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Introduction

Bitumen is one of the earliest engineer-
ing materials known to humanity (Whit-
eoak, Read & Hunter, 2003). Asphalt is a
cementitious material that ranges from dark
brown to black and is mostly composed
of high molecular weight hydrocarbons,
although asphalt is portrayed as a low-
-value byproduct, these heavy fractions of
petroleum were among the first oil-derived
compounds having applications in human
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history in various ways such as construction
industry, medicine and jewellery adhesives.
If one considers that asphalt is the most com-
monly used material for paving roadways, in
addition to a joint sealant for waterproofing
material and roofing applications, the sig-
nificance of asphalt becomes evident (Har-
din, 1995; Singh, Tarannum & Gupta, 2003;
Speight, 2016). The present global bitumen
consumption is over 102 million tonnes per
year, with 85% of that used in various types
of pavements (Mostafa, Tawhed & Elshahat,
2016). The quality of generated asphalt is
intrinsically tied to refinery operations and
crude oil sources. Some good bitumen quali-
ties can be attained by selecting good petrole-
um or using correct refinery techniques. Due
to limited petroleum for manufacturing high-
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-quality bitumen and an absence of efficient
control actions through the refinery proc-
ess, in addition to the economic benefits,
industries have focused increasing attention
on bitumen modification (Zhu, Birgisson
& Kringos, 2014). Furthermore, the pave-
ment and waterproofing industries have
grown quickly around the world in recent
decades, particularly in developing coun-
tries (Presti, 2013). Asphalt’s rheologic
qualities such as viscoelastic, adhesion and
durability are significant when considering
it as a paving material (Cao et al., 2018;
Abduljabbar et al., 2022). Polymers-modi-
fied asphalt gained popularity in the second
half of the twentieth century and are now
essential in limiting the deterioration of
road networks and intervention in modern
waterproofing industries (Polacco, Filip-
pi, Merusi & Stastna, 2015; Hameed, Al-
-Busaltan, Dulaimi, Kadhim & Al-Yasari,
2021). Due to increased traffic in Iraq be-
cause of the growing growth of uncontrolled
vehicles and extreme weather conditions
due to global climate change, many defects
such as high-temperature rutting (permanent
deformities) and low temperature cracking
or fatigue cracking. It is obvious that most
roads in Iraq suffer higher deformation at
high ambient temperatures and when traf-
fic is slow or stationary (Abed, Hamdou
& Ahmed, 2011; Abbas, 2017; Chopra, Par-
ida, Kwatra & Chopra, 2018). The bitumen
is responsible for the visco-elastic behaviour
characteristic of asphalt when mixing the
polymer with bitumen and plays a prime role
by increasing the elastic component of the
bitumen thereby reducing the viscous com-
ponent. It also influences a variety of fea-
tures of road performance, including resist-
ance to permanent deformation and cracking

(Whiteoak et al., 2003). During the last four
decades, an increasing number of studies
have focused on polymer modification of
asphalt, and a rapidly growing number of
research papers have been published that
investigated various polymer modifications
to improve the quality and performance of
asphalt pavement, such as thermoplastic
elastomers, e.g.: styrene isoprene styrene
(SIS), styrene butadiene styrene (SBS), and
plastomers, e.g.: ethylene-butyl acrylate
(EBA) and polypropylene (PP) polyethylene
(PE) (Al-Hadidy & Yi-Qiu, 2009; Mazum-
der, Siddique, Ahmed, Lee & Lee, 2020;
Alghrafy, El-Badawy & Abd Alla, 2021;
Babagoli, 2021; Che etal., 2022). Accord-
ing to various research, the mixing tempera-
ture for a homogeneous blend should range
from 150° to 230°C, with a typical range of
175-200°C, for a period of 30 min to 4 h.
The temperature at which the blend becomes
a homogeneous polymer with asphalt solu-
tion is directly related to the asphalt binder’s
polymer concentration and asphaltenes con-
tent (Ahmed & Al-Harbi, 2014; Babagoli,
2021). The modification of bitumen using
thermoplastic elastomers, of the four major
groups of thermoplastic elastomers—poly-
ether-polyester copolymers, polyurethane,
styrenic block copolymers, and olefinic co-
polymers is the styrenic block copolymers
that have proved to present the greatest po-
tential when blended with bitumen (McNal-
ly, 2011). Styrene butadiene rubber (SBR)
is a representative of elastomers (Whiteoak
et al., 2003). Increased elasticity, higher ad-
hesion and cohesion qualities of the binders,
and a lower rate of oxidation are all benefits
ofusing SBR inmixes (Roque, Birgisson, Tia,
Kim & Cui, 2004), this revealed why SBR
has been widely used as an important asphalt
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modifier. Many studies show the addition of
polymer (SBR) considered one of the asphalt
improvement solutions techniques has been
used in several countries (Sadhu & Bhow-
mick, 2004; Chakraborty et al., 2010; Zhang
& Yu, 2010; Ameri, Vamegh, Rooholamini
& Haddadi, 2018). These researchers dis-
covered that SBR modified asphalt mixtures
could produce exceptional pavement per-
formance, including anti-rutting, anti-crack-
ing, and moisture resistance, which was even
better than SBS modified asphalt mixtures
(Renet al., 2018). Polyethylene (PE) is a rep-
resentative of plastomer and it is the most of-
ten used non-rubber thermoplastic polymer
in modified road binders. Thermoplastics
are defined by their ability to soften when
heated and rigid when cooled (Whiteoak
et al., 2003; Polacco, Stastna, Biondi & Zan-
zotto, 20006). The penetration of these poly-
mers is more important than the softening
point, which is the reverse of thermoplastic
elastomers. Several researches have already
been completed on the compound modifica-
tion of asphalt binder utilizing PE in road
and roofing applications (Fang, Li, Zhang
& Wang, 2008; Navarro, Partal, Martinez-
-Boza & Gallegos, 2010; Liang et al., 2021).

It was found that using 1.5 wt% of
polypropylene fibres could importantly
increase the impact resistance of lightweight
concrete and improve the compressive and
flexural strengths at the same time (Orouji,
Zahrai & Najaf, 2021; Najaf, Abbasi
& Zahrai, 2022). Recycled polypropylene
fibre had a compressive and tensile strength
of roughly 1.7 and 1.6 times in comparison
to the reference samples (Najaf, Orouji
& Zahrai, 2022).

Rheological criterion and morphol-
ogy revealed that low-density polyethylene

(LDPE) has the best compatibility with as-
phalt, whereas high-density polyethylene
(HDPE) has the worst compatibility. More
branched PE has lower density and crystal-
line, resulting in a more homogeneous dis-
persion in microscopy and better compatibil-
ity (Liang et al., 2021). Finally, bitumen is
a low-cost thermoplastic material that is uti-
lized in roofing, road, and pavement applica-
tions. A study was done on the characteris-
tics of LDPE asphalt mixtures. As a result of
the addition of LLDPE, rotational viscosity,
softening point, elasticity, and penetration
index increased, but permanent deformation
and penetration were reduced (Nizamuddin,
Jamal, Gravina & Giustozzi, 2020).

Currently, there is a rapid usage of dif-
ferent materials to enhance the performance
of the asphalt binder. The major objective of
this research is to examine the possibility of
using low-density polyethylene (LDPE) and
styrene butadiene rubber (SBR) as additives
for conventional asphalt binder (unmodified
asphalt binder). Given that increasing atten-
tion has been given to using SBR or LDPE
to manufacture asphalt pavements, this pa-
per will examine the feasibility of the use of
SBR or LDPE as an additive to the asphalt
binder. In addition, the performance of the
asphalt binder containing SBR or LDPE has
not been fully considered to date. Different
percentages of SBR and LDPE (3, 5, 7 and
9%) were added to conventional asphalt for
the preparation of modified asphalt. The
properties of virgin and modified asphalt
binder were considered, counting penetra-
tion, viscosity and ductility and effects of
available additive polymer with the suitable
amount, on the properties of asphalt binder
and compared these properties with virgin
unmodified asphalt binder.
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Materials and test methods

Asphalt binder

The wused asphalt binder is 40-50
penetration grade that is obtained from
Al-Daurah refinery. The asphalt binder’s
physical parameters and tests are listed in
Table 1. These experiments were carried out
in the laboratory of the Al-Daurah refinery,
which is located southwest of Baghdad.

TABLE 1. Physical properties of asphalt binder
used in this study (Ministry of Oil, Midland re-
fineries company, Al-Daurah refinery, 2021)

Two asphalt binders (40-50; modified and
unmodified binders) used in this study were
prepared by a supplier from the same asphalt.
The modified asphalt binder is prepared by
adding four percentages of the polymer SBR
(3, 5, 7 and 9%) and four percentages of the
polymer LDPE (3, 5, 7 and 9%) by weight
of the asphalt binder. The physical properties
of polymer SBR and LDPE are in Tables 2
and 3. Figure 1 shows photos of the SBR
and LDPE polymer samples.

TABLE 2. Physical properties and specification
of styrene butadiene rubber SBR1502 (Company
for Tire Industry, 2021)

193

Performance index Unit Value Performance index Unit Value
Penetration at 25°C V10 mm | 49 Specific gravity - 0.95
(100 g, 55) (0.1 mm) Tensile strength (o;) MPa 23 min
Ductility at 25°C (5 cm-min ') cm 97 Modulus at 300% ext. MPa 123
Softening point < >0 Bound styrene % 23.5 +1.0 max
Specific gravity at 25°C - 1.02 Melting point oC 200410
Flash point (Cleveland open cup) °C 285 Elongation at break 9% 340 min
Viscosity ML (1 +4) 100°C | M.U. 5243
Styrene butadiene rubber (SBR) Organic acid % 4.7-7.2

and low-density polyethylene (LDPE)

In this study, two types of polymers are
used styrene butadiene rubber (SBR) and
low-density polyethylene (LDPE). At all
temperatures, SBR is a random copolymer of
styrene and butadiene that has a considerable
impact on the outcomes of ductility and
elastic recovery tests (Johnston & King,
2008). It is obtained locally from tires
factory in Al-Najaf governorate and has
aname SBR1502. The LDPE is a plastomers
polymer, a white granule that is utilized
in the tires industry and other private
manufacturers in Iraq to make plastic belts.

TABLE 3. Physical properties and specification
of low-density polyethylene (State Company for
Petrochemical Industry in Basrah City, 2008)

Performance index Unit Value
Specific gravity - 0.922
Tensile strength at break MPa 21
Tensile strength at yield MPa 9
Melt index g per 10 min 0.33
Elongation at break % 310
Melting point °C 170
1% secant modulus MPa 175
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FIGURE 1. Styrene butadiene rubber SBR1502 (a) and low-density polyethylene (b)

Preparation of specimens

The modified asphalts were prepared by
using a blending machine, SBR1502 and
LDPE were blended with asphalt binder
by using a wet process (Al-Bana’a, 2010).
The asphalt binder was first heated in
a container until it became fluid, and then
when it reached 170-190°C the SBR1502
and LDPE were added. The mixing time was
60 min and the mixing speed was 4,000 rpm
in the laboratory (Kim, Mazumder, Lee
& Lee, 2018; Mazumder et al., 2020;
Liang et al., 2021).

Physical properties test

The physical properties of asphalt binder,
including (softening point test, penetration
test and ductility test), were tested following
designations AASHTO T 51-09, T 53-09
and T 49-15 specifications respectively
(American Association of State Highway
and Transportation Officials [AASHTO],
2013a, 2013b, 2015).

Softening point test apparatus

This apparatus measures the softening
point of asphalt binder materials whose
softening ranges between 30° and 200°C).
The temperature at which the asphalt sample
descends a distance of 2.54 cm, when heated
at a speed of 5°C-min~', is known as the
softening point.

Penetration test apparatus

Penetration is a measure of the hardness
of asphalt binder, as this device measures
the penetration of solid and semi-solid
asphalt materials, the penetration of
a typical needle through an asphalt binder
sample under the following conditions: load
of 100 g, temperature of 25°C (77 F) and
time of 5 s.

Ductility test apparatus

This device measures the distance that
asphaltbinder materials can be stretched when
exposed to the impact of clouds at a constant
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speed of 5 cm-min~" until the asphalt sample
is cut off, and the total distance of this device
reaches 150 cm.

Results and discussion

The findings of the tests on the asphalt
binder, comprising several quantities of
styrene butadiene rubber (SBR) polymer
and low-density polyethylene (LDPE) are
reported in Table 4. Figures 2 and 3 show
the impact of SBR and LDPE content on the
softening point and penetration of the asphalt

binder. Different contents of SBR and LDPE
are selected to show the impacts on the
softening point of asphalt under constant
SBR or LDPE content. It can be seen that
the softness point increases with increasing
SBR or LDPE concentration. The softening
point improved from 55° to 70°C when SBR
increased from 3 to 9%. While the increase
of LDPE from 3 to 9% results in an increase
in the softening point from 53° to 60°C. This
means that SBR has a better performance
in comparison to the LDPE at the same
content (9%). These results are consistent
with Alghrafy et al. (2021) and Babagoli

TABLE 4. Physical properties of the original and modified asphalt binder with different percentages
of styrene butadiene rubber (SBR) and low-density polyethylene (LDPE)

SBR content LDPE content
Test method Neat
3% 5% 7% 9% 3% 5% 7% 9%
Softening point [°C] 52 55 59 65 70 53 56 57 60
Penetration at 25°C [dmm)] 49 44 41 34 36 40 34 31 26
Ductility [cm] 110 120 155 175 190 105 100 80 70
Penetration index (PI) -1.0 | -03 0.4 1.1 2 -1.0 | 0.7 | 0.6 | 04
70
65 B Unmodified ®SBR ®LDPE
60
o 55
Z 50
g
oy 45
R=
g 40
=
5]
© 35
30
0 3 5 7 9

Percentages of SBR or LDPE [%)]

FIGURE 2. The softening point of asphalt with various styrene butadiene rubber (SBR) or low-density

polyethylene (LDPE) contents
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(2021). The penetration of the asphalt binder
is decreasing with increasing the polymer
percentage, where the optimum percentage
of concentration is 7% SBR and 9% LDPE,
but the penetration has a decreasing trend. It
can be seen from Table 4 that the increase of
SBR from 3 to 7% causes a reduction in the
penetration from 44 to 34 dmm, while the
penetration decreases from 40 to 26 dmm,

55

when the LDPE increased from 3 to 9%.
These results are in agreement with the
findings of Babagoli (2021) and Che et al.
(2022). Consequently, modified asphalt
has a higher softening point and a lesser
penetration than polymer-modified asphalt,
showing that asphalt modification is more
effective for improving the high temperature
properties of asphalt binders.

HUnmodified ®SBR =LDPE

50
45

40
35
30
20
15
10
5
0
0 3

Penetration [dmm]
54

5 7 9

Percentages of SBR or LDPE [%)]
FIGURE 3. Penetration of asphalt with various styrene butadiene rubber (SBR) or low-density poly-

ethylene (LDPE) contents
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0 3
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Ductility [cm]

ESBR

mLDPE

5 7 9

Percentages of SBR or LDPE [%)]
FIGURE 4. Ductility of asphalt with various styrene butadiene rubber (SBR) or low-density poly-

ethylene (LDPE) contents
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Regarding the ductility, it can be seen
that when the concentration of LDPE
increases from 3 to 9%, the ductility of the
material decreases from 105 to 70 cm. It is
worth noting that when a higher percentage
of LDPE is used, the ductility drops rapidly;
nevertheless, when the percentage of SBR
increases, the ductility begins to rise. The
ductility increased from 110 to 190 cm
when the SBR increased from 3 to 9%
(Fig. 4). This could be due to modifications
in asphalt structures, which have made
the asphalt more ductile. When the SBR
concentration is raised, the rubber particles
can form interconnections, making the
asphalt less stiff and resulting in enhanced
ductility; finally, the extra SBR introduces

more elasticity, resulting in increased
ductility.
The last row in Table 4 shows the

penetration index (P/), and it is a developed
relationship between the penetration and the
softening point degree of the asphalt binder
sample at 25°C. Through it, the sensitivity
of the asphalt material and its impact on
temperature are identified, and it can be
calculated from the following mathematical
relationship (Pfeiffer & Van Doormaal, 1936;
Whiteoak et al., 2003).

20-PI _ 50{10g800 - logPen}

10 + PI TRB-T ’

where:

Pl —penetration index,

Pen. — penetration degree of the asphalt
sample,

TRB — softening point is measured by the
ring and ball method,

T —temperature at which penetration is
measured is 25°C.

Increasing the P/ of the asphalt
binder remarkably enhances resistance to
deformation of asphalt pavement, and the
smaller the P/ means the more sensitive the
asphalt binder is to temperature variations.
Asphalt binder specimens with standard
specifications suitable for use in the field
of paving (Tables 5 and 6) have PI values
ranging from -2 to +2 (Hobson & Pohl,
1973). In this study, all the values of the P/
are within the limits and range between +2
and —1. This indicates that meaning that the
thermal stability of the product increases.
The penetration index is illustrated in
Figure 5.

TABLE 5. Rheological properties of asphalt
binder (40-50) used in pavement according to the
Iraqi specification SORB/R9 (State Commission
of Roads and Bridges, 2003)

Type 1 Type 2
Property
min max
Softening point (R&B) [°C] 40 50
Penetration at 25°C [dmm)] 51 62
Ductility [cm] 100 -

TABLE 6. Rheological properties of asphalt bind-
er used in waterproofing and the field of flattening
according to Iraqi specification IQS 1196 (Cen-
tral Organization for Standardization and Quality
Control [COSQC], 1988)

Type 1 Type 2

Property

min | max | min | max

Softening point (R&B) [°C] | 57 | 66 | 70 | 80

Penetration at 25°C [dmm)] 18 | 60 | 18 | 40

Ductility [cm] 100 - | 30| -
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FIGURE 5. Penetration index of asphalt with various styrene butadiene rubber (SBR) or low-density
polyethylene (LDPE) contents

Conclusions

1.

The use of polymers such as SBR or
LDPE affects the rheological property
modification. Conventional asphalt bind-
er testing results displayed that the addi-
tion of SBR or LDPE polymers increased
the stiffness of the asphalt binder and
reduced its temperature susceptibility.
However, the degree of modification was
more evident on asphalt binder residues,
containing greater amounts of polymer
SBR and depending on the valuable pen-
etration index. The rheological proper-
ties of the asphalt modified with SBR or
LDPE are mainly dependent on the SBR
or LDPE content.

The polymers improved the rheological
characteristics of the asphalt binder
significantly and the improvement
increased with polymer content but
varied with polymer type. The modified
local asphalt binder demonstrates

that the effect of SBR or LDPE on the
rheological properties of the asphalt at
intermediate and high temperatures has
been improved.

. When SBR increased from 3 to 9%, the

softening point improved by around
27%. While the increase in LDPE from 3
to 9% caused the softening point to rising
from 53° to 60°C. This demonstrates that
SBR performs better than LDPE at the
same content (9%). Additionally, LDPE
decreases the penetration of asphalt
binder values of the emulsion residues
considerably; although; their ductility
properties begin to decrease slowly.

. Both SBR and LDPE performs well in

the improvement of the high-temperature
performance  of  asphalt  binders.
Adding SBR or LDPE can improve the
penetration index of asphalt binders
leading to improve thermal stability. The
behaviour of the two polymers showed
that SBR had a higher penetration index,
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this means the asphalt binder is less

sensitive to temperature changes.

5. The penetration of asphalt is decreasing
with increasing the polymer percentage,
where the optimum percentage of
concentration is 7% SBR and 9% LDPE,
but the penetration has a decreasing
trend. It can be seen from Table 4 that
the increase of SBR from 3 to 7% causes
a reduction in the penetration from 44 to
34 dmm, while the penetration decreases
from 40 to 26 dmm when the LDPE
increased from 3 to 9%.

6. The optimal percentage of concentration
in terms of the penetration test is 7% SBR
and 9% LDPE. The penetration of the
asphalt binder decreases as the polymer
percentage increases. The increase of
SBR to 7% results in a reduction in
penetration to 34 dmm, while increasing
LDPE to 9% results in a decrease in
penetration to 26 dmm.

7. One of the greatest methods to give
solution to reduce the frequency of
maintenance required at certain places
is to employ a modified asphalt binder,
which provides a substantially longer
service life for maintenance treatments at
problematic sites.

The next step for all sectors of the Iraqi
industry is to collaborate to gain a deeper
knowledge of the material’s potential to
produce better, more cost-effective roads
for the benefit of both the industry and the
community as a whole in various projects.
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Summary

Evaluation of the properties of modified
local asphalt binder by using styrene
butadiene rubber (SBR) or low-density
polyethylene (LDPE). The influence of
styrene butadiene rubber (SBR) or low-
-density polyethylene (LDPE) polymers on
the characteristics of local asphalt binder
was analyzed to characterize the rheological
properties. The results indicated that the
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SBR or LDPE increased the softening
point. The softening point was enhanced by
around 35% when 9% of SBR was used in
comparison to the unmodified asphalt, while
there was a 15% increment when LDPE was
used. The results also indicated that the SBR
or LDPE decreased the penetration rate. The
penetration decreases by around 36% when
9% of SBR is used compared to the neat
asphalt, while a significant increment was
89% when 9% of LDPE is used. Additionally,

when 9% SBR was employed, the ductility of
the asphalt binder rose by roughly 73%, but
64% less ductility was seen when 9% LDPE
was utilized. Finally, the addition of the
additive has improved the penetration index,
thus reducing the temperature sensitivity.
Due to said above, SBR and LDPE are
practical and promising modifiers that will
be useful in enhancing the performance of
the asphalt binder straightforwardly and
efficiently.



