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Asphalt is a complex mixture of hydrocarbons. Recently, a series of substances have
been used as an additive in order to change the asphalt’s properties especially in the
road pavement engineering. This paper presents the properties changes of two asphalt
binders: AC 80/100 and SBS modified binders as the results of using residue from
pyrolysis of biomass as the warm mix additive. The resulted asphalt binders were
evaluated over a series of analyses including viscosity tests, dynamics shear rheological
tests, gel permeation chromatography and asphaltenes content analysis. Generally, it
could be concluded that residue from pyrolysis of biomass has a potential to be a warm
mix additive in term of viscosity reduction under certain conditions. It has also sufficient
Superpave rutting resistance at temperature as high as 64oC.
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Introduction
Hot mix asphalt was the most common and widely used technology in the pavement
construction. The mixing of aggregates and asphalt cement are normally carried out at
temperature higher than 150oC. Warm mix asphalt (WMA) technology is an innovation
developed with the aim of reducing the high temperature requirements for manufacturing
and laying of asphalt mixes [1]. WMA additive is a substance that is blended into the
asphalt binders or directly introduced into the asphalt plant’s drum that improves the
process of manufacturing and paving asphalt by significantly reducing the temperatures
down to 40oC [1] [2] [3]. WMA helps to reach a more sustainable and less carbon intensive
processes and products.

Recently, significant attention has being given to new and innovative materials,
which can act as WMA additive. For instance, Jamshidi et al. [4] evaluated the rheological
properties of unaged and aged asphalt binders incorporating various Sasobit and
Rediset contents at high and intermediate temperatures. Their results showed that
rheological properties of binders significantly depend on the binder source, additive
type and content. Later, an optimization method was used in selecting an appropriate
binder content, additive content and compaction temperature for fabrication of WMA
mixtures [5]. In 2016, Kakar et al. [6] evaluated the influence of a surfactant based warm
additive named Cecabase on the rheological properties of binders and mixtures. The
results showed that this additive has no effect on the binder rheology but it improves
the workability and compactibility of the asphalt mixtures. In another study, Gungat et al.
[7] characterized the influence of a warm wax additive named RH-WMA on rhelogical
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properties of binders containing high amount of reclaimed
binders. Obtained results showed that this additive reduces
the viscosity of binders as well as improves the elasticity of the
binders. There were almost 20 WMA technologies being
marketed in the United States from 2005 to 2010 [8].These
WMA processes are generally categorized into three: foaming
process that uses water containing technology or water-based
technology, organic additives and chemical additives [1] [9].
All having the same goal, which is to reduce the binder
viscosity, to enhance the coating and workability of the mix,
lower energy consumption and reduce emission [9]. Rubio et al.
[1] have presented a detailed review of the WMA in 2012.
Organic additives such as Fischer-Tropsch wax, Montan
wax, and fatty acid amide wax with the trade name of
Asphaltan B, Sasobit and Licomont BS were extensively used
as WMA additives in laboratory studies [1]. In literatures, the
most common organic additive used is wax. Viscosities of
binders are reduced when wax is melted in the mix [3] [9]. One
of the important aspects of waxes is to be resistant at service
temperatures. Research which has done on the beneficial
effects of wax on asphalt showed that it is critically dependent
on the chemical structure of the waxes [10]. The length of
hydrocarbon in wax can affect the melting temperature of
waxes. Waxes that are selected to be used as WMA additives
are chosen based on their higher melting point above the
service temperature and their ability to mix with asphalt [10].
The waxes used are usually high molecular hydrocarbon
chains with a melting point about 80oC to 120oC and are able
to modify the virgin binder’s properties [11].

This paper introduces a new chemical material, residue
from pyrolysis of biomass (RPB), which may have a potential
to be used as WMA additive. The residue is a condensed
volatile matter in the pyrolysis process of biomass for activated
carbon. RPB could be a suitable material to be used in asphalt
binder because of its low price and it is easy to obtain. Since
RPB is an organic based hydrocarbon as the wax, it could have
similar effects as the wax on asphalt binder. In this regard, the
effects of this material as an additive on different asphalt
binders were investigated. There was a series of analytical
tests on properties carried out in order to study the properties
changes of asphalt binders after adding different amounts of
RPB.

Experimental
WMA binder mixture preparation

Two types of asphalt binder were used in the present
study which were: Styrene-Butadiene-Styrene (SBS) asphalt
binder and asphalt cement according to penetration grade
80/100 (AC 80/100) provided by Shell Corp., Malaysia. The
additive used was residue from pyrolysis of biomass (RPB) for
activated carbon obtained from the relevant experiments in
lab. For binder mixture preparation, a Silverson L4RT blender
was used to blend the binder and additives. First, the SBS
binder was heated up to 180oC in an oven for 3 hours. Then,
200g of heated binder with the required amount of additive
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(1-3 wt%) were loaded into the blender’s container which was
also preheated to 180oC. The blender’s container together
with the heater was then placed under the high shear blender
propeller. A thermostat was also placed into the hot binder.
The blending was done at 3000 rpm for 15 minutes to ensure
the additive has properly dissolved and formed a homogenous
phase with the binder. The similar sample preparation
procedure was followed when using AC80/100 as the asphalt
binder except the heating and operating temperature was
changed to 140oC.
Thermal analysis

Thermal analysis was performed using a Perkin Elmer
Thermal Analyzer, model STA 6000 under nitrogen (99.9995%)
atmosphere, sample mass around 10 mg, with a constant
heating rate of 10oC/min, heated from room temperature to
600oC. The nitrogen flow during the experiments was 20 ml/
min. The mass versus temperature curves were used to
evaluate the thermal stability of binders respectively.
Asphaltenes Analysis

This analysis gives a measure of the percentage of
asphaltene content in the binder. The method was a typical
asphaltenes analysis test [12] for heavy oil. For each sample,
2g of liquid binder sample with 2ml of toluene (Reagent
grade, Fisher Scientific) was dissolved in a 100ml beaker. Then,
the sample was mixed with 80 ml of n-pentane (Analytical
reagent grade, Fisher Scientific). The sample was kept in dark
and shaken for 5 minutes in every 30 minutes over a 2 hours
period. The precipitated formed was filtered through a
medium pore (10-15µm) Buchner filter funnel under slight
vacuum. The precipitate was washed with n-pentane and
dried in an oven at 110oC. The asphaltenes content was
calculated by the following equation:

[

]

(weight of precipitate)
Asphathenes content(wt%)= ________________________ X100%
weight of initial binder
Rotational viscometer (RV) test

One of the most important properties to be considered in
asphalt binder production is the viscosity of asphalt binder at
high temperature. It describes the ability to pump an asphalt
binder in a plant and the ability to coat the aggregates in
asphalt concrete binders before compacting into new
pavement surface [13]. A Model DV-II + rotational viscometer
by Brookfield Engineering Inc. was used for the viscosity
measurement of the binder with additive. The procedure used
was according to AASHTO T 316 (Standard Method of Test for
Viscosity Determination of Asphalt Binder Using Rotational
Viscometer).
Dynamic Shear Rheometer (DSR) test

DSR test was used to determine the complex modulus
(G*) and phase angle (δ) of the asphalt binder. The performance
of asphalt binder was investigated in terms of rutting
resistance (G*/sin δ). The DSR test was performed by a Haake
Rheo Stress 6000 DSR Rheometer. The DSR test was carried
out according to the ASTM D7175 procedures.
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Results and Discussion

Chemical properties of asphalt binders

AC80/100 binder is the most common type of asphalt
binder used in Malaysia for road construction [14]. Meanwhile,
SBS polymer modified binder with improvement in terms of
rutting resistance, thermal cracking and fatigue damage [15],
which is costly, is often used at the airport pavement. Elemental
analysis of AC 80/100 and SBS polymer modified binders
showed that the H/C ratio were 1.83 and 2.49, respectively. By
referring to Altgelt [16], typical H/C atomic ratio of bitumen
asphalt is usually between narrow ranges of 1.40-1.90.
Therefore, the asphalt binders used were at the lighter end of
the range. The sulphur contents were 7.7 wt% and 4.7 wt% for
AC 80/100 and SBS polymer modified binders, respectively.
Results were high as expected which is common for the asphalt.
Therefore, it will benefit a lot especially in terms of sulphur
emission to the air if the mixing and working temperature of
the asphalt binder for pavement construction can be reduced.

Figure 1(a) shows the thermogravimetric curve for AC
80/100 binder. From the figure, the rate of weight loss starts
to be significant at temperature 385oC at 87.6 wt%. The weight
dropped quickly to a plateau at around 490oC and stayed
almost flat. This indicated that 87.6 wt% of AC 80/100 binder
is unstable at temperature higher than 385oC. Sample left is
remained constant at 20.6wt% between 490oC and 552oC. The
residue can be carbon residue as well as the materials with
much higher boiling point than 552oC.

From the thermogravimetric curve as shown in Figure 1(b), SBS
asphalt binder was found to be thermally stable until a temperature
of 366oC after which the weight started to drop significantly to
almost zero at 550oC. Based on the graph, it indicates that this
binder is slightly more thermally stable compared to AC 80/100 up
to 366oC. Sample left was remained constant at 1.15wt% after
593oC. The residue left was mainly the carbon residue. The low level
of carbon residue in SBS asphalt binder might be due to the added
styrene-butadiene-styrene block copolymer, which modified the
bonding within the molecules in asphalt which reduced the
formation of carbon residue at high temperature.
RPB was chosen as potential warm mix additive for this
study. It is an organic based black liquid at room temperature.
Based on the elemental analysis results, it contains carbon,
nitrogen, hydrogen, sulphur and some other components,
which warrant a further investigation.
Effects on the binders rheology properties

The viscosities of AC 80/100 and SBS binder with different
amount of additive at various test temperatures are plotted in
Figures 2(a) and 2(b), respectively. From these graphs, as
expected, it is clear that viscosity decreases significantly as the
test temperature increases. This is due to the effect of higher
temperature to increase the average kinetic energy between
the binder molecules. The viscosity of the AC 80/100 asphalt
binders with additive reduces as concentration of additive
increases. It means that higher concentration of additive (3%)
improves the performance of this asphalt binder.
(a)

(b)

Figure 1. Thermogravimetric curve of (a) AC 80/100 binder and (b)
SBS asphalt binder
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Figure 2. Viscosity of (a) AC 80/100 and (b) SBS binder with RPB
additive at different temperatures.
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Figure 2(a) also shows that, for AC 80/10 binder with
additive, viscosity reduction decreases with the temperature.
The highest viscosity reduction was observed at 120oC. Then,
viscosity reduction was found to decrease at 140oC compared
to that at 120oC. Basically, viscosity reduction was not significant
at 160oC. On the other hand, SBS asphalt binder with residue
additive showed an increase in viscosity after adding the
additives. This might be due to incompatibility between the
additive and the SBS asphalt binder. Addition of additive
molecules into SBS was likely to increase the internal friction
forces of the binder which caused the molecules to move less
freely and resulted an increase in the viscosity. Due to the
negative effects of the additives in SBS binder in terms of the
viscosity, which is the most important property that should be
reduced during the mixing, this binder had not been further
studied in the DSR test.
For asphalt pavements, rutting is one of the most serious
forms of pavement distress, and severe rutting is a cause of
pavement failure. DSR was used to evaluate the Superpave
rutting properties of AC 80/100 binder containing different
additive contents. Higher ratio value of Complex Modulus to
phase angle (G*/sin δ) indicates higher rutting resistance of
the asphalt binder. Figure 3 shows the G*/sin δ of asphalt
binder with 1%, 2% and 3% additive from 46oC to 82oC. From
the figure, asphalt binder rutting resistance reduces very little
when additive was blended into the asphalt binder. Increasing
additive content slowly increases G*/sin δ, while increasing
test temperature reduces G*/sin δ.

Effects on asphaltenes content of the binders

Asphalt or heavy oil is generally constituted of oil, resin and
asphaltene. The two heavy and polar components of heavy oil
are asphaltenes and resin [17]. Asphaltenes are the highest
molecular weight compounds with aromatic rings structure,
some side chains and carbon/hydrogen ratio less than 0.8 [18].
Asphaltenes influence the viscosity of heavy oil greatly but
resins reduce the influence of asphaltenes on viscosity [17].
From previous studies, it was reported that the chemical
structures, physicochemical properties and volume fraction of
asphaltenes are the main factors that influence the viscosity of
the heavy oil [19]. Viscosity of heavy oil increases with the
increase of asphaltenes content. This is due to the strong
aggregation of asphaltenes particles. Therefore, reduction of
asphaltenes content can be another alternative to reduce
viscosity of the binder.
Figure 5 shows the asphaltenes content of a series of
binders. By comparing the asphaltene contents between
AC80/100 binder and SBS binder, the asphaltenes content of
SBS binder (50.4%) was much higher than that of AC80/100
binder (27.8%). The result deduced directly that SBS has
higher viscosity at room temperature compared to AC 80/100.
Therefore, higher temperature is needed during the mixing of
the SBS binder with aggregates. Nevertheless, there were only
little changes in the asphaltene content for AC 80/100 with
1-3% of RPB without a clear trend. On the other hand, for SBS
binder, asphaltenes content reduced little when additive
content increased from 1 to 3%. However, the viscosity of SBS
binder with RPB as additive did not reduce as expected.

Figure 3. G*/sin δ of AC 80/100 binder containing 1%, 2% and 3%
RPB additive.

Figure 4 shows the relationship between G* and phase
angle (δ or delta) versus test temperature of AC 80/100 asphalt
binder with and without additive. From the results, G* reduces
when test temperature increases. Generally, there is no obvious
influence of this additive on the G* and δ for the used binder.

Figure 4. Relationship between G*, phase angle (delta) and test
temperature of AC 80/100 binder with different amount of RPB additive.
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Figure 5. Asphaltenescontentof AC 80/100 and SBS binder
containing RPB.

Gel Permeation Chromatography of the binders with RPB
as additive were also carried out but the result was inconclusive
(not shown) for the mix material. There were only slight
reduction in the average molecular weights and the effect of
the additive was not significant on the changes in distribution
of values for large molecular sizes (LMS), medium molecular
sizes (MMS) and small molecular sizes (SMS) [20]. According
to Kim et al [8]., viscosity of asphalt binder is related to the
amount of large molecular size molecules. However, the
phenomenon was not observed here. Further investigation is
necessary.
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Conclusions

RPB, a liquid organic residue from pyrolysis was tested as
a warm mix additive in asphalt binders. Its influences on the
chemical and rheological properties of two conventional
asphalt binders in Malaysia were investigated. Viscosity test,
DSR, GPC and asphaltenes content analysis were carried out in
this research. This additive showed an acceptable viscosity
reduction for AC 80/100 binder and not for SBS binder.
Meanwhile, the effect of RPB on reducing the viscosity of AC
80/100 at lower test temperature is higher when compared to
higher test temperatures. The viscosity reduction was also
found to increase with the additive concentration for AC
80/100 in the current study. RPB has not showed any negative
effect on rutting resistance of binders. With the acceptable
viscosity reduction and without negative effect on the rutting
resistance, RPB was found a potential warm mix additive for
AC 80/100 asphalt binder in Malaysia.
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