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technology in asphalt pavement construction by making nano material from palm shell
ash waste. The aim of this research is to determine the effect of adding palm shell ash
nano material as a substitute for asphalt in the AC-WC mixture. The research method
was carried out by testing the morphological characterization of the palm shell ash
nano material using X-Ray Fluorescence (XRF) testing and Scanning Electron
Microscope (SEM) testing, then continuing with testing the characteristics of the
mixture using the Marshall testing method. The nano material used is palm shell ash
material obtained from palm shell burning waste originating from Riau which is then
processed into Nano Palm Shell Ash (NPSA) material using a ball mill. The asphalt used
is Pen 60/70 asphalt produced by Pertamina. The use of NPSA material in asphalt
modification with NPSA variations of 1%, 2% and 3% can improve the performance of
marshal characteristics compared to conventional asphalt mixtures. It can be seen that
the stability, flow, VFA and MQ values increase with increasing NPSA percentage in
Keywords: asphalt. Meanwhile, the VIM and VMA values decreased along with the increase in the
NPSA percentage in asphalt. In addition, increasing the percentage of NPSA in asphalt
can reduce the use of optimum asphalt content compared to conventional asphalt
mixtures. Utilizing palm shell ash waste is the best alternative for improving the
performance of asphalt in mixtures and is environmentally friendly and economical.

Nano Palm Shell Ash (NPSA); Nano
technology; Asphalt mixture; Asphalt
content

1. Introduction

Oil palm is the largest plantation in Indonesia. Riau is the largest palm oil producer in Indonesia,
namely 8.96 million tonnes of 45.121 million tonnes of palm oil production in Indonesia with an oil
palm area of 3.49 ha of the 16,833 ha of palm oil area in Indonesia based on National Leading
Plantation Statistics data 2021-2023 (2022) . With the large amount of palm oil production, the waste
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produced is also increasing. The increasing amount of Palm Shell Ash is an environmental problem
[1-5]. Utilizing palm shell ash waste is one way to overcome the problem of environmental pollution.
Solid waste from palm shells which produces palm shell ash is used to modify asphalt by changing
palm shell ash material into nano material. In addition, palm shell ash has a dominant silica (SiO2)
content to be used as an economical and environmentally friendly filler. Modification of asphalt with
natural materials has been widely carried out, such as modification of asphalt with natural materials,
natural rubber, asbuton, zeolite and so on [6-19]. Current research focuses more on waste materials,
reducing asphalt mixing temperatures, and energy replacement such as recycled RAP, crumb rubber,
recycled aggregate, biochar, palm oil fuel ash, and bio-based binders can help reduce the
environmental impact of production and maintenance of asphalt pavements as well as lower costs
and improved performance of the mixture when compared with conventional materials [20-23].
Waste materials, such as palm fuel ash, rice husk ash and coconut shell rattan, have been utilized as
additives in composite materials, and some waste materials have been used as nanomaterials [24-
30], producing satisfactory results with improved performance. Composite materials are also
sustainable structures by reducing waste materials [31-33].

Apart from that, in previous research, processing bio asphalt from coconut shells (BioCS) and
BitutechRAP with asphalt binder material pen 60/70 and Aged from the extraction of recycled asphalt
pavement (RAP) showed the results that bio asphalt can improve the mechanical performance of
asphalt binder aged close to pen. 60/70 as controller [34]. In addition, the use of bioCS as a RA binding
rejuvenation agent can be used and research can be continued on a field scale [35]. Apart from that,
modified asphalt with nano coconut shells has good strength and quality and biodegradable
properties in various composite structures [29,36-38].

Nanomaterials have a very small size, namely less than 100 nanometres. Nanomaterials can be
one-dimensional (surface film), two-dimensional (strands or fibres), three-dimensional (particles). In
reality, nanomaterials can be single, fused, aggregated or agglomerated with round, tubular and
irregular shapes [39]. Nanomaterials can be made in various dimensions as in Figure 1, namely zero
dimension (atomic clusters, filaments and cluster assemblies), one dimension (multilayers), two
dimensions (ultrafine-grained overlayers), and three (nanophase materials consisting of equiaxed
nanometre size grains) [40]

%
(a) @ %
e
I
9
I
°0

Fig. 1. Classification of Nanomaterials (a) OD spheres and clusters; (b) 1D
nanofibers, and nanorods; (c) 2D nanofilms, nanoplates, and networks; (d) 3D
Nanomaterials [35]

Nanomaterials have very fine structures measuring nanometres or one millionth of a meter. The
way to form nanoparticles can be done by synthesis using a chemical 'bottom-up' method, namely
by uniting or growing atoms obtained from molecular precursors. The bottom-up method requires
the stability of the active substance to prevent the formation of micro-scale material. Meanwhile, in
the 'top-down' method, nanomaterials are made by separating molecules that gather in large
guantities into small ones using grinding and homogenization techniques or by means of physical
processes that crush bulk solids (solids) into finer pieces until only a few atoms are formed. which is
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nanometre in size [40] In general, the formation of nanoparticles is divided into two, namely the
bottom-up approach and the top-down approach as in Figure 2.

The bottom-up method is to combine atoms or molecules to form the desired nanometre-sized
particles. The method for making nanoparticles consists of several chemical and physical processes,
namely:

i. the wet chemical process is a precipitation process such as: colloid chemistry,
hydrothermal process, and sol-gel process. This process is carried out by mixing certain
amounts of ions and adjusting the temperature and pressure to form insoluble material
to form a precipitate. The sediment is collected by filtration or spray drying to obtain dry
particles

ii. from-in-place process, there are several methods such as lithography, vacuum deposition
process and spray coating. This process is specifically intended for making coating
nanoparticles

iii.  gas-phase synthesis is controlling the development of carbon nanotubes with a catalytic
cracking process in gases full of carbon such as methane.
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Fig. 2. Top-down and bottom-
up nanoparticle synthesis
methods [31]

The top-down method is a method of making nanomaterials by destroying large materials into
smaller nanometre-sized ones [41,42]. The top-down method has several types of methods such as
milling, ultrasonic and laser ablation [43]. In the top-down method, the bulk material is crushed to
nanometre size. The top-down method can be carried out using the MA-PM (mechanical alloy
powder metallurgy) or mm-pm (mechanical milling powder metallurgy) technique. In the mechanical
alloy powder metallurgy technique, the material is crushed until it becomes powder and the particles
are continued to be refined. One top-down method that is often used to grind material is using a
planetary ball mill. Planetary ball mill technology has the advantage of a relatively short processing
time with greater results compared to other machines for reducing particles, so this method is widely
used by researchers. The grinding process using a planetary ball mill has the potential to be very
profitable whether used to mix materials or reduce particles down to nanometre size.

Modification of asphalt with nanomaterials is one method that can improve the performance of
asphalt mixtures because of the large surface area and small size of nanomaterials (1-100 nm). The
development of research using nanomaterials is very rapid because of their small size (1-100 nm)
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and large surface area, which can have long-term effects on road pavement performance [44,45].
Due to their large surface area and small size, nanomaterials show specific characteristics compared
to materials in general and show several new properties and extraordinary features that allow them
to be applied in the field of asphalt pavement as additional materials [46].

Research that combines nano CaCO3 and Buton Granular Asphalt (BGA) can improve the
performance of the asphalt mixture because it has a very small particle size on the nanometre scale
and has a regular crystal structure and Nano CaCO3 can strengthen the mixture bonds because it has
excellent absorption properties. Apart from that, BGA is a local material which has a very high
aromatic and resin content so that it can increase stiffness with sufficient flexibility to withstand
traffic loads with mixed variations of 2% and 3% nano CaCO3 and 3% BGA used in the mixture. asphalt
[47].

Nanomaterials can be used to develop new pavement materials that can withstand traffic loads
and environmental conditions. Nano materials mixed into asphalt can improve the performance of
the asphalt mixture, especially in grooves and cracks [48]. Nano coconut shell ash significantly
improves the properties and performance of asphalt mixtures and can reduce aging. - In addition,
Nano Coconut Shell Ash can produce high adhesion between bitumen and aggregate particles [49].
The characteristics of modified asphalt material can be influenced by several factors, one of which is
the size of the filler material. The smaller the particle size, the higher the bond between the particles.

Based on several things related to asphalt mixtures with nano materials, especially the
modification of asphalt with palm shell ash nano material as a substitute for asphalt, not much has
been done. However, palm shell ash material has been widely studied as a substitute for filler in the
asphalt mixture industry which results in the production of better asphalt mixtures with better
volumetric properties, stability and durability [50]. Therefore, this research was conducted to identify
the performance characteristics of hot asphalt mixtures with nano materials from palm shell ash.
Apart from that, this research aims to determine the effect of adding nano palm shell ash material to
the AC-WC asphalt mixture. The mixture used in this research is a mixture of 60/70 pen asphalt with
Nano Palm Shell Ash (NPSA). NPSA as a potential modifying agent in asphalt binder.

2. Methodology
2.1 Material and Methods

The material used in this research is Pertamina Pen 60/70 asphalt, aggregate originating from PT.
Riau Mas Bersaudara and palm shell ash material comes from the PT Palm Qil Factory. Jatim
Propertindo in Siak Regency, Riau Province. Palm shell ash can be used as an economical and
environmentally friendly filler. Palm Shell Ash is ash that comes from fruit shells and fibres that have
been ground and burned at a temperature of 500 to 700 °C in a boiler furnace. Nanoparticles can be
made using several methods such as: sol-gel reaction, sonochemical, coprecipitation [51].

The manufacture of palm oil boiler ash nanoparticles was carried out using a ball mill and
coprecipitation method [52-60]. Researchers chose to use the coprecipitation method and the ball
mill method because they are cheaper and simpler. This method is easy to do, can be done
continuously, besides that the materials and working method are simpler. The coprecipitation
process is carried out at low temperatures (70°C), it is easy to control the particle size, so the time
required is relatively short. The coprecipitation method is a method used to synthesize polymer
powder by adding HCL as a solvent and NH4OH as a precipitator to produce nanoparticles.
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Fig. 4. (a) Asphalt pen 60/70 (b) NPSA (c) Asphalt Mixing Process with NPSA

3. Results and Discussion

X-Ray Fluorescence (XRF) testing aims to analyse the chemical composition and concentration of
elements contained in palm shell ash using spectrometric methods. The analytical method used is
guantitative analysis which is carried out to determine the concentration of elements in a material.
The principle used in the process of determining an element or constituents is based on the
interaction of X-rays with a sample. Based on the results of the X-Ray Fluorescence (XRF) test as in
Figure 5, this palm shell ash material contains a dominant silicon dioxide (SiO2) compound of 69.81%.
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Fig. 5. Dominant compound content of palm shell ash material based on XRF testing
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The silicon dioxide (Si02) compound that is dominant in palm oil waste is also produced in palm
oil waste clinker powder (WPOCP) [50]. The results of XRF testing on palm shell ash material are
presented in Table 1. The use of silica from Palm Shell Ash as a substitute for asphalt can overcome
environmental problems because the amount is quite abundant and easy to obtain.

Table 1
Dominant Compound Content of Palm Shell Ash
Material Based on XRF Testing

No. Compound Proportion (%)
1. Silikon dioksida (Si02) 69,81%

2. Aluminium oksida (Al203) 6,36%

3. Kalsium oksida (CaO) 5,80%

4. Besi (1) oksida (Fe203) 2,45%

5. Kalium oksida (K20) 6,72%

6. Sulfur Trioksida (SO3) 2,00%

7. Difosfor Pentaoksida (P205) 6,42%

8. Titanium Dioksida (TiO2) 0,44%

From the results of SEM photos with a magnification of 10,000 times, it can be seen that nano-
sized Palm Shell Ash has a granular morphology with a more uniform and even size. Meanwhile, Palm
Shell Ash that passes through the 400 sieve has an irregular grain shape and the surface tends to be
round, graded, non-uniform and uneven as seen in Figure 6. If you look at the SEM photo of palm oil
clinker powder (WPOCP), it also shows the morphology of the material structure. with an uneven and
scaly surface structure of pores [50]. It can be concluded that palm shell ash nanotechnology can
change the quality of palm shell ash. Palm shell ash morphology. The asphalt mixture used in this
research is the Asphalt Concrete Wearing Course (AC-WC) mixture which consists of several modified
types of asphalt mixture using Asphalt Pen 60/70. The design method and provisions for mixed
characteristics refer to the 2018 General Specifications for Road and Bridge Construction Works
(Revision 2) of the Directorate General of Highways
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Fig. 6. SEM photo results of Palm Shell Ash material with 10000 times magnification, (a) PSA 400 (b) NPSA

The use of NPSA material in asphalt modification with 1%, 2%, and 3% NPSA variations can reduce
penetration values, increase soft points and reduce ductility values. In addition, the addition of NPSA
by 1%, 2%, 3%can also reduce the mixing temperature by 5°C, 18°C, and 35°C and decreases the
compaction temperature by 5°C, 28°C, and 45°C from asphalt control (Pen 60/70). It can be concluded
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that the asphalt modification of NPSA is a warm asphalt (Warm Mix Asphalt/ WMA) because it can
be produced at a temperature of 35°C lower than the hot mix (Hot Mix Asphalt/ HMA) [24].

Through testing the performance of this asphalt mixture, it is hoped that the effect of asphalt
modification with Nano Palm Shell Ash (NPSA) on asphalt mixtures can be known. The research stages
carried out are determining the planned gradation and weight of each mixture and Marshall testing
to obtain KAO for each type. mixed AC-WC design.

The aggregate used is the result of processing (breaking) from PT. Riau Mas Bersaudara in the
Kampar Riau area. The aggregate size of the stone crushing machine results is grouped into 4
fractions, namely; Fraction 2-3 (aggregate size 20 mm to 30 mm), fraction 1-2 (aggregate size 10 mm
to 20 mm), fraction 0.5 — 1 (aggregate size 5 mm — up to 10 mm), and fraction screen or stone ash
(aggregate size smaller than 5 mm). The aggregate used as a constituent of the asphalt mixture must
have characteristics that are within the range of required values according to the specifications used
as a reference. Next, mix gradation planning is carried out to obtain suitable proportions of materials
used in the mixture. The mixture gradation curve can be seen in Figure 7.
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Fig. 7. Gradation of asphalt concrete mix between layers (AC-WC)

Based on the results of aggregate characteristic testing, it can be seen that the aggregate used in
the research meets the requirements specified in the 2018 General Specifications for Road and Bridge
Construction Works for Highways and Bridges (Revision 2) of the Directorate General of Highways,
so it is suitable for use in research.

Table 2

Basic characteristics of pen 60/70 asphalt
Properties Unit Value  Specifications
Penetration (25°C) 0,1mm 62,3 60—-70
Viscosity (135°C) cSt 446,7  Min 300
Softening Point (°C) °C 50,5 Min 48
Ductility (25°C) cm >100 Min 100
Flash Point (°C) °C 245 Min 232
Spesific Gravity 1,041 Min1l

Figure 8 (a) explains the increase in stability of the asphalt mixture with the addition of nano palm
shell ash. This shows that the durability of the asphalt mixture with the addition of nano palm shell
ash is better when compared to the HMA Kontol Pen 60/70 mixture. Apart from that, by adding nano
palm shell ash content up to 3%, the resulting stability value increased by 4644.757 kg when
compared to using 1% nano palm shell ash with a stability value of 3390.333 kg. Referring to previous
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research, asphalt modification with palm oil clinker powder (WPOCP) also experienced an increase
in the stability value by adding the percentage of palm oil clinker powder (WPOCP) in the asphalt and
the optimum value for adding WPOCP to the asphalt was obtained at 6% WPOCP [50]. In addition,
research reviews the effect of palm kernel shells (PKS) and their calcined nanomaterials (CN-PKS) as
aggregates on volumetric and Marshall Properties. The stability value and optimum air cavity
percentage were obtained at 20% [61].

Furthermore, research using palm kernel shells (PKS) was used as a partial replacement for fine
and coarse aggregates in asphalt. Crushed palm shells (CPKS) and PKS were added as much as 20, 40,
50, 60 and 80% of the total aggregate weight to replace some of the fine and coarse aggregates in
asphalt concrete. CPKS has a stability value of 1,033 kg at a variation of 60%, while PKS has a stability
value of 2,860 kg at a variation of 20%. Palm kernel shells can be used as an alternative coarse
aggregate material for light, medium and heavy traffic roads, while 20% of crushed palm shells can
be used as fine aggregate on heavy traffic roads and 60% on medium traffic roads [62].

The performance of Charcoal Coconut Shell Ash (CCSA) in Asphalt Mixtures in Long-Term Aging
in this study produced asphalt concrete that was durable and had high serviceability using CCSA 2%
to 4% of the asphalt weight [63]. Figures 8 (b) and (c) explain that as the percentage of NPSA in the
mixture increases, the flow value also increases with increasing asphalt content, while VMA
decreases with increasing percentage of NPSA and asphalt content in the mixture. Figure 8 (d)
explains that there are differences in the size of the voids in the mixture. From this value, it can be
seen that there is a decrease in the value of voids in the mixture (VIM) along with increasing use of
asphalt content. The control mixture produced a greater VIM value when compared to the mixture
with the addition of palm shell ash nanomaterial. This shows that the palm shell ash nano material is
able to fill in the gaps in the mixture. Apart from that, when the nano palm shell ash content was
added at 3%, the resulting VIM value decreased compared to using 1% nano palm shell ash. Previous
research using nano silica material also resulted in a decrease in the value of voids in the mixture
(VIM) when adding nano silica and an increase in the use of asphalt content in the asphalt mixture.
This shows that the addition of silica nanomaterials can fill the gaps in the mixture [59]. Apart from
that, research by adding BGA with CaCO3 nano material will also increase the VIM value to a smaller
extent [38]. The lower the VIM value, the higher the risk of the mixture bleeding and the higher the
risk of the mixture decreasing its durability. Figure 8 (e) explains that the VFA value increases with
increasing NPSA and asphalt content in the mixture. The MQ value also experiences the same thing
as Figure 8 (f).
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Fig. 8. Characteristics of Palm Shell Ash Nano Modified Asphalt Mixtures in Marshall Testing (a) Stability
of variations in asphalt content (b) Flow from variations in asphalt content (c) Void in Mineral Agregat
from variations in asphalt content (d) Void in Mix from variations in asphalt content (e) Void Filled
Asphlat (VFA) from variations in asphalt content (f) Marshall Qoutien (MQ) variations in asphalt content

Figure 9.The addition of NPSA to asphalt can reduce the optimum asphalt content to 5.35% with
a decrease of 0.65% from the asphalt controlpen 60/70 content so that the need for asphalt in the
mixture decreases. The performance of the asphalt mixture with the addition of Nano-Charcoal
Coconut Shell Ash (NCA) also increased compared to the control asphalt mixture. The optimum NAC
content was obtained at 6% from various NAC variations which can improve the technical properties
of the asphalt mixture. This is due to its optimal density and stability; the highest tensile strength is
achieved at 1288 kPa which increases the internal resistance of the mixture to cracking. The ability
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of the asphalt mixture to return to its original state after being loaded is demonstrated when it is
resilient [64]. palm oil clinker fine (POCF) as an asphalt modifier through material characterization
tests produces more improvements in the conventional properties of asphalt such as reduced
penetration, increased softening point. Optimum POCF levels were obtained at 6.3% POCF variation
[65].
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Fig. 9. Optimum asphalt content with NPSA variations
4. Conclusion

The aim of this research is to identify the performance characteristics of hot asphalt mixtures
with nano materials from palm shell ash and to determine the effect of adding nano palm shell ash
nano materials to AC-WC asphalt mixtures. The mixture used in this research was a mixture of 60/70
pen asphalt with Nano Palm Shell Ash (NPSA). NPSA as a substitute for asphalt in asphalt binder. This
research provides benefits for environmentally friendly road pavement construction.

The use of waste from palm shell ash is the best alternative to overcome environmental pollution
problems. Palm shell solid waste which produces palm shell ash is used to modify asphalt by changing
palm shell ash material into nano material. Palm shell ash has a dominant silica (Si02) content of
69.81% so it can be used as an economical and environmentally friendly substitute for asphalt.

Increase in stability in the asphalt mixture with the addition of nano palm shell ash. This shows
that the durability of the asphalt mixture with the addition of nano palm shell ash is better when
compared to the HMA Kontol Pen 60/70 mixture. Apart from that, when the nano content of palm
shell ash was added up to 3%, the resulting stability value increased by 4644.757 kg when compared
to the use of 1% nano palm shell ash with a stability value of 3390.333 kg. decrease in the value of
voids in the mixture (VIM) when the use of asphalt content is increased. The control mixture
produced a greater VIM value when compared to the mixture with the addition of palm shell ash
nanomaterial. This indicates that the palm shell ash nano material can fill the voids in the mixture.
Apart from that, when the nano palm shell ash content was added to 3%, the resulting VIM value
decreased compared to using 1% nano palm shell ash.

The performance of NPSA modified asphalt mixtures has increased compared with control
asphalt mixture pen 60/70. The addition of NPSA to asphalt can reduce the optimum asphalt content
to 5.35% with a decrease of 0.65% from the asphalt controlpen 60/70 content so that the need for
asphalt in the mixture decreases. This shows that the 3% NPSA asphalt mixture produces a strong

10
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bond between materials compared to the control sample. Therefore, the performance of the asphalt
mixture is significantly improved through additional NPSA 3%.

Based on the results of the study, to help achieve sustainability and improve performance in the
coming years, the use of palm oil waste is a sustainable alternative as an environmentally friendly
and economical material. This research is also recommended to investigate long-term performance
under various environmental and traffic conditions. It is also recommended to conduct research on
the effect of NPSA on asphalt stiffness modulus and resistance to permanent deformation and fatigue
cracking

Acknowledgment

We would like to express our thanks to the Ministry of Education and Culture's Education Fund
Management Institute (LPDP) for providing us with research funding assistance in doctoral program
scholarships so that this research could be completed.

References

[1]  Bukit, Nurdin, Eva Marlina Ginting, Indah Sari Pardede, E. Frida, and B. F. Bukit. "Mechanical properties of
composite thermoplastic hdpe/natural rubber and palm oil boiler ash as a filler." In Journal of Physics: Conference
Series, vol. 1120, no. 1, p. 012003. IOP Publishing, 2018. https://doi.org/10.1088/1742-6596/1120/1/012003

[2]  Steyn, Wynand JvdM. "Applications of nanotechnology in road pavement engineering." Nanotechnology in civil
infrastructure: a paradigm shift (2011): 49-83. https://doi.org/10.1007/978-3-642-16657-0 2

[3] leffry, Siti Nur Amiera, Ramadhansyah Putra Jaya, Norhidayah Abdul Hassan, Haryati Yaacob, Jahangir Mirza, and
Siti Hasyyati Drahman. "Effects of nanocharcoal coconut-shell ash on the physical and rheological properties of
bitumen." Construction and Building Materials 158 (2018): 1-10.
https://doi.org/10.1016/].conbuildmat.2017.10.019

[4] Morose, Gregory. "The 5 principles of “design for safer nanotechnology”." Journal of cleaner production 18, no. 3
(2010): 285-289. https://doi.org/10.1016/j.jclepro.2009.10.001

[5] Deng, Junjiao, Yi You, Veena Sahajwalla, and Rakesh K. Joshi. "Transforming waste into carbon-based
nanomaterials." Carbon 96 (2016): 105-115. https://doi.org/10.1016/j.carbon.2015.09.033

[6] Ramdhani, Fitra. "The Evaluation of Mechanical Rheology on Rubber Asphalt Modification." In Journal of Physics:
Conference Series, vol. 1500, no. 1, p. 012080. IOP Publishing, 2020. https://doi.org/10.1088/1742-
6596/1500/1/012080

[71  Ramdhani, Fitra, Harmein Rahman, and Bambang Sugeng Subagio. "Mechanistic Rheological Evaluation of Asbuton
Modified Asphalt on Stiffness Modulus of Asphalt." In Journal of Physics: Conference Series, vol. 2049, no. 1, p.
012090. IOP Publishing, 2021. https://doi.org/10.1088/1742-6596/2049/1/012090

[8] Ramdhani, Fitra, Rahmat Tisnawan, and Emil Adly. "Comparison of Fatigue Crack Resistance and Permanent
Deformation to Asbuton Modified Asphalt and Rubber Modified Asphalt." In 4th International Conference on
Sustainable Innovation 2020-Technology, Engineering and Agriculture (ICoSITEA 2020), pp. 80-82. Atlantis Press,
2021. https://doi.org/10.2991/aer.k.210204.017

[9] Subagio, Bambang Sugeng, Eri Susanto Hariyadi, and Indra Maha. "The rutting resistance and resilient moduli of
Pre-Vulcanized Liquid Natural Rubber modified asphaltic concrete in warm-mix temperature condition." Journal of
Civil Engineering and Management 28, no. 3 (2022): 196-207. https://doi.org/10.3846/jcem.2022.16452

[10] SUBAGIO, Bambang Sugeng, Harmein Rahman, Sri Hendarto, And Freddy Jhon Philips. "Stiffness Modulus of
Asphaltic Concrete Wearing Course (AC-WC) Mix Containing RETONA BLEND 55®: Theoretical and Experimental
Analysis." In Proceedings of the Eastern Asia Society for Transportation Studies Vol. 7 (The 8th International
Conference of Eastern Asia Society for Transportation Studies, 2009), pp. 277-277. Eastern Asia Society for
Transportation Studies, 2009.

[11] Carlina, Serli, Bambang Sugeng Subagio, and Aine Kusumawati. "The Performance of Warm Mix for the Asphalt
Concrete-Wearing Course (AC-WC) Using the Asphalt Pen 60/70 and the Sasobit® Additives." Civil Engineering
Journal ITB 26, no. 1 (2019): 11-16. https://doi.org/10.5614/jts.2019.26.1.2

[12] Subagio, Bambang Sugeng, Eri Susanto Hariyadi, and Indra Maha. "Performance Evaluation Of Pre-Vulcanized
Liquid Natural Rubber (Pvinr) In Hot Mix Asphaltic Concrete." GEOMATE Journal 20, no. 78 (2021): 107-114.
https://doi.org/10.21660/2021.78.i2029

[13] Subagio, Bambang Sugeng, Harmein Rahman, Harry Fitriadi, And Lusyana Lusyana. "Plastic Deformation
Characteristics and Stiffness Modulus of Hot Rolled Sheet (HRS) containing Buton Asphalt (ASBUTON)."

11


https://doi.org/10.1088/1742-6596/1120/1/012003
https://doi.org/10.1007/978-3-642-16657-0_2
https://doi.org/10.1016/j.conbuildmat.2017.10.019
https://doi.org/10.1016/j.jclepro.2009.10.001
https://doi.org/10.1016/j.carbon.2015.09.033
https://doi.org/10.1088/1742-6596/1500/1/012080
https://doi.org/10.1088/1742-6596/1500/1/012080
https://doi.org/10.1088/1742-6596/2049/1/012090
https://doi.org/10.2991/aer.k.210204.017
https://doi.org/10.3846/jcem.2022.16452
https://doi.org/10.5614/jts.2019.26.1.2
https://doi.org/10.21660/2021.78.j2029

Journal of Advanced Research in Applied Sciences and Engineering Technology
Volume 46, Issue 1 (2025) 1-14

(14]

[15]

(16]

(17]
(18]
(19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

(27]

(28]

[29]

(30]

In Proceedings of the Eastern Asia Society for Transportation Studies Vol. 6 (The 7th International Conference of
Eastern Asia Society for Transportation Studies, 2007), pp. 262-262. Eastern Asia Society for Transportation Studies,
2007.

Syahputra, Deka, Bambang Sugeng Subagio, and Eri Susanto Hariyadi. "Laboratory Evaluation of Asphalt Concrete-
Wearing Course (AC-WC) with Crumb Rubber Mixture." (2019). https://doi.org/10.5614/jts.2019.26.3.5

Sentosa, Leo, Bambang Sugeng Subagio, Harmein Rahman, and R. Anwar Yamin. "Stiffness Modulus Of Warm Mix
Asphalt (Wma) Using Asbuton And Synthetic Zeolite Additives." Geomate Journal 19, no. 75 (2020): 107-114.
https://doi.org/10.21660/2020.75.00140

Basri, Doni Rinaldi, Fitra Ramdhani, And Faridhotul Apriliya Wardani. "Pemanfaatan Abu Serbuk Kayu Dan Semen
Portland Sebagai Filler Pada Capuran Asphalt Concrete-Wearing Course." Racic: Rab Construction Research 7, no. 2
(2022): 152-163. https://doi.org/10.36341/racic.v7i2.3066

Ramdhani, Fitra; Suhanggi, Suhanggi; Rhoma, Benny Hamdi. “Kadar Optimum Filler Asbuton Butir T. 5/20 Dalam
Campuran Perkerasan Asphalt Concrete-Wearing Course (Ac-Wc).” Jurnal Kajian Teknik Sipil, 3.1 (2018): 32-38.
Ramdhani, Fitra; Tisnawan, Rahmat; Saputra, Hengki. “Evaluasi Kinerja Campuran Aspal Modifikasi Asbuton dan
Filler Asbuton.” Jurnal Ipteks Terapan. (2019).

Ramdhani, Fitra et al., “Evaluasi sifat reologi dasar pada campuran aspal modifikasi karet remah sir 20.” Jurnal Rab
Construction Research, 3.1. (2019).

Yaro, Nura Shehu Aliyu, Muslich Hartadi Sutanto, Lavania Baloo, Noor Zainab Habib, Aliyu Usman, Arsalaan Khan
Yousafzai, Abdulaziz Ahmad, Abdullahi Haruna Birniwa, Ahmad Hussaini Jagaba, and Azmatullah Noor. "A
comprehensive overview of the utilization of recycled waste materials and technologies in asphalt pavements:
towards environmental and sustainable low-carbon roads." Processes 11, no. 7 (2023): 2095.
https://doi.org/10.3390/pr11072095

Yaro, Nura Shehu Aliyu, Muslich Hartadi Sutanto, Noor Zainab Habib, Aliyu Usman, Jibrin Mohammed Kaura,
Abdulfatai Adinoyi Murana, Abdullahi Haruna Birniwa, and Ahmad Hussaini Jagaba. "A Comprehensive Review of
Biochar Utilization for Low-Carbon Flexible Asphalt Pavements." Sustainability 15, no. 8 (2023): 6729.
https://doi.org/10.3390/su15086729

Jagaba, Ahmad Hussaini, Shamsul Rahman Mohamed Kutty, Gasim Hayder, Lavania Baloo, Azmatullah Noor, Nura
Shehu Aliyu Yaro, Anwar Ameen Hezam Saeed, Ibrahim Mohammed Lawal, Abdullahi Haruna Birniwa, and
Abdullahi Kilaco Usman. "A systematic literature review on waste-to-resource potential of palm oil clinker for
sustainable  engineering and environmental applications." Materials 14, no. 16 (2021): 4456.
https://doi.org/10.3390/mal14164456

Yaro, Nura Shehu Aliyu, Muslich Hartadi Sutanto, Noor Zainab Habib, Madzlan Napiah, Aliyu Usman, Abdulnaser
M. Al-Sabaeei, and Waqas Rafiq. "Feasibility evaluation of waste palm oil clinker powder as a fillers substitute for
eco-friendly hot mix asphalt pavement." International Journal of Pavement Research and Technology (2022): 1-14.
https://doi.org/10.1007/s42947-022-00247-x

Ramdhani, Fitra et al., “Analisa Reologi Dasar Aspal Modifikasi Nano Abu Cangkang Sawit.” Racic: Rab Construction
Research 8.2 (2023): 364-374. https://doi.org/10.36341/racic.v8i2.4216

Hussin, Mohd Warid, N. H. A. S. Lim, Abdul Rahman Mohd Sam, Mostafa Samadi, Mohamed A. Ismail, Nur Farhayu
Ariffin, Nur Hafizah A. Khalid, M. Z. A. Majid, Jahangir Mirza, and Habeeb Lateef. "Long term studies on compressive
strength of high volume nano palm oil fuel ash mortar mixes."J. Teknol77, no. 16 (2015): 15.
https://doi.org/10.11113/jt.v77.6387

Rajak, Mohd Azrul Abdul, Zaiton Abdul Majid, and Mohammad Ismail. "Morphological characteristics of hardened
cement pastes incorporating nano-palm oil fuel ash." Procedia Manufacturing2 (2015): 512-518.
https://doi.org/10.1016/j.promfg.2015.07.088

MY, Mohd Ibrahim, P. J. Ramadhansyah, Wan lbrahim MH, and M. N. Fadzli. "Utilization of nano silica as cement
paste in mortar and porous concrete pavement." Adv. Mater. Res. 1113 (2015): 135-139.
https://doi.org/10.4028/www.scientific.net/AMR.1113.135

Nikmatin, Siti, Achmad Syafiuddin, Ahmad Beng Hong Kueh, and Yohanes Aris Purwanto. "Effects of nanoparticle
filler on thermo-physical properties of rattan powder-filled polypropylene composites." Jurnal Teknologi 77, no. 16
(2015): 181-187. https://doi.org/10.11113/jt.v77.6415

Amiera Jeffry, Siti Nur, Ramadhansyah Putra Jaya, Norhafizah Manap, Nurfatin Ageela Miron, and Norhidayah
Abdul Hassan. "The influence of coconut shell as coarse aggregates in asphalt mixture." Key Engineering
Materials 700 (2016): 227-237. https://doi.org/10.4028/www.scientific.net/KEM.700.227

Bethary, Rindu Twidi, and Bambang Sugeng Subagio. "Resilient modulus model of asphalt mixture using steel
slag." Magazine of Civil Engineering 115, no. 7 (2022): 11505.

12


https://doi.org/10.5614/jts.2019.26.3.5
https://doi.org/10.21660/2020.75.00140
https://doi.org/10.36341/racic.v7i2.3066
https://doi.org/10.3390/pr11072095
https://doi.org/10.3390/su15086729
https://doi.org/10.3390/ma14164456
https://doi.org/10.1007/s42947-022-00247-x
https://doi.org/10.36341/racic.v8i2.4216
https://doi.org/10.11113/jt.v77.6387
https://doi.org/10.1016/j.promfg.2015.07.088
https://doi.org/10.4028/www.scientific.net/AMR.1113.135
https://doi.org/10.11113/jt.v77.6415
https://doi.org/10.4028/www.scientific.net/KEM.700.227

Journal of Advanced Research in Applied Sciences and Engineering Technology
Volume 46, Issue 1 (2025) 1-14

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

[40]
[41]

(42]

(43]

(44]
(45]

[46]

(47]

(48]

(49]

(50]

Brown, E. Ray, Prithvi S. Kandhal, Freddy L. Roberts, Y. Richard Kim, Dah-Yinn Lee, and Thomas William
Kennedy. Hot mix asphalt materials, mixture design, and construction. NAPA research and education foundation,
2009.

Deng, Junjiao, Yi You, Veena Sahajwalla, and Rakesh K. Joshi. "Transforming waste into carbon-based
nanomaterials." Carbon 96 (2016): 105-115. https://doi.org/10.1016/j.carbon.2015.09.033

Shafigh, Payam, Hilmi Bin Mahmud, Mohd Zamin Jumaat, and Majid Zargar. "Agricultural wastes as aggregate in
concrete mixtures—A review." Construction and Building Materials 53 (2014): 110-117.
https://doi.org/10.1016/j.conbuildmat.2013.11.074

Sihombing, Atmy Verani Rouly, Bambang Sugeng Subagio, Eri Susanto Hariyadi, and Anwar Yamin. "Mechanical
Properties of Bio-Asphalt on Recycled Asphalt Pavement Binder." In Proceedings of the 9th International
Conference on Maintenance and Rehabilitation of Pavements—Mairepav9, pp. 529-538. Springer International
Publishing, 2020. https://doi.org/10.1007/978-3-030-48679-2 50

Sihombing, Atmy Verani Rouly, Bambang Sugeng Subagio, Eri Susanto Hariyadi, and Reza Phalevi Sihombing.
"Stiffness modulus of reclaimed asphalt binder modified with local bio-rejuvenator in Indonesia (dynamic shear
rheometer to van der poel nomograph test result)." In IOP Conference Series: Earth and Environmental Science, vol.
1195, no. 1, p. 012023. I0OP Publishing, 2023. https://doi.org/10.1088/1755-1315/1195/1/012023

Norhafizah, M., P. J. Ramadhansyah, Siti Nur J. Amiera, Nurfatin M. Ageela, A. H. Norhidayah, Mohd Rosli Hainin,
and Che CW Norazman. "The effect of coconut shell on engineering properties of porous asphalt mixture." Jurnal
Teknologi 78, no. 7-2 (2016): 127-132. https://doi.org/10.11113/jt.v78.9507

Gunasekaran, K., P. S. Kumar, and M. Lakshmipathy. "Mechanical and bond properties of coconut shell
concrete." Construction and building materials 25, no. 1 (2011): 92-98.
https://doi.org/10.1016/j.conbuildmat.2010.06.053

Sarki, J., S. B. Hassan, V. S. Aigbodion, and J. E. Oghenevweta. "Potential of using coconut shell particle fillers in eco-
composite  materials." Journal of alloys and compounds 509, no. 5 (2011): 2381-2385.
https://doi.org/10.1016/}.jallcom.2010.11.025

Yuan, Shuai, Yanjun Li, Yuexin Han, and Peng Gao. "Effects of carbonaceous matter additives on kinetics, phase and
structure evolution of coal-series kaolin during calcination." Applied Clay Science 165 (2018): 124-134.
https://doi.org/10.1016/j.clay.2018.08.003

Alagarasi, A. "Chapter-introduction to nanomaterials." Indian Institute of Technology Madras (2013): 1-24.
Usman, Ken Aldren S., James W. Maina, Shayan Seyedin, Marlon T. Conato, Leon M. Payawan Jr, Ludovic F. Dumée,
and Joselito M. Razal. "Downsizing metal-organic frameworks by bottom-up and top-down methods." NPG Asia
Materials 12, no. 1 (2020): 58. https://doi.org/10.1038/s41427-020-00240-5

Patel, Jayvadan K., Anita Patel, and Deepak Bhatia. "Introduction to nanomaterials and nanotechnology."
In Emerging technologies for nanoparticle manufacturing, pp. 3-23. Cham: Springer International Publishing, 2021.
https://doi.org/10.1007/978-3-030-50703-9 1

Muhriz, Mohammad, Agus Subagio, and Pardoyo Pardoyo. "Pembuatan Zeolit Nanopartikel dengan Metode High
Energy Milling (Zeolite Nanoparticle Fabrication using High Energy Milling Method)." Jurnal Sains dan
Matematika 19, no. 1 (2011): 11-17.

Steyn, Wynand JvdM. "Applications of nanotechnology in road pavement engineering." Nanotechnology in civil
infrastructure: a paradigm shift (2011): 49-83. https://doi.org/10.1007/978-3-642-16657-0 2

Hornyak, Gabor L., Joydeep Dutta, Harry F. Tibbals, and Anil Rao. Introduction to nanoscience. CRC press, 2008.
https://doi.org/10.1201/b12835

Li, Ruoyu, Feipeng Xiao, Serji Amirkhanian, Zhanping You, and Jia Huang. "Developments of nano materials and
technologies on asphalt materials—A review." Construction and Building Materials 143 (2017): 633-648.
https://doi.org/10.1016/].conbuildmat.2017.03.158

Falderika, Falderika, Bambang Sugeng Subagio, And Sony Sulaksono Wibowo. "Laboratory Characterization Of
Modified Porous Asphalt With Nano Caco3 And Buton Granular Asphalt (Bga)."

Enieb, Mahmoud, and Aboelkasim Diab. "Characteristics of asphalt binder and mixture containing
nanosilica." International Journal of Pavement Research and Technology 10, no. 2 (2017): 148-157.
https://doi.org/10.1016/}.ijprt.2016.11.009

Jeffry, Siti Nur Amiera, Ramadhansyah Putra Jaya, Norhidayah Abdul Hassan, Haryati Yaacob, and Mohd Khairul
Idham Mohd Satar. "Mechanical performance of asphalt mixture containing nano-charcoal coconut shell
ash." Construction and Building Materials 173 (2018): 40-48. https://doi.org/10.1016/j.conbuildmat.2018.04.024
Yaro, Nura Shehu Aliyu, Muslich Hartadi Sutanto, Noor Zainab Habib, Madzlan Napiah, Aliyu Usman, Ahmad
Hussaini Jagaba, and Abdulnaser M. Al-Sabaeei. "Modeling and optimization of asphalt content, waste palm oil
clinker powder and waste rice straw ash for sustainable asphalt paving employing response surface methodology:
A pilot study." Cleaner Materials 8 (2023): 100187. https://doi.org/10.1016/j.clema.2023.100187

13


https://doi.org/10.1016/j.carbon.2015.09.033
https://doi.org/10.1016/j.conbuildmat.2013.11.074
https://doi.org/10.1007/978-3-030-48679-2_50
https://doi.org/10.1088/1755-1315/1195/1/012023
https://doi.org/10.11113/jt.v78.9507
https://doi.org/10.1016/j.conbuildmat.2010.06.053
https://doi.org/10.1016/j.jallcom.2010.11.025
https://doi.org/10.1016/j.clay.2018.08.003
https://doi.org/10.1038/s41427-020-00240-5
https://doi.org/10.1007/978-3-030-50703-9_1
https://doi.org/10.1007/978-3-642-16657-0_2
https://doi.org/10.1201/b12835
https://doi.org/10.1016/j.conbuildmat.2017.03.158
https://doi.org/10.1016/j.ijprt.2016.11.009
https://doi.org/10.1016/j.conbuildmat.2018.04.024
https://doi.org/10.1016/j.clema.2023.100187

Journal of Advanced Research in Applied Sciences and Engineering Technology
Volume 46, Issue 1 (2025) 1-14

(51]

(52]

(53]

(54]
(55]

(56]

(57]

(58]
(59]

(60]

(61]

(62]

(63]

(64]

(65]

Fernandes, Maria Tereza Cortez, Renata Batista Rivero Garcia, Carlos Alberto Paula Leite, and Elizabete Yoshie
Kawachi. "The competing effect of ammonia in the synthesis of iron oxide/silica nanoparticles in
microemulsion/sol—gel system." Colloids and Surfaces A: Physicochemical and Engineering Aspects 422 (2013): 136-
142. https://doi.org/10.1016/j.colsurfa.2013.01.025

Bukit, Nurdin, Eva M. Ginting, Eveb A. Hutagalung, Elfariska Sidebang, Erna Frida, and Bunga F. Bukit. "Preparation
and characterization of oil palm ash from boiler to nanoparticle." Reviews on Advanced Materials Science 58, no. 1
(2019): 195-200. https://doi.org/10.1515/rams-2019-0023

Utama, P. S., E. Saputra, and Khairat. "Effective utilizations of palm oil mill fly ash for synthetic amorphous silica
and carbon zeolite composite synthesis." In IOP Conference Series: Materials Science and Engineering, vol. 345, p.
012009. I0P Publishing, 2018. https://doi.org/10.1088/1757-899%/345/1/012009

Utama, Panca Setia, Ram Yamsaensung, and Chayanoot Sangwichien. "Silica gel derived from palm oil mill fly
ash." Songklanakarin Journal of Science & Technology 40, no. 1 (2018).

Zarina, Y., AM Mustafa Al Bakri, H. Kamarudin, I. Khairul Nizar, and A. R. Rafiza. "Review on the various ash from
palm oil waste as geopolymer material." Rev. Adv. Mater. Sci 34, no. 1 (2013): 37-43.

Premaratne, W. A. P. J., W. M. G. I. Priyadarshana, S. H. P. Gunawardena, and A. A. P. De Alwis. "Synthesis of
nanosilica from paddy husk ash and their surface functionalization." (2013).
https://doi.org/10.4038/josuk.v8i0.7238

Thuadaij, Nittaya, and Apinon Nuntiya. "Synthesis and characterization of nanosilica from rice husk ash prepared
by precipitation method." J. Nat. Sci. Special Issue on Nanotechnology 7, no. 1 (2008): 59-65.

Hart, J. "Overview of nanomanufacturing processes: top-down vs. bottom-up." (2010).

Tsuzuki, Takuya. "Commercial scale production of inorganic nanoparticles." International journal of
nanotechnology 6, no. 5-6 (2009): 567-578. https://doi.org/10.1504/1JNT.2009.024647

De la Fuente, Jesus M., and V. Grazu. Nanobiotechnology: inorganic nanoparticles vs organic nanoparticles.
Elsevier, 2012.

Gbadewole, Opeyemi Antoinette, Funmilayo Alayaki, Adebola Adekunle, And Pius Olufemi Dada. "Evaluation Of
Palm Kernel Shell And Its Nano-Variant As Aggregates In Asphalt Concrete." The Egyptian International Journal Of
Engineering Sciences And Technology 32, No. Civil And Architectural Engineering (2020): 43-48.
https://doi.org/10.21608/eijest.2021.48247.1024

Oyedepo, Olugbenga Joseph, Lekan Makanju Olanitori, and Ebenezer Omoniyi Olukanni. "Investigation of palm
kernel shell as partial replacement for aggregate in asphaltic concrete." Malaysian Journal of Civil Engineering 27,
no. 2 (2015): 223-234.

Jaya, Ramadhansyah Putra, Mohd Rosli Hainin, Khairil Azman Masri, Youventharan Duraisamy, and Ekarizan Shaffie.
"Performance of Charcoal Coconut Shell Ash in the Asphalt Mixture under Long Term Aging." Int. J. Recent Technol.
Eng 8 (2019): 383-387. https://doi.org/10.35940/ijrte.C1010.11835319

Karina, Nurhafni. “Pengaruh Penambahan Nano Material Terhadap Volumetrik Campuran B raspal Panas Lapis AUS
(AC-WC).” Jurnal Teknik Sipil. (2023). https://doi.org/10.5614/jts.2022.30.1.9

Yaro, N. S. A., M. Napiah, M. H. Sutanto, A. Usman, S. M. Saeed, and J. M. Kaura. "Influence of modification mixing
parameters on conventional properties of palm oil clinker fine (POCF)-modified bitumen." Materials Today:
Proceedings 48 (2022): 771-777. https://doi.org/10.1016/j.matpr.2021.02.250

14


https://doi.org/10.1016/j.colsurfa.2013.01.025
https://doi.org/10.1515/rams-2019-0023
https://doi.org/10.1088/1757-899X/345/1/012009
https://doi.org/10.4038/josuk.v8i0.7238
https://doi.org/10.1504/IJNT.2009.024647
https://doi.org/10.21608/eijest.2021.48247.1024
https://doi.org/10.35940/ijrte.C1010.1183S319
https://doi.org/10.5614/jts.2022.30.1.9
https://doi.org/10.1016/j.matpr.2021.02.250

