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Abstract

In this research, asphalt composites were produced by mixing asphalt with silica extracted from rice husk, with a ratio of asphalt
to silica of 1:0, 1:1.7 and 1:2, and calcined at 150 °C. Development of structures was characterized using Fourier transform
infrared (FTIR) spectroscopy, X-ray diffraction (XRD), scanning electron microscopy (SEM), followed by differential thermal
analysis (DTA/TGA). The FTIR results showed the presence of Si-OH, C=0, and C-H functional groups, which were associated
with asphaltene, carbon, and silica, according to the XRD analysis. The results obtained also indicated the significant effect of
rice husk silica addition on phase transformation of asphaltene into silica and carbon, while asphaltene molecules were practically
undetected. The presence of silica and carbon resulted in increased decomposition temperature of the sample. Based on these
characteristics, the samples were considered as a roof material, suggesting their potential use as a substitute for lightweight steel
roof devices.
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Resumo

Nesta pesquisa, compdsitos asfdlticos foram produzidos misturando asfalto com silica extraida da casca de arroz, com relacdo
asfalto:silica de 1:0, 1:1,7 e 1:2, e calcinados a 150 °C. O desenvolvimento das estruturas foi caracterizado por espectroscopia
no infravermelho com transformada de Fourier (FTIR), difracdo de raios X (XRD), microscopia eletronica de varredura, seguida
de andlise térmica diferencial. Os resultados de FTIR mostraram a presenca dos grupos funcionais Si-OH, C=0 e C-H, que
foram associados ao asfalteno, carbono e silica, de acordo com a andlise de DRX. Os resultados obtidos também indicaram o
efeito significativo da adi¢do de silica de casca de arroz na transformagdo de fase do asfalteno em silica e carbono, enquanto as
moléculas de asfalteno praticamente ndo foram detectadas. A presenga de silica e carbono resultou em aumento da temperatura
de decomposigdo da amostra. Com base nessas caracteristicas, as amostras sdo consideradas como material para uso em telhado,

sugerindo seu uso potencial como substituto para dispositivos de teto de aco leve.
Palavras-chave: casca de arroz, silica, asfalto, estrutura, comportamento térmico.

INTRODUCTION

Asphalt is a by-product of the distillation process
of crude oil and is composed of various hydrocarbons
consisting primarily of molecules that contain mainly carbon
and hydrogen atoms. Asphalt has a complex chemical
composition which exhibits complex physical properties such
as viscous and elastic behaviors [1]. For example, cohesion
and viscosity of asphalt may increase with the addition of
other particles, which are good at high temperature [2].
Besides that, asphalt can exist as a fluid of low viscosity
at high temperatures and as a very brittle material at low
temperatures [1]. One of the inorganic additives that have
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been used intensively is silica to improve the properties of
asphalt. Silica has also gained great attention by researchers
for preparing asphaltic materials with desirable properties
because of its excellent stability, high surface area, chemical
purity, strong adsorption, and good dispersing ability [3-5].
For example, silica has been used to reinforce cementitious
mixtures [6] and elastomers [7]. In a study [8], the asphalt
binder was modified with silica at contents of 4 and 6 wt%.
It has been observed that the performances of aging, rutting,
and fatigue cracking of silica-modified binders have been
improved. The use of nanoclays as asphalt modifiers is
due to their abundance in nature, low cost of production,
and small amounts needed for asphalt modification [9].
Jahromi and Khodaii [10] have investigated the effect
montmorillonite-based nanoclays on physical properties of
asphalt. They found that the addition of nanoclays improves
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the temperature susceptibility of asphalt and its aging
resistance. As the silica material is highly reactant with the
asphalt binder than conventional fillers, with good dispersal
ability of silica particles into asphalt binder, one can prepare
polymeric nanocomposite with desirable performance [11,
12].

Many researchers have investigated the potential of rice
husk as an excellent source of high-grade amorphous silica,
which can be extracted by relatively simple methods [13-15].
Due to the high surface area, high degree of amorphization,
and fine particle size, rice husk silica has been shown to be
a good material for the preparation and synthesis of various
materials such as the production of nanosilica [16, 17],
borosilicate [ 18], carbosil [ 19], aluminosilicates [20], mullite
[21], cordierite [22], and forsterite [23]. Taking advantage
of rice husk silica characteristics, the main objective of
this study is an exploration of rice husk silica to provide
some insight into choosing the basic materials in design
and preparation of asphalt composite for roof materials as a
substitute for lightweight steel roof with a variation of silica.
To gain insight on several basic characteristics, the samples
were studied using various techniques include FTIR for
functionality, XRD for structure, SEM for microstructure,
and DTA/TGA for thermal analysis.

EXPERIMENTAL PROCEDURE

Materials: the silica feedstock was taken from rice husk
obtained from the local rice milling industry. The reagent
grade chemicals used were 5% NaOH 5%, 5% HCI (purity
~99.0%), and absolute alcohol (C,H,OH) purchased from
Merck kGaA (Darmstadt, Germany), and distilled water. An
asphalt obtained from Buton refinery, Southeast Sulawesi
Province, Indonesia, was used in the present investigation.

Preparation of asphalt composite: rice husk silica was
produced using alkali extraction method following the
procedure reported in a previous study [23]. In this stage, 50
g dried husk was mixed with 500 mL of 5% KOH solution
in a beaker glass, boiled for 30 min, and followed to cool
to room temperature and left for 24 h. The mixture was
filtered to separate the filtrate which contained silica sol.
The sol obtained was acidified by dropwise addition of 5%
HCI solution until the conversion of the sol into gel was
completed. The gel was oven dried at 110 °C for 8 h and
then ground into powder by mortar and sieved to obtain the
powder with the size of 200 mesh. For the preparation of
asphalt composite precursor, 50 g of asphalt was heated to
100 °C and blended with silica from rice husk using a shear
mixer at a rate of 125 rpm for 3 h. Rice husk silica was
blended with the asphalt at different ratio of asphalt to silica
(1:0, 1:1.7 and 1:2) to determine the effect of silica on the
structural properties of asphalt composite. The samples were
pressed in a metal die with the pressure of 2x10* N/m? to
produce a cylindrical pellet and then the pellets were calcined
at 150 °C for 6 h.

Characterization: the infrared spectra were recorded
using a Perkin Elmer FTIR (Fourier transform infrared)

spectrometer by scanning in wavenumbers ranging from
4000-400 cm’'. X-ray diffraction (XRD) analyses were
conducted by employing an automated Shimadzu XD-610
diffractometer equipped with an FK 60-04 air insulated XRD
tube. The XRD patterns were taken with CuKa radiation
(A=1.5406 nm) at 40 kV and 30 mA in the range of 26=5°-
100°, with a step size of 0.02°, counting time 1 s/step and
0.15° receiving slit. Polished and thermally etched samples
were used for microstructural analysis conducted with a
scanning electron microscope, SEM Philips-XL. Thermal
analysis was performed using DTA Merck Setaram Tag
24 S, under a nitrogen atmosphere with a constant heating
rate of 3 °C/min. The thermogram was produced by
scanning the sample between 30 to 800 °C.

RESULTS AND DISCUSSION

Functional characteristics of asphalt composite: to
compare the functionality of the asphalt with different
silica addition, the samples were characterized using FTIR
spectroscopy. Fig. la shows the spectrum of the asphalt
without silica sample and Figs. 1b and 1c present the spectra
of the samples with different ratios of asphalt to silica. The
spectrum of the asphalt without silica sample (Fig. 1a) was
characterized by the existence of several absorption bands
associated with asphalt commonly reported in the literature
[24-28]. The most obvious peak was located at around 1752
cm’', which is commonly assigned to stretching vibration
of carbonyl C=0O group (i.e., carboxylates, ketones, and/
or anhydrides). The peaks at 958, 816 and 749 cm™ were
related to the bending vibrations of C-H in phenyl. Others
strong bands were located at 2938 and 1474 cm’', which
were probably the characteristics stretching vibrations of
O-H from carboxylic acids and C-H from alkanes. Figs. 1b
and Ic indicate the significant effect of silica addition on
the functionality of the samples. The most obvious change
is the presence of peaks associated with silica hydroxide,
confirming the presence of water molecules during the
blending process. As shown in Figs. 1b and lc, a peak was
located at around 3709 cm™, which is commonly assigned
to stretching vibration of O-H bond. This absorption band
most likely arises from the O-H bond of silanol group in
Si(OH), and water molecule [29], as a result of bending
vibration of the H-OH. The presence of Si(OH), is supported
by the existence of absorption band at 1102 cm™, which is
commonly assigned to stretching vibration of Si-O-Si due to
the deformation of Si-O bond, as was observed in [30, 31].
The presence of absorption peak at 1102 cm™' suggested that
the sample was still dominated by Si(OH),. The results for
the samples with the addition of silica (Figs. 1b and 1c) also
displayed a gradual disappearance of absorption peaks at
1752 cm'. This implied the decomposition of Si(OH), with
the release of carbonyl C=0 species, which also suggested
that the complete transformation of Si(OH), into oxide was
achieved at this condition. In addition, the intensity of the
band assigned to O-H bonds increased to form Si(OH),
molecules. However, the addition of silica seemed to
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Figure 1: FTIR spectra of the samples with different ratios of
asphalt to silica: a) asphalt without silica; b) 1:1.7; and ¢) 1:2.
[Figura 1: Espectro de FTIR das amostras com diferentes rela¢des
asfalto:silica: a) asfalto sem silica; b) 1:1,7; ec) 1:2.]

influence the intensity of the chemical groups of the asphalt;
therefore, it affected the overall performance of the material.
Thus, it was concluded that the asphalt exhibited a change in
its interbond with the addition of silica.

Structural — characteristics of asphalt composite:
characterization of the samples using the XRD technique
was conducted to evaluate the crystallographic structure
of the sample. The XRD patterns of the samples are shown
in Fig. 2. Fig. 2a shows the pattern of the sample without
silica addition and Figs. 2b and 2¢ present the pattern of the
samples with different ratios of asphalt to silica. The wide
peaks at 18°~26° and 42° in Fig. 2a represent the XRD
pattern of asphalt without silica. A peak appeared around
20=18.7° because of the aliphatic chain or thick saturated
rings. The peak settled at approximately 20=23.5° is known
as the multilayered graphene, not at the 20 ~26° observed in
the literature [32], probably due to the weak bond between
the carbon layers. The multilayered graphene is produced by
stacking aromatic molecules in the asphalt reaction process
[33]. The presence of graphene was also supported by a
weak peak at 20=42.25°, which is due to the influence of
asphaltene in the nearest neighbors in the ring structure, as
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Figure 2: X-ray diffraction patterns of samples with different ratios
of asphalt to silica: a) asphalt without silica; b) 1:1.7; and ¢) 1:2.
[Figura 2: Difratogramas de raios X das amostras com diferentes
relagdes asfalto:silica: a) asfalto sem silica; b) 1:1,7; ec) 1:2.]

supported by previous studies [34, 35]. The XRD pattern of
the sample without silica addition (Fig. 2a) showed quite
different characteristics to those observed for the other two
samples (Figs. 2b and 2c). As displayed by these patterns,
the phases of the samples were marked by the existence of
a broad peak located at around 20=22°, suggesting that the
silica was amorphous, with amorphous carbon at 26=5-10°.

Microstructural characteristics of asphalt composite:
the surface morphologies of the samples at different silica
addition were characterized using SEM. The micrographs
presented in Fig. 3 demonstrate the effect of silica addition
on the size and distribution of the silica particles and asphalt
matrix on the surface. The surface morphologies of the
samples were marked by the existence of particles with
different grain sizes and distributions. The microstructure of
the sample without silica (Fig. 3a) revealed quite different
characteristics to those observed for the other two samples
(Figs. 3b and 3c). In addition, it was obvious that the
clusters in the sample without silica were surrounded by
large grains. The large clusters were most likely composed
of asphaltene structure. The surfaces of samples with silica
addition (Figs. 3b and 3c) were dominated by smaller grains
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Figure 3: Scanning electron microscopy (SEM) images of the samples with different ratios of asphalt to silica: a) asphalt without silica; b)

1:1.7; and c) 1:2.

[Figura 3: Imagens de MEV das amostras com diferentes relagdes asfalto:silica: a) asfalto sem silica; b) 1:1,7; e c) 1:2.]
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Table I - Composition of samples (wt%) according to EDS
analysis.

[Tabela I - Composicdo das amostras (% em massa) de
acordo com a andlise de EDS.]

Sample Carbon Na,O SiO, SO Cl

3
Asphalt  91.8 - - 8.2 -
1:1.7 63.3 3.1 290 30 16

1:2 532 1.2 417 36 03

composed of silica clusters and covered with some large
grains of asphaltene structure. Due to the agglomeration of
silica, the silica group reacted with the asphalt binder, and
the size of the silica group became smaller. Both samples
were marked by initiation as a result of silica crystallization.
This feature suggested that at the ratios 1:1.7 and 1:2, the
silica phase continued to change and allowed the particle
arrangement, leading to initiation of the formation of
asphalt-silica composite. This change was supported by the
result of XRD analysis (Figs. 2b and 2c) and EDS (energy
dispersive spectroscopy) analysis (Table I), in which silica
was detected. By comparing the contents of the elements in
the asphalt-silica composites, according to the values of C
(63.3%) and SiO, (29.0%) for 1:1.7 ratio, and C (53.2%)
and SiO, (41.7%) for 1:2 ratio, it can be seen that some
difference should be addressed. This difference was most
likely due to the formation of carbon (C) and silica (SiO,),
as observed using the XRD method (Fig. 2). The presence
of impurities was indicated by the FTIR results previously
presented (Fig. 1 and Table I).

Thermal characteristics of asphalt composite: in this
study, thermal characteristics of the samples were determined
by analyzing the samples with thermal gravimetric analysis
(TGA) and differential thermal analysis (DTA). The TGA
thermograms of the samples with different silica addition
are depicted in Fig. 4 and the corresponding DTA results are
presented in Fig. 5. The TGA results indicated the existence
of three temperature zones, indicating the pattern of weight
loss of the samples. At temperature range up to 230 °C, for
all samples the weight loss was very small, showing the
endothermic peak associated with the removal of water and
volatile components of the asphalt compound. At the range
from 230 to 471 °C, the results indicated very sharp weight
loss. This part of the thermogram indicated very evidently
the ingredients decomposition of the asphalt compound and
crystallization of silica which was supported by the existence
of an exothermic peak at 471 °C in the DTA thermograms
in Fig. 5. Above 471 °C, the samples practically reached a
stable state, since no more weight loss was displayed by the
samples (Fig. 4). As shown in Fig. 5a, the asphalt without
silica sample showed the existence of two endothermic
peaks at around 76 and 420 °C, and one exothermic peak
at around 471 °C. The peak at 76 °C was most likely due
to the evaporation of water and residual organics probably
present during the preparation of the sample. The peaks at
around 420 and 471 °C could be assigned to the dehydration

of asphaltene molecules, as supported by XRD results (Fig
2a). In the samples with silica addition (Figs. 5Sb and 5c),
it can be seen that the peak associated with evaporation of
water was much smaller compared to that observed in the
sample in Fig. 5a, suggesting that samples contained less
water and were denser. In addition, it was quite evident that
phase transformation took place as indicated by an increased
peak at 471 °C, indicating that carbon and silica have been
produced, as supported by XRD results and observed by
others [36]. This means that silica particles and asphalt chain
mixed homogeneously to form a more compact structure.
Comparing the data for the sample asphalt without silica to
those for the samples filled with silica (Table I1), it can be seen
that the effect of the amount of silica added was practically
similar. The main difference observed was considerably
lower decomposition temperature and less compact structure
of the asphalt without silica sample than those observed for
the samples with silica addition (Table II). The main reason
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Figure 4: TGA thermograms of the samples with different ratios
of asphalt to silica: a) asphalt without silica; b) 1:1.7; and ¢) 1:2.
[Figura 4: Termogramas de ATG das amostras com diferentes
relagdes asfalto:silica: a) asfalto sem silica; b) 1:1,7; e c) 1:2.]
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Figure 5: DTA thermograms of the samples with different ratios
of asphalt to silica: a) asphalt without silica; b) 1:1.7; and c) 1:2.
[Figura 5: Termogramas de ATD das amostras com diferentes
relagdes asfalto:silica: a) asfalto sem silica; b) 1:1,7; ec) 1:2.]
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Table II - Summary of TGA results for all samples.

[Tabela II - Resumo dos resultados de ATG de todas as amostras.]

Sample  Onsettemp. Max.temp.  Weight loss, 30-300 °C ~ Weight loss, 300-500 °C ~ Mass residue >500 °C
(°O) (°O) (%) (%) (%)
Asphalt 230 453 0.5 799 19.6
1:1.7 260 471 8.2 349 56.9
1:2 302 497 59 29.6 64.5

for this difference is most likely the higher crystallinity of
the sample with silica addition, as a result of silica added,
as supported by the results of the XRD analysis (Fig. 2).
Higher crystallinity of silica promoted thermal stability of
the composite, leading to higher decomposition temperature
as shown in Table II.

CONCLUSIONS

From a series of experiments conducted in this study,
some conclusions were obtained regarding the effects
of adding different ratios of asphalt to silica on structural
properties of asphalt composite. FTIR results indicated the
presence of Si-OH, C=0, and C-H functional groups, which
were associated with silica and carbon from the reaction
between asphaltenes and silica as verified by XRD analysis.
In addition, phase transformation was found to result in the
change of the characteristics of the asphaltenes related to silica
and carbon formation, including increased decomposition
temperature and compaction of the asphalt with the addition
of silica sample. Based on these characteristics, the samples
were considered as a roof material, suggesting their potential
use as a substitute for lightweight steel roof devices.
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