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Experiments with Matt Effects
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Interest in matt-painted cars ebbs and flows like the tide. In
this context, matt paintwork is more often than not sold as a
design innovation that attracts little purchase interest — with
correspondingly minuscule sales figures.

The slightest interest in matt-painted cars surely stems
from psychological and practical aspects. People have
always valued anything that shines. Shiny denotes fresh
and clean. Matt, on the other hand, evokes a used and worn
impression, with a hint of mysterious too. Vehicles painted
matt are attractive because they draw attention on the road
as something special and unique. Their paintwork is not only
expensive in comparison to gloss paint, but also requires
particular care.

As car makers offer not only complete matt paintwork
but also matt-painted parts, the manufacturers of repair
paints need to provide corresponding paint portfolios for
their customers, the car body painters.These programmes also
offer the option of carrying out tests with different degrees
of matt. Thus, two test series were devised, which deal with
both the effect of hardener and thinner on the degree of
matt as well as the influence of the matt coat on the base
coat effect. Base coats were created with the tinting mixes of
the corresponding paint manufacturer in both series. They
were applied onto grey-filled sheets as specified by the paint
manufacturer and initially sealed with normal (glossy) 2K clear
coat, in order to avoid influences from the covering matt coat
on the base coat.The aim of these investigations was to record
the influence of the matt clear coat on the effect pigments.

Different devices were used for measuring colour and
gloss: BYK-mac |, X-Rite MA98 and KonicaMinolta CM-512
were used for the measurements. These portable devices are
designed for measuring effect pigments and effect-pigmented
paints, but only offer limited opportunities for describing
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Figure 1:Table of Standox panels
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interference pigments optimally. The BYK-mac illuminates at
an angle of 45° and measures at -15°, 15°,25°,45°,75° and 110°
from the gloss angle.The MA98 has additional illumination at
15° and the corresponding angles from the gloss (aspecular),
as also described in the E2539 standard test practice of
ASTM. A third illumination was originally conceived in the
standard test practice, but was left out owing to technical
implementation. It must also be borne in mind that the
choice of geometries was more or less arbitrary, while the
conditions for the measurement of inference pigments are
only satisfactory to a certain extent.

CM-512 from KonicaMinolta exhibit three circular
illuminations below 25° 45° and 75°. This measurement type
has the advantage compared with the directional methods
whereby it can also be used for structured surfaces. Effect
pigments can also only be described to a limited extent with
these geometries. KonicaMinolta meanwhile offers a new
model with the same geometries of the devices described.
Colour measurements were also carried out with devices
exhibiting spherical geometries and a directional geometry.
The differences between these two types of geometry are
clearly apparent in the measuring results.

Gloss measurements were conducted with devices
made by Rhopoint and TQC at 20°, 60° and 85°, as well as the
above devices with spherical and 45°/0° geometry at 60°.
It can basically be determined that the measuring results
were comparable between the devices and are consistent.
A detailed comparison of the measuring instruments was
sufficient in this regard.

Tests with hardener and thinner

The matt clear coat, as well as a current gloss clear coat,
were selected from the Standox paint programme (equal to
SpiesHecker and DuPont), these having been represented by
this manufacturer. The two clear coats were used in the mixing
ratios 70:30 (matt:glossy), 75:25 and 80:20. Furthermore, a so-
called short and normal hardener, as well as a short (Express)
and long thinner, were selected from the Standox programme.
These mixtures were compared with a sample with glossy 2K
clear coat, which was provided with a normal hardener and
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Figure 2: Results of the sphere measurement show
nearly no differences in lightness of these matt panels.
Differences are obvious with 45°/0°.
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Figure 3: Comparing chroma of the glossy and matt
panels: Decreasing chroma of the glossy panel going off
gloss.The chroma of the matt panel firstly increases to
45°/25° and then decreases further off gloss.
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a long thinner. All clear coats were applied to sample sheets
with the same water base coat using pneumatic spraying. A
paint formulation similar to a blue series colour was chosen as
base coat (Figure 1).

Measurements regarding the brightness of the sample
sheets revealed almost the same values for the spherical
geometry, while it increased in the case of the directional
geometry with a higher percentage of matt coat (Figure 2).
Different hardeners and thinners only have a slight effect
on the brightness in the case of directional geometry 45°/0°,
while exhibiting an influence on the gloss: The short hardener
reduces the degree of gloss (sample x0520 in comparison to
sample x0517), while the short thinner increases the degree
of gloss (sample x0519 and x0521 in comparison to sample
x0517) (Figure 3).

It is normal to determine the gloss with different
measuring angles depending on the gloss range: In the
range from 10 to 70 GU (gloss units), the 60° illumination is
recommended above the 20° and below the 85° measuring
angle. With the blue sample sheets, the results of the gloss
measurements at 60° and 85° clearly reflect the above
statements concerning the gloss level.

When using a multi-angle instrument and measuring
at 45° illumination with the specified gloss angles, the matt
samples reveal an angle-dependent behaviour: Close to the
gloss angle, these matt samples exhibit significantly higher
brightness values: Matt samples appear white and have a
higher reflection than the glossy reference sample. In all matt
samples examined, the chroma values increase from as-15°
(aspecular) via as15° to as25° and then decrease again. The
glossy sample typically reveals the highest chroma value at
an aspecular angle of -15°, i.e., close to the gloss angle. The
chroma values decrease from this value in the glossy samples if
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Figure 4: FCO1 is a matt clear coat of PPG, FC06 a semi-gloss clear coat. FC02 to FCO5 are mixtures of both in ratios
70:30, 50:50 and 30:70.Three effect pigments for chosen for these experiments. Glossy panels were set as standards.
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measuring far from the gloss. Matt samples appear "milky and
white" close to the gloss angle, i.e., their brightness is similar
to that of white, and their chroma is correspondingly low. This
reaction is caused by diffuse reflections in the matt clear coat.

A corresponding behaviour is reflected in the a*b*
diagram: Effect pigments exhibit a unique progression
of the aspecular line (connecting line of the a*b* values
of the geometries of the gloss) if the base coat is sealed
with a glossy clear coat. Colourful interference pigments
turn this "arm" anticlockwise with the glossy clear coat.
This is due to the shift in the reflection maxima to shorter
wavelengths if the interference pigment is illuminated
more flatly. White interference pigments and aluminium
pigments do not exhibit "turning" of the arm. In these, the
aspecular line continues from 45°/as25° via 45°/as15° to 45°/
as-15° in a straight direction. In the case of matt samples, the
"arm" turns from 45°/as15° to 45°/as-15° clockwise towards
the achromatic point with these blue values. This inverse
behaviour is substantiated by the scatter in the matt clear
coat, whereby the above "arm" turns towards the white. A shift
of the reflection maxima also occurs here, which means the
low reflection areas of the spectrum are also increased.

Tests with different degrees of matt

Three water-based base coats are defined in a further test
series. PPG paint mixes with their own prepared effect
pigments were mixed in specific ratios here (equal to Nexa).
The effect pigments were applied with a prepared binder,
which is contained in the PPG mixing system.

To produce the samples, sample sheets that were filled
dark grey were applied with the base coats using a spray gun
as specified by the manufacturer. All sheets were then provided
with a glossy clear coat in order to rule out an effect here from
the matt clear coat that was applied subsequently. A sheet with
a glossy clear coat was chosen as the reference sample.

PPG supplies two matt clear coats that can be mixed with
one another. The matt clear coat has the highest degree of
matt, the semi-gloss clear coat the lowest. PPG specifies levels
from FCO1 (100% silky gloss) via FC02 (70:30 silky gloss:matt),
FCO03 (50:50) and FC04 (30:70) to FCO5 (matt); nevertheless, any
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Figure 5:The gloss measurements at 60° appear most plausible. In case of measuring geometry 85°, the results for the
glossy sample and silk glossy samples are almost identical in respect to gloss.They are too far apart at measurement
geometry 20°.The grey area is the normal area for measurements at 60°.
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Figure 6: Increasing chroma from near gloss to 45°/25°
and then decreasing chroma to off-gloss. The glossy
panel shows decreasing gloss from near gloss.
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Figure 7: The low reflection spectral ranges of Stellar
Green are increased by the matt clear coat. But still
there is a color shift to shorter wavelengths when
illuminated flatter.

intermediate levels can also be created between these two
clear coats in order to adapt the degree of matt to the repair
conditions. However, no graduations can be mixed between
the silk glossy and glossy clear coat, which means the matt
samples were compared directly with the glossy sample in this
test series. The paintwork of the matt clear coat was carried
out with the utmost care, as preliminary tests had revealed the
dependency of the matt degree on the application conditions.
The painting was therefore performed within a short time in
succession. Plus the ventilation and drying times are oriented
to the specifications of the paint manufacturer (Figure 4).
The effect pigments XillaMaya Steller Green and
XillaMaya Galaxy Blue made by Kuncai as well as a Silverdollar
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Figure 8:The extended "arm" of the aspecular
measurement values bends normally from 45°/as25° via
45°/as15° to 45°/as-15° anticlockwise. With matt clear
coat, this bending turns clockwise to the achromatic
point.
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Figure 9: Corresponding behaviour of Galaxy Blue to
that of the green effect pigment: The extended "arm"

of the aspecular measurement values bends from
45°/as25° via 45°/as15° to 45°/as-15° clockwise with
decreasing gloss values (GU).

pigment of medium size were selected. Their percentage was
about 2% in the mixtures. The first two pigments represent a
new interference pigment whose pigment flakes are coated
with titanium dioxide. They exhibit typical colour shifts in
relation to the incident light. When illuminating at a constant
angle and measuring at various angles from the gloss angle,
the interference colour is only recorded to a limited extent.
These measuring angles are sufficient to attain the results in
these tests.

As in the above samples, the measurements with the
spherical geometry do not exhibit any differences between
the samples, nor between the glossy sample and matt one.
If measuring directionally with the geometry 45°/0° on the
other hand, the brightness of the sample with the highest matt
property decreases to the other sample and to the glossy one.

The gloss measurements do not reveal any surprises: In
the case of three gloss geometries 20°, 60° and 85°, the gloss
values increase as the matt level decreases. The results at 60°
appear most plausible. In case of measuring geometry 85°,
the results for the glossy sample and silk glossy samples are
almost identical in respect to gloss. They are too far apart at
measurement geometry 20° (Figure 5).

When comparing the brightness in relation to the gloss
angle, the measured values close to the gloss for the matt
samples are significantly higher than that of the glossy
samples. The reflection curves also explain this: The low
reflection spectral ranges are compensated and thus limit the
whitish effect of the matt clear coat.

The chroma also reveals the phenomenon that its values
from the geometries close to the gloss increase to 25° from
the gloss and then decrease again to geometries far from the
gloss (Figure 6). The "whitening" close to the gloss causes
the chroma to decrease; away from the gloss, there is less
compensation of the low reflection spectral ranges, with the
result that the samples appear more "colourful” (Figure 7).
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Figure 10: Matt paste reduces the gloss of a clear coat. It
can also be used to change the orientation of the effect
flakes when add to the base coat: Less brightness L*
near gloss but higher L* off gloss.
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Although the extended "arm" of the aspecular
measurement values bends from 45°/as25° via 45°/as15° to
45°/as-15° anticlockwise among the interference pigments,
a clear "twisting" of these lines clockwise to the achromatic
point is also apparent with these samples. Owing to the
above "whitening" close to the gloss - it is greater here than
with geometries far from the gloss - the colour of the base
coat changes.

The corresponding behaviour in respect to the
chroma and gloss values also occurs among the blue base
coat samples. This contains a mixture of blue-coloured
pigments with Kuncai XillaMaya Galaxy Blue. The procedure
and application correspond to those for the green effect
pigment. To this extent, the basic statements can be applied
to all colourful effect pigments. The particular behaviour in
conjunction with matt clear coats is not due to the reaction
of the interference pigments with respect to their colour shift
either, but the above reflections within the matt coat instead.
A colour shift to the shorter wave spectrum also occurs if the
sample is illuminated more flatly, but this reaction is much less
noticeable visually (Figure 9).

The third test series reveals that the statements can
be applied to different colour systems. In this series, the
blue interference pigment was replaced with a Silverdollar
aluminium pigment of medium size. Aluminium pigments
do not exhibit any colour shift if they are illuminated more
flatly. The emphasis here is on the change in the brightness if
the pigment is measured at different angles from the gloss at
fixed illumination. In the case of the sample with the highest
matt level, the brightness is significantly higher at geometries
close to the gloss than the glossy reference sample. The
reaction of the chroma is also repeated among the samples
with the aluminium pigment: If the samples are measured
below several angles, the chroma values close to the gloss are
thus significantly lower than those of the glossy sample; to
geometry 45°/as25° they increase and attain the same level as
among the gloss samples at geometries far from the gloss.The
behaviour in respect to the "matt property" does not differ
from that of the above samples with interference pigments
(Figure 10).

The matt level can be easily set by combing various matt
clear coats. This procedure represents the optimal solution for
the repair of vehicles or vehicle parts painted matt. However,
systems with matt pastes are also available, which are added
to adjust the desired matt level. The colour "whitens" in all
systems, whereby this procedure appears strongest close to
the gloss. Low reflection spectral ranges are increased in their
reflection here. The chroma decreases, while the brightness
increases. Scatter effects within the matt or matted clear
coat are the reason for this. In the case of base coats with
interference pigments, their optical properties - a shift in the
reflection maxima to the short-wave spectrum - are retained if
these are sealed with matt clear coat.The same also applies for
effects with aluminium pigments. As their effect also depends
on the angle, a matt clear coat will have a corresponding effect
on the gloss level and colour. Depending on the degree of
matting, the colour shifts towards the achromatic point. In this
way, the chroma close to the gloss also decreases in the base
coats with interference pigments. It increases to geometry
45°/as25° and then decreases again towards the geometries
far from the gloss. M
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