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Effect of amorphous rice husk silica addition on the structure of asphalt composite
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Abstract
In this study, modified asphalt composites were produced by adding silica extracted from rice husk.
The mass ratios of asphalt to silica are 1:0, 1:1.6, 1:1.8, and 1:2 and calcined at the temperature of
150C for 6 h. The structural and microstructural characteristics of asphalt composites were examined
by x-ray diffraction (XRD), Scanning Electron Microscopy/Energy Dispersive x-ray (SEM-EDX)
Spectroscopy and Differential Thermal Analysis (DTA-TGA), respectively. The XRD study revealed
that the major phases were carbon and amorphous silica. The surface morphology of asphalt without
silica addition presents a cluster of larger size than the cluster of asphalt with an addition of silica.
The addition of silica significantly increased the thermal stability of the asphalt due to the formation of
a physically cross-linked silica network structure. DTA/TGA analyses produced that temperature
decomposition increased with the increasing silica addition from 230℃ to 315C. Based on these
characteristics, the samples are considered for the roof material, suggesting their potential use in substitute
lightweight steel roof devices.

1. Introduction
Asphalt has a chemical composition with unique viscosity and
elasticity properties that is very temperature dependent, so it has been
widely used for roofing, road pavement and sealing applications
due to its waterproof and good bonding properties. In the residential
roof industry, asphalt generally requires the process of blowing air
to reach the right softening, and penetration points. Besides that,
asphalt is formed from hydrocarbon compounds with a chemical
composition of 80% carbon, 10% hydrogen, 6% sulfur, and residual
nitrogen and oxygen. With thermal treatment, asphalt can be converted
into an adhesive liquid which makes it easy to mix with other
materials. In the cooling process, the asphalt becomes waterproof,
sticky, and strong. Due to severe temperature susceptibility, the
application of asphalt is limited. Therefore, it should be considered
in a number of applications where structural and micro-changes can
affect the physical, thermal and mechanical properties of asphalt.
Some researchers have tried changing the characteristics of asphalt
to improve functionality and benefits by using various polymers
such as styrene-butadiene rubber [1], waste crumb rubber [2], used
waste rubber and plastic [3], waste polyethylene [4]. Based on
previous research shows that modified asphalt not only has good
durability, and resistance to crack deformation, but also can maintain
good stability at high and low temperature performance [5-6].
Several materials have the possibility to be utilized to modify
asphalt, such as, hydrated lime, plastic powders, or polymerized powders.

One of the inorganic additives of materials that have been used intensively
is silica. Due to the high surface area, and strong adsorption, silica has
the potential to prepare asphaltic materials with desirable properties.
For example, Enieb and Diab, 2017 [7] found that the viscosity and the
softening point of asphalt increased significantly with increased silica
from 2 to 4%. When silica fume was implemented as additives to asphalt
cement, it was noticed that penetration decreased, softening point
increased [8-9]. In addition, literature studies showed that silica can
enhance the anti-aging, fatigue cracking, rutting resistance, and antistripping properties of the asphalt [10]. Kai et.al, 2018 [11] observed
the thermal stability of modiﬁed asphalt through the thermal analysis.
Their results suggested that the high-temperature performance
of asphalt improved with the increase of the silica fume content.
Also, the addition of the silica fume could increase the contraction
coeﬃcient of the mixture [12].
Rice husk as agricultural waste is known to contain considerable
amounts of silica, which can be extracted by relatively simple methods
to obtain high purity, and active silica. Number of researchers [13-15]
concluded that pure silica can be extracted with purity in the 94-98%
range present as amorphous and reactive. In some references,
amorphous silica from rice husk has been used for the preparation
of various silica-based materials, such as the production of nano-silica
[16-19], zeolite [20-21], nanoporous carbon [22-23], mullite [24-25],
forsterite [26-27], nepheline [28], and cordierite [29].
This work presents the effect of amorphous rice husk silica
addition on the crystallization properties of modified asphalt, which
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can be developed for application as substitute lightweight steel roof
devices. To obtain detailed information about some modified asphalt
characteristics with the addition of silica was analyzed using XRD,
SEM/EDX, and DTA/TGA.

2. Experimental
2.1 Materials
The matrix asphalt used in this experiment was obtained from
Buton refinery, Southeast Sulawesi Province, Indonesia, and the
modifiers were made of rice husk silica. The chemicals used are 5%
NaOH, 5% KOH, 5% HCl, and absolute alcohol (C2H5OH) purchased
from Merck (KGaA, Darmstadt, Germany), and deionized/distilled
water.

2.2 Preparation of composite- modified asphalt
Firstly, to obtain silica, rice husk was extracted by following the
literature in previous studies [27]. The sol obtained are dripped with
5% HCl solution until the sol turn completely to the gel. The gel was dried
at 110C for eight hours and then ground into a powder by mortar and
sieved to 200 meshes. Typically, 50 g of solid asphalt is melted by
heating at 100C and mixed with powdered silica using a shear
mixer at a rate of 125 rpm for 4 h. Finally, calculated the quantity
of silica is added under stirring to asphalt to provide the asphalt and
silica as a mass ratio of 1:0, 1:1.6, 1:1.8 and 1:2. Furthermore, the
powder was pressed into the form of a cylinder pellet with a pressure
of 2104 Nm-2. The pellet is then calcined at 150C for 6 h.

2.3 Characterization
Collection of XRD data was conducted with an automated
Shimadzu XD-610 X-ray diffractometer at the National Agency for
Nuclear Energy (BATAN). The XRD data were taken with CuK
radiation (=1.5406 nm) at 40 kV and 30 mA in the range of 2=5-80,
with a step size of 0.02, counting time 1s/step and 0.15 receiving slit.
Microstructural analysis of the polished and etched sampleswas
undertaken by SEM Philips-XL. Thermal analysis was performed
using DTA Merck Setaram Tag 24 S, under the nitrogen atmosphere
with a constant heating rate of 3Cmin, at the temperature range of
30C to 800C.

3. Results and discussion
3.1 Structure characteristic of modified asphalt
Characterization of the samples using the XRD technique was
conducted to evaluate the crystallographic structure of the sample.
The spectra of the samples are shown in Figure 1(a-d). Figure 1(a)
shows the spectrum of asphalt without the addition of silica and
Figure 1(b-d) show the patterns of the modified asphalt with the
different silica addition.
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Figure 1. X-ray diffraction patterns of samples with ratio of asphalt to silica
using CuK radiation, (a) Asphalt without silica, (b) 1:1.6, (c) 1:1.8, and (d) 1:2.

As can be seen, the diffraction peak intensity of the sample
presented in Figure 1(a) was located at approximately 18-25 and 43
values of 2θ, amorphously indicating it came from crystalline asphaltenes,
as supported by the previous study [30-31]. The peak asphaltene
appears at around 2θ = 20 because of the aliphatic chains or condensed
saturated rings. The peak formed at approximately 2θ = 23.20 is known
as multilayered graphene [32]. The formation of the multilayered
graphene is emerged by staging the aromatic molecules existing in
the asphaltenic structure. At the 2θ value (42.52), a weak band is formed,
which is due to the influence of nearest neighbors in the ring structure
[33-34].
The diffraction patterns in Figure 1(b-d) indicate that the samples
with additions of silica were still amorphous, marked by the existence
of two broad peaks, most likely resulted from accumulation of carbon
peak position (2 = 10) and silica peak position (2 = 21.8). The presence
of carbon and silica is in accordance with the results of EDX analyses,
described in the following section. The detection of carbon and silica
demonstrates that signiﬁcant transformation of amorphous asphaltenes
has taken place. However, the change in the peak diffraction is a result
of strong molecular interactions between asphalt and silica through
exfoliation and intercalation process in the samples.

3.2 Microstructure characteristic of modified asphalt
The surface images of the samples with the different silica
content obtained from SEM analyses are shown in Figure 2(a-d).
The results obtained from SEM analyses are supported by the
composition of the samples as indicated by the EDX results shown in
Figure 3(a-d) and Table 1. The sample without the silica addition
(Figure 2(a)) is marked by the presence of large clusters without
evident grain boundaries, most likely deriving from the arrangement
of asphalt structures as supported XRD result (Figure 1(a)) and a high
amount (91.77%) of the carbon was obtained in asphalt without silica
(Table 1). In this particular sample, the prominent particles are most
likely the carbon present as larger particles, suggesting that the sample
is dominated by carbon.
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Figure 2. The scanning electron microscopy (SEM) images of the samples with ratio of asphalt to silica (a) Asphalt without silica, (b) 1:1.6, (c) 1:1.8, and (d) 1:2.

Figure 3. The EDX spectra of the samples prepared at different ratio of asphalt to silica (a) asphalt without silica, (b) 1:1.6, (c) 1:1.8, and (d) 1:2.
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Table 1. Composition of samples according to EDX spectra.
Sample

Carbon
(wt%)

Na2O
(wt%)

SiO2
(wt%)

SO3
(wt%)

Cl
(wt%)

Asphalt

91.77

-

-

8.47

-

1:1.6

63.64

2.86

28.47

3.47

1.56

1:1.8

61.54

0.89

34.05

3.26

0.27

1:2

53.19

1.22

41.66

3.59

0.34

The micrographs presented in Figure 2(a-d) show the signiﬁcant
effect of silica addition to the size and distribution of the particles
on the surface. As shown in Figure 2(a-d), the surface morphologies
of the samples are marked by the existence of particles with different
grain sizes and distribution. The microstructure of the sample
without the addition of silica (Figure 2(a)) displays quite different
characteristics to those of the samples with 1.6, 1.8 and 2 g silica
addition (Figure 2(b-d)). The EDX data presented in Table1 clearly
indicated the signiﬁcant effect of silica addition to the composition
of the samples. As can be seen, the sample without silica only contained
a very large amount (91.77%) of carbon, and the percentage of this
element decreased sharply to 53.19% in the sample with the addition
of silica up to 2 g. Meanwhile, the sample with the silica addition
of 1.6 g contained 28.77% of silica and increased to 41.66% with
silica addition up to 2 g. The surfaces of the samples containing
additional silica of 1.6, 1.8 and 2 g (Figure 2 (b-d)) are marked by
ﬁne grains of silica structure cover several large grains of asphalt
structure, which according to XRD results (Figure 1(b-d)) are composed
of carbon and silica. Due to the agglomeration of silica, the silica
group reacted with the asphalt, and the size of the silica group
became smaller. The presence of carbon and silica phases in the
last three samples suggest that the silica phase continued to
change and allowed the particle arrangement, leading to initiation
of the formation of asphalt composite. Furthermore, the SEM image
indicates that the sample is denser with the addition of 2 g silica,
which leads to a compact shape in accordance with the results of
TGA/DTA analyses, described in the following section.

3.3 Thermal characteristic of modified asphalt

Figure 4. TGA Thermograms of the samples with ratio of asphalt to silica,
(a) asphalt without silica, (b) 1:1.6, (c) 1:1.8, and (d) 1:2.

Figure 5. DTA Thermograms of the samples with ratio of asphalt to silica,
(a) asphalts without silica, (b) 1:1.6, (c) 1:1.8, and (d) 1:2.
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The thermal characteristics of modiﬁed asphalt are an important
property to be considered in the analysis of the structural characteristics
of asphalt. In this study, thermal characteristics of the samples were
evaluated by analyzing the samples with (TGA/DTA). The TGA
thermograms of the samples with different rice husk silica addition
are compiled from Figure 4 and DTA results are shown in Figure 5.
The TGA results presented in Figure 4 indicate the existence of four
temperature zones, indicating the patterns of weight loss of the samples.
The TGA results emphasize two major mass loss stages for all samples,
e.g. (i) very small weight loss (Figure 4 and Table 2) occurs in the
temperature range of 30-300C, mainly due to the volatility of asphaltene
components such as saturation and decomposition components
of naphthene aromatic fractions asphaltene [35-36], and (ii) weight
loss starts at 300C and ends at 500C, the results show a very sharp
weight loss. Weight loss occurs due to asphaltene decomposition
and silica crystallization, supported by endothermic peak presence at
500C in DTA thermogram as shown in Figure 5. From 300 to 500C,
the rate of weight loss decreases sharply as temperature increases,
and after 500C, the samples, practically have reached a stable state,
the TGA curve became flat as displayed in Figure 4. The maximum
endothermic temperature at 500C from the DTA curve shows that
the sample has achieved thermal stability as demonstrated by others
[37]. This means that silica particles and asphalt mixed homogeneously
to form a compact blend.
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Table 2. Summary of TGA properties results for all samples.
Sample

Onset temp
(oC)

Max Temp
(oC)

Weight loss
30-300oC
(%)

Weight loss
300-500oC
(%)

Residue
after 500oC
(%)

Asphalt

230

453

0.5

79.9

19.6

1:1.6

267

463

6.7

35.6

57.7

1:1.8

283

473

4.9

30.8

64.3

1:2

315

497

5.9

29.3

64.8

4. Conclusions
This study demonstrated that asphalt composite was successfully
prepared using rice husk silica as raw material. Rice husk silica
addition from 1.6 to 2 g revealed the formation of carbon and silica
amorphous from interaction between asphalt and silica. SEM
analysis with the addition of silica indicates clearly that the
scattered silica covering the asphalt with a small grain size found
in the asphalt ratio to silica is 1:2. Structure transformation was
observed to result in the change of the characteristics of the
samples which related to increase temperature decomposition.
Also, the result presents that the asphalt composite with a ratio
of 1:2 is suitable for the design of roof materials with the highest
temperature decomposition. Based on these characteristics, the
samples are considered for the roof material, suggesting their
potential use in substitute lightweight steel roof devices.
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