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ABSTRACT : In this study, engineering grade and high intensity reflective sheets were prepared with glass beads and their
reflection performance and physical properties were investigated. The reflective sheets prepared by using glass beads are
divided into enclosed or encapsulated lens type, depending on whether the glass beads are open in air or not. Because
of an extra layer on the glass bead surface, the enclosed lens type reflective sheets show very little change in the properties
by bad weather conditions, compared to encapsulated lens type reflective sheets. Optimization of the amount of glass beads
on the surface was carried out, which determines the retroreflective properties. Enclosed and encapsulated lens type reflective
sheets with various colors were prepared and their coefficients of retroreflection were determined. The encapsulated type
reflective sheet with white color shows a coefficient of retroreflection of 210.4 cd/1x - m’, which is higher than the enclosed
type (74 cd/1x - mz). Effect of washing on the reflective property and adhesive power of the reflective sheets was investigated,
and it is found that the number of glass beads decreased with washing and the aluminum layer deposited was damaged
extensively in the encapsulated lens type reflective sheets.
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Figure 1. Reflective principle of (a) glass bead and (b) microprism types.
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8. PET

7. PE[Resin]

6. Glass beads
5. Primer

4. Al metalizing
3. Skin\

2. Binder+»

1. Fabrics

1 Removal of PET

Figure 2. Synthetic procedure of encapsulated type reflective
sheet.

7. PET

6. Acrylic adhesive
5. Glass beads

4. Acrylic adhesive
3. Al metalizing~,

2. Binder+»

1. Paper

Figure 3. Synthetic procedure of enclosed type reflective sheet.

Figure 4. SEM picture of glass beads used.
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Table 1. Coefficient of Retroreflection of Enclosed Type Reflective Sheets with Different Colors

WHITE BLUE GREEN
Entrance Angle -4 +5* +30 -4 +5% +30 -4 +5% +30
Observation Angle
0.20 101.3 47.2 88 5.4 15.6 9.7
0.33 74.0 6.3 11.1
0.50 46.5 29.1 4.1 3.1 7.4 5.6
2.00 7.8 6.3 0.9 0.7 1.9 1.5
YELLOW ORANGE RED
Entrance Angle -4 +5% +30 -4 +5% +30 -4 +5% +30
Observation Angle
0.20 62.7 27.0 27.3 19.8 32.8 213
0.33 47.9 18.4 25.0
0.50 31.7 17.9 10.3 10.4 15.5 13.8
2.00 4.7 33 3.7 2.7 32 24
*European Angle
Coefficient of retroreflection Ra = cd/1x -+ m’
Measurement area : 0.00066 m’
Table 2. Coefficient of Retroreflection of Encapsulated Type Reflective Sheets with Different Colors
WHITE BLUE GREEN
Entrance Angle -4 +5% +30 -4 +5% +30 -4 +5% +30
Observation Angle
0.20 283.8 248.6 28.8 24.8 52.3 44.5
0.33 210.4 20.4 384
0.50 1153 110.4 10.3 9.4 20.0 19.0
2.00 6.2 55 0.6 0.4 1.2 0.8
YELLOW ORANGE RED
Entrance Angle -4 +5% +30 -4 +5% +30 -4 +5% +30
Observation Angle
0.20 197.1 167.8 117.2 101.0 71.6 59.1
0.33 139.7 84.5 54.1
0.50 67.9 66.2 43.8 42.0 30.2 27.0
2.00 52 4.1 29 2.3 1.5 1.2

*European Angle
Coefficient of retroreflection Ra = cd/Ix - m’
Measurement area: 0.00066 m’
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Final product

Al metalizing

Beads

Figure 5. SEM pictures of the cross-sections of encapsulated type reflective sheet.

Acrylic
adhesive

Beads

Final product Skin

Al metalizing

Figure 6. SEM pictures of the cross-sections of enclosed type reflective sheet.
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Before

After (50 times)

Figure 7. SEM pictures of surface and cross-section of encapsulated type reflective sheets before and after washing.
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