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bitumen were determined. °

Hydrophobic properties of bitumen can be improved

Vegetable oils cause serious changes in the physical

and mechanical properties of bitumen.

In this study, the effects of oils obtained from vegetable products on the physical, mechanical and
hydrophobic properties of bitumen were investigated. Within the scope of the study, six different
vegetable oils were used for bitumen modification: hemp oil, flax seed oil, laurel ghee, centaury
oil, castor oil, pine turpentine oil. These are 100% pure vegetable oils, obtained by using cold press
method. The bitumen was modified by adding vegetable oils to bitumen with the proportions of
3%, 5% and 7%. Including the reference group, 19 sample groups were formed with six different
vegetable oils by using three different mixing ratios. The physical and mechanical properties of
the prepared bitumen samples were determined, according to their contact angles their
sensitivity to water, surface wetting and hydrophobic properties were determined by using the
IMAGEJ program. As a conclusion of the results of the studies, it has been introduced that
different vegetable oils cause serious changes in the physical and mechanical properties of
bitumen, and in addition, bitumen modified with vegetable oils can make a significant
contribution to removal of water from the road surface which is a major problem for traffic safety.
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1. Introduction

In this study, in order to eliminate the damage caused by
water and moisture on bitumen, the change in the
hydrophobic property of bitumen as a result of
modification with different vegetable oils has been
investigated.

Bitumen is a chemical having a high boiling point that
contains hydrocarbons in its structure. Bitumen is used as
a binder for the aggregates in asphalt mixture to hold
together. Its road surface properties are known to play an
important role in traffic safety. As a result of the
technology supply and greater demand from road users,
surface properties of roads are becoming increasingly
significant in the construction and maintenance of roads
for comfort and safety [1].

Bituminous coatings provide good driving comfort to
drivers by means of their smooth surface feature. Roads
with smooth surfaces would also reduce the risk of
accidents in rainy weather. Because the water film
thickness is related to mean texture depth of pavement
surface. There is consensus among many researchers
about the effect of the surface properties of the coating
on accident risks [2-4].

Moisture damage at the interfaces of bitumen-aggregate
in the binder has been studied by various researchers [5,
6]. In these studies, moisture damage behavior in asphalt
pavement was investigated to measure the adhesion
strength of the asphalt binder. Lately, the surface energy
of bitumen and aggregate has been empirically associated
with moisture-related damage of asphalt concrete [6].
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Moisture damage can be defined as loss of strength and
durability in asphalt mixes due to moisture. Moisture
damage occurs due to loss of bonding between asphalt
cement and fine and coarse aggregate. On the other
hand, the effect of repetitive loads causes the pavement
to become more sensitive to moisture [5].

For reasons such as eliminating the negative effects
mentioned above, and on the other hand, to develop
sufficient elastic properties with improved resistance to
permanent deformation, to prevent cracks, to provide
bitumen the necessary rigidity at high temperatures, to
provide flexibility at low temperatures, to provide
bitumen a high storage stability and resistance to thermal
deformations, it is seen that bitumen has been modified
using various additives [7].

In this study, in order to eliminate the damage caused by
water and moisture on bitumen, the change in the
hydrophobic property of bitumen as a result of
modification with different vegetable oils has been
investigated.

2. Hydrophobic and Hydrophilic Property

As a result of the effect of the potential energies of
liquids, the molecules remaining in the interior are less
dense than the molecules on the surface of the liquid, so
that surface tension occurs on the surfaces of liquids.
Thus, liquid substances form different contact angles with
solid surfaces. If contact angles are greater than 90 ° C, it
is hydrophobic, if less than 90 ° C it is hydrophilic (Figure
1). It is defined as superhydrophobic if greater than 140 °
C, and superhydrophilic if closer to 0 ° C [8].

Walc
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Figure 1. Hydrophilic and hydrophobic surface, respectively [9].

The term surface contact angle, first discovered by
Thomas Young in 1805, is one of the methods used in
determining the non-wetting state of solids, their surface
energy properties, liquid-solid interface and solid surface
energy at minimum equilibrium distance [10].

The expression of contact angle (6) depending on surface
and interface energies, also known as Young's Equation,
is shown below [11].

YsgCosa=Ykg-Yks (1)
In this equilibrium;

Ysg: Surface tension (energy) of the liquid (mJ/m?)

Yks: Energy of the solid - liquid interface (mJ/m?),

Ykg: Energy of the solid surface (mJ/m?)

A modal representation of the parameters used in the
equation is presented in Figure 2 below.

3 a0
Figure 2. Representation of contact angle of a water drop with
solid surface [12].

Materials with altered hydrophobic or hydrophilic
properties by improving their performance with various
additives are found in many sectors on production of
products [10-22]. In addition, this issue has been widely
discussed in scientific studies in different areas such as
soil improvement, coating of materials, enhancing
hydrophobic properties to concrete and cement-based
materials, and reducing the effect of corrosion in
reinforcement steel [8, 11, 23-28].

In the study conducted by Lal et al. [29], wetting and
drying of a hydrophobic macroporous setting such as
porous asphalt (PA) was investigated under different
environmental loads. Three different types of porous
asphalt with different pore sizes were sealed on all
surfaces except the upper one, and they were tested by
pouring water droplets on them.

In 2018, Zakerzadeh et al. aimed to measure the contact
angle of the material sprayed to the surface, in the
presence of various hydrophobic coatings with a certain
weight percentage. In asphalt samples, the contact angle
measured with 8 different hydrophobic materials was
investigated. On average, they increased the contact
angle of the asphalt surfaces from 75 to 156, making the
surface of the asphalt pavement superhydrophobic [30].

Gao et al. [31] prepared samples of super hydrophobic
asphalt concrete by using modified hydrophobic materials
and nanomaterials in their study. Anti-icing and de-icing
performance of superhydrophobic asphalt concrete has
been investigated on different designs. Simulation test
and theoretical analysis were used together in the study,
and it was compared with conventional asphalt concrete.
The researchers examined the anti-ice properties of the
samples prepared by using contact angle and surface
energy.

Nahvi et al. [32], in their study, optimized the
superhydrophobicity and slip resistance of hydrophobic
coatings on asphalt concrete surfaces. It has been tried to
make asphalt concrete superhydrophobic by using
different spraying times and various dosages of
chemicals. In order to determine the superhydrophobicity
and shear resistance of coated asphalt concrete, water
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contact angle and friction coefficient were measured at
the micro-tissue.

Han et al. [33] aimed to obtain a hydrophobic emulsified
asphalt coating on asphalt pavement by adding a
hydrophobic agent to the emulsified asphalt in their
research. Factors affecting the hydrophobic property,
such as the roughness of the hydrophobic material, the
dosage and the joining method were taken into account.
Anti-ice property (ice-repellency) of the prepared samples
was characterized by the contact angle.

Han et al. [34] have made a research to overcome the
shortcomings in durability of hydrophobic emulsified
asphalt pavement caused by poor slip resistance
performance and poor wear resistance. In the study,
hydrophobic emulsified asphalt modified with
waterborne epoxy resin was used. The wet track abrasion
test and load wheel test were performed to evaluate the
optimal asphalt content of the micro surfacing mixture.

Dalhat et al. [35] used recycled low and high density Poly-
Ethylene (rLDPE and rHDPE) to transform the asphalt
surface from hydrophobic to Super Hydrophobic. Asphalt
surfaces have been modified using different curing times.
Then, the roughness and water contact angle of the
prepared samples were analyzed.

In this study, it was aimed to modify the pure bitumen
used on asphalt roads with different vegetable oils. Thus,
the change in wetting and hydrophobic properties of
bitumen was investigated. In the literature search, there
is no study found where vegetable oils are used to
improve the hydrophobic properties of bituminous
materials. In this context, six different vegetable oils
obtained by cold press were used for bitumen
modification, and the change in surface contact angle was
compared with the reference sample. On the other hand,
the changes in the physical and mechanical properties of
the modified bitumen were also comparatively studied.

3. Material
3.1. Bitumen

The bitumen B 50/70 used in the study was obtained from
the asphalt production facility used in urban road
construction. Basic physical experiments were carried out
on bitumen before it was modified. The results of the
experimental studies are presented in a table below
(Table 1).

3.2. Bitumen modification with vegetable oils

Six different vegetable oils were used in the study to
modify bitumen. These are 100% pure vegetable oils,
obtained by using cold press method. Six different oil
types were chosen for the study: Flax seed oil, laurel seed
oil, hemp seed oil, centaury oil, castor oil, pine turpentine

oil. Especially cold pressed vegetable oils were preferred
in the study, since they were obtained only by mechanical
method without heat treatment. On the other hand,
while the vegetable oils used in the study were preferred,
the plants that are widely produced in our country or that
are aimed to be expanded were taken into consideration.

Table 1. Basic physical properties of bitumen.

Specification

Tests . Test Results
Limits

Ductility (cm) > 100 >100
Nicholson test (%) >50 >50
Softing Point (°C) - 47.70
Penetration (1/10 mm) - 62.80
Bitumen Class - B50/70
Specific Gravity (gr/cm3) - 0.99

Within the scope of the study, different ratios were used
to determine to what extent the vegetable oils changed
the water and moisture sensitivity of bitumen. In this
process, bitumen was modified by adding each vegetable
oil in three different proportions (3%, 5%, 7%). Thus,
modified bitumen with six different oils having three
different contents has been developed. In addition, after
the reference bitumen sample is included, a total of 19
different groups were formed in the study. The
abbreviations for the formed groups are presented in
Table 2. Abbreviations of the modified bitumen by adding
vegetable oils to pure bitumen in different proportions
are shown in Figure 3.

Table 2. Coding the mixing ratios.

% Content Coding
Reference Bitumen Sample (RBS) - RBS
3 HSO3
Hemp Seed QOil (HSO) 5 HSO5
7 HSO7
3 FSO3
Flax Seed Oil (FSO) 5 FSO5
7 FSO7
3 LSO3
Laurel Seed Oil (LSO) ) LSO5
7 LSO7
3 CEO3
Centaury Oil (CEO) 5 CEO5
7 CEO7
3 CAO3
Castor Qil (CAO) ) CAO5
7 CAO7
Pine Turpentine Oil 3 PTO3
(PTO) 5 PTOS5
7 PTO7
4. Method

In this study, an image analysis program called IMAGE)J
was used to determine the sensitivity of modified
bitumen to water and to reveal their hydrophobic
properties. This program is very practical, and it gives fast
results. The photos of the drop were taken to measure the
contact angle of the water drop on the bituminous
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mixture with the solid surface, so that the drop was fixed
and perpendicular to the surface. These photos

transferred to the IMAGEJ program. The contact angle for
19 samples was analyzed one by one under the Contact
Angle tab. Thus, it was revealed how differently the
prepared mixtures react to water. In Figure 4, the picture
of the contact angle determination of the samples is
presented.

vegetable oil.

Figure 4. Contact angle analysis done by IMAGEJ program
interface.

Table 3. The physical test results of modified bitumen.

5. Research Findings
5.1. Physical tests on modified bitumen

Some experiments have been carried out to determine
the changes in the physical and mechanical properties of
bitumen after vegetable oils added in different
proportions to bitumen. The results were examined in
detail (Table 3).

According to the results of softening point test, the
softening value of our reference samples was determined
as 47.70 ° C. In the mixture with FSO, CAO and LSO
additives, when the effects were examined according to
the varying ratio of the vegetable oils in the mixture, it
was observed that the softening point increases along
with the increase in the ratio of vegetable oil. On the
contrary, in other groups (HSO, CEO, PTO), it was
observed that the softening points of the bitumen
decreased with the increase in the oil content.

When the effects were examined according to the varying
ratio of the vegetable oils in the mixture, in all groups, it
was determined that as the rate of vegetable oil in the
bitumen is increased, the penetration value increases.
This shows that the oils in the mixture increase the
processability of the mixture.

The specific gravity values of all groups except FSO and
LSO increased along with the increase in the oil content.
This result is thought to be directly related to the specific
weight of the oils added in the mixture.

Also the ductility and Nicholson stripping test results were
examined for all groups, it is determined that all groups
meet the specification limits.

Vegetableoi V. Oil Content Softening Point Penetration Specific Gravity Ductility Nicholson test
(%) (°Q) (1/10 mm) (gr/cmd) (cm) (%)
RBS (0] 47.70 62.80 0.99
3 51.10 63.70 1.21
HSO 5 50.50 76.60 1.23
7 48.75 107.00 1.25
3 45.60 82.00 1.35
FSO 5 47.75 91.30 1.27
7 53.00 100.00 1.19
3 48.75 67.60 1.27
LSO 5 55.00 85.70 1.22
7 55.50 93.30 1.18 > 100 >50
3 53.15 63.30 1.12
CEO 5 51.25 72.00 1.21
7 48.05 84.30 1.25
3 50.25 61.00 1.22
CAO 5 50.30 66.60 1.41
7 53.50 93.30 i)
3 56.50 72.70 1.21
PTO 5 53.25 123.30 1.32
7 49.00 144.60 1.35
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5.2. EDX analysis of modified bitumen

EDX point or area analysis; It gives the element
distribution of selected area on the sample surface in
percentage. By applying high voltage and high pA, the
concentration of X-rays is increased, by absorbing from
the 200 nm surface of the sample, it gives results.

The results of electron-dispersed X-ray spectrometer
analysis of 19 samples are given in Table 4. The
information about the chemical composition of the
mixtures was obtained by EDX analysis. In Figure 5, the
change of EDX analysis values within the same group is
presented. The change that occurred with the increase in
the amount of oil in the FSO group was compared with
the reference sample. As a result of EDX analysis, it is
observed that the structures peaking at carbon (C),
oxygen (O) and sulfur (S) elements. In the reference
sample, it was observed that the majority of the
composition (86.8%) was carbon, which is followed by
10.55% oxygen and 2.64% sulfur. When the FSO groups
are examined, it was observed that the 3% of flax seed oil
added to the mixture reduces the amount of carbon and

sulfur and increases the amount of oxygen in the modified
bitumen. With the increase of flaxseed oil content, it was
observed that there was an increase in the amount of
carbon and sulfur in both solution groups with 5% and 7%
of oil content in modified bitumen, whereas the amount
of oxygen decreased.

Figure 5. The change of the values of EDX analysis within the
same group.

Figure 6. Change of the values of EDX analysis within different groups.
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In Figure 6, the changes that occur when different
vegetable oils are added to bitumen at the same ratio
have been examined. It has been determined that the
carbon content of the HSO group was close to the
reference sample, while its sulfur value decreased, and
oxygen value increased. It has been determined that
compared to the reference sample, carbon values
increase, and oxygen values decrease in groups having 5%
of oil FSO, LSO, CEO and PTO groups. In the CAO group
having 5% of oil on the other hand, it has been
determined that the carbon content is lower than the
reference and the oxygen content increased. Except in
CEO group in all groups, compared to the reference, a
decrease in sulfur content was determined. The
Aluminum peaks (Al) found in the analyzes were not
included in the evaluation, since it is believed that the
mixture samples were caused from the containers where
they were stored.

The EDX results of the sample groups given above and of
all other groups are presented in Table 4.

5.3. Hydrophobic properties of modified bitumen

19 different prepared samples were transferred to flat
plates with a manner to have a flat surface. In order to
determine the hydrophobicity and water sensitivity of the
modified bitumen mixtures, a drop of water was dropped
on the bitumen mixtures, which were poured into the
container and completely hardened, and images were
taken and analyzed (Figure 7).

The photographs were taken in a way that the drop was
seen fixed and vertical on the surface to measure the
contact angle between water drop on the bituminous
mixture with the solid surface. They were transferred to
the IMAGEJ program. The contact angle is analyzed one

by one under Contact Angle tab for the 19 samples. Figure
8 shows the determination of the values of angles after
the analysis made with IMAGEJ for the reference sample
and different samples.

Table 4. The results of EDX analysis.
Elements %

Coding C (0} S

RBS 86.80 10.55 2.64
HSO3 89.00 7.30 3.70
HSO5 86.81 12.67 0.52
HSO7 89.29 9.60 1.11
FSO3 80.33 18.6 1.07
FSO5 87.04 10.42 2.54
FSO7 89.29 4.16 6.54
LSO3 93.13 2.84 4.03
LSO5 89.56 9.28 1.16
LSO7 87.76 11.39 0.86
CEO3 91.74 7.23 1.02
CEO5 89.83 6.16 4.01
CEO7 92.66 2.42 4.93
CAO3 91.09 5.86 3.05
CAOS5 81.65 16.72 1.63
CAO7 86.43 9.57 4.00
PTO3 91.82 6.88 1.30
PTO5 94.71 3.73 1.55
PTO7 91.63 2.52 5.85

Figure 7. Position of the water drop on the bituminous mixture.

Figure 8. Image of water drop on bitumen surface before and after the analysis (a) Reference sample, (b) Reference sample after the

analysis, (c) CEO3 sample, (d) CEO3 sample after the analysis.
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Table 5. The results of contact angle analysis of all samples.

Angle Length ThetaC  Uncertainty Theta Left ThetaRight Theta E RELI Contact Angle
RBS 178.91 264.05 107.80 0.50 97.60 94.70 96.20 138.70 72.20
HSO3 177.43 89.09 98.90 0.30 97.00 97.30 97.20 45.10 81.10
HSO5 -178.41 108.04 94.80 0.50 80.60 92.50 86.60 54.22 85.20
HSO7 178.94 108.02 107.50 0.80 101.80 101.40 101.60 56.61 72.50
FSO3 -179.54 124.00 96.90 0.40 83.60 87.20 85.40 62.45 83.10
FSO5 -179.56 130.00 94.00 0.70 77.70 79.10 78.40 65.17 86.00
FSO7 -178.99 113.02 90.00 1.10 74.40 75.40 74.90 56.56 90.00
LSO3 -179.53 123.00 93.30 0.70 86.00 84.90 85.40 61.63 86.70
LSO5 180.00 111.00 94.10 0.80 85.70 85.00 85.40 55.67 85.90
ey 180.00 129.00 99.70 0.60 88.40 90.40 89.40 65.42 80.30
CEO3 174.38 281.26 63.50 4.90 62.60 61.90 62.20 165.13 116.50
CEOS5 177.84 106.08 94.30 0.50 85.50 86.00 85.80 53.20 85.70
CEO7 179.10 128.02 95.40 0.50 85.40 79.50 82.40 64.29 84.60
CAO3 179.54 125.00 91.40 1.00 80.10 76.90 78.50 62.59 88.60
CAOS 178.97 111.02 97.20 0.70 85.00 84.30 84.60 55.98 82.80
CAO7 180.00 103.00 94.40 0.50 86.80 84.30 85.60 52.14 85.60
PTO3 177.86 107.07 94.20 1.10 88.60 81.70 85.20 53.70 85.80
PTO5 179.55 126.00 98.60 0.40 89.10 89.70 89.40 63.76 81.40
PTO7 177.96 281.18 102.40 0.50 95.00 91.10 93.00 144.00 77.60

After modification of bitumen with all vegetable oils used
in the study and the use of them in different proportions,
the obtained values from contact angle analysis study are
presented in Table 5.

When Figure 9 is examined, it has been observed that the
approximate contact angle value of the reference sample,
which is pure bitumen, is 72.2 °. When the samples
modified by adding vegetable oil in different proportions
are examined, it is observed that the contact angle value
exceeds that of the reference sample in all mixtures.
When the groups were examined, it was found that the
highest change in contact angle were found in CEA
groups. The highest contact angle was formed as 116.5 °
in the CEO3 group. The lowest contact angle value was
formed as 72.50° in the sample groups modified with
adding 7% hemp seed oil (HSO7). When each group was
examined separately, it was observed that with the
modification of bitumen with hemp seed oil, the highest
contact angle value was found in the HSO5 group. After
reaching ratio of 5% of additive, the contact angle also
started to decrease gradually; however, in all three
groups, the contact angle value didn't drop below that of
reference sample. When the bitumen samples modified
with flaxseed oil (FSO) were examined, it was observed
that the contact angle value increased with the increase
in the additive ratio. In FSO groups, the lowest contact
angle value was reached in FSO3 samples with 83.10°, and
the highest contact angle value was obtained in FSO7
samples with 90°. When the groups with laurel seed oil
(LSO) were examined, it was observed that the contact
angle value tended to decrease with the increase of the
oil content ratio. The contact angle was 86.7° in the LSO3
group, whereas it was calculated as 80.30° in the LSO7
groups. When the bitumen groups (CEO) modified with
centaury oil were examined, it was observed that the
contact angle value decreased with the increase in the
additive ratio. In this group, with 84.60°, the lowest
contact angle value was reached in the CEO7 group. The

lowest contact angle was 88.60 ° in bitumen groups, in
which castor oil added (CAQ), the lowest contact angle
value was observed in the CAO5 group with 82.80°. In
pine turpentine oil added groups (PTO), the contact angle
values of modified bitumen tended to decrease with the
increase the in additive ratio. While the average contact
angle was 85.80° in the PTO3 group and 81.40° in the
PTOS group, it was 77.60° in the PTO7 group which is also
the lowest contact value within the group. It is seen in
Figure 9 that the CEO3 and FSO3 groups are above the
hydrophobic minimum limit value of 90°.

6. Conclusions

Studies, besides determining the surface wetting, water
sensitivity and hydrophobic properties of bitumen, the
main binder material used in bituminous road
construction, has showed what kind of differences will
occur in physical and mechanical properties with the
change of these features of bitumen. Considering the
removal of water from the surface, which is an important
traffic problem for highways, and the damage of water to
the road, it offers very important results. Although it is
known that the basic physical properties of the
bituminous binders can be changed with different
modified additives, together with the change in its
sensitivity to water and its hydrophobic properties, this
detailed information could not be found in the literature.
In this context, this study provides the reader with an
original information.

Bituminous binder was modified by using six different
vegetable oils and the contact angle value expressing the
sensitivity to water were found. In all studies, the water
sensitivity of the bituminous binder, modified with
vegetable oils, can be further reduced and thus
hydrophobic properties can be achieved.
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Figure 9. Contact angle changes of different groups.

When bitumen is evaluated considering basic physical
properties, the softening point value of our reference
sample was determined as 47.70 ° C according to the
results of the softening point test. If the change that
occurs with the increase in the ratio of vegetable oil
content added to bitumen during modification
considered, it is observed that the softening point
increases along with the increase in the ratio of vegetable
oil content in the mixtures having FSO, CAO and LSO
additives. In HSO, CEO and PTO groups on the other hand,
it was determined that the softening points of the
bituminous binders decreased with the increase in the
vegetable oil content. This shows that some vegetable oils
increase the sensitivity of bitumen to heat, whereas
others decrease it.

When penetration values, which is another basic physical
property, are examined; it was determined that the
average penetration value of the reference samples was
62.8 mm, whereas there were significant increases in the
penetration values of all groups, with the addition of
vegetable oil. It was observed that the highest increase in
penetration value occurred in PTO7 group, whereas the
lowest increase in penetration value was in CAO3 group.
Penetration value is significant especially during the
production of bituminous hot mixes for workability and
flexibility of road coating. Increasing the penetration
value makes bitumen become softer. This means an ease
of processing for applications at very low temperatures
and that cracking and breakage at low temperatures can
be prevented.

When the reference and all other sample groups were
examined, an elongation of +100 cm observed in all the
ductility results and it was determined that they behaved
ductile against rupture, that is, the characteristics
expected from the binderin the coating layerin structures
was ensured. It was determined that the peeling strength
of all samples was greater than 50%. Thus, it can be stated
that the adherence between aggregate and the binder is
strong.

When the results of EDX analysis are examined, it was
determined that vegetable oils, added in different
proportions to the bituminous binder, caused
occasionally increases and sometimes decreases in
carbon, oxygen and sulfur contents compared to the
reference sample.

When the sensitivity to water, surface wetting and
hydrophobic properties of bitumen, which is the main
scope and originality of the study, were examined, it was
found that the sensitivity of bitumen to water can be
reduced by adding vegetable oil. With the results of the
analysis, it was determined that different vegetable oils
added in different proportions, contribute to this
characteristic of bitumen higher or lower levels. Studies
have shown that bituminous binders modified with
vegetable oils, contribute significantly to all physical,
mechanical, and surface wetting properties. This way,
significant data have been provided about reducing
moisture damage, one of the biggest problems of roads,
and eliminating the risk of accidents caused by surface
defects.
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