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ABSTRACT
Developing countries requires large quantities of materials, where continues development of infrastructure
is necessary, requirement of construction materials is continuously increases exponentially. The
transportation development can be profitable by using the recycled aggregates acquired form existing
pavement practices. When an asphalt pavement needs to be replaced, the existing pavement is removed.
This acquired material, known as reclaimed asphalt pavement (RAP), is then used with new asphalt roads.
The reuse of RAP needs to be treated before using it with new asphalt. RAP are weathered during their
course of use. Repeated exposure of RAP to ultraviolet rays and moisture deteriorates the properties of the
aggregates and binders. It is adequate to treat RAP before using with new asphalt. This study focuses on
the possibility of using waste engine oil as a rejuvenator for the higher percentage of reclaimed asphalt
pavement that could meet the increasing demand in a more sustainable way. Testing was conducted for
asphalt binder testing and laboratory mixture testing. Asphalt binder testing consisted of dynamic shear
rheometer.
Keywords: Reclaimed Asphalt Pavement (RAP), Waste Engine Oil, Asphalt, Recycled Aggregate, Bitumen

1.0 INTRODUCTION
Asphalt concrete is one of the most common types of pavement surface materials used in the world. It is a
porous material made at a very high temperature of about 180°C that consists of mixture of asphalt binder
(bitumen), aggregate particles, and air voids. After some years of usage, the stiffness of asphalt concrete
increases, and its relaxation capacity decreases. The binder becomes more brittle, then micro-cracks develop
in it and cracking of the interface between aggregates and binder occurs (Yildirim, 2007). It is prone to go
fragile and stiff due to exposing to heat, oxygen, and ultraviolet light during storage, mixing, transport, and
laying down, as well as during service life (Yu et al., 2009; Juyal et al., 2005; Masson et al., 2008). Asphalt
has been used to seal ship hulls since 6,000 B.C. in ancient Samaria. From there, natural asphalts were
employed by numerous ancient civilizations for anything from waterproofing masonry used for public baths
in the Indus Valley to Egypt (NCAT 1996). Natural rock asphalt was used to build sidewalks in France and
the United States in the early 1800s.
Despite the fact that asphalt has been a part of human society for over 6,000 years and contemporary society
for over a century, many of its complexity remain a mystery to scholars. The ability to recycle wasted
asphalt pavement into new pavements is the topic of this study. When an old asphalt pavement needs to be
repaired or replaced, the old material can be mechanically ground and utilized as a raw material in new
roads. Reclaimed asphalt pavement is an old, recyclable material (RAP). Because the old material has
oxidized and is stiffer and more brittle than unaged asphalt pavements, a chemical recycling agent must be
applied to counteract the ageing in order to use RAP (Lins et al. 2008). The use of RAP and its effects on
the performance of new pavements has been thoroughly studied, and it is known that using RAP without
modification results in a stiffer asphalt pavement overall (Widyatmoko 2008; Zaumanis et al 2019). Waste
motor oil from vehicles and trucks is one waste resource that may be able to revive RAP (Villanueva et al.
2008; Liu et al 2018). During a typical oil change, this is the oil that is extracted from the car. Engine oil in
large quantities on pavements causes harm to the asphalt. When coupled with RAP, however, modest
volumes of waste oil thoroughly integrated in the mix may prove useful by countering the increased stiffness
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to provide a pavement with performance comparable to that of virgin and unused materials before in any
structure.
The asphalt paving industry has had great success with recycling deteriorated asphalt pavements in the early
twentieth century. The successful introduction of reclaimed asphalt pavement (RAP) in road construction
has reduced the amount of virgin asphalt and aggregate needed and subsequently has made the industry’s
operations more sustainable. However, one of the main challenges of using RAP in road construction is the
stiffness of RAP. The use of unmodified RAP can make the mix too stiff, and difficult to compact, which
can result in premature failure of the pavement (Faheem et al 2018, Mirhosseini et al 2019, Wang et al
2019). Increased stiffness is a consequence of gradual oxidation which alters the constituents of asphalt and
consequently erodes the viscoelastic properties (Hosseinnezhad et al 2019, Pakenari et al 2021). Therefore,
to use the RAP in road construction, the lost properties of oxidized asphalt must be regained using a feasible
rejuvenation technique.
2.0 STATEMENT OF THE PROBLEM
This study focuses on to investigate the feasibility of using waste engine oil as an asphalt rejuvenator to
improve asphalt pavement recyclability. Several testing approaches were utilized to investigate this issue.
Traditional asphalt binder testing and scale asphalt mixed performance testing were done.


To determine the change in rheological properties of asphalt binder mixed with waste motor oil
using traditional dynamic shear rheometer and rotating viscometer.



To investigated the moisture susceptibility of the mixtures with waste engine oil

3.0 LITERATURE REVIEW
Environmentalists say that used oil is insoluble and contains toxic chemicals and heavy metals. Used or
waste engine oil obtained from single car service can contaminate around 37 lakh litres of water, if released
to water. Large quantity of used engine oils from different places is uncountable disposed of in various
water bodies. At any given time in the India, an estimated 295 million registered automobiles are travelling
on 5 million miles of public road (FHWA 2008). Used motor oil from highway vehicles may be able to
assist in the recycling of asphalt pavement material. Previous research has revealed that when RAP is
recycled in pavements, the stiffness of the pavement increases and the low temperature cracking resistance
decreases (Kandhal et al. 1995; Chen et al. 2007a; Ma et al. 2010).
The addition of waste engine oil to asphalt binder has been found to minimize stiffness and increase fatigue
resistance in pavements without RAP (Villanueva et al. 2008). Waste engine oil, when mixed with RAP,
may help to offset the stiffening caused by the RAP and improve the pavement's low-temperature
performance. These two waste streams could be combined to make a pavement that performs similarly to
one composed completely of virgin materials.
3.1 ASPHALT PAVEMENT
Hot-mix asphalt mixtures containing RAP has been proven to perform as well as or even better than
mixtures made with virgin material (McDaniel and Anderson, 2001). Many literatures have examined from
mix design to performance of HMA containing RAP (Al-Bayati et al., 2018; Tanty et al., 2018; Ma et al.,
2019; Zhu et al., 2020a) and studied effects of increased content of RAP in the new asphalt mixtures
(Nazzal et al., 2015; Shannon et al., 2017; Stimilli et al., 2016; Tang et al., 2017). Effects of rejuvenator on
performance of mixture containing RAP has also been examined in literature. With increasing concerns on
rutting damage, application on high-modulus asphalt mixture (HMAM) is receiving increasing attention,
both in new pavement construction and existing pavement rehabilitation (Ban’kowski & Wiman, 2009). RAP
have been evaluated to save material resources, construction costs and energy, since the high stiffness of
aged binder in RAP is similar to high modulus asphalt binder.
The subbase, base, and asphalt layer, all of which sit on top of the subgrade, make up a standard asphalt
pavement. A schematic of a typical asphalt pavement structure is shown in Figure 1. The existing soil on
which the pavement construction is built is referred to as the subgrade. A layer of coarse grained rock is laid
on top of the subgrade beneath the base and subbase layers. The two base layers are 4 to 12 inches thick, and
their principal function is to give structure for the asphalt pavement. In the case of permanent pavements,
the asphalt pavement layer might be as thin as four inches or as thick as two feet (Huang 1993).
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Figure 1 Typical Asphalt Pavement Cross Section (Katamine, 2000)
The base course, binder course, and surface course are the three sublayers of the asphalt pavement layer.
The surface or wearing course is the top layer of asphalt concrete that is exposed to traffic. The surface
course, which is rarely thicker than two inches, is primarily responsible for pavement friction and
smoothness. Smaller aggregates are frequently used in this layer than in the two layers of asphalt beneath it.
Most significantly, this layer can be replaced at the first sign of distress to prevent harm to the surrounding
support layers. The binder coarse, also known as the levelling course, acts as a layer between the surface
course and the base course, transferring loads.
This layer is also utilized to smooth out any irregularities and guarantee a uniform thickness of the surface
course. The average binder course is 2-4 inches thick. The base course, the final layer, is made up of bigger
aggregates that help to distribute load through the pavement and into the aggregate layers below. The base
course can be anywhere from 4 to 12 inches thick, and it's usually the thickest pavement layer because it
needs less asphalt binder than the two levels above it (Institute 1960; Huang 1993)
Asphalt pavement is made up of three ingredients in terms of volume: aggregate, asphalt binder, and air.
Although aggregate makes up the majority of asphalt pavement (about 90%), the two remaining components
are critical to the pavement's resilience. The percentage of air spaces in the pavement is fixed at 4% by
volume as a standard. This trapped air is necessary for freezing water to escape into the void structure rather
than shatter the pavement. Asphalt binder, the final component, is the "glue" that ties the pavement together.
Even though it only accounts for around 5% of the total weight, the binder is by far the most complex
component of the pavement system.
3.2 SUPERPAVER
Over the years, several methods of characterization for asphalt binder have been developed to satisfy the
necessity for asphalt binder to manage high and low temperature failure causes. The Superior Performing
Asphalt Pavements system is the most recent materials characterization system. Asphalt binder performance
is graded using two temperatures: a high temperature and a low temperature. The maximum seven-day
average temperature that the pavement will see during its design life is referred to as the high temperature.
The low temperature represents the pavement's lowest single-day temperature during its design life. This
range is indicated by a binder classification of PG XX-YY, where XX denotes the permissible high
temperature in degrees Celsius and YY denotes the binder's low temperature rating in negative degrees
Celsius. To measure the performance grade (PG) temperature of asphalt binder, several tests have been
established. Two of the typical tests used are the dynamic shear rheometer (DSR) and rotational viscometer.
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3.3 DYNAMIC SHEAR RHEOMETER
When an asphalt binder is subjected to a sinusoidal load, the Dynamic Shear Rheometer (DSR) is used to
measure its engineering qualities. ASTM D 7175 is the standard that best describes the tests (ASTM 2008c).
The DSR test includes placing a sample of asphalt binder between circular parallel plates that are subjected
to a sinusoidal force and measuring the binder's response. The test is performed in two ways, depending on
whether the binder is old or not. The plates measuring 25 mm in diameter and 1000 microns apart are used
for unaged binder. The plates for aged binder are 10 mm in diameter and 2000 microns apart. On stiffened
binder, the lower sample size is employed due to a mechanical constraint of the DSR's ability to accurately
shear the stiffened binder.
The binder is submerged in a water bath at a predetermined temperature equivalent to the PG high
temperature grade to conduct the test. The binder is added after ten minutes of temperature acclimatization,
and the DSR measures each sample's Complex Modulus (G*) and phase angle (δ). The link between
complex modulus and phase angle is depicted in Figure 2.

Figure 2 Complex Modulus & Phase Angle
The G*/Sin (δ) parameter indicates the rutting or permanent deformation standard performance criterion,
whereas G*/Sin(δ) indicates the cracking resistance for low temperatures.
The binder meets the rutting criterion for performance when the G*/Sin (δ) parameter is greater than 1000
Pa for unaged binder and greater than 2200 Pa for Rolling Thin-Film Oven (RTFO) aged binder at a certain
PG temperature. Binder is tested at increasing PG temperatures until it exceeds or fails the test parameter.
The G*/Sin(δ) has a ceiling of 5000 kPa for Pressure Aging Vessel (PAV) aged binder, and if the binder
surpasses that limit, it fails specification. The parameter G*/Sin (δ) as an indication of the rutting or
permanent deformation standard performance criterion and G*·Sin(δ) as an indication of the resistance to
cracking for the low temperatures.
4.0 EXPERIMENTAL SET-UP AND METHODOLOGY
Previous research has suggested that the inclusion of reclaimed asphalt pavement (RAP) will make asphalt
pavements stiffer in nature and increase performance grade (PG) (Kandhal et al. 1995). Research into the
feasibility of waste engine oil as an asphalt modifier have concluded that waste engine oil will soften virgin
binder and cause a reduction in PG (Villanueva et al. 2008). These two findings could be combined to
utilize both the cost savings of RAP with the softening properties of waste engine oil to offset the
unavoidable stiffening inherent with using RAP. In order to test the theory that waste engine oil can be
combined with RAP as a recycling agent, small scale binder testing was performed. In this phase of
research, asphalt binder recovered from the RAP stockpile was blended with virgin binder. The resultant
blend of asphalt binder was combined with four and eight percent waste engine oil to produce three different
modified samples in addition to the pure virgin control binder. The four types of binder were tested for
viscosity, aged dynamic modulus and unaged dynamic modulus.
Methods
The virgin binder chosen for this study was a PG 70-22 neat binder obtained from a pavement project in
Grand Rapids, Michigan. This binder was combined with RAP- recovered binder at the ratio of 75% neat
binder to 25% RAP-recovered binder. The RAP-recovered binder was extracted from a RAP stockpile in
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Hancock, Michigan. In extracting the RAP binder, the ASTM D 2172 procedure was followed (ASTM
2005b). The extraction process involved soaking the RAP in trichloroethylene, then centrifuging the
solution of asphalt binder and trichloroethylene from the aggregates. Once extracted, the binder was
recovered using the rotary evaporation process as described in ASTM D 1856 (ASTM 2005a). The recovery
process involved distilling the solution of trichloroethylene and asphalt binder. The solution was heated until
the trichloroethylene boiled out of solution, leaving only the recovered asphalt binder (RAB). The extraction
process yielded 88 grams of RAB from 2800 grams of the sample of RAP.
A second source of aged asphalt was created in the laboratory by open air aging a PG 58-28 binder in a
100°C oven for several weeks. A thin layer of the PG 58-28 binder was placed in a laboratory pan inside of
on oven. Inside the oven, hot air was circulated over the binder to encourage oxidation. In-house air aging
was chosen to supplement RAB testing because a second source of RAB was unavailable for testing. There
is a known variability in RAP stockpiles, so a second source of RAB is important for broad applicability.
The used engine oil was collected from Modern Maruti service station in Hisar. Due to perceived
environmental concerns, there is some stigma over the idea of mixing used engine oil into asphalt
pavements. To counter this opposition, Summit Environmental Technologies, INC. tested the oil waste
stream for potentially hazardous contents. Both EPA and ASTM test methods were utilized for the testing of
the oil. The results of the test show the contaminants Arsenic, Cadmium, and Polychlorinated biphenyls
(PCBs) at concentrations of less than 1 part per million (ppm) and chromium at less than 4 ppm, is below
the restrictions placed on hazardous waste by the EPA (e-CFR 2006). A complete table of the hazard content
test results can be found in Table 1.
All of the contents of the waste engine oil, with the exception of lead, are below the EPA admissible limits
for hazardous waste. However, if the waste engine oil remains locked inside the asphalt binder while inside
the pavement, it may be possible to achieve permitting to use waste engine oil as a recycling agent. Previous
research by Herrington examined the leachate potential of oil contained inside asphalt pavements that were
subjected to laboratory-simulated environmental weathering (Herrington et al. 1993). In this experiment, the
oil had a lead concentration of 29,000 mg/kg. At 5 percent oil blended with the binder, the leachate test
yielded a lead concentration of less than 0.05 mg/L. The oil used in the above study had a concentration
significantly higher than that obtained for this report, and was shown to leach at a concentration much lower
than the EPA acceptable level.
The waste engine oil was blended with the asphalt blends in two concentrations; 4% and 8% by total weight
of binder. With the aid of a glass rod and under continuous stirring action, the binders were mixed
homogenously in a standard specimen can over a hot plate at temperatures around 150°C. The percentages
were chosen based on a review of literature on recycling agents in which the authors advocate against using
high concentrations of recycling agent because of the potential damage to the asphalt pavement (Villanueva
et al. 2008; Widyatmoko 2008). With the blends, seven types of binder were tested: original binder (Original
Binder), 25% RAP blended with original binder at three percentages of oil, 0, 4, and 8 percent (RAP-0%,
RAP-4%, RAP-8% respectively), and in-house oven aged asphalt blended with 0, 4 and 8% Oil (OA-0%,
OA-4%, OA-8%, respectively). Table 2 shows the breakdown of sample compositions.
Table 1 Waste Engine Oil Chemical Composition
Parameter
Flash Point

>95° C

Allowable Level
140 ° F

Lead

14.0 ppm

5.56 ppm

PCB

< 1.0 ppm

1.11 ppm

pH
Arsenic
Ash
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Chromium

< 3.0 ppm

Sulfur, Wt%
Total Halogen, ppm

5.56 ppm

0.19%

--

396 ppm

--

Table 2 Composition of asphalt blends
Original

RAP0%

RAP4%

RAP-8%

OA-0%

OA-4%

OA-8%

0

25

25

25

100

100

100

0

0

4

8

0

4

8

Binder
Percentage
Aged
Percentage
Oil

After the samples had been prepared, rotational viscometer testing was performed according to ASTM D
4402. The tests were performed on a Brookfield model DV-II Viscometer. The viscosity readings were
taken at four temperatures: 100°C, 125°C, 140°C and 160°C.
The binder was tested on a Bolhin CVO 120 Dynamic Shear Rheometer (DSR). Standard Strategic Highway
Research Program (SHRP) Pass/Fail testing was conducted at various temperatures. SHRP Pass/Fail testing
involves testing samples at low temperatures then progressively testing at the next highest PG until the
sample fails by testing below the established Superpave control limits. At the point of failure, the test is
discontinued since subsequent tests will fail at every temperature above the initial failure temperature.
The DSR measured the Complex Modulus (G*) and phase angle (δ) of each sample. The Super pave system
uses the parameter G*/Sin(δ) as an indication of the rutting or permanent deformation standard performance
criterion. When the G*/Sin (δ) parameter is greater than 1000 Pa for unaged binder or 2200 Pa for RTFO
aged binder at a given PG temperature, the binder meets the Super pave rutting criterion for performance
and is then progressively tested at the next grade temperature until it fails, that is until the testing parameter
is not met. For PAV aged binder, the G*·Sin(δ) has a ceiling of 5000 kPa. Asphalt binder is tested at
progressively lower temperatures inside the DSR until the G*·Sin(δ) reads above 5000 kPa, at that time the
binder is said to have failed to meet specification and the test is discontinued.
4.1 RESULT AND ANALYSIS
Asphalt Binder Testing
From the DSR testing, the following data was obtained. Figure 3 is a plot of the viscosity results of the
original binder, and then the original binder with 25% RAB and increasing amounts of engine oil. From this
graph, it is shown that the binder blended with RAB experienced an upward shift in viscosity when
compared to the control with no RAB. This shift corresponds to a stiffening of the binder once RAB has
been added. The binders containing 4% and 8% waste engine oil then caused a downward shift in viscosity,
which corresponds to a softening when the oil was added.
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Figure 3 Viscosity of PG 70-22 original binder blended with 25% RAP and waste engine oil
Figure 4 is a plot of the G*/Sin(δ) parameters obtained from the DSR test results. These results are for the
PG 70-22 binder that was then blended with 25% RAB and then four and eight percent waste engine oil for
subsequent testing. The original binder, shown in gray, fails specification at 76ºC, which is expected for a
PG 70 binder. The blend with 25% RAB and 0% waste engine oil experienced an upward shift for all data
points, and had an overall PG increase to PG 76, indicating an improved resistance to rutting. The binder
with RAB and 4% oil performed almost identically to the original binder, while 8% waste engine oil proved
to reduce the PG to a 64, as indicated by the G*/Sin(δ) less than the specification of 1000 Pa at 70º
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Figure 4 DSR results of PG 70-22 original binder blended with 25% RAP and waste engine oil
Figure 5 is a plot of the DSR results from the in house aged asphalt binder. Since the entire binder was oven
aged and not blended with original binder, the original PG of this binder becomes irrelevant. What is
important from these tests is the ability to replicate aged binder in the laboratory, then to test the aged binder
with waste engine oil to compare these results to the PG 70-22 test results. The graph shows a PG 76 binder
experiencing a downward shift as increasing amounts of waste engine oil is added.
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Figure 5 DSR Results for Oven Aged binder blended with waste engine oil
Figure 6 is of DSR results for a PG 70-22 binder that has undergone RTFO testing to see how binder
blended with waste engine oil behaves. This experiment shows a two-grade decrease in high temperature
acceptable binder with 8 % waste engine oil.
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Figure 6 DSR Results for RTFO aged binder blended with RAP and waste engine oil
PAV testing was also performed on the PG 70-22 asphalt binder blended with 25% RAB and then blended
with 0% and 8% waste engine oil. Based on the Superpave performance criterion maximum of 5000 kPa for
the G*·Sin(δ) the 8% binder underwent a downward shift after PAV aging, indicative of softening. The plot
of this shift can be seen in Figure 7
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Figure 7 DSR Results for PAV aged binder blended with RAP and waste engine oil
From the data gathered in DSR testing of the PG 70-22 binder and the blends of RAP and oil, a comparison
of the high temperature performance grades of the asphalt binders can be made, as shown in Figure 8.
Initially the RAP caused an increase in PG because it increased the G*/Sin(δ) parameter to a point where it
was less than 1.0 kPa at the test temperature. The increase in PG corresponds to an increase in stiffness and
rutting resistance. With subsequent percentages of oil added, that stiffening was reduced and ultimately the
binder was softened beyond the initial PG before RAP was added.
80
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RAP-4%

RAP-8%

Figure 8 Results from DSR Testing with PG 70-22 Asphalt Binder
The results from the in house oven aged experiments are summarized in Figure 9. There was also an
increase in the G*/Sin(δ) parameter when comparing the virgin binder to the aged binder. This finding is
significant because it shows oven aged binder has an increased stiffness, similar to the increased stiffness
with the RAP tested previously. The addition of waste engine oil into the aged binder led to a drop in high
temperature PG, which means the rutting resistance is moving toward the virgin binders PG. This drop in
PG was one successive grade for 4% waste engine oil, and two grades for the 8%.
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Figure 9 Results from DSR Testing with Oven Aged Asphalt Binder
The graphical results of the DSR tests performed on RFTO aged binder are seen in Figure 10. The aged
binder exhibited a PG drop with 8% waste engine oil added. This result is the same as the unaged samples
tested in the DSR. Due to the low smoke point of waste engine oil, the aging tests are a point of controversy.
At small percentages of oil, however, the aging test returned the same two PG drop as unaged binder
blended with waste engine oil, implying excessive aging did not take place with the waste engine oil.
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Figure 10 Results from DSR Testing with RTFO Aged Asphalt Binder
When the PAV aged binder was tested in the DSR for G*·Sin(δ) the binder underwent a two PG increase to
low temperature cracking resistance. Figure 11 shows the two PG increase caused by the waste engine oil.
This result matches what has been said in the literature about waste engine oil acting to reduce fatigue and
extend the cracking life of asphalt pavements (Villanueva et al. 2008).
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Figure 11 Results from DSR Testing with PAV Aged Asphalt Binder
5.0 CONCLUSIONS
Super pave asphalt binder testing is the accepted standard for establishing a usable service range of
temperatures for which different asphalt binders are acceptable. Aged asphalt binder was tested in the same
fashion as the virgin binder. Then waste engine oil was added to the aged binder in the hopes of showing the
aging effects can be offset with the oil acting as a softening agent.
The DSR results for asphalt blended with RAB showed an increase in the G*/Sin(δ) parameter, which is
indicative of an increased resistance to rutting. This supports the claim that RAP inside asphalt pavements
will increase the rutting resistance. A similar increase in G*/Sin(δ) is obtained by oven aging virgin binder.
Both oven aged binder and RAB were progressively softened with the addition of waste engine oil to the
mixture. This proves that waste engine oil has the potential to counteract the stiffening from using RAP in
new asphalt pavements.
By oven aging in the shallow dish, asphalt binder similar to field aged, recovered binder could be mimicked
in the laboratory. Once simulated RAB was created, the addition of 4% and 8% waste engine oil caused
equal softening to that seen by the RAB recovered by traditional means. This result is useful because it
shows waste engine oil works as a softening agent on different RAB sources.
At some point the binder blended with waste engine oil becomes softer than the virgin binder being used.
Further testing should be conducted to determine at what point excessive softening occurs. Excessive
softening may damage asphalt pavements, and care should be taken not to use too much waste engine oil.
At 8% waste engine oil, the aged properties of the blended binder are less than desirable. There was a two
PG decrease in high temperature grade, but an extension of two PG’s on the low temperature end. A lack of
aged binder was the reason for the limited number of tests performed on aged binders. It is recommended in
the future to acquire more aged binder and test concentrations other than 8% waste engine oil. Also, bending
beam rheometer (BBR) testing is a common test for measuring the creep stiffness of PAV aged binder at
low temperatures. It is highly recommended this test be conducted in the future to determine a definitive low
temperature PG grading.
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