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Abstract - The increased volume of traffic creating higher 
stresses and temperature changes influencing binder 
efficiency to withstand distresses usually occurs in the form 
of fatigue cracking and permanent deformation in the 
pavement. To rectify these hurdles, adding additives to 
normal bitumen disseminates better engineering properties 
and helps to increase the bituminous pavement's life span. 
Sulphur is one of the pre-eminent additives used in the 
construction industry in various forms such as sulphur as a 
modifier, extender and a cross-linking agent. Elemental 
sulphur’s distinct physical and chemical properties allow it 
to be used as a construction material. This paper reviews 
the researches carried out on sulphur as an additive. In view 
of previous studies, the benefits of using sulphur as an 
additive have been studied.  

Key Words: Sulphur, Modified Bitumen, extender, cross 
linking agent 

1. INTRODUCTION  

During the 1930s, in Texas first comprehensive studies on 
the treatment of various sulphur asphalts at relatively 
lower temperatures were conducted. The impact of 
sulphur on the bitumen and mixtures was stated by 
(Benzowitz and Boe, 1938). Then, attempts were made by 
the US Bureau of Mines and Federal Highways (Kennepohl 
et al., 1975; Kandhal, 1982) during the 1970s until the 
early 1980s to consider sulphur as an extender to 
decrease the quantity of asphalt binder included in 
mixtures and enhance the mechanical properties of the 
mixture. (Timm et al, 2009). 

In the late 1990s, sulphur pastillisation process was 
advanced, which simplified the operations of element 
sulphur in a solid-state. Further, with the introduction of 
plasticisers in sulphur pellets that allow the sulphur 
application to asphalt mixtures with substantially reduced 
pollutants and odour relative to sulphur asphalt mixtures 
in the liquid form. Through advancements in modified 
sulphur production in pellets form, enhanced handling and 
performance properties, created tremendous interest in 
bitumen modification (Jacques Colange et al, 2010). 

Sulphur 

Sulphur is a lemon yellow sintered microcrystal, having 16 
protons and 16 electrons with 16 neutrons with the 
atomic weight of 32 atomic mass units and recognized by 

the letter S. It is used to produce several goods for 
domestic, agriculture and many other purposes. Sulphur 
has a melting point of 388.36 Kelvin, or 239.38 degrees 
Fahrenheit and a boiling point of 717.8 Kelvin or 832.3 
degrees Fahrenheit with a density of 2.07 grams per 
centimeters cubed. Compared with the old SEA 
technologies, the simplicity of processing and integration 
of modified sulphur pellets made it more convenient, 
especially during the mixing phase. Globally, China 
produces about 17.4 megatons of sulphur from natural gas 
and petroleum which made China the world's leading 
sulphur producer in 2019, whereas India ranked 9th with 
3.4 megatons of sulphur production annually.  

2. Literature Review 

2.1 Sulphur Modified Bitumen  

Jacques Colange et al (2010) investigated the sulphur 
modified asphalt mixtures its impact on the thickness of 
pavement, using a pavement design analytical method 
(BISAR). Materials such as bitumen and modified sulphur 
pellets used as well as laboratory tests such as empirical 
tests such as Marshall, durability, rutting resistance as 
well as high and low temperature properties were 
perforated. During efficiency experiments used to classify 
HMA, materials such as bitumen and customized sulphur 
pellets tested in laboratory. Fundamental properties, 
analytical pavement investigation as well as experiments 
such as empirical measures like durability of Marshall, 
rutting scales, low and high-temperature properties were 
conducted. Thus, the results obtained from tests depicts 
that modified sulphur pellets enhanced asphalt mixture 
properties with increased workability and leads to ease of 
compaction at mild mixing asphalt manufacturing 
operating temperatures and enhanced permanent 
deformation resistance for roads exposed to heavy loads. 
Furthermore, Low-temperature properties of varying 
sulphur quantities up to 40 per cent of the binder mass 
were equal to or even marginally stronger than standard 
asphalt mixtures.  

Samuel B. Cooper III et al (2013) investigated the 
effectiveness of modified sulphur mix additive in warm-
mix asphalt. For this, properties of sulphur-modified 
warm-mix asphalt (WMA) and unmodified asphalt 
mixtures (HMA) were evaluated. There were exactly 3 
types of the mixture, one WMA and rest two of HMA. One 
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mixture was without any modification, classified as PG 64-
22; the other two mixtures were modified with graded 
elastomeric styrene-butadiene-styrene binder named as 
PG 70-22. A series of tests performed to assess rutting 
efficiency, resistance to moisture, fatigue endurance, 
resistance to cracks and thermal cracking and others along 
with constrained specimen test with thermal tension. 
Consequently, the Loaded-Wheel Tracking, Repeated 
Shear at Constant Height Test and Flow Number tests 
revealed that the sulphur-modified WMA mixture was 
better to perform against rutting as compared to the 
conventional mixtures and polymer-modified asphalt 
binders. The findings of Thermal Pressure Restricting 
Specimen Test revealed that in WMA modified with 
sulphur had the fracture stress higher than that of 
bitumen modified with polymer. Nevertheless, findings of 
fracture experiments revealed that WMA had been 
modified by sulphur had more vulnerability to cracking in 
contrast with conventional mixtures due to its stiffness. 
Despite stiffness properties, the modulus of bitumen 
modified with sulphur was higher and minimized the 
magnitude of strain caused by the pavement. 

Abdulgazi Gedik et al (2013) conducted a laboratory 
investigation, aims to examine the appositeness of sulphur 
as compare to neat bitumen and determine the practical 
application of the resulting bitumen modified with sulphur 
in flexible pavements. Materials such as neat bitumen 
binder (70/100 penetration grade) as well as sulphur-
added bitumen (SAB) and aggregates of crushed quartz 
used in this research. After analysis, the Viscosity test 
explicated that the integration of sulphur into neat 
bitumen declined the mixing and the compacting 
temperature of binder course specimens. This process not 
only tended to minimize energy usage, but also a tendency 
to reduce energy use. Furthermore, from rheological 
observations, adding sulphur had a positive impact on 
composite binder as its inclusion created strong structure 
within bitumen matrix, imparted better performance and 
high temperature resistance. Besides, image analysis 
revealed, sulphur particles had no longer soluble in the 
case of a higher concentration and remained same in the 
bitumen phase of colloidal suspension. Next to this, SAB’s 
composite mixture had improved Marshall Stability and 
retained its flow ability, significantly enhanced the 
pavement performance against the high-temperature 
deformation. 

Dr Praveen Kumar and Nikhil Saboo (2014) 
investigated on the mechanical and rheological properties 
of the sulphur modified binder, in which sulphur added 
from 2-40% in bitumen and the improvement in 
properties were evaluated by both empirical tests and 
Dynamic Shear Rheometer. Also, concentrates on the 
requirement for sulphur modified binders, leading to the 
advancement of sustainable guidelines for pavement. VG-
10 Viscosity grade binder, sulphur in pellet form were 

used, in this analysis. Modification of the sulphur results in 
lower mixing and compaction temperature conditions, 
rendering sulphur-modified bituminous mixture a warm 
asphalt mixing technology and Sulphur serves as an 
extender and substitutes for bitumen, hence, protects 
extra bitumen from burning and further adds to 
environmental conservation. Bitumen alteration with 
sulphur enhances the plasticizing effect at lower 
modification levels. Inclined sulphur concentration (20 
per cent by weight of total binder) increases binder's 
rigidity. Total energy consumption ascribed to lower 
paving costs as using coal to heat the bitumen at higher 
temperature leads to lower. 

Poorna Prajna S and Mohamed Ilyas Anjum (2015) 
investigated the impact of sulphur colloidal powder as a 
modifier, comprised a mixture of 75% sulphur and 25% 
acacia (gum Arabic) as well as determined the Marshall 
properties of bituminous mixes by using bitumen grade of 
60/70 penetration binder and sulphur modified 
bitumen.The bituminous Concrete mixtures correlating to 
grade-1, prepared by utilizing 30% combined index 
aggregate at midpoint gradation with sulphur as a 
modifier. As a result, the maximum value of Marshall 
Stability found to be 30.22 kN for 9 per cent sulphur at 5 
per cent optimum bitumen content, which was higher than 
plain bitumen. The maximum bulk density for unmodified 
and modified bitumen was found at 3 per cent, 6 per cent 
and 9 per cent sulphur addition at 5.5 per cent bitumen 
material respectively. Air voids reduction leads to 
improvement in the strength and performance period of 
pavement and VFB had been increased by adding bitumen. 
The optimum binder content of and modifier found to be 5 
per cent and 9 per cent respectively, as per MORTH. 
Consequently, modification of bituminous concrete mixes 
had resulted in greater stability with less bitumen 
material. 

Dawid D’Melo et al (2016) examined the outcomes of 
elemental sulphur in a bitumen mixture with regards to 
time and sulphur influence on the properties of bitumen 
after modification. The bitumen selected for the analysis 
had a penetration grade of 160/220 and elemental 
sulphur was used in this research. As a result, the 
incorporation of sulphur with bitumen leads to creation of 
an amorphous sulphur phase that reconstructs itself over 
a period of time to create dendritic structures at 
concentrations of sulphur above 10%. The average 
sulphur content of more than 20 per cent results in 
crystalline sulphur phase occurred in a mixture that 
behaved likewise to bitumen filler. The creation of 
dendritic sulphur structures in sulphur modified mixtures 
relates to significant increase in stiffness of mixture. The 
sulphur modified bitumen mixture's stiffness observed to 
be increased over time. This enhancement in the stiffness 
of the sulphur modified bitumen found to be induced by 
observed amorphous sulphur overtime aggregation. 
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Aditya Kumar Das and Mahabir Panda (2017) 
evaluated the appropriateness of sulphur as a bitumen 
modifier for road construction by conducting the Marshall 
Stability Test on plain and sulphur modified bitumen 
specimens as per ASTMD 1559.In this study, the Marshall 
Test properties of bituminous concrete mixes using 60/70 
bitumen penetration grade as well as sulphur and 
influence of sulphur as a modifier in different proportions 
of bituminous mixes was determined. The properties of 
sulphur modified bituminous like volume of air voids, the 
volume of bitumen, VMA, VFB, bulk density, theoretical 
density, flow, Marshall Stability, and Marshall Quotient 
values were analyzed. It was also observed, with the 
application of sulphur, VMA and volume of air voids were 
declined, whereas, theoretical density remains unchanged, 
however, values of Volume of bitumen as well as VFB were 
decreased. As a result, maximum bulk density was found 
to be 2.42 g/cc for normal and modified bitumen at 3 
percent, 6 percent and 9 percent sulphur with 5.5 percent 
bitumen content, whereas Marshall Stability was found to 
be at the peak of 30.22 kN for 9 percent sulphur at 5 
percent bitumen content. Bituminous modified mixes had 
resulted in utmost stability with less bitumen content, 
ultimately reduced the consumption of plain bitumen and 
to some extent, the cost of road construction. 

Van Hung Nguyen and Van Phuc Le (2019) investigated 
the sulphur performance as an alternative binder's 
additive for Mixtures of asphalt. The engineering 
properties and morphology of the asphalt binder modified 
with sulphur were explored by using Electron Microscopy 
Scanning (SEM), Marshall Stability (MS) and other tests 
were used to assess the performance resistance of 
sulphur-modified asphalt mixtures. And then, the 
efficiency of sulphur-modified asphalt mixtures simulated 
and evaluated by using the MEPDG (Mechanical Analytical 
Paved Design Guide) program. Materials namely 
bitumen(60/70 grade) used as asphalt binder, yellow 
powder form sulphur in different percentages by weight of 
total binder and nominal greatest aggregate size of 12.5 
mm dense gradation utilized with the sulphur modified 
asphalt mixtures. Results of the MEPDG program showed 
that by adding sulphur content to asphalt mixtures 
improved its rutting, cracking, and TD cracking under field 
conditions, performances considerably. Optimum 40 per 
cent sulphur material used as a substitution of bitumen 
binder, since, it enhanced the toughness, resistance to 
rutting, fatigue cracking and asphalt resistant mixtures. 

Kumkum Priyadarsini and Jhunarani Ojha (2020) 
conducted experimental studies to determine the effect of 
sulphur as a modifier on the properties of binder along 
with ageing evaluation. Sulphur used as a modifier in the 
binder and its properties checked, as well as the effects of 
short-term ageing, was also determined. Sulphur had 
changed with varying percentages from 1 to 9 per cent and 
the physical properties of the modified binder tested by 

different tests such as Ductility, Elastic Recovery, 
Viscosity, Penetration and Softening point. The optimum 
concentration of sulphur found to be 2%. Results showed 
that with rising percentages of sulphur, penetration and 
softening point values increased. However, the elastic 
recovery and ductility values fall and rose sequentially, 
with an increment in sulphur content. The effect of the 
ageing sulphur Modified binder was within the 
appropriate range and provides better results as opposed 
to pure bitumen. 

2.2 Sulphur Extended Bitumen 

G.H. Shafabakhsh et al (2015) scrutinized sulphur-
extended asphalts modified with anti-stripping agents 
evaluated by using the Surface Free Energy method to 
check the moisture susceptibility. The specimens were 
prepared with two distinct aggregates such as calcareous 
and granite. The surface energy elements of constituent 
materials utilized for determining the bond strength 
among them in dry and wet conditions by using SFE 
method. Consequently, compatibility ratios (CR) revealed 
increased values for calcareous-mixes as opposed to 
granite-mixes. This indicates that calcareous aggregates 
were more defiant against moisture damage. Zycotherm as 
an anti-stripping agent strengthened the adhesion in 
mixture by rising and reducing adhesion strength, under 
dry and wet conditions respectively. Theacid-to-base ratio 
was decreased with the addition of the anti-stripping 
agent (NZ) thereby made it more competitive with acidic 
aggregates. Although adhesive energy in mixture was 
higher as compared to calcareous in a dry state, calcareous 
stone displayed lower free adhesive energy in contact with 
mud, allowing calcareous mixtures more resistant to 
humidity relative to granite mixtures. Even though the 
sulphur was an acidic base element, it increased the acid 
component of the asphalt binder, while sulphur decreased 
the binder component (Lifshitz–Van Der Waals), thereby 
weakened the bond between the modified sulphur binder 
and acidic aggregates.  

VitaliyGladkikh et al (2016) conducted modelling to 
determine the rutting kinetics of sulphur-extended 
asphalt. Sulphur-extended asphalt specimens prepared 
from diatomite powder of average particle size 7 um, 
gabbro-diabase chipping of fraction 5-20 mm, bitumen, 
granite screenings of fraction 0, 315-5 mm and sulphur 
pellets as a modifier for modelling of sulphur-extended 
asphalt’s rutting kinetics. In this analysis, the additive 
parametric model described two instantaneous processes 
such as late densification and plastic flow to evaluate 
rutting kinetics. Consequently, Sulphur’s rutting resistance 
extended asphalt by 1.3 to 3.7 times higher as compared to 
conventional asphalt concrete rutting resistance. The 
model's parameters determined based on the 
experimental data exhibited a monotonous decline in rate 
of plastic flow with increment in the quantity of sulphur 
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which indicates, high rutting resistance of extended 
asphalt of sulphur. 

Masoud Faramarzi et al (2017) conducted several lab 
experiments to determine the mechanical properties and 
susceptibility to the moisture of Sulfur extended asphalt 
(SEA) mixtures modified with addition of anti-stripping 
agent (ASAs). To evaluate the efficiency, four types of 
mixtures of specific additive concentrations, including ASA 
and sulphur, were prepared and fatigue behaviour, 
resilient modulus, the susceptibility to moisture, rutting 
resistance tests were conducted. Modifying the asphalt 
mixture with Goo gas and using Zycotherm 
nanotechnology as anti stripping agent resulted in an 
efficient combination of additives that enhanced the 
mechanical properties of SEAs. At the one side, with an 
improvement in modulus of SEA mixtures, the severity of 
strain caused in sample was decreased (about 20%), and 
on the other side, the anti stripping agent improved 
fatigue behaviour (nearly 25%) by forming adhesion 
within asphalt and aggregates, albeit SEA mixtures 
experienced the least fatigue life. Scanning Electron 
Microscopy technique for mixing Goo gas into asphalt 
mixtures and creating an almost homogeneous matrix of 
Goo gas-asphalt shows successful results. Although several 
Goo gas components have been dissolved to an 
appropriate degree others have been crystallized at micro 
and nanoscales. Goo gas' expansion of a section of asphalt 
increases the resilient modulus of the mixture; as a result, 
it became more resistant to permanent deformation. At 
low and high temperatures, respectively, this rise was 
between 50 percent and 100 percent. Using ASA decreased 
the robust modulus of the SEA mixture significantly; this 
degradation was insignificant especially at higher 
temperatures (approximately less than 4 
percent).According to Lottman's test examination, Goo 
gas' implementation decreased ITS and TSR by about 8 
percent and 12 percent each; however, the ASA-modified 
SEA (ASWMA) moisture resistance had been greatly 
increased corresponding to unmodified SEA, as ASA 
substantially increased ITS and TSR by nearly 42 percent 
and 28 percent sequentially. Overall, the findings of this 
work suggest that the alteration of sulphur can boost the 
mechanical properties of asphaltic mixtures in rutting 
behaviour ultimately. Alternatively, Zycotherm 
nanotechnology strengthens the adhesion between SEA 
and aggregates. 

M. S. Eisa et al (2019) evaluated the performance of low-
quality aggregate hot asphalt mixtures with sulphur-
extended asphalt. For this, a hot asphalt mixture of inferior 
quality aggregate and normal bitumen at 160 °C mixing 
temperature was prepared and many other mixtures of 
hot asphalt were made with poor quality aggregate along 
with commercial sulphur substitution (10%, 20%, 30%, 
and 40%) per cent as per weight of bitumen at 140 °C 
mixing temperature. Thereafter, several mechanical 

parameters were calculated together with air voids, 
Marshall Stability, flow value, Stiffness and so on. 
Conclusively, the optimum sulphur replacement dose was 
30 per cent by weight of bitumen along with inferiority 
aggregate, created better hot asphalt mixtures, resulted in 
decrease in bitumen consumption (21.4%), higher 
stability value (13%), modified flow value reduced to15% 
and higher rutting resistance as compared to asphalt 
mixtures without adding sulphur. Asphalt mixtures 
containing inferior aggregates indicated that 30 per cent 
sulphur replacement showed a slight decrease in moisture 
Sensitivity with indirect tensile strength at 5.4% and slight 
rise in moisture sensitivity due to loss of stability at 9.6%, 
however, all results were within acceptable ranges 
compared to inferior asphalt mixtures without 
substitution of sulphur. In contrast, addition of sulphur in 
asphalt showed significant improvement in mechanical 
properties and rutting resistance. 

2.3 Sulphur Modified Bitumen’s Properties Compared 
with Other Additives  

G. Fritschy et al (1981) analyzed the dynamic mechanical 
properties of binder modified with sulphur and fine silica 
particles in model composites. Bitumen and silica 
composites had dynamic viscoelastic properties, following 
principles of time temperature interfacial parameter 
equivalence. In the mixing procedure, both bitumen and 
sulphur (2%) were prepared at 140 °C for 30 minutes 
before being mixed and blended within 1 minute by using 
an effective stirrer. Consequently, chemical interaction of 
sulphur with bitumen formed a new binder, within which 
asphalt had a more gel-like structure consequential from 
higher aggregate-forming capability. There was a decrease 
in dynamic mechanical properties in normal binder, since, 
an evident plastification of the material; however, 
plastification seems not attributed to decrease the internal 
friction. As compared to transient systems of black carbon 
in elastomers, resembling was created by aggregates. 

Abigail Martıinez-Estrada et al (2010) conducted a 
comparative analysis of the impact of sulphur on SB and 
SBS-Modified asphalt morphology and rheological 
properties. This research analyzed the effect of asphalt 
alteration using styrene-butadiene block copolymers as 
well as sulphur to assess impact of polymer content, 
sulphur/polymer ratio and polymer molecular 
characteristics on physical properties of improved asphalt 
mixtures. Specific forms of styrene-butadiene copolymers 
(SB and SBS) were used varied greatly in recognition of 
chain composition, molecular weights, polystyrene blocks, 
the size as well as distribution of polybutadiene, were 
investigated by gel permeation chromatography, nuclear 
magnetic resonance and differential calorimetry scanning. 
A hot mixing procedure used to prepare synthetic asphalt 
blends, identified by binder tests, Rheology and so on. This 
research included materials such as Sulphur (99%), 
Mexican asphalt and deuterated chloroform, Styrene-
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butadiene copolymers, Solprene S1205 and Solprene 
S416.Therefore, two different forms of styrene-butadiene 
copolymers with and without sulphur to assess effect on 
morphology and rheological properties of PMA like 
polymer concentration, molecular characteristics and 
sulphur/polymer ratio. Morphology of both polymer-rich 
process and its rheological actions with the application of 
small quantities of sulphur to PMAs have changed 
significantly, thus prevents phase separation during hot 
storage. 

Feng Zhang et al (2010)studied physical properties and 
rheological changes inasphalt, modified by styrene 
butadiene styrene block copolymers and asphalt modified 
with sulphur by using a short-term and long-term ageing 
test, to compare asphalt modified with SBSagainst and 
sulphur modified asphalts by ageing, to explore impact of 
ageing on morphology of modified binders by optical 
microscopy. Also, results demonstrated issues that 
occurred in the practical implementation of SBS and 
sulphur-modified asphalts in storage. SK-90 paving 
asphalt, SBS1301 and SBS4303 (where former was star-
like polymer whereas latter is linear polymer, both 
containing 30 wt% styrene) and Sulphur were used as 
ingredients. The dynamic rheological analysis verified the 
findings of viscosity and softening point just to a slight 
extension along with an illustration of two main causes of 
short and long termoxidative ageing on the rheological 
property of modified asphalts. At the one side, ageing 
induced polymer deterioration and increased the viscous 
behaviour, on the other side; ageing of the modified 
binders altered the structure of the asphalt as well 
asimproved the elasticity of modified binders. Storage-
stable SBS, as well as sulphur-modified asphalts, exhibited 
an apparent viscous behaviour as compared to asphalt 
modified with SBS that increased the creep quality at low 
temperature. Regardless of its composition SBS and 
sulphur-modified asphalt instability, SBS-modified asphalt 
rutting resistance declined by the addition of sulphur. 
Until the modified binders had the rheological properties 
and after ageing, the structural characteristics of SBS still 
relied heavily upon. Optical microscopy exhibited 
improvements in the compatibility of asphalt and SBS with 
more ageing. 

M. Anwar Parvez et al (2013) used the waste crumb 
rubber1 to 6 per cent and sulphur at different proportions 
from 20 to 50 per cent aimed to enhance the efficiency of 
asphalt binder in pavement applications. Thermal analysis, 
dynamic or steady shear rheology and artificial ageing 
techniques were used to investigate the melt properties. 
The ARES rheometer used to found the rheological 
properties of samples. Strategic highway research 
program factor (G*/sind) and zero shear viscosity 
observed with an increase in crumb rubber percentages 
for each asphalt binders extended by sulphur which 
reflects the modification of crumb rubber, possibly 

improved resistance against rutting at higher 
temperatures. The crumb rubber enhanced the sulphur-
extended asphalt binder's viscoelastic properties checked 
by dynamic and steady shear rheology tests. Crumb 
rubber modification lowered sulphur and asphalt's 
temperature sensitivity and elevated sulphur asphalt 
upper grading performance temperature. The reduction in 
the energy of activation had been found due to combined 
effect of sulphur and crumb rubber as opposed to pure 
asphalt. Short-term ageing enhanced G*/sind with a slight 
increase in energy from activation. Incorporation of 
sulphur with asphalt mixture enhanced the viscoelastic 
properties of sulphur asphalt. Adding rubber crumbs to 
sulphur asphalt, increased resistance against temperature, 
further, use of crumb rubber and sulphur in asphalt had 
been demonstrated improvement in asphalt pavement life. 

Íñigo Aguirre de Carcer et al (2014) studied the SBS 
changed bituminous stability behaviour in the presence of 
sulphur. This research conducted for objectives, to 
examine the structure and compositional effect on the 
stability of the bitumen and test the improvement in 
properties of SBS bitumen mixtures formed by storage at a 
high temperature of 160 degree Celsius. Various tests such 
as softening point, viscosity, and morphology of PMB 
samples conducted. Bitumen from various sources of 
crude oil had been used to prepare modified SBS/sulphur 
asphalt. Although bitumen used for this work revealed 
likewise values in their macroscopic physical properties, 
suitable for changes in polymer, and similar asphalt 
structures, but demonstrate evident differences in stability 
behaviour when a radial. Significant modifications in the 
aromatic material and the percentage of a solid phase 
(solid resin asphalt) were omnipresent. The action that 
was responsible for dispersed in maltene matrix, for 
strong modified-bitumen, required SBS interaction. 
Aromatic presence in these preparatory conditions was 
approximately 40 wt per cent content and solid phase 
volume, was below 22 per cent. 

E.R. Souaya et al ( 2015) The analysis involved 
transforming elemental sulphur into more stable modified 
binder by utilizing combination of olefin hydrocarbon 
products, produced from petroleum fractional distillates 
and bituminous residue of cyclic hydrocarbon. To check 
out themorphologyand structural characteristics of 
prepared modified sulphur, Nanoindentation, Structural 
analysis and scanning electron microscope (SEM) tests 
were conducted. Differential scanning calorimetric curves 
analysed to find the variations in sulphur phases from a-
orthorhombic to b-monoclinic structure. After portrayal 
and clarification of asphalt modified with sulphur by using 
FTIR, XRD, SEM and DSC experiments, chosen residue 
mixture (C5 fractions and bitumen) obtained from 
petroleum distillate was used as an additive to produce 
stable polymeric sulphur. Probing further, 
Nanoindentation of normal and modified sulphur 
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exhibited, the modified sulphur had a greater mechanical 
resistance than plain molten sulphur. In hot mixture of 
Marshall Design; as far as the percentage of substituted 
sulphur increased, likewise, the Marshall Stiffness 
increased accordingly. 

Ming Liang et al (2017)examined the effects of 
polymerised sulphur on morphology, stability of 
modified asphalt SBS and rheological properties. The 
rheological consequences were interpreted by the results 
from fluorescence microscopy and FTIR. However, 
dynamic shear modulus and viscosity evaluated for 
testing storage stability. The material utilised for this 
experimentation, styrene (30% by weight) with SBS 
linear polymer and 80/100 penetration grade asphalt 
used as base asphalt. The elemental sulphur noted as S0, 
there were total 3 types of polymerized sulphur used in 
this study noted as S40, S60 and S90, sequentially, in 
which, S40 contains 40% polymerized sulphur weight 
and remaining 60% was elemental sulphur. 
Concentrations of polymerized sulphur in S60 and S90 
were 60% and 90% accordingly. As a result of the 
aforementioned tests, in microscopy observations, it had 
been shown; SBS phase domain vulcanized by 
polymerized sulphur was larger as compared to 
elemental sulphur. The domain continued to extend with 
increase in polymerized sulphur, indicating lower degree 
in vulcanization and density of cross-linking network. 
Dispersed SBS phase formed after transformation from 
large SBS phase progressively. FTIR results depicted that 
decrease of unsaturation of poly butadiene block and 
creation of CAS bond was major evidence of 
vulcanization. Due to extension of mixing time, complex 
viscosity of SBS modified asphalt along with sulphur 
performed better than to unmodified sample. In contrast, 
rise in dynamic viscosity of polymerized sulphur was less 
quick than elemental sulphur and further became slower 
with increase in the quantity of polymerized sulphur. 
Likewise rise in viscosity at 135 C with time was also 
detected, which implies that vulcanization rate falls for 
polymerized sulphur samples. Polymerized sulphur leads 
to a greater rise in steady viscosity, complex viscosity and 
fluid viscosity at 135 C of SBS changed asphalt, relative to 
a sample made in the absence of sulphur. Nevertheless, 
such viscosity functions declined with increased 
polymerized sulphur concentrations in functions of 
viscosity in samples of elemental sulphur were higher 
than polymerized sulphur. Therefore, polymerized 
sulphur revealed, inferior effectiveness of vulcanization 
on SBS in contrast with elemental sulphur and lower 
amount of sulphur correlates to lesser vulcanization 
performance. 

Naipeng Tang et al (2017) examined the rheological 
analysis of the terminal mixture of rubberized asphalt 
binder with polymeric addition and sulphur. For this 
analysis, hybrid asphalt binders of Terminal Blend (TB) 

including crumb rubber, styrene–butadiene–styrene (SBS) 
and sulphur prepared at different proportions were 
prepared. Storage stability test, multiple stress creep 
recovery test and other tests were conducted to determine 
rheological characteristics of Terminal Blend hybrid 
binders. The maximum rheological curve developed at 25 
°C used to differentiate TB hybrid binders' rheological 
behaviour over range of frequencies. The findings showed 
that SBS and sulphur improved higher temperatures and 
elastic properties of TB rubberized asphalt binders. Fewer 
M-controlled TB hybrid binders made with an increase in 
the amount of sulphur. It was recommended and 
mentioned through laboratory studies, the production of 
TB hybrid binders from 0.2 to 0.3 per cent with acceptable 
storage capacity, appropriate viscosity and balanced 
efficiency at high and low temperatures. 

Wachira Saowaparka et al (2017)investigated the 
storage stability, physical properties, morphology and 
rheology of natural rubber (NR) modified asphalt, 
polyphosphoric acid as well as sulphur. 60/70 penetration 
gradeasphalt, latex form Natural Rubber used in this 
analysis. Consequently, It was found that inclusion of 0.3 
wt per cent of sulphur as per Natural Rubber content in 
NR/PPA-modified asphalt considerably increased 
toughness and tenacity of asphalt obtained from effect of 
vulcanization. These aforementioned modifiers provided 
complementary effects in the improvement of asphalt 
properties. The modified asphalt with 3.2 wt per cent 
natural rubber was 2 wt per cent of the above results. The 
optimal formula for producing high stability asphalt 
mixture for road pavement applications was indeed 0.3 wt 
per cent of sulphur (based on 100 parts NR). 

Ashlyn D. Smith et al (2020) combined the elemental 
sulphur, oleic acid and either OPC or pozzolan cement and 
a range of six sulphur cement pastes to preparedand 
determine the effectcopolymerization. These pastes were 
not only equippedmainly from waste or viable materials 
but also showed significant improvements in acid 
resistance as compared to conventional OPC mixtures. 
Blocks originated from aforementioned pastes had several 
prominent characters of commercial sulphur cement with 
extra desirable characterisation of excessively lower water 
absorption, thermal healing property and higher 
mechanical resistance after exposure to strong oxidizing 
solutions of acid than conventional Portland cement. 
Surface damage to blocks of sulphur cement was healed by 
thermal annealing at varying extents, as assessed through 
optical microscopy. 

3. CONCLUSIONS 

Sulphur as an additive in asphalt mixes has been adapted 
for better structural enhancement of the pavement by 
enhancing material properties as well as help to preserve 
natural resources.Bitumen modification with sulphur 
enhances penetration, stiffness, viscosity of binder and 
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softening point values. Not only this but also the sulphur 
modification contributes to lower the compaction 
temperature and reduces mixing requirements. Moreover, 
the Marshall Stability value, voids filled with Bitumen and 
the bulk density improved, however, air voids reduced 
with the introduction of sulphur in bitumen. Furthermore, 
sulphur bitumen modification increased the Aging index 
value, thus reduced the binder’s ageing susceptibility. 
Elastic recovery and ductility values rose and fall 
respectively, with the usage of sulphur content. 
Comparatively, Sulphur-modified in Warm Mix Asphalt 
had almost likewise resistance to moisture, rutting 
performance and susceptibility to cracking than polymer-
modified as well as unmodified asphalt binders. 
Conclusively, the performance of the SMB bitumen, based 
on the reaction of rutting, fatigue, ageing and storage 
stability, makes sulphur an effective bitumen modifier. 
Apart from this, in sulphur extended asphalt, the plastic 
flow rate declined with an increase in sulphur quantity, 
which indicates high rutting resistance. 
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