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Abstract— This paper focuses on physical and rheological 

properties of conventional bitumen binder blended with 

different percentage of sulphur and waste plastic. The 

rheological properties of the sulphur and waste plastic 

modified binders were characterized before and after being 

subjected to short-term aging using dynamic shear 

rheometer (DSR) according to Superpave test protocols. The 

results indicated that the penetration and softening point 

were consistently decreased and increased, respectively for 

unaged and short-term aged samples. Optimum modifier 

content was evaluated for both the modifiers. The modified 

bitumen binders exhibited change in binder rheology after 

subjected to short-term aged which influenced the rutting 

parameter. A statistical analysis showed that modified 

bitumen binder had significantly increased the G*/Sin δ 

parameter which indicated greater resistance to rutting. 

Moreover the bituminous concrete mix blended with the 

optimum dose of modifiers exhibited better stability & flow 

value. 
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I. INTRODUCTION 

Bitumen aging is one of the main factors causing the 

degradation of asphalt pavement. In bitumen aging, two 

mechanisms are involved: chemical changes in the binder 

(irreversible) and physical hardening (reversible). The first 

one involves the oxidation process [1], volatile components 

loss from bitumen. The second may be attributed to 

molecular reorganization to approach an optimum 

thermodynamic state under a specific set of conditions [2]. 

Oxidative aging causes hardening of bitumen and 

consequently deterioration of asphalt pavements. One of the 

main causes of bitumen aging and hardening in service is 

the atmospheric oxidation of molecules with the formation 

of highly polar and strongly interacting functional groups 

containing oxygen and sulphur. 

In pavements, bitumen is exposed to the aging 

processes during storing, mixing, transporting, and laying, 

as well as during its service life. Field aging is a 

combination of oxygen pressure by the tires, ultraviolet rays 

from the sun, moisture from the rain, and snow melting. The 

use of modified asphalt increased in recent years, for the 

construction of pavements, primarily due to its ability to 

stiffen the binder at high temperatures without stiffening it 

at low temperatures, resulting in reduced permanent 

deformation without harming thermal cracking and fatigue 

life [3-8]. The properties of MA depend upon the 

characteristics and content of the polymer, the base asphalt 

binder source, and the preparation blending process [9]. 

 

Rheology is one of the most useful tools for the 

study of modified asphalt. Modification of asphalt binders 

for pavement provides increased viscosity at high pavement 

temperatures, leading to a better rutting resistance. It also 

provides a higher ductility at low temperatures, which 

prevents cracking. Both effects produce a higher life time of 

pavements. The addition of modifier results in a significant 

decrease in phase angle, δ, especially over the range of 

intermediate to low frequencies, improving the elasticity of 

the binder [10]. Although the modifier addition increases 

both the storage and loss moduli of asphalt, the polymer 

modifier is more effective in increasing storage modulus. As 

a result, this unequal rate of increase results in an overall 

decrease in phase angle. 

II. EXPERIMENTAL PROGRAMME 

A. Materials: 

Materials used in this study include VG30 base bitumen 

obtained from HINCOL refinery at Savli, Vadodara. 

Sulphur and waste plastic were used as modifiers. Sulphur 

was used in powder form while waste plastic was used in 

form of shredded pieces. 

B. Sample Preparation: 

About 500g of neat bitumen is heated to fluid condition at 

140◦C in 2L capacity metal container and is continuously 

stirred with the help of iron rod so that no air is entrapped 

within the bitumen sample. Modifier is preheated to 120◦C 

in another container. Then the heated modifier is poured in 

the metal container comprising of heated bitumen. The 

concentration of Sulphur and waste plastic used, were 0.5, 1, 

1.5, 2 and 2.5% and 2, 4, 6, 8 and 10% by weight of blend 

respectively. This sample is maintained at 140°C and 

continuous manual stirring is done for 10-15 minutes until 

the modifier is homogenously mixed with the bitumen. 

Physical test such as penetration, softening point, viscosity 

and elastic recovery were then conducted on the prepared 

samples. 

C. Binder Aging Condition: 

Modified binder samples were subjected to short-term aging 

by artificially conditioning the samples in the laboratory via 

the thin-film oven (TFO) test according to IS: 9382 – 1979 

[15] procedures. In this artificially conditioning, different 

binder samples are aged at 163 ºC for 5 hours in the oven. 

Subsequently the samples were removed from the oven and 

the changes in physical as well rheological properties were 

analysed. 
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D. Preparation of Test Specimens for Rheological Analysis 

and Test Conditions: 

To determine the rheological properties of modified binders 

before and after ageing, Dynamic Shear Rheometer (DSR) 

was utilised. A disk of binder with diameter equal to the 

oscillating plate of the DSR is needed for testing. About 10-

20 g of binder at solid consistency is taken and placed in 

between the parallel plates of DSR. The thickness of the 

bitumen binder sandwiched between the spindle and the 

fixed plate must be carefully controlled by removing the 

excess material using knife. The proper specimen thickness 

(1 mm) is achieved by adjusting the gap between spindle 

and fixed plate using micrometer wheel. 

For the DSR measurements, the 25 mm plates with 

1 mm gap were used for testing of neat and TFOT samples 

and measurements were taken in temperature range from 45 

°C to 72 °C in an increment of 6 °C. All the binders were 

tested at a frequency of 10 rad/sec to determine the 

performance grade as per SHRP specifications. 

E. Penetration Test: 

The penetration test provides a measure of the consistency 

or hardness of the bitumen. In this test, a needle of specified 

dimensions was allowed to penetrate a binder sample, under 

a 100 g load at 25°C temperature for 5 seconds as outlined 

in IS: 1203-1978 [11] procedures.  

F. Softening Point Test: 

The Softening Point test is defined as the mean temperature 

at which the bitumen disk softens and sags downwards at a 

distance of 25 mm under the weight of a standard 3.5 g steel 

ball. The water bath temperature was raised at 5°C per 

minute. When the bitumen softened and eventually 

deformed slowly with the ball moving through the ring. The 

temperature was recorded when the ball touched the bottom 

plate. This temperature was designated as the softening 

point of the bitumen and represents an equi-viscous 

temperature. The test was carried out in accordance with IS: 

1205-1978 [12] procedures. 

G. Viscosity Test: 

Viscosity is a fundamental characteristic of bitumen that 

describes the resistance of fluids to flow. The effects of 

modifier content on the viscosity of unaged and short-term 

aged asphalt binder samples were evaluated using a Cannon-

Manning vacuum viscometer. The test was carried out based 

on IS: 1206 Part-II -1978 [13] procedures. The temperature 

of the thermo-chamber was set at 60°C. 

H. Elastic Recovery: 

The elastic recovery of modified bitumen is evaluated by 

comparing recovery of thread after conditioning specimen 

for 1 hour at specified temperature and the specimen is 

elongated up to 10 cm deformation in a ductility machine. 

This is mainly intended to assess degree of bitumen 

modification and quality of modified bitumen. The elastic 

recovery test evaluates the ability of the binder to stretch 

and recover elastically. The test was carried out based on 

IRC: SP53-2010 [14] procedures. 

 

 

I. Marshall Stability Test: 

This test is carried out to determine the stability of 

bituminous mix i.e. resistance to plastic flow of cylindrical 

specimens of a bituminous mixture loaded on the lateral 

surface at 60 °C. The properties incorporate with the test are 

stability, flow value, Bulk specific gravity, Air voids, Voids 

filled with bitumen and Voids in mineral aggregate. The test 

was carried out based ASTM D 1559 procedures. 

III. RESULTS AND ANALYSIS 

A. Penetration: 

Results of penetration test are tabulated below in table-1. It 

is observed from the table-1 that penetration value goes on 

decreasing with increase in modifier content. 

Modifier Penetration Modifier Penetration 
Content at 25°C Content at 25°C 

(%S) (dmm) (%WP) (dmm) 
0 67 0 67 

0.5 56 2 55.5 

1 45.5 4 49 

1.5 39.5 6 44 

2 33 8 38 

2.5 29 10 32.5 

Table 1: Penetration Value of Unaged Modified Bitumen 

B. Softening Point: 

Results of Ring and Ball test are tabulated below in table-2. 

It is observed from the table-2 that softening point goes on 

increasing with increase in modifier content. 

Modifier Softening Modifier Softening 

Content Point Content Point 

(%S) (°C) (%WP) (°C) 

0 50.5 0 67 

0.5 55 2 52.6 

1 61 4 56.1 

1.5 64.5 6 59.3 

2 69 8 62 

2.5 72 10 64 

Table 2: Softening Point of Unaged Modified Bitumen 

C. Viscosity: 

Results of viscosity test are tabulated below in table-3. It is 

observed from the table-3 that viscosity goes on increasing 

with increase in modifier content. 

Modifier Viscosity Modifier Viscosity 

Content at 60°C Content at 60°C 

(%S) (Poise) (%WP) (Poise) 

0 2425 0 2425 

0.5 1764 2 1818.4 

1 2339.7 4 2084 

 

 1.5 2695 6 2290.2 

 2 3200 8 2576 
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2.5 3601.4 10 3046 

Table 3: Viscosity of Unaged Modified Bitumen 

D. Elastic Recovery: 

Results of elastic recovery are tabulated below in table-4. It 

is observed from the table-4 that elastic recovery value goes 

on decreasing with increase in modifier content. 

Modifier Elastic Modifier Elastic 
Content Recovery Content Recovery 

(%S) at 15°C (%WP) at 15°C 
 (%)  (%) 

0 25 0 25 

0.5 27 2 25 

1 28.67 4 26.67 

1.5 29.33 6 28 

2 32 8 30.33 

2.5 35 10 33 

Table 4: Elastic Recovery of Unaged Modified Bitumen 

E. Determination of Optimum Dose of Modifier: 

The requirement of penetration, softening point, viscosity 

and elastic recovery is satisfied at 2% of Sulphur & 8% of 

Waste Plastic as per IRC: SP: 53-2002, IS 15462-2004 & IS 

73-2006, which is shown in table-5. 

 
Table 5: Properties of Modified Bitumen 

F. Effect of Aging on Physical Properties: 

The effect of ageing is depicted by the changes in the 

physical properties of the different modified binders after 

TFOT. The changes in physical properties are shown in 

table-6. Test results are satisfying the criteria in accordance 

with IRC: SP: 53-2002, IS 15462-2004 & IS 73-2006. 

Designation VG30 VG30 + VG30 Permissible 

  2% + 8% Limit 

  Sulphur Waste  

   Plastic  

     

Loss in 0.45 0.2 1 1% (max) 

Weight (%)     

Increase in 2.5 3 5 6°C (max) 

Softening     

Point (°C)     

Reduction 20.89 33.33 27.63 35% (max) 

(%) of     

Penetration     

Value     

Elastic 23 30 28.67 35 

recovery at     

15°C (%)     

Viscosity 3125 4192 3220 - 

(Poise)     

Table  6: Changes In Physical Properties After TFOT 

G. Rheological Property: 

The rheological properties of the different binders were 

characterized using dynamic shear rheometer with applied 

stress 120 Pa, and frequency 10 rad/sec performed at 60°C 

temperature are tabulated in table-7. 

 
Table 7: Rheological Properties of Different Binders 

From table-7, it is observed that with the increase 

in the modifier content, complex modulus G* increases 

while phase angle δ decreases. Hence rutting factor 

increases with the increase in the modifier content. 

H. Effect of Aging on Rheological Properties: 

In account of analyzing the effect of ageing on the 

rheological properties of modified as well unmodified 

bitumen binder, variation in the complex modulus and phase 

angle with change in temperature is evaluated. 

 
Fig. 1: Variation in Complex Modulus with Change in 

Temperature 
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Fig. 2: Variation in Phase Angle with Change in 

Temperature 

 From fig-1 and 2 it is clear that when the 

temperature is increased, the rheological parameter phase 

angle increases where as complex shear modulus decreases. 

From table 7, an increased complex modulus is observed for 

the aged bitumen as compared with the unaged one. The 

results showed that the ageing produces an increase in the 

complex shear modulus and decrease in phase angle of 

modified and unmodified binders. Rutting resistance of 

modified and unmodified binders also increases on aging. 

I. Analysis of Marshall Test Results: 

A comparison of the mechanical properties of SB 

modified asphalt mix at the optimum SB content (2% 

by OBC weight), properties of WPB modified asphalt 

mix at the optimum WPB content (8 % by OBC 

weight) and properties of the conventional asphalt mix 

is shown in Table 8. 

Particular Neat 2% 8% 

 Binder SMB WPMB 

Bitumen % 5.1 5.1 5.1 

Modifier % - 2 8 

Marshall Stability 1297.54 1467 1695 

(kg)    

Flow (mm) 3.15 3.18 3.22 

Gmb (gm/cm
3
) 2.35 2.4 2.37 

Vb % 9.18 10.6 11.4 

Va % 4.52 4.78 4.91 

VMA % 13.7 13.9 14.6 

VFB % 67.02 64.86 63.69 

Table 8: Comparison of Marshall Results 

It's clear from the table-8 that the modified asphalt 

mixes have higher stability and stiffness compared to the 

conventional asphalt mix, while other properties of modified 

mix are still within the allowed range of the specifications. 

IV. CONCLUSION 

1) On addition of the modifier to the binder, 

penetration value reduces while softening point as 

well as viscosity increases and elastic recovery is 

within permissible range. 

2) Rheological parameters i.e. phase angle reduces while 

complex modulus increases with increase in modifier 

content. Also the rutting factor increases with increase 

in modifier content thereby Improving the rutting 

resistance of the binder. 

3) On aging,  there  is  significant  increase  in  the 

Complex modulus while reduction in phase angle. 

Rutting resistance also improves on aging leading 

to the enhanced rut resisting properties of binder. 

4) Moreover the Marshall Stability test results reveal 

that the Marshall Stability and flow value improves 

on admixing the sulphur and waste plastic to the 

asphalt mix. 
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