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Characteristics of Bidirectional Reflectance of Flake Pigmentsfor Paint

Coatings
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Abstract

Paint coatings have contributed greatly to the
appearance of cars, and their colors and textures are very
significant in considering car design and a products line-
up. Recently, metallic-type paint coatings dominate the
market and their flake pigments play a significant part in
the paint appearance. To understand the mechanism of
the paint appearance, it is necessary to clarify the optical
characteristics of very small flake pigments, of which
sizeisof an order of micrometers. First of all, an optical
measurement system was set up to investigate the
bidirectional reflectance of each flake pigment, and the
measurements were made on micaceous iron oxide
(MI10), flake pigments and aluminum ones. For MO
flake pigments, the particle size and the surface
treatment were found to have a great influence on the
bidirectional reflectance and the influence of the aspect

oooon

ratio might be negligible. For aluminum flake pigments,
on the other hand, it was revealed that the reflectance
was larger than that of MIO pigments and that each
sample had a different distribution. Mathematical model
and its expressions for the bidirectional reflectance are
investigated in order to clarify the factor, influence and
mechanism of the reflection of the flake pigment itself.
This study revealed the reproducibility and validity of
the expressions of the bidirectiona reflectance based on
the measurements. In other words, it has been reveaed
that the bidirectional reflectance is mainly explained by
the diffraction effect on the flake pigment size and that
the distribution of the reflectanceis changed by the
diffusive reflection effect on the surface conditions,
including roughness and shape.
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Fig. 1 Optical setup of measurement.
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Incident light area Flake pigment Table 1 Specification of MO samples.
measurement area measurement - ; : :
Sample No. | Size (um) | Thickness (um) | Aspect ratio | Chromic treatment
1 323 4.0 8.1 No
2 16.2 35 4.6 No
3 17.2 34 51 Yes
Intensity: g . 4 17.2 1.6 10.8 No
Arearaio: d 5 115 12 9.6 No
Intensity: ¢(6)
Fig. 2  Measured light intensity and flake 3
pigment area within observation area: ]
It needs to consider flake pigment area o5 ]
when its area does not fully occupied. T
] Pigment size
2 32.3um
e \/
g 15 /
B i \ 16.2um
E 1 /
: }//\t\/
05 - / \ 11.5um  —
0 ] _.-Jjj k
rrrryprrrryrrrrprrrrprrirrfrrrrprrerprreT
-20 -15 -10 -5 0 5 10 15 20
Angle (deg.)
Fig. 3  Appearance of M10 flake pigments:
They are hexagonal crystals with flat Fig. 4  Relation between flake pigments size

surface, but some ones aren't so.

and bidirectional reflectance.
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Fig. 5 Appearance of aluminum flake pigment.
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Fig. 6 Distribution of bidirectional reflectance

for auminum flake pigments and MO
ones at almost same size.
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Fig. 7 Distribution of bidirectiona normalized

distribution of angular reflectance for M10
flake pigments and aluminum ones.
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Fig. 8 Relation between flake pigment size and
reflectance at 6= 0 degree ( MO sample,

No.4).
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Fig. 9 Cdculation result: Relation between flake

pigment size and bidirectional reflectance.
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Fig. 10 Bidirectional reflectance of MIO flake pigments. Left figureisone
example of calculation results and right one is the corresponding one

of measured results.
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Fig. 11 Bidirectional reflectance of aluminum flake pigments. Left figureisone
example of calculation results and right one is the corresponding one of
measured results as same as shown in figure 10.
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