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__________________________________________________________________________________________ 

Abstract: In this study we created colored asphalt materials using a two-layer spray. Each 

layer is a thin, quick-drying, pigmented latex paint based on either acrylic or a poly (vinylidene 

fluoride)/acrylic blend. The first layer is a titanium dioxide rutile and that of a shingle surfaced 

with bare granules from 0.06 to 0.62. The second layer is a “cool” color topcoat with weak 

near-infrared (NIR) absorption and/or strong NIR backscattering. Each layer dries within 

seconds, potentially allowing a factory line to pass first under the white spray, then under the 

color spray. We combined a white basecoat with monocolor topcoats in various shades of red, 

brown, green and blue to prepare 24 cool colored prototype asphalts and 24 cool colored 

prototypes shingles. Color emitting asphalt has been widely used as a new generation of 

pavement materials.  
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__________________________________________________________________________________________ 

1.  INTRODUCTION 

The widespread use of colored asphalt materials can save energy, mitigate urban heat islands 

and slow global warming by cooling the roughly 20% of the urban surface that is roofed[1-4]. 

Pavement materials are readily made with “cool” pigments—colorants that exhibit weak 

absorption and/or strong backscattering in the near-infrared (NIR) spectrum—because metal 

and clay tile substrates exhibit high NIR reflectance. It is more difficult to fabricate cool 

pavement material because gray-cement concrete and gray rock granules have low NIR 

reflectance [5]. Surface roughness further limits the reflectance of asphalt shingles [6].  

2.  PROTOTYPE DEVELOPMENT 

Fig. 1 shows the “Kubelka–Munk” solar spectral absorption and backscattering coefficients of 

pigmented polymer coatings representative of (though not identical to) those of the white 
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basecoat and five of the six color pigments. Absorption and backscattering curves are not 

shown for Ferro Chocolate Brown V-10117 because this relatively new pigment was not 

characterized in our earlier work [7-9].  

 

 

Fig. 1 Absorption and backscattering coefficients of pigmented polymer coatings 

representative of (a) the white basecoat and (b)–(f) five of the six color topcoats.  

3.  REFLEVTANCE MEASUREMENT 

We use the instrument as follows: The solar spectral reflectances (300–2500 nm @ 5 nm) of 

bare, white, and colored coupons were measured following ASTM Standard 

E903-96 [12] using a Perkin–Elmer Lambda 900 UV–vis–NIR spectrophotometer equipped 

with a 150 mm Labsphere integrating sphere. Solar reflectance S was calculated by weighting 

the solar spectral reflectance with a solar spectral irradiance characteristic of that received by a 

horizontal surface when the sky is clear and the sun is at zenith.CIELAB tristimulus values 

of L* (lightness), a* (red to green scale), and b* (yellow to blue scale) under CIE Standard 

Illuminant D65 were calculated for a 10° observer following ASTM Standard E308-01. 

Lightness L* describes perceived brightness, where L*=0 maps to black and L*=100 maps to 

diffuse white [10].  

Fig. 3 shows Asphalt factory.  
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Fig. 2 Asphalt instrument 

 
Fig. 3 Asphalt factory 

4.  RESULTS AND DISCUSSION 

The illustrated histograms in  Fig. 4 (asphalt materials)  arrange the bare (uncoated), white 

(white basecoat only) and colored (white basecoat + color topcoat) prototypes by solar 

reflectance. Each sample is labeled with its topcoat pigment (if any), solar reflectance S and 

lightness L*.  

 
Fig. 4 asphalt materials. 
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Fig. 5 shows the variation of S with L* for the 24 colored concrete tiles prepared in the 

current study (Tile Set A). The Tile Set A process is intended for use in a factory line, and 

hence is parenthetically labeled “factory”.  

 
Fig. 5 Concrete tile solar reflectance vs. Lightness. 

Fig. 6 shows the variation of S with L* for the 24 colored asphalt shingles prepared in the 

current study (Shingle Set A). The Shingle Set A process coats the shingle after it is surfaced 

with bare granules, and hence is parenthetically labeled “shingle coating”. Three other groups 

of colored asphalt shingles are included for comparison.  

 
Fig. 6 Asphalt shingle solar reflectance vs. Lightness. 

The p=0.5 curve is a reasonable fit to the measured loss of solar reflectance ( Fig. 7a), but 

strongly underestimates loss of NIR reflectance (Fig. 7b) and strongly overestimates loss of 

visible reflectance (not shown). 

 
Fig. 7 Amounts by which the (a) solar reflectances and (b) NIR reflectances of concrete tiles 

exceed those of asphalt shingles with nominally similar coatings. 
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Spectral values of p were calculated from the measured spectral reflectances of the white 

tile, bare tile, white shingle and bare shingle following a procedure detailed in the Appendix. 

The probability that a photon reflected from the white shingle will return to its surface was 

estimated to be about 1/3 over a wide range of wavelengths (Fig. 8). To understand this result, 

we examined bare and coated shingles with an optical microscope. We saw that coatings partly 

fill interstices between granules, rendering a coated shingle somewhat smoother than a bare 

shingle.  

 
Fig. 8 Photon return probability calculated for a white shingle. 

5.  CONCLUTION 

Laboratory test results of the pavement materials are as follows(Fig. 9-Fig. 14):  

 
Fig. 9 FTIR 

 
Fig. 10 GC-MS 
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Fig. 11 XRF 

 
Fig. 12 XRD 

 
Fig. 13 TGA 

 
Fig. 14 DSC 
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