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Abstract: Proper disposal of plastics and its derivatives is one of the biggest challenges all over the globe. Due to the improper
management of plastic product environment is being polluted. Plastic waste generation and plastic waste-based pollution in
Bangladesh is leaping at a high pace. Among numerous ways of disposal of waste plastics, one can be using it in flexible
pavement construction. According to the Bangladesh Waste Database 2014, Dhaka city alone produces 25.44% (5,925.51 tons/
day) of waste, of which 8.45% is plastic. In the construction of bituminous pavement, plastics, as well as construction debris, are
being used in the form of aggregate and filler materials popularly. This study focusses on the improvement of properties of
bitumen by blending it with LDPE (Low-density polyethylene) and PP (Polypropylene) at a different proportion. Three cases
were considered in the study for plastic waste addition, Case-01:- only LDPE; Case-02:- LDPE: PP=3:1; Case-03:- LDPE:
PP=1:1. For each case, 3%, 6%, 9%, 12%, and 15% of plastic waste was mixed with bitumen. It was found that the penetration
value and ductility decrease with the increasing proportion of plastic waste in bitumen, whereas the softening point increases for
every case. Loss on heating, flash & fire point also been improved with the plastic addition. The performance of Case- 03 (LDPE:
PP=1:1) is better than others. Minimum penetration value, 11 and maximum softening point, 90°C, is found for this case, which
indicates a 90% improvement compared to virgin bitumen. Due to the addition of plastic waste, the ductility always gets affected.
But overall, a significant improvement in the properties of bitumen is noticeable.
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extent by using plastics in road construction. Most of
constructed roads over here is bituminous road. In the
construction of bituminous pavement, plastics, as well as
construction debris, are being used in the form of aggregate
and filler materials popularly [2, 20]. The amount of bitumen
can be reduced as well as the strength parameters can be
improved by blending plastics with it. This is the technique
which has been adopted by the authors in this study.

The main ingredients of the plastics we use in the form of
bags, bottles, cup, wrappers and packages are LDPE, PP, PET
etc. According to the Bangladesh waste database 2014,
Bangladesh has produced 23,688 tons of waste per day and
probable generation of waste by 2025 will be 47000 tons per

1. Introduction

Waste management, more specifically solid waste
management is the most unestablished area of management
round the globe. We as a country, producing tons of waste
every day. The appropriate way to dispose the solid waste is
in dark to us. It is not only our problem it’s a global problem
which gradually making this planet worst place to live.
Another big global problem is traffic. The amount of traffic
on the road is increasing only. To accommodate this
enormous number of traffic roads are being constructed more
and more [1]. This problem can be reduced to a significant
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day in urban areas [3]. 7.31% to 8.45% of this waste is
plastic on the basis of the phase of urbanization of that area
[3]. These bulk amounts of waste are generally dumped into
landfill sites. And the common disposal method of these
waste is incineration which is not at all an appropriate
method because it emits an enormous amount of CO, and
other toxic gases [3, 4]. This process produces 3,622,500.12
tons of CO, per annum which is equivalent to 418.98kg of
CO, per ton of mixed waste produced [3]. So, there should be
some eco-friendly ways to dispose this huge amount of waste
plastic to keep the environment safe and clean [2]. This
research work focusses on one of that. As the plastic is a
non-biodegradable material so, it is intelligent to reuse and
recycle rather than dispose off. Using plastic in road
construction is not a new concept. Many researchers
suggested various approaches to use waste plastics in asphalt
road construction. When plastic waste is blended with
bitumen mix, plastics also got melted and form an oily film
over the aggregate and then mixture is used for surfacing.
Here the melted plastics enhances the binding of the
aggregates. A comprehensive study on uses of plastics as a
coating on aggregate conducted by Vasudevan R. et al shows
that the coat not only improves the quality of flexible
pavement but also the quality parameters of the aggregates
[5]. This study also shows the bigger picture of plastic use. It
reduces uses of bitumen by 10%, construction cost by 30,000
Rs. /Km, and uses of anti-stripping agents on the other hand
it increases the strength and performance of the road [5].
Plastic polymer acts as a viscosity modifier of bitumen. The
higher viscosity of the plastic mixed bitumen provides a thick
coat over the aggregates which modifies the water resistant
increasing the adhesion between the asphalt binder and the
aggregates [6]. Plastic polymers are not only used as a coat of
the aggregate of the asphalt concrete it has also been mixed
with pure bitumen to modify the properties of bitumen. Like
as thermo plastics thermoset plastics cannot be remolded so it
is not suitable to use. A number of researchers has suggested
the plastic polymers that have the potential to be used such as,
LDPE, PP [7], EVA [8], Crumb rubber [9], recycled
polyethylene [10]. A study was conducted by BTF [11] to
find the effect of polymer proportion in polymer modified
bitumen (PMB) on the ductility, penetration, and softening
point. In this study bitumen was partially replaced by
polymer content of 8%. The polymer content was consisting
of LDPE and PP of 1:3 and 1:1 respectively. It was found that
the proportion of LDPE: PP=1:1 gives the more significant
results [11]. Although in some part of the world PMB is
being applied in flexible pavement construction but in our
country there only some research project has been conducted
on this. Islam, M. S. partially replaced the bitumen with
LDPE by a percentage of 2.5, 5, 7.5, and 10 and the result for
penetration, softening point, and viscosity was phenomenal
but the ductility was decreased significantly [12]. Hossain
did the same job using scrap tire instead of LDPE result was
almost same but the viscosity was significantly lower than
Islam, M. S. [6]. Panda, et al used the same proportion as
Islam and Hossain but polymer used is EVA and result found

was better for ductility but not for penetration value of PMB
[8]. The characteristics of rubber modified bitumen mixes
design were studied by Kumar, et al (2001). In that study
they used latex and tire dust as modifier. Study results shows
that the rubber imparts a significant increase in Marshall
stability, specific gravity, and unit wt. but for the tire dust, the
result is not significant and it is also poor with respect to the
result for rubber [13]. Panda (1997) studied the performances
of reclaimed polyethylene (RPE) modified bitumen.
Although the penetration value and the softening point
resulted amazing but the ductility was very poor in that study
[14]. For Bangladesh, the amount of plastic waste generated
like, LDPE and PP is greater than the EVA or rubber. So, the
author of this research work chooses to use LDPE and PP as
a replacing polymer. From the above review it’s clear that a
comprehensive study is required to find the effect of the
polymer on the properties of bitumen. All the study
conducted on this topic just focused on the use of one
polymer alone. But in case of our country the waste is no
collected separately which results in generation of mixed
plastic waste. So, it is more practical to work with the
combination on of LDPE & PP rather than work with them
alone. That’s why this study focused on the effect of mixed
plastic waste blended with bitumen on its properties.

2. Objectives

In these modern-days pollution is everywhere. It is none
other than us who is responsible for the deterioration of
environmental condition of this world [15]. So, the greater
goal of the study is to keep the environment clean and safe for
the inhabitants of this planet. Keeping this goal ahead the
specific aims of this study is to, (i) Justify the potential of the
generated plastic waste to serve as a road construction
material. (ii) determine the rheological and the engineering
properties of bitumen blended with LDPE and PP for different
compositions. (iii) Observe the improvement of the properties
of virgin bitumen after mixing polymer.

3. Materials and Methods

The step-by-step procedure of the laboratory work is
illustrated in the flow chart in [Figure 1] bellow.

Shredding of Heating Stirring
Plastics |~ | * Bitumen and shredded | | « Stirring using locally
» Mechanically plastics heated intoa made mechanical
shredded cooking device stirrer
]
v
Test Observation
PP * Results fromvirgin bitumen compared
- S b
3;?%?..5)[5 o 9 with modified one and improvement
- was observed

Figure 1. Laboratory work flow.

3.1. Materials

The quality of a binder or a asphalt concrete is evaluated by
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its rheological properties [16]. To improve the rheological
properties of virgin bitumen (80/100 grade) here in this study
the authors used LDPE (Low-density polyethylene) and
PP(Polypropylene) as the bitumen modifier. The proportion at
which this polymer is used is represented in the Table 1.

Table 1. Proportion of polymer to modify the bitumen.

Bitumen Content LDPE LDPE: PP=1:1 LDPE: PP=1:1
(%) (%) (%) (%)

100 (Virgin) 0 0 0

97 3 3 3

94 6 6 6

91 9 9 9

88 12 12 12

85 15 15 15

3.2. Blending Polymer

Shredding of the plastics to small size was done first. Then
it was blended with binder. There are two types of blending

methods to blend the plastic polymer with the bitumen binder
[6]. One of them is dry process and another is wet (Cooking
method). Here for this study wet process was adopted to blend
the plastic polymers with bitumen. Blending was done by
hand made blender. A Stirrer with shear Blade was made up
with hand drill machine to blend the polymer properly. Then
the bitumen and shredded plastics were poured into the
cooking device after that the heating and stirring performed
simultaneously until they mix properly.

3.3. Testing the Properties of the Blended Bitumen

To evaluate the improvement of the properties the following
tests were performed for PMB (Polymer Modified Bitumen),
Penetration value, Softening point, Ductility, Loss on Heat,
Flash Point, and Fire point. The tests were performed
following the AASHTO standards which are mentioned in
Table 2.

Table 2. Standards for the test of Bitumen.

Tests Penetration Softening point Ductility

Loss on heat Flash point Fire point

Standards AASHTO T49-93 ~ AASHTO T53-92

AASHTO T51-93

AASHTO T47- 83 AASHTO T 48 — 91 AASHTO T 48 — 91

4. Results and Discussions

To assess the quality improvement compared to the
reference binder, Virgin bitumen with polymer modified
bitumen (PMB), Penetration, softening point, Ductility, Loss
on heating, and Flash & Fire point tests were carried out on
both virgin bitumen (VB) and polymer modified bitumen
(PMB) of proportion stated above. In this section the test
results are demonstrated in graphical form.

4.1. Penetration Value Test

Penetration value is measure of consistency of solid and
semisolid matters. Specially for bitumen the penetration value
test is used to classify it into standard consistency grades.
Penetration value is significant for bleeding problem in hot
weather. So, higher value is expected. As the age of bitumen
increases the penetration value decreases and form crack in
bituminous pavements. But one thing should be remembered that
since the grade of bitumen has nothing to do with quality of
bitumen so, the penetration value do not reflect the quality of
binder it’s just a classifying parameter. The laboratory test results
for this study has been presented in [Figure 2 (a)]. The test results
depict that the penetration value decreases with increment of the
plastic content with respect to virgin bitumen regardless of the
types of polymer. In depth, it also clarifies that the sequence of
rate of reduction of penetration is LDPE< (LDPE: PP=3:1) <
(LDPE: PP=1:1). That means, as the amount of PP
(Polypropylene) increases the penetration value decreases. The
rate of reduction of penetration value decreases with the
increment of polymer percentage. This result justifies the
significance of use of mixed plastic waste as a bitumen modifier.

[Figure 2 (b-d)] depicts the distribution of penetration value
around the mean value. It is clearly visible from all of the three

figure that the 67% of penetration value is within mean + lo
(Standard Deviation) and 100% value lies within mean + 2¢
(Standard Deviation) which is a characteristic of a normal
distribution. So, here we can conclude that the penetration
value obtained from the experiment is normally distributed
around the mean penetration value.
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Figure 2. (a)Variation of Penetration value with the percentage of Polymer
content added to bitumen (b) Distribution of penetration value around the
mean for LDPE(c) Distribution of penetration value around the mean for
LDPE: PP=3:1 (d) Distribution of penetration value around the mean for
LDPE: PP=1:1.

4.2. Softening Point Test

Softening point is defined as the measure of temperature at
which binder material changes it’s state from semi solid to
liquid under the weight of a standard steel ball [17]. It
represents the susceptibility of the binder to temperature. Due
to the low softening point bleed and segregation takes place in
hot weather. For the tropical countries like Bangladesh the
softening point should be less to counter the distresses of
pavements. The test results of this study are illustrated in
[Figure 3] which depicts the same trend as penetration value
test. Here also the softening point increases with the increment
of polymer content regardless of polymer type. Increment rate
is high up to 9% of polymer the it gets slow down a bit. Here
the result for LDPE: PP=1:1 is remarkably high. For LDPE:
PP=1:1 the softening point increased by 1.91 times of virgin
bitumen whereas the result for LDPE: PP=3:1 and LDPE are
also phenomenal. Here the highest value of softening point of
PMD found is 90°C whereas it’s for VB (Virgin bitumen) is
47°C. The result clarifies that the use of mixed plastic polymer

results to a satisfactory softening point.
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Figure 3. Variation of Softening point with the percentage of Polymer content
added to bitumen.

4.3. Ductility

Ductility is a measure of the length beyond which a bitumen
briquet specimen can be elongated by pulling to end apart at a
specific speed and temperature. It represents the elasticity of a
bitumen specimen. Less ductility may result in cracking of
pavement. But the bitumen with high ductility is not
necessarily of good quality bitumen. [Figure 4] depicts that the
ductility decreases with the increase of polymer content at a
high rate up to 3% of polymer content. Higher decrease in
ductility may make the bitumen unfit for use. So, the selection
of optimum polymer content to modify bitumen should be
determined on the basis of the result of ductility. From the
result it is clear that for LDPE: PP=1:1 the optimum polymer
content could be 9% but for LDPE & LDPE: PP=3:1 it should
not be more than 6%. Although the increment of polymer
content reduces the ductility but simultaneously it increases
the elasticity (flow) of the binder.
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Figure 4. Variation of Ductility with the percentage of Polymer content added
to bitumen.

4.4. Loss on Heating

The measure of losses of volatile materials present in
bitumen is termed as loss on heating of bitumen. Loss of
heating for bitumen is a very small figure in laboratory



10 Mohammad Mohayminul Islam ez al.:

Modification of Bitumen Properties Using

Waste Polymer in Context of Bangladesh

condition so, to measure the loss accurately there must be a very
precise and sensitive balance. Lack of precise balance and
intensive observation this result some error. The results in
[Figure 5] portrays that the Losses on heating decrease with the
addition of polymer content. But the change is not uniform.
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Figure 5. Variation of Loss on heating with the percentage of Polymer content
added to bitumen.

4.5. Flash and Fire Point

Flashing and fire point test for bitumen is a safety test for
bitumen to work with. Higher the flash & fire point higher the
safety of the bitumen during heating. Here we can see in the
[Figure 6] that the flash and fire point increases with the
increment of polymer content up to a certain level then
decreases. Optimum level of polymer content is around 6%.

Fire and Fire point (°C)

0 3 6 9 12 15

% of Polymer content added
——Fire point  LDPE
—&— Fire point LDPE:PP=3:1
—e&—T'ire point LDPE:PP=1:1
Flash point LDPE
- # = Flash point LDPE:PP=3:1
—&— Flash point LDPE:PP=1:1

Figure 6. Variation of Flash & Fire point with the percentage of Polymer
content added to bitumen.

4.6. Potential of Plastic Use

A study on import of plastic polymer in Bangladesh was
carried out at BUET. Summary of that study is presented in
Table 3. Its shows that the volume of import of plastic polymer
is increasing every year so it is obvious that the corresponding
solid wastes derived from these imported polymers is also
increasing. A study carried out by waste concern Bangladesh
shows that by 2025 will be 47000 ton per day of which around
10% will be plastic waste [3]. Per capita waste generation will

be 0.6 Kg/day according to Waste database 2014 [3] according
to Hoornweg & Bhada-Tata [18] it will be 0.75 Kg/day. These
huge amounts of plastic waste will be a curse for our country.
Only the incineration will not be sufficient for this huge
amount of waste. So, use of this non-biodegradable curse can
be converted into resource by using it in road construction.
The worth of its use is justified in this study.

Table 3. Import of LDPE and PP polymers in Bangladesh [19].

Year 88-89 97-98 2005-06 2006-07
Total Import (ton) 9,989 86,318 273,874 2,388,646
PE InTon 3,046 30,527 72,056 82,928
Import In(%)  30.49 35.37 2631 28.73
PP InTon 2,105 12,835 68,742 85,497
Import In(%)  21.07 14.87 25.10 29.62

5. Conclusion

Plastic waste has been a proven curse for the planet earth.
The processes that are usually used to dispose it off are not
suitable to the environment so the only way to get rid of this
problem is either reuse or recycle. One of the emerging recycle
is use in road construction. This study which focused on the
potential and the effect of plastic waste on rheological and the
engineering properties of bitumen can be concluded as
follows,

Blending polymer with bitumen improves Penetration value,
softening point, Ductility, Loss on heating, and Flash & Fire
point test but reduces the ductility remarkably.

LDPE & PP polymer waste mixed together with bitumen
results more phenomenal than LDPE alone for all properties.

LDPE: PP=1:1 combination gives the best result for all of
the tests, Penetration value, Softening point, Ductility, Loss on
heating, and Flash & Fire point test. Results for LDPE and
LDPE: PP=1:1 is also sufficiently satisfying.

Optimum result for all test found at 6% to 9% beyond that
the ductility properties get lowered very critically.

6% to 9% of (LDPE: PP=1:1) can be used for the
modification of bitumen with plastic waste for best result.

Use of PMB reduces losses and enhances the construction
safety by increasing flash and fire point.

Bangladesh generates a sufficient amount of waste to use it
conveniently in road construction.
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