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Effect pigments are widely used in automotive coatings,
typically in the form of aluminium or interference pigments.
These pigments change their visual appearance depending
on the angles of illumination and observation. While
colourimetric measurements of reflection values and
conversions to CIELAB values allow for precise analysis, such
perception-based parameters have limitations in accurately
capturing sparkle and flop. This article presents these
perceptions in real-world applications and discusses the
challenges in their quantification.

When evaluating both perception phenomena, it should
be noted that when visually inspecting a sample sheet
(postcard-sized), there is a 15° to 20° difference in viewing
angles between the top and bottom edges. This range
exceeds that of the first two near-gloss aspecular angles —
15°and 25° — used in instrumental measurement.

Another difference between visual and instrumental
assessment lies in the area observed: visual assessment
involves evaluating the entire sample sheet, while
instrumental measurement is limited to a small spot. To
resolve this discrepancy, we developed the GonioViewer,
which enables visual observation over an area equivalent to
that measured by instruments (see also CCJ November 2024).
This difference is also evident when comparing the visual
impressions of sparkle and flop with their corresponding
instrumental measurements.

Sparkle

When a new white interference pigment was introduced by
the German manufacturer Merck in 2000, car designers were
enthusiastic about the so-called "white metallic" pigment.
However, it was not a true metallic pigment, but rather a
standard transparent interference pigment based on alumina
(aluminium oxide). Like other transparent interference
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Figure 1: The GonioViewer 06 uses five illumination angles on both
sides of the normal; observations are made along the normal.
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Figure 2: The same interference pigment in the base coat with
different clear coats—sparkle values vary from glossy to matte.
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pigments, it was coated with titanium dioxide or iron oxide.
At that time, the first portable multi-angle instrument had
only been introduced five years earlier, and knowledge of
the colourimetric evaluation of interference pigments was
still limited. As a result, it was difficult to distinguish this new
pigment from existing interference pigments.

This pigment exhibited a phenomenon known as sparkle
— a visual effect resembling dancing light reflections on a
restless water surface, caused by individual pigment particles.
Unlike similar interference pigments such as XillaMaya Crystal
Silver from the Chinese manufacturer Kuncai, Merck's white
pigment comprised both green and red pigments, making the
interplay of red and green sparkle clearly visible.

In 2008, the ASTM (American Society for Testing and
Materials) established standard method E2539 for measuring
interference pigments. This standard specified the use of a
second light source and additional measurement angles apart
from the gloss angle. Around the same time, BYK Gardner
released the new multi-angle instrument BYKmac, which
featured illumination at 45° and six measurement angles from
the gloss angle. Additionally, the test sample was illuminated
at three angles (15°,-45°, and -75°) to capture black and white
images with a camera in the normal. BYK then calculated
sparkle parameters from these images.

The X-Rite MA-T12 calculates sparkle parameters in a
manner similar to the 3nh MS3012, using measurement values
taken at the 15° angle. Both instruments operate on the
principle of light reversal, meaning illumination and detection
are reversed.

Since sparkle is not a physical quantity and has no
defined units, the initial enthusiasm has waned. The value
obtained applies only to the specific sample tested and
cannot be generalised.

Multiple factors influence the sparkle values measured
for the same pigment. Modern automotive paints typically
comprise a base coat containing the pigments and a clear coat
that protects this layer. The clear coat is mixed with hardener
and thinner to prepare it for spraying — a process used in
both original production and refinishing applications.

Example 1: Same base coat with different
matte clear coats

First, Xirallic Galaxy Blue was combined with two absorbent
blue colour pigments and a black pigment. This base coat
was then applied to six postcard-sized metal sheets. Matte
and semi-matte clear coats from the PPG paint range were
selected and blended according to product specifications
to achieve a matte gradation. These gradations were
subsequently applied to the sample sheets.

The sheets were sorted by degree of matting and
catalogued in the tables and charts (x0601-x0606 ... -x0602).
Refer to the gloss values in Table 1. In Figure 2, differences
are observed in S_G15 (sparkle grade), S_a15 (sparkle area at
15°), and S_i15 (sparkle intensity at 15°), despite all sample
sheets sharing the same base coat.

Example 2: Same base coat, clear coat with
different hardeners and thinners

Seven sample panels were sprayed using the same base
coat, formulated to match the BMW colour Frozen Blue. The
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Table 1: Clear coats applied to the same base coat containing the Galaxy Blue interference pigment.

3k Semi-gloss (D8115) W Matte (D8117)
(%) (%)

x0601 4RSWE Galaxy Blue + CC (¥ Gloss) 0 0°
x0606 4R;A¥ Galaxy Blue + FC05 0 100
x0605 4R Galaxy Blue + FC05 30 70
x0604 4R Galaxy Blue + FC05 50 50
x0603 4R Galaxy Blue + FC05 70 30
x0602 4RSWE Galaxy Blue + FC05 100 0
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table (Figure 3) outlines the combinations of matte and
clear coats along with the respective additions of hardener
and thinner. The charts (Figures 4 and 5) illustrate how the
sparkle parameters vary depending on the hardener and
thinner used.

Although the base coat remained consistent across
all samples, the sparkle parameters were affected by the
variations in hardener and thinner, demonstrating their
influence on the final appearance.

Example 3: Different measurement
directions

A base coat containing Xirallic Galaxy Blue, aluminium, and
coloured pigment was applied to a sample sheet and sealed
with a clear coat. The measuring instrument was then rotated
by 90° to evaluate the sparkle effect.

The chart illustrates the dependence of sparkle
measurements on instrument positioning. Since the BYK
device illuminates from both sides of the normal (15°, -45°,
and -75°), precise alignment is essential. Currently, no known
studies have assessed whether this angle configuration is
adequate or optimal. A more sensible approach, in our view,
would involve illuminations at 15°, 30°, and 60° (see also CCJ
November 2024).

Example 4: Sparkle observed in solids
without effect pigments
When solids containing only colour pigments are measured

using the BYKmac or X-Rite MA-T12, sparkle parameters are
still generated. Although the X-Rite MA-T12 reports different
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Figure 3: The same base coat with different clear coats; hardeners
and thinners in the clear coat influence the sparkle values.
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Figure 4: Sparkle grade Sg at 15° is influenced by the composition
of the clear coat.
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Figure 5: Rotating the measuring device by 90° changes the
sparkle values on the same panel.
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values for sparkle grades, measurable values are nonetheless
present. In principle, no values should be reported for either
sparkle or coarseness in such cases.

Results from the BYKmac show a significant drop
in sparkle-related parameters when a white pigment
is introduced.

Example 5: Same sparkle, different colour

The sparkle values determined apply only to the specific
sample panel and its pigmentation. These values do not
correspond to a particular pigment and therefore cannot
be transferred to other pigment formulations, even if they
contain the same effect pigment.

Upon querying our database, we identified mixtures
with identical sparkle parameters but differing pigment
compositions. One example includes Xirallic Galaxy Blue
combined with aluminium — one sample contained the
solid_2 colour pigment, while the other did not.

In a second example, Pearlblue with aluminium and
solid_2 was compared to Galaxy Blue with solid_2. Both
exhibited the same sparkle grade (Sg) and similar values for
sparkle area (Sa) and sparkle intensity (Si). These findings
highlight the limited informative value of sparkle parameters
when used in isolation.

Sparkle is a phenomenon of perception, not a physical
quantity. It depends on numerous factors, as illustrated in the
preceding examples. For nuanceurs at paint manufacturers —
those responsible for reproducing car colours — the challenge
lies in the fact that sparkle parameters increase when the
concentration of Crystal Silver is reduced. In contrast, the
sparkle of aluminium pigments increases as their concentration
increases. In other words, they behave in opposite ways.

Automotive colours typically contain four to eight
pigments, and understanding their interactions is critical.
This complexity becomes especially challenging when
attempting to reproduce a colour that includes Crystal Silver.

Originally, sparkle measurement was introduced solely
for Xirallic Crystal Silver. However, users have since extended
this measurement approach to all effect pigment paints,

Table 2: Solids without effect pigments can also display sparkle values (sparkle grade).

ETHED | grmew | sTEEN

SR i3k WEFR ‘ 4 Ry SR
rm/mm) | P gaey | FEMuE) | AESR | WESS | gugg)
&z BF HiEE Sparkle Colour based g Sparkle
: Sparkle Colour Colour based | Colour based
Channel Version | Coarseness grade sparkle grade
S grade parame sparkle sparkle
(brightness (skewness) grade G50 fade (spot all
all contrast) (brightness (sk%wness) ?s of) channels)
all contrast) P
green 3.1 2024-12-11 | r15as15 |Version 5.1 091 1.67 2.10 3.32 17.62 2.05 2.44 3.44 3.51
yellow 2024-12-11 | r15as15 |Version 5.1 0.42 0.04 1.22 1.04 4.33 0.06 0.81 0.72 1.22
red 2024-12-11 | r15as15 |Version 5.1 1.00 1.62 1.54 2.85 2.73 0.79 0.76 1.21 2.46
green 10:1 | 2024-12-11 | r15as15 |Version 5.1 0.94 1.29 2.03 2.69 15.31 1.58 2.22 2.74 2.76
white 2024-12-11 | r15as15 |Version 5.1 0.34 0.06 2,14 1.14 8.24 on 1.69 1.05 1.20
light grey 2024-12-11 | r15as15 |Version 5.1 0.19 0.14 1.94 1.00 7.67 0.21 1.52 0.92 1.17
dark grey | 2024-12-11 | r15as15 |Version 5.1 0.42 0.86 2.09 2.56 15.48 1.17 2.28 2.65 2.51
black 2024-12-11 | r15as15 |Version 5.1 2.15 7.06 1.60 7.72 15.89 5.75 1.89 6.15 7.74
x1185 2024-12-11 | 5as15 | Version 5.1 0.25 0.00 0.05 0.00 1.97 0.00 0.05 0.00 0.39
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Table 3: Variations of clear coats with different hardeners and thinners applied to Frozen Blue base coats.

12548 Panel Bt Hardener #WEH Thinner

X0516 70:30 30-40 3% Long
x0517 75:25 30-40 K Long
X0518 80:20 30-40 3% Long
x0519 75:25 30-40 4R Express
x0520 70:30 10-20 K Long
x0521 75:25 10-20 451R Express
x0522 S Gloss 30-40 K2 Long

91226 15.04.03 ﬁﬂ%‘%ggrlg')'(‘\‘;blu . 10 0.27 Solid_2 90 2.38

91226 15.04.03 Eiﬂ%%x;’lg')'(‘\‘;blu o 20 0.51 55-silver 20 0.56 Solid_2 60

#ZHI1R Panel 4] Flop S G15 S_i15 S als

91226 9.74 6.58 20.10 22.14

91253 23.09 6.58 13.56 32.76

91040 26.02.03 ggcfﬁiﬁ 30 0.81 55-silver 10 0.28 solid_2 60 1.59

91236 15.04.03 ﬁﬂ%%x;’lg')'(‘\‘;blu . 98 2.65 Solid_2 2 0.05

#EH1R Panel 4] Flop S G15 S_i15 S als

91040 22.74 697 14.99 32.84

91236 19.00 697 15.81 3121
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Figure 6: Different pigmentations can produce the same sparkle values.
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often without fully considering whether the methodology
provides accurate or meaningful results. The concerns raised
here apply broadly — to all instruments and the BRDF
(Bidirectional Reflectance Distribution Function) model itself.

At the ASTM meeting in Atlanta in 2012, Wolf Moritz
Cramer introduced an intriguing pixel-based calculation
method. In this approach, photo pixels are transferred onto
a mesh with defined distances, offering an alternative way to
analyse sparkle characteristics.

Flop

Another perceptual phenomenon is flop, which refers to the
difference in visual impressions observed at shallow versus
steep angles relative to the gloss.

In the 1980s, interest in metallic colours surged —
accompanied by increasing acceptance of cars painted in
these finishes. At the time, paint manufacturers sought
methods to capture and describe the effects produced
by such colours. Until then, colours had typically been
measured using directional lighting and observation or a
spherical geometry — both of which proved inadequate
for effect pigments.

To address this, DuPont developed a multi-angle device
called DuPontmac for internal use in the late 1980s. The
device used illumination at 45° and measured reflectance at
15°, 45°, and 110° from the gloss angle. This configuration
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was chosen based on visual evaluations of metallic-coated
cans and barrels.

David H. Altman of DuPont formulated a method for
calculating flop using the lightness values measured at
those angles. He subtracted the lightness at the low-gloss
geometry (110°) from that at the high-gloss geometry (15°),
and divided the result by the lightness at the intermediate
angle (45°). Additional parameters were introduced to
further refine the calculated flop value. At the same time,
the German optics manufacturer Zeiss developed a multi-
angle device that used illumination at 45° and measured
reflectance at 25°, 45°, and 75° from the gloss angle. Based
on the lightness values recorded at these geometries, Zeiss
also introduced its own definition of a flop value.

In the late 1980s, understanding of flop indices — their
underlying principles and contributing factors — was still
quite limited. Today, however, flop correctors and other tools
are routinely employed in laboratories to manipulate and
fine-tune flop characteristics.

Example 6: Flop corrector

In the automotive paint sector, colours and effects often
need to be reproduced based on a reference template. If the
reproduced colour appears too light near the gloss angle,
its lightness can be reduced using appropriate binders.
However, it should be noted that this also increases the
lightness at low-gloss geometries. As a result, the calculated
flop value decreases, since the difference between the high-
gloss and low-gloss lightness levels becomes smaller.

A flop corrector typically influences lightness across
a wide range of viewing angles. In most cases, it reduces
lightness near the gloss angle while increasing it at angles
farther from the gloss.

Example 7: Carbon black

Various types of carbon black are available for automotive
and industrial applications. They can generally be
categorised as either bluish or brownish carbon blacks. Both
types can be used as flop correctors — potentially even
interchangeably — as they significantly affect lightness in
glossy areas, while having a much smaller influence in non-
glossy regions.

140

120 — AR

/ Medium fine aluminium
1~ N\ — B HASBRER 928
100 / \ Alu + flop corrector 92:8

Z 71 I\
N

F (w/o flopcorr.) = 15.2
20 F (w/ flopcorr.) = 8.1

0
-100 90 -80 -70 -60 -50 -40 -30 -20 20 30 40 50 60 70 80 90 100
HE R 5 Aspecular [] (8 Hillumination: FZobservation 30°)

40

90
L*
80

oA

R &% 2 Carbon blacks with crystal silver

70 — ERE Blue black

—— IREE Brown black

65 60 55 50 45 40 35 30 25 20 10 5 0 -5 -10 15 20 -25 -30 -35

FAEAJZ llumination [°] (25 illumination: M £ /& observation 30°)

B8 : — M RBIER IR D K FMEHRE  FEMEB X EFNAENRE
Figure 8: A flop corrector reduces lightness near the gloss and
increases it at angles farther from the gloss.
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Figure 9: Replacing the carbon black lowers the lightness near
the gloss while leaving it nearly unchanged at other angles.
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Figure 10: The same interference pigment applied over different
background colours exhibits different flop behaviours.

Example 8: Influence of the substrate

With transparent interference pigments, the colour of the
substrate significantly affects the overall colour impression.
In the tests presented here, sample panels were pre-sprayed
with pastel colours. The same base coat — containing the
white interference pigment Crystal Silver — was then applied
to all panels and sealed with a clear coat. When Crystal Silver
is applied over a yellow substrate, the difference between the
lightness near the gloss and the lightness at low-gloss angles
is smaller than with other colours, resulting in reduced flop.

The choice between a black or white substrate also
influences the flop. Here again, the lightness of the substrate
plays a role in modifying the flop of Crystal Silver. The effect
is notably greater when using a black substrate.

Summary

Both perceptual effects — sparkle and flop — can be
influenced by various factors. In each case, the measured
parameters apply only to the specific panel tested and
cannot be transferred to panels with different pigmentations.
For example, when reproducing an effect colour in the
automotive sector, accurately identifying the effect pigments
in the original panel is the most critical factor for successful
replication. Sparkle and flop values offer only limited
guidance, as the perceived effect in the reproduced panel
also depends on correctly identifying the effect pigment.

BN imAkE AR (19%)
Figure 11: Light reflections on turbulent water surface (sparkie)



