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Abstract

This paper examines the effects of Date palm oil as a bitumen modifier on the compressive strength of bitumen and hot mixed asphalt (HMA) pavement. Date palm
oil contains anti-oxidant isomers that have the potential to enhance the performance and durability of bitumen. The compressive strength test of asphalt pavement
mixed with Date palm oil was performed in accordance with British Standards BS 1881: Part 116: 1983. The cube specimens of asphalt pavement were manufactured
mixing with 0%, 2.5%, 5%, 7.5%, and 10% of Date palm oil out of total sample mass. The experimental results suggested that Date palm oil as a bitumen modifier
reduced the compressive strength of HMA pavement. The findings of this paper urge for further experiments to understand the effects of Date palm oil on the asphalt

pavements under long-term traffic load, environment and surface drainage.

Introduction

Bitumen is used in hot mixed asphalt (HMA) pavement as a
binder of aggregates because of its adhesive properties that reduce the
distresses and deformations in asphalt pavement [1]. The performance
of bitumen depends on temperature, traffic loads and drainage system.
The physical properties of bitumen can be modified and enhanced
using additive materials that increase the adhesion with aggregates,
increase the elasticity and flexibility of bitumen at low temperature,
and reduce the excessive plastic deformation at high temperature [2].
Several studies examined the effect of various additives on bitumen
[3-6]. Mashaan et al. [2] used the crumb rubber from scarp tyres to
produce high-performance pavement while reducing the environmental
impact of waste tyres. Tarefder et al [7] used polymers such as Styrene
Butadiene Styrene (SBS) to enhance the grade of bitumen. Some studies
used burned waste from palm trees to enhance the performance of
bitumen [8].

This paper examines the effects of Date palm oil on the compressive
strength of bitumen and HMA pavement. Date palm oil is an edible
oil extracted from Elaeis guineensis [9]. The chemistry of palm oil is
complicated and primarily comprised of glyceridic and non-glyceridic
materials in trace amounts [10]. Date palm oil contains anti-oxidant
isomers such as tocotrienol and tocopherol that have the potential to
enhance the performance and durability of bitumen [11].

Additive materials for bitumen

There is a growing importance of modifying bitumen to reduce the
pavement distresses under heavy traffic loads, high tyre pressure, and
climate change effects (such as frequent fluctuations temperatures and
moisture contents). Several studies used waste materials as bitumen
modifiers in HMA pavements to prevent the stripping, decelerate the
bitumen aging and increase the service life (Table 1) [12-22]. Liquid
Anti-Strip (LAS) is the most popular approach that uses the surface-
active agent to reduce the surface tension and increase the adhesion
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between bitumen and aggregates and the wettability of aggregates [3].
The selection of effective LAS additives is challenging since there is no
selection guidelines concerning the asphalt composition.

Styrene Butadiene Styrene (SBS), a thermoplastic polymer,
increases the elasticity, stability, and the stiffness of bitumen. Under
high temperature, SBS softens and can be easily mixed with bitumen.
[7] investigated the use of 1.5% SBS in bitumen at a performance grade
(PG) level of 64-22 and found that the PG level of bitumen was improved
to 70-22. The PG is the method of categorizing the performance of
asphalt cement binder at different temperatures. No study examined
the effect of SBS on the moisture content of HMA pavement.

The hydrated lime (quicklime) was used to mitigate the moisture
susceptibility of bitumen and to improve the resistance of stripping
the asphalt mix by 1) increasing the adhesion between bitumen and
aggregates; and 2) decreasing the interfacial tension between water
and bitumen. The carboxylic acids in the bitumen reacts with hydrated
lime forming an insoluble compound that is absorbed by the surface of
aggregates [4].

Polyphosphoric Acid (PPA), a mineral liquid polymer that is
used as a bitumen modifier to reduce the impact of oxidative aging
in bituminous materials. The PPA can be used with other bitumen
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Table 1. Waste materials used as bitumen modifiers in HMA

Advantages

Increase the softening point, flow properties, strain capacity,
flexibility, and toughness

Disadvantages

Decreased the Marshall stability, compressive strength
(when proportion of rubber is more than 12 percent)

Increase the softening point, viscosity, Marshall stability,

Studies Additives
[12] crumb rubber
[13-19] Plastic
[20] Rubber and crushed glass
[21] Crushed glass
[22] Saw dust ash

modifiers such as, LAS, SBS, and Hydrated Lime. The PPA reacts
more efficiently with acidic aggregates such as granite, but it does not
react with limestone aggregates. Buncher et al. [5] added 1.25% PPA
in bitumen to increase its PG level from 64-22 to 70-22. Al-Hadidy et
al. [6] investigated starch as a bitumen modifier and observed that the
penetration of bitumen decreased with the increased content of starch
in bitumen at 25°C temperature resulting in the improvement of shear
resistance of bitumen at medium to high temperature. In addition, the
softening point of bitumen was increased with the addition of starch
resulting in the increased resistance of permanent deformation in
bitumen [6].

Palm Oil - a potential additive material of bitumen

Palm oil is extracted from the orange-red mesocarp of fruits of
palm trees that contains 45% to 55% of oil [23]. Palm oil is a mixture
of complex triacylglycerols - a basic source of fat molecules of glycerol
and fatty acids [24]. In addition, palm oil contains many phytonutrients
such as, carotenoids, tocopherols, and tocotrienols [25]. Carotenoid is
a compound of 600 fat-soluble pigments that provide the dark orange-
red color of crude palm oil. Tocols, includes four tocotrienol and four
tocopherol isomers and are rich in vitamin A and vitamin E that have
the potential to enhance the performance and durability of bitumen
[11]. Several studies examined the effect of palm oil-based additives on
rheological and chemical properties of bitumen [8,11,26]. Hainin et al.
[8] investigated the effect of Palm Oil Fuel Ash (POFA) on bitumen for
different aging conditions. The POFA is comprised of Silicon Dioxide
(Si02) (53.5%), Aluminium Oxide (AlI202) (1.9%), Ferric Oxide
(Fe203) (1.1%), Calcium Oxide (CaO) (8.3%), Magnesium Oxide
(MgO) (4.1%) and Sulphur Trioxide (SO3) (2.4%). The POFA is a by-
product waste material from burning palm kernel shells, palm oil husk
and palm oil fiber [8] applied the Rolling Thin-Film Oven (RTFO)
and Pressure Aging Vessel (PAV) tests exposing the modified bitumen
with increasing temperatures to simulate the aging of bitumen during
mixing and placement. Hainin et al. [8] performed the penetration
and softening point tests to examine the impact of POFA on the aging
characteristics of bitumen and concluded that POFA improved the
bitumen’s ability to resist ageing due to oxidation.

Rusbintardjo et al. [26] investigated the feasibility of using Oil Palm
Fruit Ash (OPFA) as bitumen modifier that is a waste product from the
ash of burned mesocarps of palm oil fruits. The OPFA is comprised
of SiO2 (43.6%), Al202 (11.4%), Fe203 (4.7%), CaO (8.4%), MgO
(4.8%), SO3 (2.8%), and Potasium Oxide (K2) (3.5%). Rusbintardjo et
al. [26] used two sizes of OPFA: 1) Fine-OPFA with a uniform grain
size of 75um and, 2) Coarse-OPFA with maximum grain size of 300pm.
The main difference between OPFA and POFA is that OPFA contains
less SiO2 that is the main chemical composition of palm oil ashes.
Rusbintardjo et al. [26] conducted the penetration, softening point,
bending beam rheometer and tension tests to determine the changes
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tensile strength; reduce the deformation and use of bitumen
binder

Increase Marshall stability with 10 percent ratio
Decrease the voids in the mineral aggregate (VMA) and
air voids
Increase the flow properties and durability, and reduce the
cost by 9.5 percent with 3 percent ratio of additive

Decrease the penetration, ductility, and flow properties

Stability decreases with lower or higher ratio of 10 percent
Decrease Marshall stability and tensile strength

Decrease Marshall stability and strength, and higher
absorption of water in HMA

in physical properties of bitumen especially the resistance to thermal
cracking at low temperatures. The findings from the experiments
advocated the use of OPFA as an additive material of bitumen with the
improvement of thermal resistance (thermal cracking at -15°C, fatigue
cracking at 20°C and rutting at 70°C) by 70% and 88% using fine and
coarse OPFA, respectively [26].

Reyes et al. [11] experimented the use of Vitamin E as an antioxidant
bitumen modifier since palm oil consists of a large amount of Vitamin E
and other antioxidants. Reyes et al. [11] stabilized Vitamin E of palm oil
with fly-ash and hydrated lime since Vitamin E has low viscosity. Reyes
et al. [11] found out that Vitamin E reduced the viscosity of bitumen;
and the stabilisers (fly-ash and hydrated lime) improved the stiffness of
modified bitumen resulting in higher resistance of fatigue cracking but
reduction of rutting performance. Reyes et al. [11] agreed that further
studies could determine the appropriate proportions of antioxidants
and stabilising agents to improve the performance of bitumen. This is
obvious a limited number of studies were investigated on palm oil related
products as the bitumen modifier mainly focusing on the consistence,
suitability, and stiffness and relaxation properties of bituminous
material under different climate conditions. Asphalt surface, asphalt
binder and base layers of HMA pavements are subjected to compressive
stress of dynamic traffic loads, resulting in structural and functional
failure. Experiments on the pavement stress-strain behaviour of Date
palm oil modified HMA pavement can provide a better understanding
on the load response and pavement distress minimisation. This paper
investigates the effects of Date palm oil on the stress-stress behaviour of
HMA pavement as a bitumen modifier.

Laboratory experiments

This study performed the compressive strength test of asphalt
pavement mixed with Date palm oil in accordance with British
Standards BS 1881: Part 116: 1983 [27]. The cube specimens (10cm x
10cm x 10cm) of asphalt pavement were manufactured mixing with 0%,
2.5%, 5%, 7.5%, and 10% Date palm oil of total sample mass (Table 2)
(Figure 1a). Each sample (mixed with Date palm oil) was heated in the
oven at a temperature of 80°C for 1 hour (Figure 1b). The samples were
manually compacted in the steel moulds and cured for 1 day (Figure
1c and 1d).

Data analysis and discussion

The compressive strength tests show that asphalt sample without
Date palm oil has the highest load resistance (153.54 N) compared to
other samples (Figure 2). The load resistance was decreased to 102.78N
before the failure for samples with 2.5% unrefined palm oil (Figure 2).
Similarly, the load resistance of modified asphalt pavement was reduced
to 27.74 N and 35.65 N for 5% and 7.5% unrefined palm oil, respectively
(Figure 2). The findings of compressive strength tests explain that Date
palm oil decreased the viscosity of bitumen.
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Table 2. Proportion of bitumen and date palm oil in each sample cube

Sample Weight of Weight of Percentage ‘Weight of unrefined
No asphalt sample bitumen (g) of unrefined alm oil (g)
) Q) u g palm oil p g

1 1962.0 98.1 0 0

2 2100.7 105.0 2.5 3.0
3 1721.0 86.1 5.0 43
4 1911.3 95.6 7.5 72
5 1823.0 91.2 10.0 9.1

(@)

(c) Compaction of mixture (d) Cured samples

Figure 1. Manufacturing of asphalt specimens for compressive strength test

The experimental results of this study challenge the findings of
[8,11,26] who claimed that the addition of palm oil compositions such
as POFA, OPFA and Vitamin E enhanced the strength of bitumen and
pavement structure. Previous studies mainly focused on the bonding
properties and tensile strength of pavement materials; however, the
pavement surface layer is subjected to compressive stress under traffic
loads. The Date palm oil is futile to resist the compressive stress from
traffic loads. In addition, previous studies used dried ash along with
palm oil as additives of bitumen that increased the antioxidants or
structural integrity.

This study used the solvent based polyurethane to enhance
the adhesion of bitumen binder in asphalt specimens. The solvent
based polyurethane is the volatile organic compounds (VOCs) and
was mixed with bitumen binders in the wet state. The solvent based
polyurethane can be cured on air, by heat and under the influence of
ultraviolet radiation. This study cured the asphalt mixture on air for
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one day leaving the polyurethane to form a film. In addition, there was
no cross-linking between the polyurethane particles resulting in less
bonding properties with bitumen, Palm oil and asphalt mixtures. The
compressive strength tests were performed after one-day air curing of
asphalt mixtures without exposing the asphalt specimens to long-term
effects of weather and traffic loads.

Conclusion

The HMA pavements subject to fatigue failure and loss of chippings
under traffic loads, temperature fluctuations and poor drainage. The
additive materials in bitumen enhance the adhesion with aggregates
in HMA pavement resulting in increased elasticity and reduced plastic
deformation of bitumen under low and high temperatures, respectively.
This paper examines the effects of Date palm oil on the compressive
strength of bitumen and asphalt pavement. Date palm oil contains
anti-oxidant isomers such as, tocotrienol and tocopherol that have the
potential to enhance the performance and durability of bitumen. This
study performed the compressive strength tests of HMA pavement
specimens mixed with Date palm oil in accordance with British
Standards BS 1881: Part 116: 1983. The cube specimens (10 cm x 10 cm
x 10 cm) of asphalt mixtures were manufactured mixing with 0%, 2.5%,
5%, 7.5%, and 10% Date palm oil of total sample mass.

The experiments show that Date palm oil propagates the
compressive failure at lower applied loads. For instance, an addition of
2.5% Date palm oil in the asphalt mixture caused the failure of asphalt
specimens at a compression stress that was 33% lower than that for
asphalt mixtures without Date palm oil. The Date palm oil as a bitumen
modifier may enhance the bonding properties and tensile strength and
reduce the viscosity of bitumen; however, reduces the compressive
strength leading the rutting of HMA pavement both at high and low
temperatures.

This study used the solvent based polyurethane in the wet state to
enhance the adhesion of bitumen binder in asphalt specimens resulting
in less bonding between bitumen, Palm oil and aggregates. In addition,
the compressive strength tests were performed after one-day air curing
of asphalt mixtures without exposing the asphalt specimens to long-term
effects of weather and traffic loads. Future studies should manufacture
the asphalt mixture with Date palm oil, dry ash and bitumen; air cure
the asphalt specimens for long-term period; experiment the pavement
distress tests under the long-term effects of traffic load, environment
and surface drainage. The binder and asphalt tests are also required to
perform on the asphalt mixture with date palm oil to understand the
effects on the pavement distresses.
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