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1. Introduction

Asphalt mixture is a temperature-sensitive material. High
temperatures make asphalt mixture susceptible to rutting
and reduce its service life, while low temperatures can lead
to thermal cracking in asphalt pavements, primarily due to
increased tensile stress as pavement temperature
decreases[1-9]. To enhance the properties of pure bitumen
and improve asphalt mixture performance, bitumen
modifiers are commonly used today. These additives can
reduce temperature-induced stresses, thereby increasing
the service life and resistance of asphalt pavements
[10,11]. One promising approach involves thermal energy
storage (TES) systems in asphalt mixtures through phase
change materials (PCMs). PCMs can store and release
energy based on latent heat during phase transition
between melting-freezing cycles [13-21]. In recent years,
researchers have employed PCMs for thermal control of
asphalt mixtures. Studies indicate that the phase change
temperature should be 30-60°C with appropriate melting
enthalpy for pavement applications [11,22-27]. Adding
PCMs to asphalt mixtures can control temperature
fluctuations that might otherwise lead to heat-induced
distress such as rutting [3,12,28-30]. Various methods
exist for incorporating phase change materials in asphalt
pavements, with composite PCMs (CPCM) being one of
the most important. CPCM is fabricated by mixing PCMs
with porous materials [36,37]. The effectiveness of
composite PCMs often depends on stabilization and
encapsulation strategies to reduce PCM migration in the
molten state and improve heat transfer. Coconut oil, as a
natural phase change material, has attracted researchers'
attention due to its unique characteristics and
environmentally friendly nature. This material exhibits
suitable melting point, high thermal capacity, and good
thermal stability, making it appropriate for thermal energy
storage applications [45]. Polyaniline (PANI), a
conductive polymer, has been employed as a conductive
and solid phase in the CO/PANI system within a composite
PCM framework. This polymer possesses significant
electrical and thermal properties that can enhance PCM
performance [46]. Based on previous studies and the

pavement industry's need for proper thermal energy
storage and release control, this research utilizes coconut
oil (CO) as a phase change material and polyaniline
(PANI) as a conductive material. This PCM can store and
release thermal energy at phase change temperature,
providing an appropriate solution for controlling asphalt
mixture temperature and ultimately preventing thermal
distress in asphalt pavements. This study investigates the
chemical properties and Superpave tests of bitumen
containing PCM at 3%, 7%, and 10% concentrations.

2. Experimental Program

2.1. Materials

Aniline (C6H5NH2), hydrochloric acid (HCI 37%), and
ammonium persulfate [(NH4)25208] were procured from
Aldrich and Merck companies. The bitumen used in this
research has a penetration grade of 60/70.

2.2. Synthesis of Polyaniline

For polyaniline (PANI) synthesis, 5 mL of aniline
monomer was added to an aqueous solution containing 5
mL of hydrochloric acid (1 M) under continuous stirring
to create a homogeneous acidic environment. The mixture
was then cooled and maintained at a controlled
temperature of 0-5°C to control reaction rate and ensure
better uniformity and reproducibility of PANI formation.
Subsequently, an ammonium persulfate solution (0.1 M in
HCI) was added dropwise over 30 minutes to act as the
primary oxidant (oxidative polymerization initiator). The
resulting mixture was stirred at controlled temperature for
4 hours to complete the polymerization process, with dark
green color indicating PANI formation. The synthesized
PANI was separated by centrifugation and washed several
times with deionized water to remove unreacted aniline
and byproducts. After washing, PANI was dried under
vacuum at 40°C for subsequent use.

2.3. Preparation of CO/PANI Composite
To prepare the phase change material, 10 mL of distilled
water was added to 10 g of coconut oil. The prepared PANI
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was then mixed with coconut oil at a 1:1 weight ratio. The
mixture was stirred at a controlled temperature of 50°C
with a speed of 500 rpm for 2 hours to ensure more uniform
dispersion of PANI in the oil phase and formation of a
CO/PANI composite system.

2.4. Preparation of PCM-modified Bitumen

The phase change material (PANI/CO-PCM) was
incorporated into bitumen at weight percentages of 3%,
7%, and 10%. The mixture was heated to 160°C and stirred
in a high-shear mechanical mixer at 3000 rpm for 30
minutes to ensure homogeneity. After mixing, the
composite was gradually cooled at room temperature to
obtain a stable PCM-bitumen composite (PANI/CO-
PCM/B). The cooling process prevents separation and
ensures uniform distribution of PCM in the bitumen.

3. Results and Discussion
3.1. Chemical Characterization

PANI/CO-PCM
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Figure. 1: FTIR analysis results

FTIR spectra confirm successful CO/PANI composite
formation with preserved functional groups of both
components [47-51]. DSC results show Tg decreases with
PCM addition, indicating improved low-temperature
flexibility. Melting enthalpy increases by over 90%,
demonstrating enhanced thermal energy storage capacity.

3.2. Rheological Characterization

Viscosity remains below the 3 Pa-s standard requirements.
DSR results show improved rutting resistance with PCM
addition.

Table 1: RV result

Sample Viscosity (pa.s)

Bitumen 0.407
Bitumen + 7% pcm 0.487
Bitumen + 10% pcm 0.509

Table 2: DSR result

Material Value Specification
unaged bitumen G*/Sind 21.0kpa
RTFO residue G*/Sind 222kpa
PAV residue G*Sind <5000 kpa

Viscosity remains below the 3 Pa-s standard requirement.
DSR results show improved rutting resistance with PCM
addition. BBR results indicate pure bitumen performs at -
12°C, while PCM-maodified bitumen performs at -18°C.
MSCR test shows 231% increase in creep recovery for
10% PCM sample, indicating significantly enhanced
rutting resistance.

Table 1: BBR results

-12 -18 -24
S m S, m S m
Specification <300 =203 <300 =203 <300 =203
P Mpa Mpa Mpa Mpa Mpa Mpa
Bitumen 171 0.307 309 0.262
Bitumen + 7% pcm 261 0312 459 0.263
Bitumen + 10% pcm 229 0313 440 0.267

4. Conclusions

The results of this research are as follows:

1. PCM addition reduces glass transition temperature
(Tg) and improves low-temperature flexibility. BBR
results show low-temperature performance grade
improves from -12°C in pure bitumen to -18°C in
PCM-modified samples.

2. DSC analysis confirms over 90% increase in thermal
energy storage capacity, with melting enthalpy
increasing from 1.22 J/g to 2.17 J/g for 10% PCM
samples.

3. Rotational viscosity remains within acceptable limits
(<3 Pas), ensuring proper workability for mixing and
paving operations.

4. MSCR test demonstrates 231% improvement in creep
recovery for 10% PCM samples, with reduced Jnr
values indicating enhanced resistance to permanent
deformation and rutting.

5. FTIR, XRD, and FESEM analyses confirm successful
CO/PANI composite synthesis with preserved
functional groups and stable structure within the
bitumen matrix.
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Experimental Evaluation of Energy Storage and Rheological Properties of Bitumen Incorporating
PANI/CO PCM

Sayyed Hamid Kamali Nasab, Sayyed Ali Hosseini

Abstract Extreme fluctuations (sharp increases and decreases) in asphalt mixture temperature can cause distress such
as rutting at high temperatures and th ermal cracking at low temperatures in asphalt pavements.The purpose of this study
is to evaluate the impact of incorporating phase-change material (PCM) as an additive in asphalt binder to control the
temperature of asphalt mixture. For this purpose, polyaniline (PANI) was utilized as the conductive material, while
coconut oil (CO) was employed as the phase change material. This PCM was blended with asphalt binder at weight
percentages of r7 vz and -7 A comprehensive testing program was conducted including Differential Scanning

Calorimetry (DSC), X-ray Diffraction (XRD), Fourier Transform Infrared Spectroscopy (FTIR), Field Emission Scanning
Electron Microscopy (FESEM), Rotational Viscosity (RV), Dynamic Shear Rheometer (DSR), Bending Beam Rheometer
(BBR), Pressure Aging Vessel (PAV), RTFO and Multiple Stress Creep Recovery (MSCR) tests. DSC results confirm an
increase in the thermal energy storage capacity of the modified bitumen, demonstrating over 90% improvement in energy
absorption. Analysis of the BBR data—specifically the creep stiffness (St) and m-value—indicates that the low-
temperature performance grade of the pure bitumen is -12°C, while for the PCM-modified samples, it improves to -18°C.

Key words Phase change material, Polyaniline, Bitumen, Coconut oil, Composite energy storage, Rheological properties.
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