectra of sample 12.
e Blue paint

This paint also has a distinct double peak (1732 and 1660 cm). Like with the sample above, a
great change occurs at these two peaks. On Figure 23 we can see that at IR spectrum of the
reference sample, peak at 1660 cm™ is higher than the one at 1732 cm™. In the process of

28



experiment (series B and C) peak at 1660 cm™ gets lower and peak at 1732 cm is getting
higher. In series B after 30 days, peak at 1732 cm™ is higher than the other one. In series C
peaks are at the same height after 30 days. Also, in series B peak at 2925 cm™ gets higher in

the process and is at the end almost equal as signal at 2963 cm™.
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Figure 23 IR spectra of blue sample 13.

e Green paint

This sample has a triple peak (at 1655, 1690 and 1732 cm™). In series B some peaks vanish,
and some are added, but the main changeis happening at those three peaks. At the beginning,
the third one (at 1655 cm™) is the highest, after 15 days it is lower and the other two get

higher. At the end of experiment peak at 1690 cm™ is the highest and signal at 1655 cm™ is

the lowest of the three.

In series C this change is quicker as we have the same situation as at the end in series B only

after 15 days. There are a few new peaks: at 600, 906, 955, 970, 1165 and 1200 cm™ (Figure
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24). Another interesting change is the disappearance of peak at the 1280 cm™. It is a relatively

strong peak, but even after only 15 days vanishes.
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Figure 24 IR spectra of sample 14

e Yellow paint
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As this paint also has the same triple peak as the sample before (sample 14), the changes are

the same. The highest peak at the beginning (of those three) is the lowest at the end.

Moreover, the lowest becomes the highest.
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Figure 25 IR spectra of sample 15
4.1.4. German manufacturer (Dupli Color)

The last group of sample consist of red (sample 17), blue (sample 18) and green (sample 19)

paint.
e Red paint

This sample has a two peaks again close together, at 1653 and 1732 cm™.In series B at first the
peak at 1653 cm™ is higher, but at the end of experiment peak at 1732 cm™ is higher. Between
those two peaks we obtained a new one at 1685 cm™. Also peak at 1280 cm™ gets diminished

after 15 days and after 30 days completely disappears.

In series C double peak becomes equal at height. All these changes are seen in Figure 26.
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Figure 26 IR spectra of sample 17

e Blue paint

The only noticeable change in series B and C is at the double peak. At the beginning peak at
wavenumber 1635 cm is higher. However, through the process, the first peak (at 1732 cm™)

becomes higher. On Figure 27 we see that colour does change even if we cannot define that

change at IR spectrum (Figure 28).

Figure 27 Tiles of sample 18.
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Figure 28 IR spectra of sample 18.
e Green paint

IR spectrum of this paint also has a double peak (1653 and 1732 cm™). In both series change
around these peaks is the same as in previous samples. The peak at 1653 cm™, which is higher
at first, becomes smaller and at the end the peak at 1732 cm™ is higher. In series B also some
peaks vanish, like peaks at 742, 914, 1003, 1027, 1040 and 1070 cm™. In series C two peaks

vanish, one at 1003 and other at 1027 cm™. Also, in series C we can see two additional peaks

(1090 and 1265 cm™).
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Figure 29 IR spectra of sample 19

4.2. MICROSCOPICANALYSIS
We took one sample of each colour and looked all three tiles under a microscope. Set A, as
mentioned before, is a reference set, set B was for 30 days under UVB light and set C was
under UVC light for 30 days. This was not the full microscopic analysis. We only looked how

the surface of the paint was affected by UV light.

For yellow we used sample 15. All three images in Figure 30 are taken through the objective
with magnification 10x. On image of 15A we can see texture of the dried paint. However, at
the image of 15C all texture is gone, and small black spots appeared. Based on this picture, we
could conclude that UVC lightis more harmful to the topcoat than UVB, but even UVB destroys

the texture and the paint becomes “chalky”.

Images of red samples were looked at under smaller magnitude, we used objective with

magnitude 4x. On Figure 31 we can see that red follows the same tend as yellow. We can see
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some kind of a texture at first image (reference sample), less on the second (sample under
UVB light for 30 days) and even less on the third (sample under UVC light). Also, on images
(Figure 31b) and (Figure 31c) there are spots with, what looks like a nucleus of some kind, in

the middle.

Figure 32 shows blue sample under a microscope. This we looked at again with an objective
with magnitude 10x. Image (Figure 32a) has a lot of small pores, which could be a consequence
of drying method. The second image has some kind of texture, but third image is without any

kind of texture.

For green samples we keep the same objective. On Figure 33 we see that green samples only
confirmed the trend of other samples. There is a texture inimage (Figure 33a), bit less but still

present inimage (Figure 33b) and nothing useful in image (Figure 33c).

Figure 30 Yellow sample under microscope. (a) 15A, (b)15B, (c)15C.
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Figure 31 Red sample under microscope (a) 17A, (b) 17B, (c) 17C.

Figure 32 Blue sample under microscope. (a) 8A, (b) 8B, (c) 8C.
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Figure 33 Green sample under microscope. (a) 4A, (b) 4B, (c) 4C.

4.3. DISCUSSION [40]

Samples 2,3, 4,7, 8and 9 all have one strong peak at the region reserved for carbonyl groups
(C=0, at 1732 cm™). In the spectra of these samples after 15 and 30 days we see a

strengthening of the peaks close to that peak —around 1600 cm™.

Another group of samples with a similar binder consistof sample 12, 13,17, 18 and 19. Typical
for them are two peaks in close proximity (1732 and 1655 cm™) and two more groups of peaks
(2963, 2925, 2868 and 3400, 3186 cm™). Exposed to UV light, the first two peaks change
intensities. At first the 1655 peak is higher, however through the experiment the peak at 1732
cm becomes higher. As we said before, peak at 1732 cm™ represents carboxyl group and
peak at 1655 cm™ could be assignedto alkenes. In that case we could assume that double

bonds between carbon atoms got broken under UV light, which resulted in lower peak.

We had two samples (14 and 15) who had three peaks in close proximity (1732, 1690 and 1655
cml). We already discussed the 1732 and 1655 peaks, but the peak at 1690 cm™ could apply
at the presence of aromatic carboxylic acid (especially when we look at the broad peak from
3500 to 3200 cm-1, which represents -OH stretch in carboxylic functional group). As before
the peak at 1655 cm™ gets lower and the peak at 1732 cm™ gets higher, but at the end of

experiment the highest peak of three is at 1690 cm™. This could mean that in the process of

37



decay of this particular binder double bonds between carbon atoms got broken and

concentration of aromatic carboxylic acids got higher.
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5. CONCLUSIONS

We started this research with 20 samples, but we excluded 7 of them (black and silver colours)
because of the hardships of obtaining their IR spectra. The remaining samples were yellow,
red, blue and green colour. Samples were left under UVB and UVC light for 30 days. Change of
colour was evident to the eye. However, we discovered that in samples, except in case of
sample 7, we could not see the change of pigment of a paint exposed to UV light at IR spectra.
Also, determination of specific pigment is hard and a bit useless as there are no data of the

pigments used in the specific paint spray.

Binders are easier to determine on IR spectra. There are changes at IR spectra that indicate
effect of UV light on automotive paints. Combined with other spectroscopic and microscopic
methods this can be easily determined. This is important for cases such as sample 17. Under
the impact of UV light, sample 17 produced another peak which could imply that another resin
is used. Misidentification of the colour used could happen easily, if we would not account for

the oldness of the sample. Oldness (in the sense of the amount of time that a sample is

exposed to UV light) can be determined by microscopic analysis.

In the regions with a lot of sunlight throughout a year, UV effect of automobile paints is
important factor in identification. In the future, a more detailed research of a timeline of UV
effect on automobile paints ought to be conducted. Moreover, because of unique climates it

would be useful to compose of a database for identification of automobile paints in the region.
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7. Abstract

Testing of the UV light effect on the automotive paints by FTIR spectroscopy

Identification of paint traces by FTIR spectroscopy is a recognized forensic method. It is

especially important in a hit and run car accidents.
The objective was to discover how automotive paints exposed to UV light are affected.

Methods we used were FTIR spectroscopy and polarised microscopy.

Our primary results were IR spectra of 13 samples. We used samples from a few
manufacturers in yellow, red, blue and green colour. Spray paints were applied on stainless
steel and left under UVB (UV light with a wavelength of 304 nm) and UVC (UV light with a

wavelength of 254 nm) for 30 days. We obtained IR spectra of samples after 15 and 30 days.

We concluded that samples visibly changed after the experiment. We saw some interesting
modifications of IR spectra, which could give us an information of what is happening in car

paint sample when exposed to UV light.

Keywords: automotive paints, IR spectroscopy, UVC, UVB
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Sazetak
Ispitivanje ucinka UV svjetla na automobilske boje pomocu FTIR spektroskopije

Identifikacija tragova boja s pomocu FTIR spektroskopije je poznata forenzi¢éna metoda koja

se koristi pri ispitivanjima automobilskih nesreca.
Cilj je bio saznati kako se mijenjaju automobilske boje izlozene UV svjetlu.
Metode koje smo koristili bile su FTIR spektroskopija i analiza s polariziraju¢im mikroskopom.

Nasi primarni rezultati bili su IR spektri 13 uzoraka. Koristili smo uzorke nekoliko proizvodaca
u Zutoj, crvenoj, plavoj i zelenoj boji. Boje za rasprSivanje nanesene su na plocCice od
nehrdajuéeg Celika i ostavljene pod UVB (UV svjetlo s valnom duljinom od 304 nm) i UVC (UV
svjetlo s valnom duljinom od 254 nm) tijekom 30 dana. Nakon 15 i 30 dana dobili smo IR

spektre uzoraka.

Ustanovili smo da su se uzorci vidno izmijenjili nakon eksperimenta. U IR spektrima smo
primjetili promjene inteziteta te pojavu i nestanak pojedinih vrpci kod boja koje su bile
izloZzene UV svijetlu u odnosu na referentne uzorke. Ti podaci bi nam mogli dati informacije o

tome Sto se dogada u uzorku automobilske boje kada je izlozena UV svjetlu.

Kljuéne rjeci: automobilske boje, IR spektroskopija, UVC, UVB
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