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ARTICLE INFO ABSTRACT

Integrating polystyrene (PS) into bitumen black-top has upgraded its solidarity
and tended to plastic garbage removal issues. Direct blending of PS squander with
bitumen causes stage division, prompting conflicting asphalt combinations. This
study presented a strategy where PS squander is disintegrated in a natural
dissolvable to make a PS arrangement, which is then blended in with bitumen.
This approach guarantees a uniform combination and beats the issues of strong
PS froth blending. The review expected to make an effective PS arrangement
utilizing a natural dissolvable that breaks up significant PS squander without
modifying bitumen's properties. Different focuses (1%, 2%, 3%, and 4%) of the PS
arrangement were tried. The changed bitumen cover went through actual tests
(infiltration, mellowing point, thickness, flexible recuperation, stockpiling
soundness), rheological tests utilizing a unique shear rheometer (DSR), and
substance investigation by means of Fourier change infrared spectroscopy (FTIR).
Execution properties were evaluated through Marshall Security, held solidness,
backhanded elasticity, rigidity proportion, boiling water stripping, and strong
modulus tests. Results suggested a 3% PS dose, showing huge upgrades in
entrance, relaxing point, thickness, and capacity steadiness. The PS-changed
bitumen exhibited upgraded versatile and rheological properties and better
execution thought about than ordinary bitumen. This concentrate effectively
applied squander PS in bituminous streets and presented an original technique
for delivering PS-changed bitumen, really tending to PS garbage removal.

Keywords: waste recycling; polystyrene solution; polystyrene modified
bitumen; rheological process; polystyrene modified bituminous mixtures

1. INTRODUCTION

Financial advancement has worked on expectations for everyday comforts, making both monetary
development and natural administration fundamental obligations in the 21st 100 years. Viable help and use of
these objectives are urgent for their manageability. Quick populace development, industrialization, and
urbanization have exacerbated squander the board issues around the world (Banerjee et al. 2014, Singh and
Sharma 2016). The center issue lies in deficient natural administration frameworks. Mechanical progressions
are important to track down compelling choices to lessen ecological debasement. Plastic, a polymer got from
petrochemicals, is necessary to current culture, with worldwide creation arriving at 368 million metric tons
(MT) in 2019 and projected to hit 700 MT by 2040 (Tiseo 2021, Baena-Gonzalez et al. 2020). Bundling alone
records for around 36% of delivered plastic. Normal plastics incorporate polypropylene (PP), polyethylene
terephthalate (PET), polyethylene (PE), polyvinyl chloride (PVC), polyurethane (PU), and polystyrene (PS) (Al-
Hadidy and Yi-qiu 2009, Choudhary et al. 2018). The development in plastic creation has prompted expanded
squander, with just 9% reused, 12% burned, and 79% winding up in the climate or landfills (Geyer et al. 2017).
India produces roughly 3.4 million metric tons (MmT) of plastic waste every year (CPCB 2019-20), with
Maharashtra, Tamil Nadu, and Gujarat being significant supporters.

Plastics are esteemed for their solidarity, sturdiness, compound obstruction, and adaptability, making them
fundamental in different areas like medical services, development, hardware, car, and bundling. Nonetheless,
their perplexing compound arrangement makes assortment, division, and reusing testing. Given the natural
effect, there is a requirement for feasible answers for oversee plastic waste. One such methodology is involving
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plastic waste in bitumen for street development, which is both financially savvy and useful for asphalt
execution. Bitumen, a result of raw petroleum refining, is generally utilized in street development. Changing
bitumen with polymers, including waste plastics, can improve its properties, making it more impervious to
rutting, warm breaking, and weariness. The review centers around utilizing froth polystyrene (PS), a waste
bundling material, to change hot blend bitumen. Conventional strategies for blending strong PS in with
bitumen are unfeasible because of the great temperatures and blending rates required, bringing about non-
homogeneous combinations. This study proposes a dissolvable based strategy to make a homogeneous
combination of bitumen and waste PS, defeating these difficulties. The objective is to foster a functional
methodology for integrating PS squander into bitumen, improving its properties while giving a feasible answer
for plastic waste administration.

1.1 Importance of the Study

The investigation of utilizing PS squander in bitumen combinations gives designing and maintainable benefits

which are recorded beneath:

i. Designing significance

¢ The joining of PS squander in customary bitumen upgrades the designing properties of the bitumen.

e The ideal cover content (OBC) embraced for the hot blend bitumen can be diminished with the utilization
of PS altered bitumen.

e Major equipment is not required for the preparation of PS modified bitumen. « The cost of using PS waste
as a bitumen modifier is lower than that of any other bitumen modifier.

ii. enduring significance

1. A PS solution that is safe to store and can be used for future applications is directly converted from
enormous quantities of waste PS.

2. The study makes a significant contribution to the management of PS waste resulting from issues with
landfills.

3. The bitumen blending temperature is decreased by 30 °C which brings about lower emanations during
creation of hot blend bitumen in plants.

2, LITERATURE REVIEW ON POLYMER MODIFIED BITUMEN

2.1 Literature Studies on Polymer Modified Bitumen

The following is a list of some of the journal articles or review articles on polymer modified bitumen that are
taken into consideration for the study of the literature: The styrene butadiene (SB) type copolymer in bitumen
was quantified using the FTIR method by Masson et al. (2001a). Five SBS and SB copolymers, as well as linear,
branched, and star copolymers and their mixtures with bitumen, were able to achieve the infrared (IR) molar
absorptivity for PS and PB blocks. The PS and PB copolymer absorptivity were 277 and 69 liters/mole cm
though with bitumen, PS and PB absorptivity was 242 and 68 liters/mole cm separately, most likely because
of the powerless collaboration among the bitumen and copolymer. The method was used to determine the
copolymer content in commercial grade polymer modified bitumen, as well as its resistance to weathering, and
to test the strength of bitumen-copolymer blends for storage at 165 °C.

Krishnan and Rajagopal (2003) evaluated exhaustively about utilizations of bitumen from antiquated to
present day period and made sense of the significant methodologies at mathematical demonstrating its
exhibition. They went over a variety of definitions for asphalt and bitumen, as well as a few interesting uses
from ancient times to the present. They talked about how bitumen ages, classical models, the thermodynamic
outline, and how it reacts to mechanical forces. The experimental results were found to be in line with the
bitumen numerical modeling predictions in a satisfactory manner.

The viscous parameter of recycled PMB at various temperatures was discussed by Garcia-Morales et al. (2004).
Bitumen of infiltration grade 60/70 and 150/200 and reused EVA was utilized for the review where polymer
doses was from 1 to 9 %. Binders were tested for viscosity, and the findings indicated that EVA enhanced viscous
performance at higher temperatures. The bitumen flow behavior was affected by significant microstructural
changes that corresponded to an increase in the polymer-rich phase. Based on laboratory performance, Awanti
et al. (2008) explained various engineering characteristics of SBS modified binders and bituminous mixes. The
PMB with SBS had a lower temperature susceptibility than bitumen cement. The stream values and the
Marshall soundness of PMB substantial blends was viewed as better when corresponded than the bitumen
concrete at OBC. The static ITS incentive for PMB substantial blends was high contrasted with the bitumen
substantial blends at different temperature. When compared to asphalt concrete mix, PMB concrete mix has a
lower moisture susceptibility.

Mouillet et al. (2008) investigated the pavement utility years and PMB with and without aging during the
mixing process. Each period of the polymer rate and practical records in bitumen was described by IR
microscopy alongside the polymer game plan in the polymer altered bitumen. Polymer changed bitumen
arrangement in their crude structure expresses the bitumen type remembered for expanding of the polymer
and impact of the polymer conduct. After aging, the characteristics of polymer-modified bitumen revealed how
the type of bitumen was responsible for swelling. IR magnifying lens found the dynamic way of behaving and
endorsed the inclinations satisfied with the maturing tests. In the laboratory,
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Sengoz et al. (2009) experimented with modified bitumen by adding various polymers like SBS, EVA, and EBA.
According to the findings, the primary characteristics and morphology of modified bitumen depended on the
polymer category and content. A continuous bitumen phase was observed for the polymer with a lower bitumen
content, whereas a continuous polymer phase was observed for the polymer with a higher bitumen content.
Kumar and Veeraragavan (2011) recognized and looked at the unique idea of bituminous combinations with
SBS and piece elastic altered bitumen (CRMB) with the regular blends. It was found that the bituminous blends
with the SBS brought about higher unique modulus and lower twisting rate at the high temperature when
contrasted and the piece elastic and customary bituminous combinations. The high temperature weakness was
diminished by adding styrene butadiene styrene and scrap elastic modifiers in bitumen by 10 and 9.8%
separately. These results made it clear that modified bitumen pavements performed better than conventional
bitumen pavements at higher temperatures and for longer loading times.

The effects of thermal oxidation on SBS and SBS/sulfur modified bitumen were investigated by Zhang et al.
(2011). Due to the formation of a chemical interaction, the addition of sulfur increased the dynamic viscosity
and thermal resistance of SBS-modified bitumen. The primary examination of the adjusted fastener was
completed by FTIR spectroscopy with and without maturing and further portrayed by maturing lists. Solanki
et al. (2012) considered the utilization of RAP blends upto 40% in Oklahoma. Volumetric and mechanistic
properties like creep compliance and dynamic modulus determined the effects of the mixes. The study was
conducted on conventional bitumen PG 64-22 with aggregates and RAP percentages of 25% and 40%. VMA
and VFB of the blends were expanded with expansion in the RAP rate. The creep compliance also increases as
the temperature rises. However, 25% RAP are more temperature-sensitive than 40% RAP mixes. As the RAP
rate builds the consistence of the blends diminished and firmness of the blends expanded which shows that the
RAP blend having higher obstruction against long-lasting distortion and lower warm breaking opposition in
the field.

The development of the sustainable pavement mix for road construction was explained by Fwa et al. (2013).
Granite aggregates were used in place of recycled steel slag aggregates in the construction of porous pavement,
as demonstrated by the study. By guaranteeing improved wet pavement skid resistance and reflectivity of
pavement markings in wet climates, the adopted mix design was determined to improve durability and reduce
tire noise. The behavior of two novel bituminous mixtures utilizing steel slag of varying aggregate grades was
analyzed in the laboratory and regulated on the field. According to the findings of field regulating trials, novel
bituminous mixtures provided adequate water drainage, demonstrated corresponding wet-pavement skid
resistance, and significantly reduced the noise of tyre-pavement in relation to the various categories of
bituminous mixtures that are currently used in Singapore.

Kumar et al. (2013) demonstrated the SBS-modified binder's aging laboratory behavior. The review showed
complex modulus (G*) expanded with the expansion in modifier percent. For unaged 7% SBS changed bitumen,
G* esteem expanded to 25.2 KPa and stage point was 65.1 °C. The G*/sin value of the unaged 7% SBS modified
bitumen increased to 28.2 KPa from 4.93 KPa at 58 °C, whereas the G*/sin value of the RTFOT aged binder
increased to 34.72 KPa from 11.4 KPa at 58 °C. Padhan et al. (2013) used waste PET as a synthesizer and
chemically transformed it in various phenylcarboxamide by-products using a non-catalyst pathway. These by-
products were successfully tested for their anti-stripping properties in bitumen binder. Solanki et al. (2013)
explore the impact of RAP on hot blend black-top (HMA) blends. At temperatures below -10 °C, the S3-25
mixture had lower creep compliance values than the S3-40 mixture, indicating that it was stiffer. Son et al.
(2013) explained that the new bitumen content mix design appeared to be better suited for wearing course than
the conventional bitumen content mixes in both the laboratory and field. With the new mixtures, the Bailey
method demonstrated better aggregate structure. The thickness of the wearing surface got decreased of the
new blends when fine thick degree took on. The expense of development and material can likewise be limited
by meager wearing course. The various methodologies were taken on for blend and minimal: plant blended
and lab compacted; lab blended and lab compacted; and plant blended and field compacted. The research
center blends and lab compacted tests showed higher groove profundity and plant blend and lab compacted
showed most reduced trench profundity because of the less maturing time frame, different stacking conditions
and tests temperature. The mechanical properties of the chemical type of warm mix asphalt (WMA) (Evotherm
3G and Rediset LQ-1106) were described by Leng et al. (2014). As a preferred control mix, 0.5% of WMA by
weight of bitumen was added to typical Stone mastic asphalt (SMA). The complex modulus, indirect tension,
wheel tracking test, and semi-circular bean with varying curing periods following compaction were used to
investigate the mixes' behavior. The discoveries demonstrated that SMA with WMA combinations has less
intricate moduli and rigidity contrasted and the control SMA. Then again, comparative outcomes were featured
for both run of the mill SMA and SMA with WMA blends for rutting and breaking opposition.

By conducting various experiments on bitumen binders, Lu et al. (2014) evaluated the performance of PMB
on a pavement with a lot of traffic. These experiments included a chemical and rheological study, the
identification of bitumen field cores related to fatigue and permanent deformation, and so on. Results showed
that the SBS altered bitumen kept up with better rheological boundaries analyzed than the ordinary cover,
disregarding numerous long periods of the field; these conceded higher strain recuperation and lower non-
recoverable consistence at higher temperatures, and lower solidness at lower temperatures. Furthermore,
laboratory and field aging experiments demonstrated that SBS-modified bitumen had a higher aging resistivity.
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Padhan et al. (2015) got a polymer changed bitumen by utilizing a responsive polymer of trans-polyoctenamer
bunch alongside sulfur as a cross-linker in bitumen gives an exceptional presentation which was roughly like
the SBS changed bitumen with better versatile recuperation. A study on the use of plastomer polymer (EVA) to
make modified bitumen was conducted by Saboo and Kumar (2015). The focus of the study was on figuring out
the best amount of EVA to mix into VG 10—anywhere from one to seven percent. The bitumen was altered in a
total of 80 different ways by varying the mixing time, temperature, and shear rate. To assess the ideal blending
prerequisite factual bundle for sociologies (SPSS) and SOLVER was worked. By using fluorescence microscopy,
it was discovered that the shear rate had the smallest impact on determining a blend that remained stable.
Additionally, morphology changed as the percentage of polymers increased. EVA's modification of bitumen
was thought to work best at higher temperatures and might be very effective at preventing rutting in
bituminous mixtures. Because of its complex rheological nature, Nivitha et al. (2016) used FTIR to explain the
aging mechanism of modified bitumen. The investigation was carried out independently on three distinct types
of modified bitumen—plastomer, elastomer, and CR—under a variety of aging conditions. The plastomer and
CR modified binders had both physical and chemical connections, while the elastomer modified binder had
only physical connections, according to FTIR spectra. Also, it was shown that carbonyl and sulfoxide had
similar patterns, but that aromatic and aliphatic were very different. Saboo and Kumar (2016) looked into the
fatigue susceptibility of four different kinds of bitumen binders and three different kinds of bitumen mixtures.
Bitumen binders were subjected to the Linear Amplitude Sweep (LAS) experiment at 10, 20, and 30 °C, while
bitumen mixtures were subjected to the four-point beam bending test (4PBBT) at 20 °C with strain amplitudes
ranging from 200 to 1000 microstrain. Marshall stability was also kept, and ITS was chosen to evaluate the
behavior of the mixture. Elastomeric modified bitumen binders and mixtures produced better fatigue results,
according to empirical studies, whereas plastomeric modified bitumen was regarded as having a higher strain
sensitiveness and producing poor fatigue results. For temperature susceptibility, Singh and Kataware (2016)
compared the various rheological properties of SBS and WMA-modified binders. The study was conducted on
PMB 40 containing 3.5 percent SBS and varying concentrations of Sasobit, Advera, and Rediset WMA
additives. The three parameters Superpave, Shenoy, and Jnr were investigated. It was discovered that Sasobit
and Advera increased PMB 40's rut resistance, whereas Rediset decreased the bitumen binder's rutting
resistance. The ideal amount of the Sasobit and Advera was recognized by the Superpave, Shenoy and Jnr while
for the Rediset it couldn't be learned as it diminishes the rutting conduct. The general review mirrors that Jnr
can be considered as ideal rutting boundary as it was related with the reasonable test conditions. Fini et al.
(2017) extended the utilization of bio-folio as an added substance for CRMB to work on rheological qualities
while improving the usefulness and limiting the isolation. When Bio-binder is incorporated into CRM binder,
Bio-Modified Rubber (BRM) binder is produced. When compared to the CRM binder, the rheological results
indicated that the BRM binder had a lower temperature of mixing and compaction. This prompts an indication
of upgrade in the usefulness and pumpability of the subsequent bitumen blends. From 58% in crumb rubber
modified binder to 33% in BRM binder, the phase separation index decreased. Besides, exhaustion breaking
and low temperature opposition was improved for the BRM folios contrasted with the morsel elastic adjusted
and customary covers.

4. MATERIALS AND EXPERIMENTAL METHODOLOGY

3.1 Introduction

This part momentarily examined about the materials utilized for the concentrate alongside their sources, for
example, bitumen cover, polymer squander, natural dissolvable and totals. A brief investigation has been
conducted into the various bitumen properties. A plastomeric polymer, waste polystyrene is used in the study
to alter the bitumen. The solid foam polystyrene has been converted into liquid form using organic solvent to
dissolve this polystyrene. Utilizing both conventional and polystyrene-modified bitumen binder, aggregate was
used in this study to prepare the bituminous mixes. The chapter discusses various aggregate properties and
their outcomes, including gain size analysis, impact value, shape, soundness, water absorption, specific gravity,
and gradation. Polymers which are usually accessible as powder or pellets which can be straightforwardly
blended in the traditional bitumen in light of the percent polymer prerequisite under low to high shearing.
While blending the polymer in regular bitumen, the various elements assumes vital part like similarity among
the polymer and bitumen, atomic weight and the construction of the polymer (Gonzalez et al. Navarro et al.
2004, 2004, Wen and others 2002). For bitumen modification, numerous researchers use various mixing
procedures for various polymers (Gonzalez et al.). 2004, Sengoz and Isikyakar 2008, Panda and Mazumdar
1999). As a result, the methods for making polystyrene modified bitumen from the polystyrene solution and
the process for developing the polystyrene solution are thoroughly covered in the chapters. Several laboratory
experiments on binders and mixtures were carried out following the preparation of modified binders. Hence,
the review is additionally separated in two classes. The first category provided information regarding the
RTFOT, PAV, DSR, and FTIR spectroscopy-based tests that must be performed on binders. The second group
discussed the MS, retained stability, hot water bath, ITS, and MR tests that must be performed on bituminous
mixtures. The analyses were performed by Indian Principles (IS) and American Culture of Testing and
Materials (ASTM) to meet the necessities of bituminous fasteners and blends.
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3.2 MATERIALS USED IN THE STUDY

3.2.1 Conventional Bitumen

In the review, traditional bitumen VG 30 grade was utilized which was gathered from Tikitar Businesses,
Vadodara, Gujarat, India. Since the average maximum air temperature in India is between 35 and 45 °C and
the traffic level is less than 20 msa, VG 30 bitumen is typically used in the study to prepare modified bitumen
and mixtures. Basic experiments on penetration, softening point, elastic recovery, viscosity, and storage
stability were used to evaluate the bitumen's physical properties.

3.2.1.1 Penetration test

Using a penetrometer, the laboratory penetration test was carried out at 25 °C. In accordance with standard
procedure IS 1203, a standard needle weighing 100 grams was allowed to penetrate the bitumen surface for
five seconds. The depth of the penetration was determined in units of one tenth of a millimeter, or penetration
unit. The procedure is repeated three times for each sample, and the average value is used to calculate the
penetration value. The purpose of this experiment is to compare and contrast the samples of conventional and
modified bitumen.

3.2.1.2 Softening Point Test

The conditioning point test is alluded as ring and ball test which measure the conditioning point of the bitumen
tests. As per the standard strategy IS 1205, the temperature at which the bitumen tests can't support the 3.5 g
weight of the steel ball is characterized as mellowing point. It is recorded as the average of two temperatures at
which two discs become sufficiently soft to allow each bituminously wrapped ball to travel 25 mm apart.
3.2.1.3 Elastic Recovery Test

The flexible recuperation is estimated by the rate to which the black-top buildup will recuperate its unique
length after it has been extended upto 10 cm at a pace of 5 + 0.25 cm/min. The test specimen is then divided
in half at the midpoint with scissors. The elastic recovery is determined by measuring the specimen's
contraction distance after one hour. The test is valuable for affirming that a material has been added to the
cover to give a critical elastomeric trademark. The polymers are named elastomers and plastomers as per
IS15462:2019 (Extension A). The two elastomers and plastomers are utilized for polymer adjusted bitumen.
After a heavy load has been placed on the pavements, the elastomer polymers recover their elastic properties
more effectively.

3.2.1.4 Viscosity Test

For PMB, storage stability is a crucial and necessary test. The test is valuable for recognizing the similarity
among the parts of bitumen cover. Additionally, it provides insight into the modified binder's effectiveness,
particularly at high temperatures. The procedure for the test was followed in accordance with IS 15462 (2004,
Annex B). The test requires an aluminum container of 125 mm level and 25 mm measurement. Subsequent to
pouring hot bitumen inside, the cylinder should be shut and put upstanding in a stove for 48 h at 163+ 0.5 oC.
The tubes were then placed in a freezer to freeze the samples. Then, at that point, the aluminum tubes were cut
in three equivalent parts. We measured the softening points of samples from the top and bottom of the tube.
The difference between the softening points of the top and bottom parts ought to be less than 3°C. These
samples were thought to be homogeneous and stable in storage.

3.2.1.5 Storage Stability Test

For PMB, storage stability is a crucial and necessary test. The test is valuable for recognizing the similarity
among the parts of bitumen cover. Additionally, it provides insight into the modified binder's effectiveness,
particularly at high temperatures. The procedure for the test was followed in accordance with IS 15462 (2004,
Annex B). The test requires an aluminum container of 125 mm level and 25 mm measurement. Subsequent to
pouring hot bitumen inside, the cylinder should be shut and put upstanding in a stove for 48 h at 163+ 0.5 oC.
The tubes were then placed in a freezer to freeze the samples. Then, at that point, the aluminum tubes were cut
in three equivalent parts. We measured the softening points of samples from the top and bottom of the tube.
The difference between the softening points of the top and bottom parts ought to be less than 3°C. These
samples were thought to be homogeneous and stable in storage.

3.3.2 Polystyrene Wastes

Polystyrene squander as thermocol is being utilized as a modifier which is a bundling waste got from
neighboring establishment grounds. The polystyrene squander utilized is a kind of extended polystyrene or
froth type thermocol. Consistently expanding of PS squander along the side of the road and streams dirty the
climate quickly because of its low thickness and its items are not reused on account of need suitable reusing
offices (Asaad and Tawfik 2011). Prior to utilizing the PS squander for the readiness of PS arrangement and PS
altered fastener, it ought to be residue and dampness free.

3.3.3 Organic Solvent

The study's organic solvent has a ketone functional group. In the chemical industry, it is mostly used as
catalysts and solvents. It is a colorless liquid with a boiling point of nearly 60 °C. Paints, textiles, lacquers, and
numerous other industries generally accept it as an acceptable industrial organic solvent.

3.3.4 Aggregates

The pavement's main consistent components are aggregates. The asphalt encounters an overflow of rough
activity and stress from moving burdens with regards to traffic all through its whole life expectancy. For good
execution of the asphalt, the street totals should have prevalent designing properties. The aggregates were
obtained from the Sevaliya quarry in India, which is close to Vadodara. The mineral raw materials, such as
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crushed stone, sand, and gravel, are referred to as aggregate. The aggregate used in the study is oven-dried
aggregate. In the survey, a number of trials were run to see how good the aggregates were. According to the
specifications provided by the Ministry of Road Transport and Highways (MoRTH) (2013), the fundamental
requirements of aggregate as well as their findings

3.3-4.1 Aggregate impact test

The sturdiness property of the total is determined by the total effect test. During and after construction, an
unexpected load is applied to this test. Accordingly, total breaks into pieces. The test demonstrates the
aggregate's capacity to withstand the unexpected load or impact. The test was conducted in accordance with
IS: 2386 (Part IV - 1963).

3.3.4.2 Shape test

Shapes and sizes like cubical, angular, and rounded aggregates are irregular. As a result, a shape test based on
flakiness and elongation index is used to determine the aggregate's shape, resulting in improved interlocking.
The consolidated list according to MoRTH has been determined by performing the shape test as per IS: 2386
(PartI) - 1963.

3.3.4.3 Soundness test

The toughness of the total was estimated by adequacy test. It is carried out to ascertain the aggregates'
resistance to weathering. to withstand the adverse effects of weather on aggregate's known soundness
properties. The test procedure was adopted in accordance with IS: 2386 (Part V) — 1963.

3.3.4.4 Water absorption and aggregate specific gravity

The aggregates' porosity is measured by their ability to absorb water. Totals with more water retention are
called permeable and unsatisfactory and not liked for any development as they will generally fall apart its way
of behaving. Since it indicates the aggregate's strength, specific gravity is one of the most important parameters.
In essence, aggregates with a lower specific gravity are weaker than aggregates with a higher specific gravity.
The primary purpose of the test is to ascertain the bituminous mixtures' volumetric properties. The exam was
carried out in accordance with IS: 2386 (Part III) - 1963.

3.3.4.5 Aggregate gradation

The sieve analysis of various aggregate sizes is typically used to evaluate grade of aggregate. Because the
appropriate classification of an aggregate results in a densely graded and required quantity of aggregate, it is
essential for the coarse and fine aggregate to be well graded in order to produce a qualitative aggregate mixture.
Because it may affect the properties of various aggregate sizes, the requirement for binder, durability, and
workability, the minimum and maximum aggregate size limits are specified. The aggregate's gradation curve
shows whether the adopted aggregates' grading is within certain limits, lacking in any size, too fine, or too
coarse. The prerequisite for the total degree is according to MoRT&H. In India, dense graded BC mixes are
frequently used as the surface course.

5. PERFORMANCE EVALUATION OF BITUMINOUS BINDERS

4.1 Introduction

Bitumen is a combination of different hydrocarbons, for example, aliphatic, fragrant and naphthenic. They
have been extensively utilized for waterproofing, coating protection, and bituminous pavement construction
binders. Because of the various kinds of pain in particular, warm breaking, rutting and exhaustion over the
assistance lifetime of bitumen fasteners, decreases the quality and execution of the bituminous street. The mix's
final performance can be affected by the bitumen binder's physical properties and temperature susceptibility
at different working temperatures. Since then, numerous studies have been conducted on various polymer-
modified bituminous binders and mixtures. By increasing the mixes' resistance to fatigue cracking, thermal
cracking, and permanent deformation, polymers can effectively increase the bituminous pavement's efficiency
at lower, intermediate, and higher temperatures. Since there are currently numerous types of bitumen grades
that can be developed, it is necessary to select a straightforward method for classifying them. The
determination of hardness is the fundamental requirement. Since bitumen temperature and consistency are
reliant factors, it is vital to decide the steadiness at consistent temperature or measure the temperature at when
a consistent steadiness occurs. Subsequently, the assembling had figured out different physical and rheological
property tests for the bitumen details. Based on laboratory experiments, this chapter went into detail about the
behavior of the conventional and PS modified binder. Physical properties have been evaluated in order to
confirm the conventional bitumen grade. Basic tests, including penetration, softening, elastic recovery,
viscosity, and storage stability on PS-modified bitumen, were carried out after the bitumen was modified with
varying percentages of polystyrene. Additionally, the effect of adding polystyrene to conventional bitumen was
investigated. The regular and PS altered bitumen fasteners were additionally exposed to maturing under
various maturing conditions and completed the rheological and spectroscopy portrayal by utilizing DSR and
FTIR separately.

4.2 Polystyrene Modified Bitumen Results
Basic experiments on penetration, softening point, elastic recovery, viscosity, and storage stability were used
to assess the physical properties of PS-modified bitumen containing varying amounts of waste PS. The research
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facility tests consequences of the regular and PS adjusted bitumen covers have been examined completely.
These trials show the outline of the aftereffects of the traditional and PS altered bitumen concerning the
properties (entrance, relaxing point, flexible recuperation, consistency and capacity solidness) by utilizing
various rates of waste PS. Table 4.1 Shows the actual properties of PS changed bitumen mixes.

Table 4.1: Physical properties of PS modified bitumen blends

Properties Specification 1% 2% 3% 1%
PS PS PS PS
Penetration (0.1 mm) IS 1203 53 44 43 39
Softening point (°C) IS 1205 54.7 [56.8 |57.4 |58.2
Elastic recovery (%) IS 15462 52 59 66 70
Storage stability (°C) IS 15462 2.8 1.8 1.5 1.4
Viscosity (150 °C, Poise) IS 1206 2.47 [2.58 |2.61 [2.84

Thin film oven tests and tests on residue:
Loss in mass (percent)

IS 9382 0.02 [0.05 [0.06 [0.07
Increase in softening point (°C) IS 1205 4.2 3.4 3.3 3.2
Reduction in penetration of residue (%) IS 1203 21 18 14 13
Elastic recovery (25 °C, percent) IS 15462 42 16 55 59
Pressure aging vessel tests and tests on resi due:
Penetration test (0.1 mm) IS 1203

29 24 19 17

Softening test (°C) IS 1205 63.4 [64.3 |64.5 [65.1

4.2.1 Penetration test

Infiltration test decides the bitumen consistency at a specific temperature. It also favors determining whether
the bitumen is suitable for the application under various weather conditions. Figure 4.1 shows that the
consistency of the PS modified bitumen decreased as the waste PS percentage increased, as evidenced by the
penetration value of PS modified bitumen at various waste PS percentages. When compared to conventional
bitumen, the penetration value of the 4% PS modified bitumen is significantly lower by 29%. This determines
that the presence of waste PS in the bitumen makes it stiffer. For higher temperatures, bitumen with a lower
penetration value is preferable because it will be comfortable and simple to use throughout the production

process.
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Figure 4.1: Penetration behavior of conventional and PS modified binders
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4.2.2 Softening Point Test

The temperature at which the bitumen begins to show signs of fluidity is determined by the softening point
test. The conditioning point temperature of the PS changed bitumen at different rates which suggests that the
conditioning point of the PS altered bitumen increments with expansion in squander PS percent demonstrated
in Figure 4.2. When compared to conventional bitumen, the 4% PS modified bitumen's softening point
temperature rises by 11%. It demonstrates more noteworthy temperature responsiveness which is an extra
advantage of changed bitumen in sweltering climate. In a hot region, bitumen with a higher softening point is
preferred. The PS adjusted bitumen with higher relaxing point has been considered to demonstrate an
augmentation in the street execution properties in regard to weariness and rutting.
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Figure 4.2: Softening point test results of conventional and PS modified bitumen

4.2.3 Elastic Recovery Test

This study's bitumen was modified with PS waste, a plastomeric type of polymer that is expected to have a
lower elastic recovery. Nonetheless, the outcomes in these examinations showed that the PS altered bitumen
gives an improvement in the versatility of the bitumen which is displayed in Figure 4.3. This is credited to
bitumen change utilizing arrangement of PS. The consequences of all versatile recuperation for the PS adjusted
bitumen were half (min) which is inside determined limit as referenced in IS standard. When compared to
conventional bitumen, the elastic recovery of the modified solution can increase by up to 157% due to the
uniform distribution of polymer molecules.
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Figure 4.3: Elastic recovery test results of conventional and PS modified bitumen

4.2.4 Viscosity Test

The consistency test decides the stream qualities of the bitumen. Figure 4.4 depicts the conventional and PS
modified bitumen binders' viscosities at various temperatures. The outcomes showed that the viscosities fall
inside required limits for the changed bitumen. It is normal that the bitumen viscosities will increment with
expansion of PS. The outcomes showed expansion in the viscosities of every one of the three temperatures of
the adjusted bitumen. For instance, at 135 °C, the consistency of the PS adjusted bitumen increment by 19%
with 4% PS. A similar example at 150 °C, the upsides of consistency was increment by 22% with 4% PS.
Similarly, the viscosity rises by 55% with 4% PS at 165 oC. Despite the fact that the modified bitumen has
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viscosities that are significantly higher than those of conventional bitumen, they remain within acceptable
ranges, indicating that mixing and workability with aggregates will not be a major issue. As a result, waste PS
contributes to increased bitumen efficiency at higher temperatures.
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Figure 4.4: Viscosity test results of conventional and PS modified bitumen

4.2.5 Storage Stability Test

Capacity dependability test decides the key communication between the waste PS and bitumen. The PS-
modified bitumen should be stable enough to support the waste PS separation in the stored state following the
procedure. Bituminous binders have a good storage stability when the difference in softening point is low,
indicating that the polymer is evenly distributed (Polacco et al.). 2015). The discoveries of the stockpiling
strength are exhibited in Figure 4.5. The conditioning point contrasts of top and base piece of the PS changed
bitumen tests were under 3 oC. The lower relaxing point distinction shows that the PS is equitably scattered in
bitumen and consequently would do well to stockpiling security. According to the literature, PS modified
bitumen prepared with an organic solvent can resolve storage instability issues. The procedure made it
abundantly clear that PS was evenly distributed throughout the bitumen. The sample's very similar softening
points on the top and bottom of the test tube demonstrate this. PS structure has fragrant ring that can
communicate with bitumen sweet-smelling part in the event that PS is blended in with bitumen in atomic
arrangement as it is conceivable with the dissolvable course (Mahida et al. 2022).
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Figure 4.5: Storage stability test results of PS modified bitumen

5. CONCLUSIONS

o Effectively fostered the methodology to adjust bitumen with PS squander at various fixations for example
1%, 2%, 3% and 4% by weight of bitumen.

e The PS modified bitumen that was produced by the method developed for it was stable and uniform. The
modified bitumen is significantly influenced by the mixture's homogeneity in terms of storage stability.
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10.

11.

12.

13.

14.

15.

The outcomes obviously recommended that the conditioning point distinction among top and base part of
the every one of the four changed bitumen test are under 3 0C. This plainly shown that dissolvable based
strategy give uniform stable PS adjusted bitumen.
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