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Introduction:-

The performances of bituminous pavement such as resistance to rutting, cracking, fatigue, temperature susceptibility
and visco-elastic characteristics can be achieved by using several approaches which includes alteration in type and
source of bitumen, uses of extenders/ flexibilizers, fillers, minerals, polymers and their recycled wastes and
chemicals , known as bitumen modifiers. The bitumen used for the production of pavement asphalt (mix of bitumen,
aggregate and fillers) is generally characterized by poor thermal susceptibility, poor adhesion to the surface and
inadequate visco-elastic properties, which results poor performances of pavements, while modified binders have
improved flexibility, durability and improved temperature susceptibility'®. However, to get specified properties of
durable and cost effective bituminous pavement, the modifications of bitumen with either virgin polymers or with
their recycled wastes were most studied. Earlier, virgin polymers are used for the modification of bitumen binders,
but because of their high cost, the virgin polymers are replaced with their recycled form.

Mainly three types of polymers, thermoplastic elastomers, plastomers and reactive polymers are used for the
modification of bitumen®. All these three types of polymers can enhance the performances of pavement in respect of
improved temperature susceptibility and durability, but each polymer has a specific effect on the properties of
bituminous binder. Thermoplasts or reactive polymers increase the stiffness and resistance to permanent
deformation over a lomg period of loading, while elastomers increases the elastic response which in turn increases
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the fatigue resistance of pavement’. The estimated global production capacity of polyethylene will reach 157 million
tons® per year in 2023. Economically, the global polyethylene market size is expected to reach from $107.43 billion
in 2019 to $130.26 billion by 2027°. These data shows that polyethylene is the most consumed polymer globally and
used to produce a variety of daily used products.

Tablel:- Estimated global production capacity of Polyethylene per year in 2023.

Continent Production capacity (Million tons/year) Growth (%)
Asia 57.1 7.2

North America 33.82 7.6

Middle east 28.52 6.3

Russia 9.16 22.6

Africa 4.7 16.6

On the basis of density and polymer chain, polyethylenes (PE) are classified into three categories; low density
polyethylene ( LDPE, density , 0.910 and 0.940 g/cm?®), linear low-density polyethylene (LLDPE, density 0.910 to
0.920 g/cm®) and high-density polyethylene (HDPE, density 0.941 to 0.967 g/cm®)™. The melting point ranges of
polyethylenes; 110-120°C for LDPE***®, about 125°C for LLDPE and 139-149°C for HDPE™™', makes suitable
for incorporation of them into bitumen for production of hot mix asphalt. The melting points of mostly plastomers
are below the processing temperature of bituminous mixtures, which ensures the homogeneity by the physical and
chemical interaction between polymers and bitumen*®%,
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Figure 1:- Plastic waste consumption per capita (kgs) worldwide (Source: FICCI).

The utilization of recycled tyre rubbers (Crumb rubber) for the modification of bitumen may be carried out by two
processes: wet or dry process. In wet process, the polymers are added first into bitumen and then it is mixed with
aggregate to produce asphalt mixture. In this process the mixing of polymers and bitumen at high temperature led to
physical and chemical interactions between them. While in dry process, there are two ways of adding polymer into
asphalt mix: bitumen and polymer either can be added into aggregate or the polymers can be added to the aggregate
first?™ 2. Mostly researchers have recommended the wet process for the modification of asphalt mixtures, because
the higher processing temperature promotes the better physical and chemical bonding between the constituents of
asphalt mixtures?® 2> @92 However, asphalt mixture made from wet process shows a degree of separation over long
storage® %. The crumb rubber is preferred over the virgin polymers to minimize the cost as well as to obtain desired
properties of modified bitumen for a particular application, because by using crumb rubber in modification of
bitumen, better performances of pavement can be achieved at minimal cost with ease of availability?®. The number
of vehicles is increasing every year due urbanization and globalization, which generates wasted tyres. To overcome
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the problems of their disposal and other environmental aspects associated with waste tyre, many industries have
been established to produce crumb rubber from these waste tyres. Many researchers found crumb rubber suitable for
modification of bitumen for paving applications®” 2. The crumb particles absorbs oil fraction of bitumen, which
results into swelling and softening of crumb particles. This phenomenon makes the some physical and chemical
bonding between swell rubber and constituents of bitumen. However, the overall performance of bitumen binder
depends upon various factors including crumb rubber dosages, mixing time and temperature, size, shape and
constituents of crumb rubbers®*. 12% to 37% reduction in penetration value was observed by using 10% of ground
tyre rubber. The conventional and rheological studies revealed that extended service life pavement can be achieved
by enhancing resistance to rutting of asphalt mix at high temperatures and reduction in low temperature cracking of
the pavements by using these elastomers in the modification of base bitumen®®. However, due to high molecular
weight of crumb rubber and less compatibility with bitumen, some authors find out phase separation and non-
homogeneity in the bituminous mixtures over long hot storage®” *® although the separation can be reduced by using
crumb particle size lower than 0.35 mm along with high shear blending™.

It was observed from the vast literature that none of modifier can improve the overall performance of pavements.
Many researchers have focused on the use of combination of plastomers and elastomers as bitumen modifiers and
this combination evaluated on the basis that the combination of plastomers and elastomers leads to better
performances of pavements than the case in which each of them was used separately™® *> ** **_In the previous
literature, many combinations are reported like GTR and PE*"*?, SBS and PE, GTR and EVA*, GTR and PET*.

In the present study, a combination of crumb rubber (CR) and recycled low density polyethylene ( LDPE) were used
for the modification of base bitumen and the modified binders are evaluated in terms softening point, penetration
and viscosity test to optimize the enhanced performances of bituminous binders such as increased stiffness i.e.
resistance to rutting, low and high temperature behaviour and visco-elastic properties of bituminous binders.
Thermoplast-elastomeric characteristics can be achieved by using the admixture of crumb rubber and LDPE for
modification of bitumen binders and it also solve the problems associated with hazards of environment and cost of
modifiers as recycled LDPE and waste tyres rubbers are used to produce admixture of crumb rubber and LDPE.

In India, per capita consumption of plastic is about 11 kg and the expected consumption of plastic would be 20 kg
per capita in 2022. Only 60% of this plastic waste is recycled. The major plastic wastes are come from house hold
materials like water and soft drink bottles, milk pouch, etc*®. Figure 1 shows the per capita consumption of plastic
waste worldwide in 2014-15.

In India, the waste plastic generation has more than doubled from 15.89 lakh tons in 2015-16 to 30.59 lakh tons in
2018-19 and 34 lakh tons in 2019-20*". In India, around 43% of manufactured plastics are used for packaging
purpose and most are of single use. Different uses of plastic wastes are shown in figure 2.
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Figure 2:- Area of utilization of recycled plastic waste.
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Experimental
Materials:-
The penetration grade (80/100) bitumen was obtained from an Indian industry (table 2). Recycled LDPE, crumb
rubber and tall oil were procured from local industrial area. The size of particles recycled wastes was below 0.7 mm.

Table 2:- Specification of Bitumen.

Bitumen grade 80/100
Penetration (dmm) 89
Softening Point (°C) 47.9
Specific gravity @ 25°C 1.03
Saturates (wt%) 8.3
Monoaromatic / maphthanics/ aliphatics (wt%) 16.5
Polyaromatics (wt%) 31.8
Resins (wt%) 21.6
Asphaltenes (wt%) 20.5

Preparation of blends of CR and LDPE

For the preparation of admixture of CR and LDPE, the crumb rubber was dissolved in adequate amount of Tall oil
and then stirred in steel vessel at 160-170°C for 1 hour, and then LDPE was added into it and stir well at the same
temperature in two ratios for LDPE: CR; 1:2 and 1:3.

The 500 gm bitumen is preheated in a double jacketed steel vessel at 180°C with high speed stirring. The
concentrate of admixtures of LDPE and CR was added gradually into it and temperature was maintained 160°C
while blending it. The base bitumen was also processed in the same manner. The cooled modified bituminous blends
were stored in sealed containers for various investigations.

Test Methods

The softening point of specimen was measured by ring and ball method according to ASTM D 36-09. In this test,
disks of specimen were cast in shouldered ring. After that, the disks are heated at a constant rate 5°C/ minute in a
glycerine bath with continuous stirring with the help of magnetic bead and fitted with thermometer.

The penetration test of bituminous specimen was performed according to the ASTM D 5-06. In this test, the
specimens of base bitumen and modified bitumen were casted in specified size of cup and then penetration of
standard size needle under a 100 g load into each specimen was measured and reported in tenths of milimeters.

The viscosity of bitumen specimen was measured by Brookfield viscometer. This test determines the adequate
workable fluidity of the modified bitumen.

Elastic recovery of the bituminous sample was measured according to IS: 1208-1978. In this experiment, the
specimen was elongated upto 10 cm at a specified speed of 5 cm/ min at 15°C in Ductilometer. The stretched
specimen is cut into two halves. After 1 hour, length of the recombined specimen was measured by placing
elongated cut half of the piece back into such a position just touching the fixed half of test specimen.

Results and Discussion:-

In this study, the modifiers CR and LDPE are utilized in the form of particle of size less than 0.7 mm for the
modification of base bitumen while the admixture of LDPE/CR was used in the form of concentrate in order to
improve mechanical and rheological properties of base bitumen. By using such modified bituminous binders in
pavement, it is expected that these produce a durable pavement surface, as aggregates/ gravel are best coated by
these modified binders in comparison to base bitumen. The pavement made by these modified binders could serve
for a long time®®.

Softening point test is carried to know about the stiffness of the bituminous sample. It is temperature at which a
material attains a particular degree of softness*. It is evident from the table 3 that upto 5 wt% dosages of modifiers
have no considerable effect on the softening point value of any specimen. But a noticeable increase in softening
point of each blend was observed after 8 wt% dosages of modifiers. These results are also represented in figure 3
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and 4 which shows that there is less difference in the softening point value of modified bitumen upto 3% dosages of
all modifiers. It can be seen that softening point values of modified bitumen increases considerably after the 5%
dosages of modifiers in all cases. The increase in softening point of LDPE modified bitumen (12 wt%) is due to the
somehow physical and chemical interaction between the polymer chain and constituents of bitumen, because LDPE
particles absorbs oily fraction and swelled. Theses swollen particle are easily mixed within the bituminous matrix.
This bituminous mixture can deliver good resistance to permanent deformation of pavement*°.

Table 3:- Softening point values of Bituminous blends.

Modifiers | Softening point (°C)
LDPE : CR LDPE : CR
1:2 1:3

Wit% LDPE CR

3 52.8 50.1 49.5 49.4

5 56.4 51.8 52.3 52.4

8 71 56 65 58

12 101 62 71.2 64

However, crumb rubber modified bitumen also gives better result in respect of softening point; the reason maybe the
similarity of structure of constituents (hydrocarbons) of CR and bitumen both resulting an intermixed composition.
Another factor which contributes to the better composition includes; small particle size and softness of crumb rubber
particles, this provides a better coating on the gravel.
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Figure 3:- Softening point Vs content of LDPE and CR.

Therefore, the resulting pavement made from crumb rubber modified binder could provide improved resistance to
fatigue, rutting and cracking in pavement™. The softening point of composition containing LDPE/CR in ratio of 1:2
was reached upto 71.2°C at 12% dose as compared to 64°C softening point of in case of admixture LDPE/CR ratio
of 1:3 showing that least amount of LDPE is favourable.
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Figure 4 Softening point Vs content of LDPE/CR admixture

Table 4 shows that penetration was decreased to 29 dmm for 12 wt% of LDPE loading as compared to 89 dmm for
base bitumen. The same observations were found in case admixture of LDPE/CR. As shown in figure 5 a sharp
decrease in penetration was observed, when the amount of modifiers were increased more than 5 wt%.

Table 4:- Penetration value of modified bitumen

Modifiers (%) Penetration (dmm)
LDPE CR LDPE : CR LDPE : CR
1:2 1:3
3 42 49 57 61
5 39 47 42 52
8 34 42 40 47
12 29 40 35 45
From the table 4 and figure 5 it is evident a sharp decline in penetration in case of LDPE/CR ratio of 1:2 (12

wt%) as compared to the base bitumen. While in case of LDPE/CR ratio of 1:3, the decrease in penetration value is
not so sharp, which making it more favourable. The decreasing values of penetration with increasing content of CR
in bitumen indicate improved stiffness and viscosity of modified bitumen binders".
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Figure 5:- Penetration Vs content of LDPE and CR.
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Viscosity
Bitumen is behaves as a visco-elastic materials, which is directly affected by the temperature and rate of load
application. At low temperature it acts as elastic material while at high temperature it shows viscous behaviour. The
viscosity data reported in table 5 shows that the viscosity of the modified bitumen with individual LDPE and CR and
with admixture of LDPE in both ratio; 1:2 and 1:3 increases with increase of their content as compared to base
bitumen.

Figure 7 exhibited most variation in the viscisity of bitumen modified either with LDPE or CR as found in previous
literature® 2. The viscosity difference is more pronounced at the addition of even 3 wt% of LDPE and CR as
modifier into the base bitumen. While in case of admixtures of LDPE/CR in both the ratio 1:2 and 1:3, the variation
in viscosity is not so high, which was apparent after 5 wt% dosages of modifiers. As the dosages of modifiers
increased upto10%, both the admixtures given equal viscosity (6.1dPa.S). Figure 8 shows that upon increasing the
dosages of both the admixtures into the base bitumen have led to variation with a lower rate particularly by the
admixture of LDPE/CR in a ratio of 1:2. It is thought that the lowering in viscosity is probably due to the increased
CR quantity in admixture and this pattern can be seen in figure 8. Due to the lower melting point of LDPE (122°C)
than the processing temperature of modified bitumen binder, LDPE particles absorbs some oil fraction from melted
bitumen and thus releases low molecular weight fraction into the bitumen, which causes an increased in viscosity
values of modified bitumen®,
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Figure 6:- Penetration Vs content of LDPE/CR admixture.

Optimization of amount of modifier
From the above discussion, it was observed that the unfavourable variation in penetration value, softening point
temperature and viscosity is mainly resulted due to the presence of LDPE, as compared to CR and admixture of
LDPE/CR, when the concentration of LDPE is 8% or more.

Table 5:- Viscosity value of modified bitumen.

Viscosity (dPa.S)
LDPE : CR LDPE : CR
1:2 1:3

Modifiers (%) LDPE CR

3 3.8 1 0.08 0.51

5 5.1 1.8 4.2 2.9

8 9.8 6.1 6.1 6.1

12 15 10.3 9.3 8.2

This increased viscosity is useful as it increases the stiffness of the binder, but also can lead to cracking®. The
LDPE modified bitumen with 5% weight of LDPE was showed least phase separation and under specified properties
of bitumen binder. To meet the required specification 8% by weight LDPE/CR admixture in the ratio of 1:3 was
optimized to produce pavement and also evaluated as per Indian standard specification.
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Figure 7:- Viscosity Vs content of LDPE and CR.

Table 6 shows that Properties of bituminous binder modified with LDPE/CR in the ratio of 1:3 with the dosages of 8
Wt% meets the requirement of IRC SP 53-2010, Guideline on the use of modified bitumen in road construction®,
with little difference in penetration value. It is suggested that pavement made by using this modified bituminous
binder can achieve better performances in terms of resistance to fatigue, rutting and cracking, temperature
susceptibility and also in terms of durability.

Table 6:- Properties of bituminous binder modified with LDPE/CR in the ratio of 1:3.

Property IRC SP 53-2010 Modified bitumen with LDPE/CR in
the ratio of 1:3 (8 wt%)
Penetration @ 25°C, 100g, dmm 50 47
Softening point R&B method 55 58
Elastic recovery @ 15°C, % 60 62
ViscosityPa.S 3-6 6.1
10

——LDPE/CR (1:2)

—#—LDPE/CR (1:3)
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Figure 8:- Viscisity Vs content of LDPE/CR admixture.

260




ISSN: 2320-5407 Int. J. Adv. Res. 10(07), 253-263

Conclusions:-

In this study both modifiers CR and LDPE are recycled material, by using such wasted materials we can save
environment and also we can minimize the cost of road construction as the virgin polymers are very costly. From the
above results it is revealed that LDPE is the main factor for hardening of the bitumen binder and show unfavourable
results of penetration, softening point and viscosity, when its dosages increased above 8 wt%. Addition of CR in the
amount of 8 wt% delivers a better performance. The bituminous binder modified with LDPE/CR in the ratio of 1:3
with the dosages of 8 wt% meets the requirement of standard specifications.
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