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Abstract

Bituminous concrete mixture is the most widely used structural layer in flexible pavements. The surface layer of the paving
is exposed to repeated loads in addition to changes in temperature, especially during the summer, when the temperature
approaches the softness point of the asphalt binder, and therefore, it is subject to multiple types of failure, especially rutting.
The properties of asphalt binder and asphalt mixtures can be improved by using various additives. Coconut shell powder,
made from the dried husk of coconut fruit, is a popular addition in many industries. As a result of its high strength and
stability, this waste material can be recycled into functional structural components such as composite material
reinforcement. This study was conducted to evaluate the performance of coconut husk as very fine particles passing through
sieve number 200 (0.075 mm) to modify the asphalt binder. The modifier was added at rates of (0, 0.5, 1,2, 3,4, 5,6, 7, 8,
9, and 10) by the weight of asphalt binder. Two asphalt binder types, 80/100 and 40/50 penetration grade, were used in this
study. All asphalt samples were tested for penetration, softening point, rotational viscosity, and dynamic shear rheology.
The results showed that the modified samples had better physical and rheological properties compared to the base asphalt
binders. However, (7-8%) replacement of coconut husk powder, regardless of the base asphalt binder, yielded the best
performance among the modified binders. In conclusion, coconut powder has significant potential as a road-building material
due to its impact on the viability of the road construction sector.
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Introduction

Many countries are facing severe issues when it comes to maintaining their road networks due to increases in
traffic loading density (in terms of axles) and high tire pressure (due to heavy cars) [1]. In combination with a
wide range of solid components that serve as reinforcements, fillers, and additives, asphalt, a highly viscous
compound, created by distilling petroleum leftovers, is utilized in construction [2]. These solid materials can be
used as reinforcements, for example, fiber waste [3-5] and additives [6, 7], or they can be used as partial
replacements of diverse aggregates [8]. As a result, asphalt binders and mixtures provide great test materials
for new applications. Due to its well-known binding and waterproofing qualities, asphalt is frequently utilized in
road pavement construction at a rate of about 70% by weight [9]. However, as supplied, this material is
extremely vulnerable to high temperatures and drain-down [10, 11]. Therefore, before being used in
applications for road construction, the asphalt binder needs to be modified [12-15].

A surface layer of pavement with thermal stability is essential [16]. Studies aimed at enhancing asphalt’s
performance have been undertaken to combat this issue [17]. One strategy involves incorporating fiber
additions into the asphalt [18]. Fiber-added materials can be made from either synthetic or natural fibers [19].
Many tropical countries, which provide most of the world’s demand for coconuts, have an abundance of coconut
husk powder [20]. It is widely believed that coconuts originated in South and Southeast Asia. Coconut shell is a
readily available agricultural waste product of the coconut industry that causes significant disposal issues. Even
though coconut shells are rarely used in construction, they have proved to be an excellent replacement for
standard coarse aggregate in the making of concrete because of their low cost and high lightness [21]. There is
no need to do anything special before using coconut shell.
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Polyester, asbestos, glass, polypropylene, carbon, cellulose, and solid wastes like bamboo, coconut, date palm,
and oil palm are just a few examples of the many virgin or recycled materials that can be used to create fibers.
Coir fiber is a natural product processed from the husk of coconuts [22]. According to Subramani [23], including
coir fiber in asphaltic mixes can improve their mechanical qualities. These include increased strength, stability,
durability, resistance to permanent deformation, ductility, and compressibility [24-28]. Coconut powder may
have less pozzolanic characteristics than quarry dust when used as a filler in the mix, as observed by
Ramadhansyah et al. [21]. A novel waste used in the highway industry is coconut shell (CS). This is because
coconut shell is a weather-resistant material that works well for building materials. Furthermore, it has little
economic value and dumping it costs money and hurts the environment [30]. Coconut shell is considered one of
the main causes of pollution, especially in countries producing this crop [29]. Chemically, CS is made up of 29.27
percent pentosans, 36.51 percent lignin, 33.61 percent cellulose, and 0.61 percent ash [31, 32].

According to previous studies, the rheological and mechanical characteristics of coir-modified asphalt have
improved, including the resilient modulus [33], fatigue life [34, 35], stiffness [36, 37], and stability [38, 39].
Mongkol et al. [40] used coconut peat and bagasse of sugarcane as a substitute for part of the fillers in asphalt
mixtures to determine their effect on the viscosity of asphalt mastic and resistance to failure performance.
Results showed that at 20 percent filler content, the viscosities of asphalt mastic made with coconut peat and
bagasse were comparable to those for asphalt mastic made with limestone filler at all temperatures. Soenen et
al. [41] conducted research to ascertain whether coconut shell peat fiber may be utilized as a bitumen modifier.
After being dried, crushed, and divided into a granular and a fiber fraction, coconut shell peat fibers were
analyzed. The granular fraction serves as a filler, largely stiffening the bituminous binders, while the fiber fraction
principally improves the elastic behavior, which becomes more visible at higher service temperatures according
to rheological data on peat-modified binders. According to the research, peat fibers may replace the cellulose
fibers currently in use by significantly lowering drainage.

This study’s primary objectives were to improve the mechanical qualities of asphalt materials with potential for
use in the pavement sector and to reduce pollution brought on by waste products such as coconut shell powder.
In this investigation, two conventional asphalt binders (80-100 and 40-50 penetration grade binders) had waste
coconut shell powder added to them. Testing was done on the modified asphalts to ascertain their qualities,
including penetration, softening point, penetration index, rotational viscosity, and dynamic shear rheology.
Asphalts treated with coconut shell powder were compared to standard asphalt binders in terms of their
characteristics.

Materials and Methods

Asphalt Cement

The bitumen binders used were 80/100 and 40/50 penetration grade. The physical properties of the materials
used are shown in Table 1.

Table1 Physical properties of asphalt binders used.

Test results (specification limit)

Properties Unit Specification 30-100 40-50
Softening point (R&B) °C °C ASTM D36 45.5 (---) 49.5 (---)
Penetration (25 °C) (0.1mm) 0.1mm ASTM D5 87 (80-100) 47.4 (40-50)

Ductility at (25 °C) (cm) cm ASTM D113 103 (>100) 127 (>100)
Flash point (°C) °C ASTM D92 285 (>232) 253 (>232)
Fire point (°C) °C ASTM D92 312 (---) 274 (---)
Relative density - ASTM D70 1.02 () 1.03 (---)

Coconut Shell Powder

Coconut shell powder can be extracted from the outer shell of a coconut. The scientific name of coconut fiber is
Cocos Nucifera. Coconut fiber comes in two varieties: brown fiber from mature coconuts and white fiber from
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young coconuts. White fibers are smoother and finer but weaker than brown fibers, which are thick, strong and
have great resistance to abrasion [27].

The fiber and coconut meat were still inside the husks even after they have been shattered between 50 and 100
millimeters. After 24 hours in the sun, the fiber was cut away. A cutter was used to split the fibers. The shells
were crushed by hand using a pestle and mortar. After that, an aggregate crushing machine was used to crush
the remaining shells [21]. To make a fine powder combined with a fiber fraction, the coir shell powder was
processed in a household grinder for 3 to 5 minutes. Before being combined with asphalt binder, the peat fibers
were dried in an oven at 110 °C for at least 2 hours [33]. The resultant coir shell powder is shown in Figure 1,
while the properties of the coir shell powder are listed in Table 2.

Figure 1 Coconut (a) shell fiber (b) shell powder.

Table 2  Properties of coconut shell powder.

Properties Test result
Density (g/cm3) 0.10
Total organic carbon (%) 20.20
Ash content (%) 2.7
Humidity (%) 0.35
pH value 5.6

Coconut Shell Powder-Asphalt Formulation

In order to ensure that the waste material was distributed evenly throughout the asphalt binder, the bitumen
was heated to 160 °C. Then, different percentages of dried coconut shell powder were added to the hot bitumen
(0,0.5,1,2,3,4,5,6,7,8, and 10%) by weight of asphalt binder, and the fiber was blended with the base asphalt
binders for 30 minutes at a rate of 200 rpm.

Results and Discussion

Penetration Test

Since asphalt hardness is measured indirectly with a penetration test, asphalt with a lower penetration value is
tougher than asphalt with a higher value [42, 43]. At 25 °C, a control penetrometer was used to conduct
penetration tests in accordance with the ASTM D5 standard. Figure 2 shows the penetration values of the
modified asphalt binders as a function of the coconut shell powder content. The coconut shell powder affected
the penetration value of the asphalts, especially at 8% and 7% of coconut powder, for the 80-100 and 40-50
asphalt binders, respectively, which yielded the lowest penetration values. Lower values of penetration mean a
significant increase in stiffness, that is, an improvement in the ability to withstand traffic loads at normal
temperatures.
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Figure 2 Penetration values for samples with different contents of coconut shell powder.

Softening Point

Softening point tests were made following the ASTM D36 standard in a ring and ball apparatus. As shown in
Figure 3, the softening point of the virgin asphalts were 45.5 and 49.5 °C for the 80-100 and 40-50 binders,
respectively. The softening point values increased until a certain percentage of coconut powder (7%) and then
decreased for both base binders, which indicates the improvement of the sensitivity of the asphalt material to
the change in temperature.
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Figure 3 Softening point for samples with different contents of coconut shell powder.

Temperature Susceptibility

Bitumen'’s temperature sensitivity, or the rate at which its consistency varies with a change in temperature, is a
crucial feature [44]. Bitumen’s temperature susceptibility was evaluated using the penetration index in this study
(P1). Based on the bitumen’s softening point (ring and ball test), bitumen’s penetration at 25 °C, and the
assumption that bitumen’s penetration at its softening point temperature is 800, the Pl was calculated [45] with
Eqg. (1) . The relevant findings are displayed in Figure 4.

_1952-500xlog(P.25)-20XTsp

PI
50xlog(P.25)-SP—120

(1)

The penetration index (PI) gives an idea of the temperature susceptibility of the fabricated mixtures: if Pl is in
the range of (-2 to +2), the binder is tolerably sensitive to changes in temperature. The results showed that the
penetration index had the same behavior as the softening point, where it had changed significantly for both
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base binders to reach the maximum difference at 7 wt% coir shell powder. All the mixtures fabricated in the
present investigation showed a PI within the acceptable range. However, all the changes were positive, as the
sensitivity to temperature change was significantly reduced to reach its maximum at 7 wt% for both types of
asphalt used.
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Figure 4 Penetration index for samples with different contents of coconut shell powder.

Rotational Viscosity Test

The asphalt binder’s viscosity is used as an indicator of its flow properties, guaranteeing smooth pumping and
handling of the binder at the hot mixing plant. Figure 5 displays the results of measurements made at 135 °C
with a rotational Brookfield viscometer on unaged binders, including coir shell powder. The viscosity values were
measured at one shear rate of 20 rpm, as recommended by the Asphalt Institute, using spindle 27. It can be seen
that the addition of coconut shell powder increased the viscosity of the binders until they reached the highest
viscosity at 7% and 8% by weight of the 40-50 and 80-100 binders, respectively, and then decreased again. This
suggests that including coir shell powder into the pavement mix increases the mixture’s resilience to permanent
deformation by making the binders stiffer at high pavement service temperatures.
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Figure 5 Rotational viscosity for samples with different contents of coconut shell powder.

Rheological Testing

A dynamic shear rheometer was used to characterize the viscosity and elastic behavior of unaged asphalt binders
to study their rheological characteristics. The Strategic Highway Research Program’s asphalt binder standards
(SHRP) were used in this study, which uses a plate that is 1 mm thick and 25 mm in diameter at a frequency of
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10 rad/sec and a controlled stress mode of 0.12 kPa for unaged asphalt binders. In order to describe the initial
stiffness and resistance of the asphalt binders to permanent deformation, the rutting parameter (G*/sin8) in
DSR was calculated. For the original asphalt binder, 1000 Pa is the lowest permitted value for G*/siné (AASHTO
T315, 2010). To ascertain the change in binder performance as a function of temperature, a DSR oscillation
temperature sweep test was conducted at moderate and high service temperatures ranging from 40 to 82 °C
with 6-degree steps. Figures 6 and 7, respectively, depict the temperature dependence of the rutting parameter
(G*/sind) related to the base asphalt binders (80-100 and 40-50).
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Figure 6 Rutting parameter values (G*/sind) for the modified 80-100 asphaltic binder as a function of

temperature.
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Figure 7 Rutting parameter values (G*/sin6) for the modified 40-50 asphaltic binder as a function of
temperature.

The trends observed in Figures 6 and 7 clearly show that generally higher values of (G*/sind) (stiffer asphalts)
were obtained by increasing the content of coir powder in the base asphalts, until reaching maximum values
corresponding to 7 and 8 wt% coir powder for the 40-50 and 80-100 binders, respectively. This indicates that
these two ratios gave the highest resistance to permanent deformation (rutting) for both types of asphalt
binders.
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The varying effects of coir fiber on the rheological properties of the 80-100 and 40-50 asphalt binders provide
credence to the claim that the influence of additives on asphaltic binders differs from binder to binder,
depending on the original binder’s source and chemical composition. Its effects are unique to the specific context
in which they were observed.

As for the effect of using coconut powder on the failure temperature for both types of asphalt binder, it was as
shown in Figures 8 and 9. Figure 8 shows the increase in the failure temperature of the 80-100 asphalt binder
from 67 °C for the original asphalt to 75 °C at a coconut powder percentage of 8%. This indicates an increase in
the performance grade of the asphalt binder by at least one grade from PG64 to PG70. Figure 9 shows the
increase in the failure temperature of the 40-50 asphalt binder from 64 °C for the original asphalt to 81 °C at 7%
of added coconut powder. This indicates an increase in the performance grade of the asphalt binder by at least
one grade from PG70 to PG76.
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Figure 8 The failure temperature for the modified 80-100 asphaltic binder.

oo
N

Failure Temperature (°C)
~ ~ ~ ~ [0
N H (o)) o] o
L L L L L

~
o
1

)]
(o]
1

0 0,5 1 2 3 4 5 6 7 8 9 10
Coconut shell Powder %

Figure 9 The failure temperature for the modified 40-50 asphaltic binder.

Discussion

The results of the penetration and softening point tests showed that when the percentage of coconut shell
powder in the modified asphalt material was increased, the penetration value decreased while the softening
point increased significantly, which indicates an increase in the viscosity of the modified asphalt material. As the
results of the rotational viscosity test showed, adding coconut shell powder to the asphalt binder led to an
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increase in viscosity. Increases in viscosity often indicate stiffening of the blend, which in turn reduces its
tendency to deform under loading. The viscosity became higher, probably due to the crosslinking effect caused
by the coconut shell powder with the asphalt binder.

The results also showed that the sensitivity of the modified asphalt to temperature changes was significantly
improved, through the penetration index, especially at 7-8% added coconut powder, regardless of the type of
binder used. However, it was noted that the percentage of change in consistency or sensitivity to change in
temperature for the 80-100 asphalt binder was relatively greater than for the 40-50 asphalt binder, as it was
originally more liquid (less viscous); this was expected.

As a result of this change, the modified asphalt binders had better resistance to temperature change in the
service temperatures and, accordingly, produced asphalt binders with upgraded service performance grades,
especially at higher temperatures. These changes make the asphalt more resistant to deformation. The results
of the rheological testing revealed the improvement of the failure temperature for both asphalt binders used by
at least one performance grade, indicating an improvement in the resistance to rutting at high service
temperatures and allowing to use the modified binders in hot regions.

Conclusions

In this study, using a mechanical stirring process, two types of asphalt binders (80-100 and 40-50) were modified
with coir shell powder. Up to 10 wt% coir shell powder was added to the two control asphalts, so the blend’s
behavior could be studied. The following are the main conclusions drawn from the outcomes of this study:

1. There is a maximum or optimal value of coir shell powder content that delivers the best mechanical
qualities, as determined by the results of fundamental tests (penetration, softening point, and viscosity).
Properties change, and binders get weaker, if this amount is exceeded.

2. Coir shell powder increased the stiffness properties of the base asphalt binders. This is clear by the raise in
the softening point and viscosity of the bitumen, and a decrease in penetration grade of the bitumen.

3. The results showed that the modified asphalt binders performed better than the base asphalt binders, while
the content of 7-8 percent coconut shell powder offered the best performance of the variants studied.
Enhancing their rheological properties makes the materials more resistant to heavy traffic loading by
enhancing the performance grade for the base asphalt binders at least one grade up.

4. Using coir fiber to improve the rheology of asphaltic materials has the added bonus of being an eco-
friendlier solution to the problems caused by discarded coconut husk. This can aid in the efficient utilization
of raw materials and byproducts in the building of flexible pavements, a technique used all over the world.
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