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Abstract. In this research, asphalt composite was produced by combining asphalt and rice 

husk silica. The ratio of asphalt and silica were 1:1.5; 1:1.7; and 1:1.9 respectively and 

calcined at temperature of 150°C.  Functional group characteristics of asphalt composites 

were examined by FTIR and XRD. The FTIR and XRD studies revealed that the main 

Functional groups are Si-O-Si, C-H, and structure amorph of silica. 
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1 Introduction 

Asphalt has been widely used for roofs, sidewalks and sealing applications because of its good 

waterproof and binding properties. In the house roof industry, asphalt generally requires an air 

blowing process to reach the right softening and penetration point. Asphalt possesses a complex 

chemical composition that shows viscous and elastic properties which are very dependent on 

time and temperature. Previously, several studies had been conducted to modify and improve 

the characteristics of asphalt. For example, with the addition of other particles, asphalt cohesion 

and viscosity were reported to increase, which is efficient for high temperature conditions [1]. 

Some materials which are potential to be used to modify asphalt, such as hydrated lime, plastic 

or polymerized powder. 

One of the additional inorganic materials that have been used intensively to improve the 

properties of asphalt is silica. Silica has also received great attention by the asphalt road 

designer for preparing asphalt materials with desirable properties since their excellent stability, 

low cost, high surface area, chemical purity, strong adsorption, and good dispersion ability [2], 
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[3] and [4]. For instance, silica has been used previously to strengthen a mixture of cement [5] 

and to strengthen elastomers such as solutes [6]. Since silica materials are highly reactive to 

asphalt binders rather than conventional fillers, and the ability to spread silica particles into 

asphalt binders, nano polymer composites with desired performance can be prepared [7], [8] and 

[9] modified asphalt binders with silica at a content of 4% and 6%, by weight. It has been 

observed that the performance of aging, rutting, and fatigue cracks of nanosilica modification 

binders has been improved. 

Based on several studies, one source of silica is rice husk ash for agricultural waste is known to 

contain a number of silica, which can be extracted by a relatively simple method to obtain high 

purity, and active silica. For example, Haslinawati et al [10], Rafieel, et al [11] and Ugheoke et 

al [12] concluded that pure silica could be extracted with an excellent purity of 94-98%, 

presented as amorphous and reactive. Plenty efforts have been performed to utilize silica rice 

husks to produce various silica-based materials, such as nanosilica production [13] and [14]. In 

our previous study, several ceramic materials derived from silica rice husks reported in the 

literature were borosilicate [15], carbosil [16], aluminosilicate [17], mullite [18]. 

This research is a preliminary study with the aim to study the formation of functional groups or 

asphalt functionalities based on silica rice with a variety of silica which is used as raw material 

for making rice husk composites for roofing materials instead of lightweight steel roofs with 

silica variations. The characteristics of asphalt composites studied were the formation of 

structures and functional groups (functionality) using The X-Ray Diffraction (XRD), and 

Fourier Transform Infrared Spectroscopy (FTIR). 

2 Materials and Methods 

2.1 Materials 

The skin of rice husk used as a silica source was obtained from the local rice milling industry in 

Bandar Lampung Province, Indonesia. Asphalt was obtained from the Buton refinery, Southeast 

Sulawesi Province, Indonesia. KOH, HCl, and alcohol (C2H5OH) were purchased from Merck 

(kGaA, Damstadt, Germany). 

2.2 The fabrication of silica powder from rice husk 

Rice husk silica was made through alkaline extraction method, following the procedure reported 

in previous studies [18]. The obtained soles were acidified by adding droplets of HCl 5% 

solution until the conversion of sol into the gel was completed. The gel was dried in an oven at a 

temperature of 110°C for eight hours and then grinded into powder. The silica material in white 

powder (Figure 1a), the x-ray diffraction pattern of the siloxane of rice husk (Figure 1b) and the 

x-ray diffraction pattern of the asphalt binder (Figure 1c), synthetic amorphous silica, which are 

polymorphs of silicon dioxide, SiO2, has been used to modify the asphalt binder. The diffraction 

pattern shown in Figure 1b indicates that the sample is essentially amorphous, marked by the 
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presence of a broad peak at 2θ in the range of 20-30°, caused by amorphous silica. Figure 1c 

shows that the sample is also amorphous, proven by the presence of two broad peaks at 2θ in the 

range of 15-30° and 35-50° and resulted by amorphous hydrocarbons. 

 

 

 

 

 

 

 

 

 

 

Figure 1. (a) Rice husk silica powder, (b) The XRD result of rice husk silica powder, and (c) 

The XRD result of asphalt binder 

2.3 The manufacturing of asphalt composites  

For the manufacture of asphalt composites, as much as 50 g of base asphalt binder was heated to 

100°C and mixed with silica from rice husk using a shear mixer with a speed of 125 rpm for 1 

hour. Rice husk Silica was mixed with base asphalt binder in a comparison of different asphalt 

and silica concentrations of (1.5; 1.7; and 1.9) to determine the effect of silica on the asphalt 

binder functional group. 

2.4  Characterization 

Furthermore, a spectroscopic analysis was conducted for it functions as a compound fingerprint. 

This was carried out on base asphalt binders using the infrared spectroscopy (FTIR), to assess 

the effectiveness of the addition of silica to the asphalt binder from the perspective of chemical 

functional groups. The infrared spectrum was recorded using the Perkin Elmer Fourier 

Transform lnfrared (FTIR) spectrometer by scanning in wavenumbers ranging from 4000 to 400 

cm
-1

. The FTIR method is explained elsewhere [19]. All FTIR plots were recorded as a 

transmitted radiation against the wave numbers. The XRD pattern was collected using an 

automatic X-ray Shimadzu XD-610 diffractometer with Cuk  radiation ( = 0.15418 Å, 

produced at 40 kV and 30 mA). 
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Figure 2. The X-Ray Diffraction pattern of sample with various ratio of asphalt      

and silica using the CuK radiation, (a) 1: 1.5., (B) 1: 1.7, dan (c) 1: 1.9. 

Figure 3. The FTIR Spectra of sample with various ratio of asphalt and silica 

(a) 1: 1.5, (b) 1:1.7, dan (c) 1: 1.9 

3 Result and Discussion 

 Figure 2a-c shows a spectrum of samples with a comparison of asphalt which is different from 

silica. A qualitative XRD was performed by comparing the diffraction line with the Standard 

Differentiation Diffraction method with the searching-matching method. Based on this method, 

the phase identified in the sample (Figure 2a-c) shows a large peak located around 2θ = 22°, 

which indicates that silica is amorphous. Moreover, an amorphous carbon was discovered at 2 θ 

= 5-10°. The XRD pattern of the sample (Figure 2a) with the sample (Figure 2b-c), the 

significant effect of silica addition can be clearly observed. 

 

 

 

 

 

 

 

 

 

The FTIR spectrum from samples with different asphalt ratios to silica is illustrated in Figure 

3a-c. FTIR was carried out to follow the reaction of sample dehydration and the formation of 

asphalt-silica bands. The results reveal the same functional group for all samples. 

 

 

 

 

 

 

 

 

As 
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shown in Figure 3 (a-c), the peak is located around 3709 cm

-1
, which is usually assigned to the 

stretch vibration of the O-H bond. This absorption band most likely arises from O-H bonds in 

the silanol group in Si(OH)4 and water molecules. The presence of water is confirmed by the 

absorption bands at 1628 cm
-1

 [20], as a result of the bending vibrations of H-OH. The presence 

of Si(OH)4 is supported by the absorption band at 1102 cm
-1

, which usually corresponds to the 

stretch vibrations of Si-O-Si due to the deformation of Si-O bonds, as Tsai observed [21]. These 

findings are also in accordance with the previous research result [22], where it suggested that 

silica is intensively reactive to asphalt. The other strong bands were observed at wavelength of 

2938 and 1474 cm
-1

, which correspond to O-H stretching vibrations from carboxylic acids and 

C-H from alkanes. These findings are accordance to the results described in previous studies 

[23]. However, the addition of silica seems to affect the intensity of the asphalt chemical group; 

Therefore, it affects overall material performance. Thus, it can be concluded that the asphalt 

shows a change in bond for the addition of silica. 

4 Conclusion 

Based on a series of experiments carried out in this research, several conclusions were obtained 

regarding the analysis of the characteristics of asphalt composites with FTIR; namely (1) the 

formation of silica from rice husks with the detection of Si-OH, Si-O-Si, and CH from asphalt, 

(2) asphalt-silica formation consists of similar chemical functional groups and molecular 

structures, (3) The formation of asphalt composites was identified by CH and Si-O-Si functional 

groups. 
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