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Abstract: In the developing country like India, growth of urbanization is a vital process ultimately leads to the vehicle growth
and thus the load on the pavement increases which leads to distress of the pavement. Major problem in pavement seen is the
aging of the pavement and to overcome such problem an attempt is made formed polymer modified bitumen using different type
of polymer. Here elastomer like SBS and ETP-5170 are used as a modifier to form a long lasting pavement which has a least
effect of the climatic condition and thus withstand against aging process which occurs in the bitumen. Here the analysis made
using the technique like FTIR and SEM so as check the functional group present in the polymer modified bitumen which help to
prevent distress and dispersion of the polymer in the bitumen respectively.
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I. INTRODUCTION

Bitumen is one of the most important ingredients in the construction of the flexible pavement due to its good adhesive and
viscoelastic property, but with the lapse of time due to atmospheric changes and increasing the traffic load on the pavement this
property of the bitumen gets erode which badly affects the life of pavement. Majorly this type of problem is seen in the developing
countries due increase in the population with which traffic volume is also increasing leading to the increment of axle load on the
pavement. This all factors leads the bitumen to undergo aging phenomenon, in which the bitumen become stiff and fragile due
oxidation process which ultimately hardens the bitumen and thus affect the service life of the pavement. To overcome such problem
polymer modified bitumen is formed by adding the different of polymer into it which enhance the property of the bitumen by
resisting the aging process thus prolong the service life of the pavement. By using the elastomeric polymer Styrene-butadiene-
Styrene (SBS) and Ethylene-Ter-Polymer (ETP) an attempt is made to modify bitumen of VG-10 grade and attenuated study is
carried out on transient maturing of bitumen called short term aging process using the Thin Film Oven Test (TFOT). Further
analysis of the same is done using FTIR and SEM techniques.

1. EXPERIMENTAL DETAILS

A. Material used

VG-10 grade bitumen having penetration grade 80/100 is been used as a base bitumen in the experiment. The elastomers uses to
formed synthetic binder are Styrene-Butadiene-Styrene (SBS) and Ethylene-Ter-Polymer of grade 5170 (ETP-5170). SBS is tri-
block chains with combine property of polystyrene and polybutadiene which is tough hard plastic and rubbery respectively. Thus
SBS is having a good compatibility with bitumen. ETP-5170 is also an elastomeric polymer having the potential to enhance the
reactivity of asphalt and formed a homogeneous mixture with less dosage and can also be stored for long period of time without the
separation of the polymer from the bitumen.

B. Preparation of Polymer Modified Bitumen

Polymer modified bitumen is formed in the laboratory by adding an elastomer in the base bitumen that is VG-10 in suitable
predefine dosage. The dosage decided is 2.5%, 3% and 3.5% for SBS and 1.6%, 1.8% and 2% for ETP-5170 as per weight of
bitumen. Take 500 gram of base bitumen in a metallic holder of 1 litre which is kept under the mechanical stirrer which is oven
fitted and rotating at a speed of 1550 rpm at temperature 180°C elastomer is added in bitumen and let the mixture stir 11-12 hours
for SBS modifier blend and 3-4 hours for ETP-5170 blend on their predefine dosage, the homogenous mixture is formed.
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IHI. TESTING

The blend formed in the by adding the elastomers into the base bitumen is called polymer modified bitumen. On this comparative
analysis is done between the two polymer modified bitumen as well as on the plain bitumen. Different physical test has been carried
out on the base as well as polymer modified bitumen such as viscosity test, penetration test, softening point test and elastic recovery
test which help to determine the property of binder. This all test are conducted on the bitumen and polymer modified bitumen before
and after Thin-Film-Oven-Test to check the changes after short term aging. After this test FTIR and SEM test has been conducted
on this short- term aged sample.

A. Physical Test

To determine the physical property of the bitumen different physical test are performed on the neat as well as PMB sample before

and after short term aging. more than 3 levels of headings should be used.

1) Penetration Test: This test is performed using the digital penetrometer which indicates the consistency of the bitumen. It shows
that by adding the polymer into the bitumen it becomes more hard and consistent which help in preventing the rutting behaviour
of the PMB.

2) Softening Point: By using the Ring-Ball apparatus this test is performed. Increase in the softening point of the PMB indicating
the stiffening effect of the binder which determines the temperature resistance property of the binder. Thus in hot climatic
condition it is non-susceptible to high temperature and also withstand in heavy traffic area.

3) Elastic Recovery Test: Using ductilometer apparatus this test is performed, this apparatus is also used to perform ductility test.
Higher the value of elasticity good is the homogeneity of the binder also helps to increase the life of the pavement.

4) Viscosity Test: To measure the resistance of flow this test is performed using brook-field viscometer. Kinematic as well as
Absolute viscosity of the binder can be detected using this test. As thickness of binder is essential parameter for easy flow and
pump of the binder.

B. Short-Term Aging Test

Using Thin Film Oven this test is conducted. 100gm of sample is taken in the dish after weighing it and kept in the oven for five
hours at temperature of 163°C. After five hours dish is taken out from the oven and the loss of weight of the sample dish is note
down, which determine the effect of high temperature on the neat bitumen as well as polymer modified bitumen. After this test
again all the physical test is conducted on the TFOT sample of bitumen which manifest the changes in the property of the bitumen
sample.

C. Fourier Transformed Infrared Radiation Test (FTIR)

This test is performed on the TFOT polymer modified bitumen sample to known the presence of different functional group in it.
With the help of this presence of functional group, property of the bitumen and its reaction can also be known with passage of time.
The instrument is having the wave length between the 400cm™ to 4000cm™. Different peak having the different intensity is
indicating different functional group. The individual spectra and overlay spectra of two different polymer modified bitumen is
shown in the figure 1-4.

D. Scanning Electron Microscope (SEM)

This test is used to study the micro-structure of sample. Here this test is carried out on the base bitumen (VG-10) as well as polymer
modified bitumen to check the composition and the electron interaction of the elastomeric polymer with the bitumen content in the
polymer modified bitumen. It scan the topography of the sample using automated scanning computer well equipped with the
features like focus, gun saturation contrast and brightness and produced images are same.

IV. RESULT AND DISCUSSION
The test result shows the changes that had been taken place in the physical property of the base bitumen and polymer modified
bitumen before and after the TFOT test. Table I and Table Il shows the changes in physical properties of polymer modified bitumen
formed using SBS and ETP-5170 elastomer respectively.

A. FTIR Analysis
In the figure 1-3 the FTIR spectra of VG-10, VG-10+ SBS and VG-10+ETP-5170 is shown and overlay spectra of polymer
modified bitumen shown in the figure 4.
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In figure-1 spectra of VG-10 is shown which gives the peak values 2923.48 cm™ and 2853.55 cm™ indicate the presence of alkanes,
but in the VG-10 compound the ester group is not present but the sulfuric ester is present while amines is present with weak N-H
bond and only with one range that is 3400 cm™to 3500 cm™ thus it is not a strong anti- stripping agent thus cannot withstand in all
climatic condition compare to polymer modified bitumen.

Here in the FTIR spectra of figure 2 and figure 3 the peak seen is having different range with different intensity. But in the spectra
of VG-10+SBS and VG-10+ETP-5170 the peak value differs very minutely thus there is not much different between in their
functional group. The value ranges 3400-3500 cm™ having functional group amines which is having the N-H bond of weak intensity
with the same functional group other value range is 1550-1650 cm™ and 1000-1250 cm™ having the medium intensity. The function
of amines in bitumen is help to resist the stripping process thus it is called anti-stripping agent. The peak having this values range
can be seen in both the spectra of figure 2 and figure3

Table |
Result of Binder VG-10 with SBS elastomer, before and after TFOT
. Polymer . Softening | Penetration | Viscosity Elastic LO?S of
Binder type concentration oint (°¢) | (dmm) (150°C) recovery | weight
(%) P ) | )
VG-10 - 46 86 - 19 _
2.5 64 50 6.85 62 -
Before aging | 3 68 47 7.5 76 -
(VG-10+SBS) | 3.5 72 30 9.79 80 _
VG-10 - 47 82 - 15 0.07
After aging 2.5 67 46 - 56 0.1
(VG-10+SBS) | 3 70 40 _ 70 0.08
3.5 75 26 - 75 0.09
Table Il
Result of Binder VG-10 with ETP-5170 elastomer, before and after TFOT
. Polymer . Softening | Penetration | Viscosity Elastic LO?S of
Binder type concentration oint (¢) | (dmm) (150°C) recovery | weight
(%) P ) | )
VG-10 - 46 86 - 19 _
1.6 62 52 7.0 71 _
Before aging 1.8 65 49 7.4 77 _
(VG-10+ETP-5170) | 2 67 46 7.6 85 _
VG-10 - 47 82 - 15 0.07
After aging 1.6 65 50 - 66 0.1
(VG-10+ETP-5170) | 1.8 67 44 _ 74 0.06

The peak value range is 3020 cm™ t03100 cm™and 2850 cm™to 3000 cm™ which indicate the presence of alkenes in the compound
thus its helps the bitumen to prevent to dissolve into water but indicate that it only dissolve in the organic solvent like benzene. Ester
is also present in the compound shown by the peak value ranges from the 1735 cm™ to 1750 cm™. Thus after TFOT test, not much
variation is seen in the two different type of polymer modified bitumen which can be estimated from the overlay spectra of two
different synthetic polymers. Both the graph almost goes parallel in the overlay spectra.
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Fig. 1 FTIR Spectra of VG-10
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Fig. 3 FTIR Spectra of VG-10+ETP-5170.
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Sample Name-VG 10 Grade Bitumen+SBS

T

Sample Name-VG 10 Grade Bitumen+ETF 5170
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Fig. 4 Overlay Spectra of VG-10+SBS &VG-10+ETP-5170

B. SEM Analysis

This test is conducted to check the dispersion of elastomeric polymer in the bitumen VG-10. Here the figure 5-10 shows the SEM
images of neat VG-10 and VG-10 with different elastomeric polymer and it can be justify that polymer are well dispersed in the
bitumen forming a homogeneous binder having no lumps in it are seen in the SEM images of polymer modified bitumen.

100 pm N 7.0 mr 200 pm WD = _3?‘0 mm
: 100.0 % ACC= 50 kV

Fig. 5 Neat Bitumen VG-10

20 pm WD = 37.0 mm 50 pm WD = 37.0 mm
B —— 10000x  ACC= 5.0kV — 500X ACC = 5.0 kV

Fig. 6 Neat Bitumen VG-10+ SBS
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WD = 37.0 mm
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Fig. 7 Neat Bitumen VG-10+ ETP-5170

WD = 37.0 mm
ACC = 5.0 kV

V. CONCLUSION

After TFOT test physical characteristics of the bitumen and polymer modified bitumen has been changed which is seen in table-I
and table-I1, thus it implicate that softening point will increase while the penetration will decrease after short term aging with
decrease in elastic recovery too which indicate that oxidation of modified bitumen had occur.

FTIR clearly state that some functional are missing in the neat VG-10 bitumen while in the polymer modified bitumen other groups
are present which strengthen the bitumen and prevent the aging of the bitumen and also worked as an anti-stripping agent. But no
such major difference is seen in the spectra of FTIR of two different polymer modified bitumen as the structural changes are their
compare to neat bitumen it enhance the property of bitumen in terms of performance. SEM test gives the conclusion that elastomeric
polymer are well dispersed in the bitumen thus it will lead to structural modification of bitumen and enhance the rheological,
morphological and engineering properties of the binder.
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