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Characteristics of a Structural Color of Hollow Particles
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Structural color was appeared, when the particles which size was smaller than the wavelength of vis-
ible light were accumulated regularly. The color was changed by the particle size, the incidence of the
light, and the distance between of two particles changed on drying process. On these results, we consid-
ered structural color was appeared by behavior of the light according to the Bragg’s Law.

In the case of using hollow particles which the diameter was micron order (2200 nm), structural color
was appeared when the incidence of the light was over 60 degrees, especially over 75 degrees. Less than
60 degrees, we could not observe structural color owing to roughness of particle surface. More than 60 de-
grees, we could observe both structural color and gloss.

These phenomena were due to behavior of the light between core and shell of the hollow particles
(thin-layer interference), not the distance between particles on drying process. Moreover, the structural
color of hollow particles which size was micron order did not need regular accumulative structure. And it
was not affected by roughness of the base materials.
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Figure 1 TEM images of hollow particles.
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Table 1 Properties of particles

Solid particles
Particle diameter (um)  0.23  0.45
Standard Deviation (um) 0.027 0.052
Covariance (%) 11.7 11.6

Hollow particles
Particle diameter (um) 0.52 2.2
Standard Deviation (um) 0.063  0.36
Covariance (%) 12.1 16.4

052 Um 220 Um

Hollow particles Hollow particles

Figure 2 Surface SEM images of accumulation layer.
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Figure 3 Reflective spectra of accumulation layer using several kinds of particles.

Figure 4
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Photographs of structural color under various light condition

Particles (0.23 um, 0.45 um), hollow particles (0.52 uym, 2.20 um)are in order from left (a,
c and d) and from front (b).
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Figure 5 Structural color change in dry process for 0.23 um particles.

Figure 6 Structural color change in dry process for 2.20 um hollow particles.

Incidence |light
~o ~o P4
S Reflected light S -
~ ~ -

Air layer

Disappearance of restraint/::

water by dryness ::

Figure 7 Schematic model of reflection of light for hollow particle.
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Figure 8 Gloss distribution of accumulation layer.
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Table 2 Surface roughness of the bases and their gloss of accumulation layer

Surface roughness | Coating weight Surface gloss at 75°

Base materials of the bases Base materials Particles Hollow particles

Ra 0.23 gan0.45 4 |0.52 ym | 2.2 g

(pm) (g/m’) (%)

Polyester film 0.3 4.0 70 61 55 53 99
Synthesized paper 1.2 25 83 56 64 99
Art paper 0.4 79 86 55 51 95
Fine paper 3.2 9 41 28 28 78

Figure 9 Surface SEM images of base papers.

(a) Synthesized paper, (b) Art paper, and (c¢) Fine paper

Figure 10 SEM images of each accumulated particles on kinds of base paper and struc-

tural color using (a) Synthesized paper, (b) Art paper, and (c) Fine paper.
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Figure 11 Reflective spectra of accumulation layer using

Synthesized paper, Art paper, and Fine paper.
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