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Abstract

Modification of base bitumen using additives, modifiers are
required to overcome the pavement failures like permanent deformation,
bleeding, cracking and water damage and to improve the functioning of
bitumen mixtures and to facilitate day by day increasing traffic loadings
in changing climatic conditions etc.

In the present work four polymer modified products were
prepared with varying structure, molecular weight and weight percentage
of polymer. Same VG 10 bitumen was used as base bitumen for the
polymer modified bitumen (PMB) products. These products were
evaluated as per IS 15462-2004 specification for PMB and comparison
was done between different structured, different molecular weight and
different weight percentage of polymer products for PMBs performance
properties. The study concludes that Radial polymer with higher
molecular weight and viscosities are best among the PMBs.

Key words: Polymer structure, Molecular Weight, Viscosity etc.

1.0 Introduction

Bitumen'-" is a mixture of organic liquids
that are highly viscous, black, sticky, entirely
soluble in carbon disulfide, and composed
primarily of highly condensed polycyclic

aromatic hydrocarbons used in road pavement
and as water proofing agent in roofing.
To facilitate day to day rising traffic loads in
changing climatic conditions and to overcome
the failures like permanent deformation,
cracking and water damage, many important
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steps has been taken to improve the functioning
of bitumen mixtures. These steps lead to the
basic variation in the design of bitumen pave-
ments. For improving the bitumen characteristics,
specific performance enhancers have been
analyzed. These include additive modification,
polymer modification and crumb rubber
modification etc.?*. Modified Binders are more
stable under heavy loads, braking and accele-
rating forces and shows increased resistance
to permanent deformation in hot weather. It
resists fatigue loads and having better adhesion
between aggregates and binders®®.

In general, addition of polymers to
bitumen mixtures enhances the resistance of
bitumen to fatigue cracking, rutting, temperature
cracking and stripping. In polymer modification
various types of additives are incorporated such
as virgin polymers, recycled plastics, etc. Indeed
polymer modified bitumen is emerging as one
of the important construction materials for
flexible pavement!®-20,

Straight run bitumen, the characteristics
of which have been improved by addition of
polymers, namely, styrene-butadiene-styrene
(SBS), ethyl vinyl acetate (EVA) or polyethylene
(PE) etc.

Styrene-butadiene styrene (SBS) is
one of the most commonly used bitumen
modifiers for paving applications'® and is used
in this study. Styrenic tri-block copolymers,
commonly termed thermoplastic rubbers due
to their ability to unite both elastic and thermo-
plastic properties, can be produced by a
sequential operation of following polymerization
of styrene butadiene styrene (SBS)?34,

Alternatively, a di-block precursor can
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be produced by successive polymerization of
styrene and the midblock monomer butadiene,
followed by a reaction with a coupling agent.
So, not only linear copolymers but also multi-
armed copolymers (known as star-shaped,
radial or branched copolymers) can be produced.
The structure of a SBS copolymer therefore
consists of styrene butadiene styrene tri-block
chains, having a two-phase morphology of
spherical polystyrene block domains within a

matrix of poly-butadiene?’.

SBS copolymers derive their strength
and elasticity from physical cross-linking of the
molecules into a three-dimensional network.
The polystyrene end blocks impart the strength
to the polymer while the poly-butadiene
rubbery matrix mid-blocks give the material
its outstanding elasticity. The efficiency of
these cross-links diminishes rapidly above the
glass transition temperature of polystyrene
(approximately 100°C), although the polystyrene
domains will reform on cooling restoring the
strength and elasticity of the copolymer?1:22,

As SBS is blended with bitumen, the
elastomeric phase of the SBS copolymer
absorbs the maltenes (oil fractions) from the
bitumen and swells up to nine times its initial
volume?!. At appropriate SBS concentrations,
a continuous polymer network (phase) is formed
throughout the PMB, considerably modifying
the bitumen properties. As thermoplastic
rubbers have molecular weights similar to or
higher than that of the asphaltenes, they
compete for the solvency power of the maltene
phase and phase separation can occur if
inadequate maltenes are available. This phase
separation is an sign of the incompatibility of
the base bitumen and polymer and care should
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be taken when blending thermoplastic rubber
PMBs. The compatibility of the SBS—bitumen
blend can be enhanced through the addition of
aromatic oils. However, too high an aromatic
content in the blend will dissolve the polystyrene
blocks and wipe out the benefits of the SBS

copolymer®1°,

Ageing of conventional bitumen, as
well as PMBs, is induced by chemical and/or
physical changes that take place during the
production of the pavement and throughout its
service life. Ageing (hardening) is primarily
related with the loss of volatile components
and oxidation of the bitumen during asphalt
mixture construction (short-term ageing) and
progressive oxidation of the in-place material
in the field (long-term ageing). Both processes
are usually accompanied by hardening of the
binder, which general influences the deterioration
of the bitumen pavement. Other factors may
also contribute to ageing, such as molecular

structuring over time (steric hardening) and
actinic light (primarily ultraviolet radiation,

particularly in desert conditions)®©.

The objectives of the present works are:

e To investigate the influence of polymer
molecular weight, structure and polymer
dosage on the performance properties of
polymer modified bitumen

o Tofind out the most suitable polymer modifier
for bitumen modification

2.0. Material and Methods

AVG10 viscosity grade base bitumen
has been taken from BPCL refinery. In order
to characterize the properties of the base
bitumen, conventional test methods such as;
penetration test, softening point test, ductility
test, etc. were performed. These tests were
conducted in conformity with the relevant test
methods that are presented in Table 1.

Table 1 Properties of Base Bitumen (VG 10)

Sl. Bitumen Specification of

No.| Characteristics VG10 paving Bitumen
Grade VG 10

1 Penetration at 25°C, 0.1 mm, 100g, 5s 86 80-100

2 Softening Point, (R&B), °C, Min 46 40

3 Viscosity @60°C, P, min 1481 800

4 Viscosity @135°C, ¢St, min 310 250

5 TFOT

a) | Loss in mass on heating, % <1% <1%

b) | Viscosity Ratio @ 60°C, max 1.71 4

c) | Ductility @ 25°C >100cm | >75cm
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Three SBS polymers were used in this study to modify the bitumen.

The details are given below

Table 2. Polymer Modifiers properties

STYRENE | BUTADIENE | BROOKFIELD
POLYMER/PROPERTIES | STRUCTURE

(%) (%) VISCOSITY
CP.1 RADIAL 30 70 18500 CPS
C.P.2 LINEAR 31 69 3900 CPS
C.p-3 RADIAL 30 70 11100 CPS

For the preparation of modified bitumen
samples IKA T50 homogenizer was used and
rotated at the speed of 4000 rpm.Bitumen VG
10 was taken as base material to prepare PMB
samples, pre-weight desired quantities, mixed
together and added to bitumen at 170-180 °C
and the mixture was kept under high speed
shearing during mixing process for 3 hrs.
Experiments were performed as per IS
15462:2004: Requirements of Polymer Modified
Bitumen —Elastomeric?’3*.

3.0. Results and Discussion

In this study, polymers were used to
modify the bitumen. The physical properties of
base bitumen were evaluated as per IS 73:2006
and physical properties of base bitumen are
given in Table 1. The physical properties of PMB,
was evaluated as per IS 15462:2004 for polymer
modified bitumen. The composition and name
assigned to the product is given in table 3.

Table 3 Composition and Product name given
Name Assigned
to the Product
PMB P-1
PMB P-2
PMB P-3
PMB P-4

Composition (by weight)

97 % VG10 Bitumen + 3% C.P-1
96 % VG10 Bitumen +4% C.P-1
96 % VG10 Bitumen + 4% C.P-2
97 % VG10 Bitumen + 3% C.P-3

The characteristics of PMB,
Elastomeric and Thermoplastic (type B)
according to 1S-15462:2004 specification is
given in Table 4. The polymer modified bitumen
containing 4 wt % polymer namely PMB P-2
and PMB P-3 characteristics were found to
meet specification for PMB 40 type B and 3
wt % namely, PMB P-1 and PMB P-4 were
found to meet specifi-cation for PMB 70 type B.
The Results are discussed below-

Penetration :

Penetration test were performed on
all the samples at 25 °C. The results showed
that type of additives as well as polymers
molecular weight and structure has effects on
penetration of the product. It is also observed
from Fig. 1 that the PMB P-1 shows 39.53%,
PMB P-2 shows 44.1 %, PMB P-3 shows
39.53 %, and PMB P-4 shows 33.72 % decrease
in the penetration as compared to base bitumen.
The penetration values decrease slowly as
weight percentage of the polymer increases.
Itis also observed that product prepared using
high molecular weight polymer with same
dosage (3 wt %) and radial structured polymer
is showing low penetration values as compared
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to product prepared with low molecular weight
polymer. The results show that the product
prepared with radial structure polymer is
showing less penetration than product prepare
with linear polymer. This may be the fact that
the radial structured polymer interacts better
than linear polymer with base bitumen!t-%°,

Softening Point (R&B) :

Softening Point (R&B) is the temperature
at which bitumen sample began to flow. It is
observed from figure 2 that using polymer or
crumb rubber increases the softening point of
the final product. Specifically PMB P-1 shows
26.1% increase, PMB P-2 shows 47.26 %
increase, PMB P-3 shows 47.26 % increase
and PMB P-4 shows 26.1 % increase in
softening point temperature as compared to
base bitumen. The softening point increases
with increase in weight percentage of polymer
and remains unaffected by the change of
molecular weight and structure of the polymer
for the polymer modified bitumen product?,

Elastic Recovery :

It is observed from figure 3 that
modified bitumen products which were made
using elastomeric polymers shows good elasticity.
Elastic recovery property depends upon tensile
strength of the materials used. Specifically
PMB P-1 shows 70% elastic recovery, PMB
P-2 shows 89% elastic recovery, PMB P-3
shows 74 % elastic recovery and PMB P-4
shows 71% elastic recovery. The elastic recovery
of the PMBs increases with increase in weight
percentage of the polymer content. Molecular
weight of the polymer shows a negligible effect

on elastic recovery and higher molecular
weight polymer products shows marginally
better elasticity than less molecular weight
products. From the results, it is observed that
radial structured polymer product found to give
better elastic recovery than that linear structured
polymer product. This can be attributed to the
fact that radial structured polymers have better
tensile strength as compared to linear structured
polymer, and also it has better chemical interaction
with asphaltene molecules®!34,

Rotational Viscosity:

Rotational viscosity is done to check
the pumpability of the bitumen samples. It can
be observed from fig. 4 rotational viscosity of
base bitumen is low but modified bitumen
product shows high viscosity and rotational
viscosity of the base bitumen is measured at
135°C and for modified bitumen it is measured
at 150 °C. Specific observations are that the
viscosity of the bitumen increases with increase
in weight percentage of polymer content.
Expectedly, high molecular weight polymer
products show more viscosity than low
molecular weight polymer products. Radial
polymer product shows much better result for
rotational viscosity as compared to linear
polymer product>34,

Separation Difference in Softening Points
(R&B) :

Polymers have a tendency to settle
down at the bottom of the container, and
bitumen comes on top. The results are shown
in figure 5. PMB P-1 has separation difference
of 2 °C; PMB P-2 has separation difference of
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1 °C, PMB P-3 has separation difference of
2 °C and PMB P-4 has separation difference
of 2 °C in upper and top layer of bitumen. All
the PMBs are showing good storage stability
irrespective of their structure, polymer content
and molecular weight?>27,

Loss in mass on heating :

Loss in mass on heating is done by
thin film oven test. Volatile matter evaporates
in the TOFT as heating is done for 5 hours at
163 °C.

All the modified bitumen samples and
unmodified bitumen sample show less than 1
percentage weight loss after TOFT. No
noticeable variation is observed.

Increase in Softening Point, (R&B):

Increase in softening point test (R&B)
is performed after TOFT. Softening point
(R&B) increases after TOFT as volatile matter
evaporates during the TOFT test. The results
are shown in fig 6. In polymer modified
bitumen sample had increment increase in
softening point. PMB P-1 had an increment of
2°C; PMB P-2 had an increment of 3°C, PMB
P-3 had an increment of 4 °C and PMB P-4
had an increment of 3°C in their softening point.
In PMBs only PMB P-1 is showing excellent
results. Itis to note that the reference base bitumen
had an increase in softening point of 4 °C.

Retention of Penetration :

This test is also performed after TOFT
test. Base bitumen has the retained 47.67%
of its penetration value after TOFT test. The
results are shown in fig. 7, PMB P-1 has retained
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6.12%, PMB P-2 has retained of 10.42 %,
PMB P-3 has retained of 25%, and PMB P-4
has retained of 26.3% of their penetration
value after TOFT test. Low weight percentage
polymer product has retained more penetration
values than high weight percentage polymer
product (%ow/w). It is also observed that high
molecular weight polymer product performs
better than low molecular weight a product
which is explained from the data that low
molecular weight polymer product retained
more penetration value than high molecular
weight polymer product. Radial structured
polymer products are performing better than
linear structured polymer products as linear
structured polymer product has retained much
more penetration than radial structured

polymert™34,

Elastic Recovery of half thread in ductilometer
at 25 ° C, %:

Elastic recovery test at 25°C is
performed after TOFT. The results are shown
in fig 8. Specifically PMB P-1 shows 59%
elastic recovery, PMB P-2 shows 68% elastic
recovery, PMB P-3 shows 60 % elastic recovery
PMB P-4 shows 63% elastic recovery. As
compared to results of elastic recovery at 15 °C,
PMB P-1 lost its 15.71%, PMB P-2 lost its
22.47 %, PMB P-3 lost its 18.91% and PMB
P-4 lost its 11.26% of elastic recovery when
test performed after TOFT at 25°C. Less
weight percentage of polymer content product
has retained more elasticity than product with
more weight percentage of polymer product.
Low molecular weight product has lost less
than high molecular weight product has lost
more as compared to it. Linear polymer product
has lost less elasticity as compared to high

molecular weight product®°,
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Table 4. IS 15462:2004: Requirements of Polymer Modified Bitumen —Elastomeric
Thermoplastic Based — Type-B
S Characteristics PMB-70{PMB-40 | TEST REFERENCH
No. METHOD | NO./ANNIX
i) Penetration at 25° C, 0.1 mm, 100g, 5 Sec. | 50-90 [30-50 1S-1203 | -
i) | Softening Point, (R&B), °C,Min 55 60 IS-1205 | -
i) | Fraass Breaking Point,* °C, Max -16 -12 1S-9381 | -
iv) | Flash Point, COC,°C ,Min 220 220 IS-1209 |-
V) | Elastic recovery of half Thread in 70 70 - A
Ductilometer at 15° C ,%, Min
vi) | Separation, Difference in Softening 3 3 - B
Point, R & B, °C, Max
vii) | Viscosity at 150°C, P (RV) 2TO6(3TO9 | 1S-1206 |-
(Part-1)
viii) Thin Film Oven Tests and Test on Residue
a) | Loss on weight ,%, Max <1% ([<1% 1S-9382 | -
b) | Increase in softening Point, °C, Max 6 5 - B
¢) | Reduction in penetration of residue, 35% |35% 1S-1203 | -
at 25°C, % Max
d) | Elastic recovery of half Thread in 50 50 - B

ductilometer at 25°C , % Min

100
90 +
80 +
70 A

PMBP-3

Penetration at 60 1
25°C,.1mm,100g50 -|
55 20 |
30
20
10 -

0 - T T T T

VG10 Bitumen PMB P-1 PMB P-2 PMB P-4

Fig 1. Penetration Test Results for base bitumen, PMB samples
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70 A

60

50 -
?oftenmg 40 |
Point,(R&B),°C
30 A
20 A
10
0 I I I I

VG10 Bitumen PMB P-1 PMB P-2 PMBP-3 PMB P-4

Fig. 2. R&B Softening Point Test Results for base bitumen, PMB samples

100 +
90 A
80 A

70 A
Elastic Recovery60 -
of half thread in 50 |
ductilometer at
15degC,% 40
30 A
20 A
10 A
0 T T T

PMB P-1 PMB P-2 PMB P-3 PMB P-4

Fig 3. Elastic Recovery of half thread in ductilometer at 15°C,
Test Results for PMB samples
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S -
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6 -
5 .

Rotational 4 ]

Viscosity {Pas)
3 -
2 .
1 -
0] T T T |
VG10 Bitumen PMB P-1 PMB P-2 PMB P-3 PMB P-4

Fig. 4.Rotational Viscosity Test Results for Base Bitumen, PMB samples

2.5 +

2 -
Separtion 1.5 A
Difference in
Softening
Points(R&B)°C 1
0.5 1 I
O T T T 1

PMB P-1 PMB P-2 PMB P-3 PMB P-4

Fig. 5. Separtion Difference in Softening Point (R&B) °C, Test Results for PMB samples
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Increase in 25
Softening Point
(R&B)°C 2

VG10 PMBP-1
Bitumen

PMBP-2 PMBP-3 PMB P-4

Fig. 6. Increase in Softening Point,(R&B),
°C Max, Test Results for Base Bitumen,
PMB

60.00%
50.00%

40.00%

Retention of

N 30.00%
Penetration(%)

20.00%

10.00% —

0.00% ] I I

VG10 PMBP-1 PMB P-2
Bitumen

PMBP-3  PMBP-4

Fig. 7. Retention of Penetration (%), Test
Results for Base Bitumen, PMB samples

PMBP-1 PMBP-2 PMB P-3 PMB P-4

63%
62%
ottt resd O
duc;i?r::!;;rat 60%
59%
58% J
57%

Fig. 8. Elastic Recovery of half thread in
ductilometer at 25° C (%),
Test Results for PMB samples
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5.0 Conclusions

Following conclusions were drawn

from this present investigation:

The modification of VG 10 bitumen with
polymers enabled to improve the properties
of bitumen which in turn meet the severe
requirements of increased performance at
application end

The result shows that the blend of VG 10
bitumen and 3 wt% C.P.-1 and 3 wt% C.P.-3
upgraded to PMB-70 type B grades according
to 1S 15462:2004 specifications

The result shows that the blend of VG 10
bitumen and 4 wt% C.P.-1 and 4 wt% C.P.-3
upgraded to PMB-40 type B grades according
to 1S 15462:2004 specifications

It was found that product containing 4%
polymer performed better than 3% polymer.
It is to mention that same commercial
polymer was used as additive in both cases
Radial structured polymer product gives
much better performance properties than
linear one

High molecular weight polymer products
give much better performance properties
than low molecular weight polymer products
From the study it is observed that radial
polymer with high molecular weight will be
the most suitable polymer for modification
of bitumen
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