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Post-consumer waste polymers are considered as environmental pollutants that
should be reused as inexpensive materials. Also, there are resources of natural
bitumen in several regions of Iran that can be used to modify bitumen. The 

purpose of this study is to investigate the possibility of obtaining penetration grade
modified bitumen from vacuum bottom residue (VB) by adding various recycled waste
polymers and non-polymer materials without air blowing VB. Following this concept,
natural bitumen (NB), recycled waste polyethylene (PE), recycled waste latex, crump
rubber modifier (CRM) and heavy vacuum slopes (HVS) were used. The formulation of
mixing blends was determined by experimental design method using design-expert
V.7.16 software. It was found that 40/50, 60/70 and 85/100 grades of penetration 
bitumen with improved performance grades, 82-40, 70-40 and 70-40, respectively, are
producible using these materials, although, decreased ductility is observed almost for
all the blends. A combination of 10% natural bitumen and 5% recycled latex with VB are 
considered as the best blend amongst all blends. The resulting modified 60/70 grade
bitumen shows improved complex modulus in comparison with neat 60/70 bitumen and
consequently it has increased resistance against permanent deformation (rutting). Also,
the lowered Frass breaking point of this blend (-21°C) improved its low temperature 
performance (PG = 70-40). Unfortunately, when the crump rubber modifier particles are
not well-dispersed and fine enough in bitumen matrix, there is an unexpected
decreased ductility occurred in the blends.

INTRODUCTION

Vacuum bottom (VB) is the heavi-
est cut of crude oil coming from the
bottom of vacuum distillation 
column in oil refineries that is the
base material to produce bitumen.
Depending on crude oil source and
refining process, the VB com-
position is varied to a great extent
and it has important effect on 
the mechanical properties and
microstructure of the bitumen [1].

The most common separation 
procedure, divides bitumen com-
position into four generic groups
(SARAs): saturates, aromatics,
resins (which make up the maltene
fraction) and asphaltenes. Each
SARAs fraction is a mixture 
with a complexity, aromaticity, 
heteroatom content and molecular
weight that increase in the order
S<A<R<As [2,3].
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In some refineries that heavy crude oil is used and the
pressure and temperature are controlled in vacuum
distillation columns, bitumen can be directly obtained
as penetration grade applicable to paving. VB 
produced in Iran's refineries, has penetration > 300
dmm (at 25°C) and η near 600 cS (at 135°C) that is
not suitable for paving applications, except Shiraz
Refinery that directly produces 60/70 grade. Blowing
warm air to VB is the widespread process to obtain
penetration grade bitumen. Unfortunately, due to the
increased traffic load, the neat bitumen achieved in
refinery (directly or via blowing) is not able to resist
against dynamic mechanical loads of the traffic 
which results in permanent deformation (rutting) 
and stripping under long-time loading at high 
temperatures [4], fatigue and cracking under long-
time loading at moderate and low temperatures due to 
thermal stresses, ageing [5], etc. 

Due to these inherent weaknesses of bitumen,
many studies have been conducted to modify bitumen
with various additives, so modified bitumen with
improved mechanical properties have been developed
[6]. The majority of these studies have focused on
polymeric modifiers because the addition of 
polymers to bitumen is shown to improve perform-
ance grade (increased softening point, decreased 
penetration and Frass breaking point). Pavements
constructed using these polymer-modified bitumens
exhibit greater resistance to rutting and thermal
cracking, and decreased fatigue damage and stripping
with lower temperature susceptibility [7]. Many of
these studies have used virgin polymers such as PE,
EVA, PET, SBS and SBR [8] that cause a significant
increase in the production costs [9]. Meanwhile, there
are many waste polymers from petrochemical 
industrial processes and post-consumer waste 
polymers are considered as environmental pollutants
such as used tyres, polyethylene-made parts, 
used-latex gloves and so on, that are inexpensive and
useful in bitumen modification. 

Every year, nearly 200,000 tons of tyres and 5000
tons of latex gloves are used in Iran and there is no
national programme to recycle and/or reuse them
[10]. Also, the use of secondary (recycled), instead of
primary (virgin), materials helps easing landfill 
pressures, reducing the need for extraction, protecting
environment and minimizing the consumption of

original resources [11]. The effects of crump rubber
modifier (CRM) have been reported in several studies
[6,7,12-15]. Addition of recycled tyre rubber in
asphalt mixtures using dry process could improve
engineering properties of asphalt mixtures and has a
significant effect on the performance of resistance to
permanent deformation at high temperature and
cracking at low temperature [14].

Natural bitumen is a black naturally-occurring
material. Evaporation of volatile organic compounds
and high content of asphaltene have made it hard and
brittle that can be used as a hardener to increase 
softening point of petroleum bitumen. There are 
considerable resources of natural bitumen in several
regions of Iran such as Kermanshah, Behbahan,
Moghan, etc., that are used as fuel in furnaces or are
exported, in the event that can be used as a desirable
additive for bitumen. Different polymers are used to
improve modified bitumen ductility and the latex of
styrene-butadiene rubber (SBR) as a virgin polymer
is successfully used in bitumen modification [4].
Latex as a natural rubber, originally, gathered 
from wild trees in the jungles of Brazil, is used to 
various elastic materials such as latex gloves and
tyres. 

Therefore, latex gloves may be useful recycled
material in order to increase modified bitumen 
ductility. Therefore, our study aims to investigate the
possibility of obtaining penetration grade modified
bitumen, directly by adding recycled polymers and
natural bitumen to VB and in this paper some
mechanical properties of the resulting modified 
bitumen are reported. In order to determine these
properties, the well-known softening point, 
penetration, ductility and Frass breaking point of the
blends were investigated. Also, the morphology of
the resulting modified bitumens which represents the
state of dispersion of the modifier in the bituminous
matrix affecting the performance and engineering
properties of the modified bitumen is also studied.
According to our general awareness, previously 
conducted studies often have used bitumen itself to
modify and few researchers have focused on VB,
such as Yousefi et al. [16]. In this study, for the first
time, the post-consumer waste polymers and natural
bitumen were used to obtain penetration grade 
modified bitumen directly from VB.  
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EXPERIMENTAL

Materials
Materials used in this study are VB and 60/70 bitumen
from Tehran Oil Refinery (Tables 1 and 2), post-
consumer waste polymers including crump rubber
modifier (CRM) from Iranian Yazd Isatis Company,
recycled high density polyethylene (HDPE) collected
from thrown away items as containers and recycled
latex used as gloves in laboratories (Table 3), heavy
vacuum slope (HVS) from Tehran Oil Refinery (Table
4) and natural bitumen (NB) from Iranian Sormak
Company (Table 5). 

Procedures
The formulation of mixing blends was determined
with experimental design method using design-expert
V.7.16 software. At first, based on other studies and
availability to modifiers and their cost, the minimum

and maximum levels for modifiers were programmed
as software (Table 6). All conditional and mixing
process parameters affecting the properties of the
blends are controlled and only the components ratio
(as percentage of blend weight) was selected as a 
variable parameter. The software was designed as 31
formulations, described in Table 4. According to these 

Table 5. The characteristics of natural bitumen.
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Material Penetration
at 25°C (0.1 mm)

Softening
point (°C)

Frass breaking
point (°C)

Ductility
at 25°C (cm)

Performance
grade (PG)

Vacuum bottom 296 39 -19 100< 58-40

Saturates
(wt%)

Naphthene aromatics
(wt%)

Polar aromatics
(wt%)

Asphaltenes
(wt%)

12.61 43.31 40.09 3.99

Material Melting point
(°C)

Density
(g/cm3)

Particle size
(mm)

HDPE
Crump rubber modifier
Latex

129.83
N/A
N/A

0.94
0.28-0.35

0.91

1-4
0.4>
1-5

Saturates
(wt%)

Naphthene aromatics
(wt%)

Polar aromatics
(wt%)

Asphaltenes
(wt%)

53.64 32.3 13.01 0.44

Ash content (%) 13

Moisture content (%)
Volatile matter
Fixed carbon
Specific gravity 
Colour
Softening point
Penetration 

1-5
60
28
1.1-1.2
Black
119
0-2

Table 1. Physical properties of vacuum bottom (VB) from Tehran Refinery.

Table 2. Composition of (VB) vacuum bottom from Tehran Refinery (crude from Asmari 
reservoir of Ahwaz in Khuzestan, Iran).

Table 3. Physical properties of waste polymers.

Table 4. Composition of heavy vacuum slopes (HVS) from Tehran Refinery. 
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Table 6. Modifiers min and max level in blends.

formulations, the base VB and modifiers were 
blended in duplex high-shear mixing system 
composed from a Polytron 6100 connected to a 
high-shear aggregate PT-DA 3020/2 along with a 
low-shear propeller mixer Polymix (Figure 1)
(Kinematika Co., Switzerland) [17]. 

To mix the components with VB, at first VB was
melted in an oven at 160°C for 1 h and transferred
into a preheated mixing chamber of up to 180°C. The
mixing chamber was heated and controlled using a
Haake oil-circulation heater. Here, while the 
high-shear mixer was operated at 8000 rpm the 
modifiers were introduced into the mixing chamber
and mixing was continued for the next 90 min. At the
end of the mixing, the mixture was transferred into
metallic cans via a drain valve. At this stage the 
necessary samples were taken for different tests.

The penetration, softening point, Frass breaking
point and ductility tests were carried out according to
National Iranian Standards ISIRI 2950 (ASTM D5),
2951 (ASTM D36), 3867 (IP 80) and ASTM D113,
respectively. 

Based on penetration and softening point, the 
penetration index (PI) was calculated for all blends.
PI is a measure of the temperature susceptibility of
bitumen. For all bitumens, PI is calculated as follows
[17]:

In fact, PI is the slope of changes in bitumen 
consistency curve, P is penetration, and TR&B is 
softening point temperature. The consistency of
changes in bitumen depends on the sign and 
magnitude of PI. For paving-grade asphalt, PI has a 

Figure 1. High-speed and high-shear double-mixer set.

range between 2 and -2 is suitable for the temperature 
susceptibility of bitumen (value of approximately 1 is
ideal) [17].

The performance grade (PG) of the obtained 
samples was estimated using the following semi-
empirical relations [4]:

where TDSR is the high temperature performance 
criterion, TR&B is the bitumen softening point, TBBR
is the low temperature performance criterion and
TFrass is the Frass breaking point. The morphology of
the blends was viewed through a Zeiss FX optical
microscope, Jenapol model. The visco-elastic 
properties of the selected blend, base VB, blank VB
and neat 60/70 bitumen were measured on a Paar-
Physica MCR300 Rheometer in dynamic oscillatory
mode using 25 mm parallel-plates geometry at 30°C
and 1-500 Hz. 

RESULTS AND DISCUSSION

The results of conventional tests conducted on 
prepared bituminous blends are summarized in Table
7. In this table, the physical properties of the base and
control (the bitumen undergone mixing conditions
without addition of any modifier) VB are compared
with the prepared bituminous blends. As it is evident,
the engineering properties of control VB were
changed due to mixing at high temperature and 
emission of light and volatile materials.  According to

Iranian Polymer Journal / Volume 19 Number 3 (2010)200
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Component Min (as % of 
blend weight)

Max (as % of
blend weight)

Vacuum bottom
Natural bitumen
Crump rubber modifier
HDPE
Latex
Heavy vacuum slopes

75
0
0
0
0
0

100
10
10

5
5
5

50A)25A)/(120(1PI +−=

25)C)/(T25atlog(Plog(800)A B&R −°−=

),(2,20& FrassBBRBRDSR TTTT ≅+≅

BBRDSR TTPG +=
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the Iranian Government Paving Regulations [8,18]
and considering climatic conditions in Iran, 40/50,
60/70 and 85/100 penetration grade bitumens have
been recommended to arid climates, temperature and
cold climates, respectively. On the other hand, PG
specification allows the selection of an appropriate
binder for a specific climatic condition [8]. As it is
noticed in Table 4, blend 2 (or its replicate blend 30)

that contains 5% NB, 5% CRM, 2.5% recycled PE,
5% recycled latex and 2.5% HVS, is a 85/100 
penetration grade modified bitumen and its softening
point has been improved in comparison with that of
the neat 85/100 bitumen. Also, PE and CRM in the
presence of HVS may have a type of synergistic effect
on bitumen properties [19]. Meanwhile, the PI of
these blends is in an acceptable range, especially for 
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Table 7. Designed blends and their mechanical properties.

Sample NB
(%)

CRM
(%)

PE
(%)

Latex
(%)

HVS
(%)

Softening
point
(°C)

Penetration 
at 25°C

(0.1 mm)

Frass 
breaking point

(°C)

Ductility
at 25°C

(cm)

PI PG

Base VB
Control  VB
Blend 1
Blend 2
Blend 3
Blend 4 
Blend 5
Blend 6
Blend 7
Blend 8
Blend 9
Blend 10
Blend 11
Blend 12
Blend 13
Blend 14
Blend 15
Blend 16
Blend 17
Blend 18
Blend 19
Blend 20
Blend 21
Blend 22
Blend 23
Blend 24
Blend 25
Blend 26
Blend 27
Blend 28
Blend 29
Blend 30
Blend 30

0.0
0.0
0.0
5.0

10.0
10.0
7.5
0.0
0.0
0.0
0.0

10.0
10.0
5.0
0.0
5.0
7.5

10.0
0.0
7.5

10.0
10.0
0.0

10.0
5.0

10.0
10.0
0.0
0.0
0.0

10.0
5.0
0.0

0.0
0.0

10.0
5.0
0.0
5.0

10.0
0.0

10.0
0.0

10.0
0.0
5.0
5.0
0.0

10.0
7.5
0.0
0.0

10.0
10.0
10.0
10.0
10.0
5.0
7.5
0.0
0.0

10.0
0.0
0.0
5.0
0.0

0.0
0.0
0.0
2.5
0.0
5.0
5.0
5.0
0.0
0.0
0.0
0.0
5.0
0.0
5.0
0.0
5.0
0.0
0.0
5.0
2.5
2.5
5.0
0.0
0.0
0.0
5.0
5.0
5.0
0.0
5.0
2.5
5.0

0.0
0.0
0.0
5.0
0.0
0.0
0.0
5.0
0.0
0.0
5.0
5.0
0.0
2.5
5.0
5.0
5.0
0.0
0.0
0.0
2.5
2.5
0.0
0.0
2.5
5.0
0.0
0.0
5.0
5.0
5.0
5.0
0.0

0.0
0.0
5.0
2.5
0.0
5.0
2.5
0.0
0.0
5.0
0.0
0.0
5.0
2.5
5.0
5.0
0.0
5.0
0.0
2.5
0.0
0.0
5.0
0.0
2.5
2.5
0.0
5.0
5.0
5.0
5.0
2.5
0.0

39
41
44
52
44.5

120
117

72
42
32
43
53

121
45

119
45.5
82
43.5
40.5

116
66
65
74
62
52.5
54

119
112

64
33

120
50.5

117

296
202
235

84
80
33
34
55

165
280
235

65
32

130
85

169
48

105
204

36
48
50
55
49

119
123

24
63

130
250

28
85
47

-20
-19
-19
-21
-18
-20
-19
-21
-25
-27
-28
-21
-19
-19
-26
-27
-20
-23
-19
-19
-20
-21
-20
-20
-22
-18
-12
-19
-33
-34
-18
-20
-13

100<
100<

36
14
43.5
8

16
14
28
98
42.5
30.5
6

45
45
26

8
56.5

100<
17
15
17
19
10
28
22

6
16

7
97

5
22
11

1.8
0.46
2.5
0.86

-1.58
7.36
7.19
3.4

-0.0546
-2.952
2.1
0.18
7.36
0.0914
5.886
1.334
4.48

-1.133
0.294
7.242
2.048
1.975
3.721
1.367
1.977
2.489
6.574
8.357
6.618

-2.783
6.985
0.312
7.974

58-40
58-34
64-34
70-40
64-34
136-34
136-34
88-34
58-46
52-52
58-52
70-40
136-34
64-34
136-52
64-52
100-40
58-40
58-34
136-34
82-40
82-40
94-40
82-40
70-40
70-34
136-22
130-34
82-64
52-64
136-34
70-40
136-22
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Figure 2. The optical microscopic picture of blend 2 
morphology.

blend 2, it is very close to an ideal value (that is +1).
The PG for these blends is 70-40, that is better than
unmodified 85/100. In contrast, the ductility of these
blends has decreased meaningfully, although, this
problem is observed almost for all the blends.
Unfortunately, many studies in this area have not
reported the ductility of the modified bitumens
[4,8,16,17]. Based on the results obtained from these
blends, interpretation of Design-Expert software 
recommends minimizing the amount of CRM in the
blends to achieve enhanced mechanical properties
such as ductility of modified bitumen. This 
conclusion is confirmed by Scaffaro et al. [15]. The 
ductility of modified bitumen is not a self-standing
property and other properties of bitumen such as 

Figure 3. The optical microscopic picture of blend 30 
morphology.

Figure 4. The optical microscopic picture of blend 10 
morphology.

softening point, penetration, Frass breaking point,
morphology and rheological properties should also be
considered to evaluate bitumen performance. As
everyone knows, this property is not included in
Strategic Highway Research Program (SHRP) test
system. Meanwhile, some routines were developed to
estimate SHRP criteria using penetration, softening
point and Frass data without any need to ductility
data. The selected composites in this study (blends 2,
10, 19 and 22) have favourable properties except 
ductility. In contrast, the standard ductility length for
neat bitumen is available (usually > 100 cm at 25°C)
but this property is not standardized for modified 
bitumens. Thus, these composites can be used in
paving and other applications. Also, the ductility of 

Figure 5. The optical microscopic picture of blend 19 
morphology.
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Figure 6. The optical microscopic picture of blend 20 
morphology.

these composites can be improved by adding flux oil,
pre-treatment of CRM prior to mixing with VB (for
example de-vulcanization), mixing during an 
extended time and high-enough temperatures and
using only sidewall CRM that are under investigation
by authors. Among these bituminous blends, blend 10
(which contains 10% NB and 5% recycled latex) has
the best properties; however, its ductility has
decreased. In fact, this blend which is a modified
60/70 bitumen has increased softening point; Frass
breaking point and ductility have been decreased in
comparison with those of 60/70 bitumen. The PI of
this blend is in the proper range and its performance
grade (PG) covers a wider range of climatic 
conditions than standard 60/70 bitumen. Blends 19 

Figure 7. The optical microscopic picture of blend 22 
morphology.

Figure 8. Complex viscosity of samples in 30°C. 

(or its replicate 20) and 22 are modified 40/50 
penetration grade bitumens with improved softening
and Frass breaking point. Meanwhile, the PG of these
blends is improved and the PI of blend 22 is more or
less technically suitable.

The morphology of blend 2 shows that, not with
standing NB, PE, latex and HVS, the CRM particles
are not well-dispersed and fine enough in bitumen
matrix (Figures 2 and 3). Although, increased process
temperature is recommended to improve CRM 
dispersion in bitumen, some studies have shown that
high temperature enhances the degradation of the
three dimensional network of the cross-linked rubber,
thus reducing the incompatibility between the phases
in presence of polyethylene [15]. The morphology of
blend 10 shows homogeneous dispersion of NB and
latex in VB (Figure 4). However, the NB particles
seem coherent that can affect the ductility of the
blend. Perhaps, changing process conditions (for
example increased mixing time or temperature) may
be effective to finely disperse them and consequently
increase blend's ductility. The morphology of blends
represented in Figures 5 to 7 reveal a homogeneous
dispersion of components in VB matrix. 

Figure 9. Storage modulus of samples at 30°C. 
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Figure 10. Loss modulus of samples at 30°C. 

As it is evident in Figure 8, the complex viscosity
of blend 10 has increased dramatically in comparison
with that of the base VB, blank VB and neat 60/70
bitumen. As reported by Yousefi et al. [20], the 
lubricating constituents of VB can be absorbed by
added latex and natural bitumen which results in an
increased viscosity. Figure 9 shows that the storage
modulus of blend 10 has increased significantly in
comparison with others. Also, Figure 10 shows that
the loss modulus of blend 10 has increased at 30°C.
The summation of storage and loss moduli gives the
complex modulus of the blend 10 which is a direct
measure of its total resistance against deformation at
30°C [21]. According to Boltzmann principle,
increasing frequency acts similar to decreasing 
temperature and vice versa [22], so the effect of
increased frequency on complex viscosity and 
modulus is similar to the effect of decreasing 
temperature which in turn increases complex 
modulus. Therefore, changes in the moduli of the
blend 10 (Figures 9 and 10) reveal a dramatic increase
in blend's resistance against permanent deformation
(rutting). This result confirms the success in using
recycled latex and natural bitumen. 

CONCLUSION

The neat bitumen obtained in refinery (directly or via
blowing) is not able to resist dynamic mechanical
loads and therefore it should be modified. Post-
consumer waste polymers are considered as 
environmental pollutants that should be reused. Also,
there are resources of natural bitumen in several
regions of Iran that can be used to modify bitumen.

The recycled waste polyethylene, waste latex, CRM,
NB and HVS were used to obtain penetration grade
bitumen from VB. Based on the results, it was 
concluded that 40/50, 60/70 and 85/100 grades of
penetration bitumen with improved softening and
Frass breaking point are producible via these 
materials. Combination of 10% natural bitumen and
5% recycled latex with VB is suitable to obtain 
modified 60/70 grade bitumen with improved 
rheological behaviour and consequently, decreased
probability of cracking at low temperature and rutting
at high temperature. The morphology of the blends
showed that the CRM particles are not well-dispersed
and fine enough in bitumen matrix and that 
minimizing the amount of CRM in the blends can
result in improved ductility.  
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