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ABSTRACT; No doubt bitumen who’s modified form known as asphalt is a best binder for flexible pavement. 

But petroleum is non-renewable source and rapidly depletion of crude oil resources is also continuously 

increasing crude oil prices. These factors will surely create major problems in future developments for any 

developing country. Even some researches also show that production of asphalt also show adverse effect on 

environment. Asphalt fumes produce large amount of carbon dioxide which is increasing global warming. So it 

is compulsory to produce some good binder from any alternative source which can replace partly or completely 

asphalt from hot mix design to save the oil resources of world as well as its adverse effect on environment. Now 

world is taking step to set up an economy which is Bio based and where biological resource are the major 

sources as compare to petroleum fossil. Bio based resources are less costly, have no adverse effect on 

environment, renewable and efficient. So bio binder is an alternative binder which is a product of bio based 

material. A biological term given to this bio binder is bio asphalt. Bitumen (asphalt) is a petroleum based 

material which is used as binder in flexible pavement and bitumen has severe adverse impact on environment as 

well as in living being. Due to the limitation of petroleum, increased price and the impact on the environment, 

research is going on to find an efficient, cost effective and environment friendly alternative binder to replace the 

bitumen. This paper provides a review about the probable materials that can be used as an alternative binder 

where most of them are bio-based material and waste materials like bio-oil, plastic, polymer, waste cooking oil, 

waste tire rubber etc. Researchers have found some positive result with these materials. Further research is 

needed to make these satisfactory replacement of bitumen in industrial scale which will lead to a sustainable 

source of binder for flexible pavement. 

KEYWORDS;Alternative binder, Biological resources, Effects on environment, Pyrolysis, Physical 

and Chemical tests, Rheological testing, etc.  

1. INTRODUCTION 

From past many years paving of flexible roads is done by the use of most known petroleum based product which 

is bitumen. No doubt bitumen who’s modified form known as asphalt is a best binder for flexible pavement. But 

petroleum is non renewable source and rapidly depletion of crude oil resources is also continuously increasing 

crude oil prices. These factors will surely create major problems in future developments for any developing 

country. Even some researches also show that production of asphalt also show adverse effect on environment. 

Asphalt fumes produce large amount of carbon dioxide which is increasing global warming. So it is compulsory 

to produce some good binder from any alternative source which can replace partly or completely asphalt from 

hot mix design to save the oil resources of world as well as its adverse effect on environment. Although on a 
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small scale a few research work are being conducted on worldwide to produce some alternative source for 

asphalt. Crude oil is a fossil which used for the production of petroleum. Crude oil is non renewable source. So 

researcher of some countries like USA, China worked over some sources which can be renewable in nature. 

Now world is taking step to set up an economy which is Bio based and where biological resource are the major 

sources as compare to petroleum fossil. Bio based resources are less costly, have no adverse effect on 

environment, renewable and efficient. So bio binder is an alternative binder which is a product of bio based 

material. A biological term given to this bio binder is bio asphalt. To reduce the demand of traditional asphalt 

bio asphalt can be used in 3 ways.100% replacement of asphalt (full replacement). 35%-65% replacement of 

asphalt (asphalt extender) 0%-10% replacement of asphalt (asphalt modifier). 

2. Advantages of bioasphalt over traditional petroleum asphalt 

• Source of this asphalt is non-renewable in nature.  

• No effect of petroleum costs on road development of any country.  

• Minimum adverse effect on environment.  

• Can be good full or partial replacement of petroleum based asphalt.  

• Economical   

• Long last life because of presence of antioxidant in it.  

• Reduce carbon footprint.  

• Can extend the grade range of the asphalt.  

Fig.2.1 shows about the oil reserves of the world which shows that total world oil reserve contains 30 % of oil 

sand bitumen and 30 % of conventional oil and other 40% of extra heavy oil and heavy oil 

.   

Fig.2.1Total world oil reserves 
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3.1Biomass 

Biomass is a general term for all living matter on this planet in which solar energy is stored by the process of  

photosynthesis plants make biomass. According to one researcher resource of biomass can be further divided 

into 

      three types-  

• Wastes (including waste during agriculture production, waste during agriculture processing, Crop residues, mill 

wood waste, and organic waste.)  

• Forests (including trees, shrubs, wood residue, sawdust.)  

• Energy crops includes woody crops, grasses, sugar crops, oils. 

 
 

 
Fig..3.2Field of Switch grass 
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Corn Stover is another biomass which is an integral and important component for bioasphalt.  

 

 

 

In figure 1.4 shows some unused corn Stover in field.                   

Fig.3.3 unused cornstrover 

3.2Cellulose 

This biomass is an organic material with chemical formula of C6H10O5.Cellulose is an important composite 

member for wall of cell in plants. Figure 1.5 shows that Cellulose is one of the plentiful organic Polymers in this 

planet. Cellulose appeared like white powder   

And has a density of 1.5g/cm
3
.Cellulose is tasteless, have no odour and hydrophilic with contact Angle of 20-30 

degree.  

 

 

Fig.3.4 Representation of cellulose 
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3.3Hemi cellulose 

Hemi cellulose is also known as polyose. Like cellulose it is also present in cell wall of   all plants. While 

cellulose is rigid and free from break down due to water addition (hydrolysis) but hemi cellulose is amorphous 

structure with some strength and dilute acid or base is used for hydrolyzed hemi cellulose.Hemi cellulose 

situated in hardwood trees is basically xylem with some part of glucomannan, while for softwoods it is 

predominantly rich ingalactoglucomannan and have only a small amount of xylem. Figure 1.6 represent that the 

average molecular weight is lower than that of cellulose at less than 30,000, as opposed to the 100,000 average 

molecular weight reported for cellulose. Hemi cellulose is also known as polyose.  Like cellulose it is also 

present in cell wall of all plants. While cellulose is rigid and free from break down due to water addition 

(hydrolysis) but hemi cellulose is amorphous structure with some strength and dilute acid or base is used for 

hydrolysed hemi cellulose Hemi-cellulose found in hardwood trees is mainly xylem with some glucomannan, 

while in softwoods it is predominantly rich in galactoglucomannan and contains only a small amount of xylem. 

The average molecular weight is lower than that of cellulose at less than 30,000, as opposed to the 100,000 

average molecular weight reported for cellulose.  

 

Fig.3.5 Diagrammatically representation of hemicelluloses 
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3.4Lignin  

 

Fig.3.6 shows that lignin is a type of complex organic polymer that forms structural material in support. Tissue 

of vascular plants and Algae, specially in wood and bark lignin is very impotant For forming cell wall it help 

them in avoid rot problem and provide rigidity 

Fig.3.6 An example of lignin structure 

Directly use of biomass is not beneficial at all for any product. Biomass is converted      into various products by 

using various conversation processes. One of those processes in thermo chemical process. This includes-  

• Combustion  

• Gasification  

• Liquefaction  

• Hydrogenation  

• Pyrolysis  

Out of all these processes pyrolysis is best method for conversation of biomass. 
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Fig3.7 composition of biomass  

3.5 Pyrolysis 

This process is the perfect thermo chemical processes for the thermal treatment of bio based mass in the absence 

of air/oxygen. In figure 1.9 in this process biomass is starts heating from 350
o
-550

o
c and goes up to 700.01

o
c.this 

process helps in the production of useful liquid oil, biochar and some gases. 
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Fig. 3.8.Pyrolysis process of biomass 

Pyrolysis is further divided into 2 parts –  

A. Slow pyrolysis  

B. Fast pyrolysis  

3.5.1Slow pyrolysis 

 From many years slow pyrolysis is using for the biomass pyrolysis process. Mainly slow pyrolysis is for making 

bio char from biomass. Heating rate in slow pyrolysis is practically very less as compare to fast pyrolysis 

process for biomass. In slow pyrolysis biomass is heated at near about 500
0
c.in slow pyrolysis vapour does not 

leave as fast as vapours emits fast pyrolysis. Therefore components in vapour phase keep reacting with each 

other hence other hence bio char and other various liquids are being formed. 

3.5.2Fast pyrolysis 

 
This pyrolysis is modern process of very high temperature heating in which biomass is swiftly heated in the lack 

of oxygen. In this process biomass rot to produce vapours and some bio based char .After cooling and 

liquefaction of vapours a brown liquid is formed which is bio-oil The temperature used in fast pyrolysis is much 

more than the temperature which used in other traditional form of heating (slow pyrolysis).  

3.6Bio Oil  
Bio-oil is brown organic liquids. Bio oil is very heterogeneous in nature. Bio oil is  

oxygenated compounds. There are many other various name of bio oil                                                            

Pyrolysis oil because pyrolysis method is uses for production of Bio oil. 

Wood liquid because it is extracted from wood Wood oil.  
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As compare with other traditional heavy petroleum fuel oils there are some distinct features in bio oil which 

make bio asphalt better than petroleum asphalt. Those features are -     

• More viscosity  

• High acidity 

3.7 Polymers  
The word polymer is basically generated from the classical Greek words which is poly and meres where poly 

means “many” and, mer means “parts’. Figure 1.10 explains that polymers can be classified in many ways the 

simplest method is to classify them is according to their origin .by origin they are of two types 1.natural 

2.synthetic (man-made). Those polymers that found in nature are natural polymers, such as cellulose, 

hemicelluloses, and lignin; on the other hand the synthetic polymers are those which are man-made and those 

polymers which formed through synthetic routes, such as polystyrene, polyethylene and nylon.  Another method 

of distinguishing polymer is based on their thermal properties whether they are thermoplastics or thermo sets  

 

     Fig.3.9. Polymer chain 

4. Types of Testing 

        4.1 Physical Testing  

 

Fig.4.1 Flow chart for testing of physical testing of bioasphalt 
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Table.1 Physical Properties of Bioasphalt 

Physical Property  Value  

Moisture Content (wt %)  15-30  

Specific Gravity  1.2  

Viscosity at 500°C (cP)  40-100  

Distillation residue (wt %)  0-50  

 

The test results for  untreated or not pre heated asphalt binders from table 1.2 indicate that the bio-oils are 

overall softer than the control asphalt binder before Rolling thin Film Oven aging. As a result, when the bio-oils 

were mixed into the control asphalt binder, the viscosities decreased. The Original Bio oil(OB), De water bio 

oil(DWB) and polymer modified bio oil(PMB) modified asphalt binders had rotational viscosities 10.5%, 9.8% 

and 10.3% lower than the non virgin asphalt binder, respectively. This states that the three types of bio-oils had 

close effect on the rotational viscosity. Since the rotational viscosity of the asphalt binders can determine the 

blending and compaction temperatures of asphalt mixture, the addition of bio-oil is likely to decrease the 

blending and compaction temperatures of asphalt binders. 

4.2 Chemical Testing 

 

Fig.4.2Testing of chemical properties of bioasphalt 

 



 

 

240 | P a g e  

 

Table.2 Chemical Properties of Bioaspalt 

 

Asphalt type  

 

Carbon%  

 

Hydrogen%  

 

Nitrogen%  

 

Oxygen%  

Petroleum  

based asphalt  

 81.6   10.8  0.77  0.9  

swine  wast 

manure  

e  72.58  9.76  4.47  13.19  

waste woo 

resources  

d  56.4   6.2  0.1  37.3  

switch grass   47.53   6.81  0.51  45.19  

Alfalfa, earl 

bud  

y  53.88   8.47  4.59  32.73  

Alfalfa,  ful 

flower  

l  56.84   7.86  3.73  31.3  

Cornstover   46.5   5.9         -  46.2  

Oakwood/Oak  

flour  

 60.5      6          -  34.6  

 

Bio based asphalt binder can decrease the production temperature of hot mix asphalt, which may decrease 

paving costs by 20% and also reduce global warming and greenhouse gas  emissions up to 30% because less 

energy input is required. Bio based asphalt binder may also provide an antioxidant effect which could extend the 

total service life of pavements. The grade range of asphalt may be increase with the addition of Bioasphalt 

binder. 
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Table.3 Comparions Between Asphalt Properties 

 
Asphalt type  Ductility(cm)  Softening point  Penetration at 25

0 

,100g,2sec.  

Bio  based  

asphalt 1  

 Brittle  

failure      

       60  18  

Bio  based  

asphalt 2 

           4.0         55.6  25  

 

 

As the ratio of bio-asphalt tends to increases, the penetration of modified bio-asphalt starts decreasing .An study 

on the temperature stability of the modified bio-asphalt represent that the inherent good high temperature 

stability of the two different kinds of bio based asphalts after they were mixed influenced and reduced the 

softening points. That means low temperature ductility of bio based asphalt improved significantly and hence 

the weaknesses of the bio-asphalt e.g. stiffness and brittleness at low temperature were overcome. In addition, 

the effect was tends to improved as the ratio of modified asphalt increased. By studying consistency, 

temperature stability, and plasticity of modified bio-asphalt, we can conclude that its various conventional 

performances tend to grade up. 

the chemical properties examination various test are considered mainly about chemical characterization of the 

bioasphalt through testing them by Gas Chromatography-Mass Spectrometry (GC/MS) and Fourier Transform 

Infrared Spectroscopy (FTIR). By examine these test we will be capable of quantifying the amount of oxidative 

aging produced and identifying the possible types of chemical bonds (functional groups) presented in bio 

asphalt. 
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4.3 Rheological Testing 

 
Fig4.3. Rheological Testing  

 

The regular properties of modified bio based asphalt, analytical and measuring methods, including softening 

point penetration, and ductility tests, were employed to analyze the improvement of properties in different 

mixing proportions of bio-as-phalt and modified asphalt. Results indicated that after mixing bio-asphalt with 

modified asphalt there is various changes in their properties. The rheological based testing, there are many steps. 

Summarized as follows: (1) determine the viscosity of the bioasphalt using the rotational viscometer from which 

the temperature and the duration for the development of bioasphalt from bio-oils to be determined, (2) examine 

the effect of using different types of polymer modifiers with different percentage (3) using a dynamic shear 

rheometer (DSR) to examine the modified temperature for the rolling thin film oven (RTFO) that copy the effect 

of shortterm aging during construction, (5) using a dynamic shear rheometer( DSR )to measure the high and 

medium temperatures performance grade of the bioasphalt (6) then pressure aging vessel (PAV) treatment of the 
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rolling thin film oven (RTFO) for bioasphalt and the low temperature performance grade of the pressure aging 

vessel aged of bioasphalt as a binder is determined by using a bending beam rheometer (BBR).   

Also, pyrolysis tests should be also done, fast pyrolysis consist four main processes that can be expressed as:   

• High temperature heating and heat transfer rates   

• A very carefully controlled pyrolysis reaction temperature (in the range of 425-500°C)    

• Opposite to slow pyrolysis it have short vapour residence times (typically < 2s),   

• Fast cooling of pyrolysis vapours and aerosols to get. Bio-oils  

 In this research, three different types of bio-oils were used to explain the application of new developing bio-

binders for usage as pavement materials in flexible pavement. The different bio-oils were produced from three 

different types of biomass, e.g. Oakwood, switch grass, and Cornstover.The testing on bio-oils was classified 

into two categories, which were not pre heated (untreated) or heat pre-treated bio-oils. Further, the heat pre-

treated bio-oils was subdivided into subcategories, which were unmodified and polymer modified. Then, the 

heat pre-treated bio-oils were divided in two phases in order to copy the different oxidation phases that happen 

during the life cycle of a pavement material. These phases can be summarized as:   

(A) Rolling thin film oven- to restorative the short term aging because of mixing and compaction temperatures  

(B) Pressure aging vessel to restorative the long term aging during the in-situ life cycle of the pavement 

materials. 

5. Materials to be tested 

 

5.1 Bio based oil  

In this research, three different types of bio-oils were selected. As we know that these bio-oils were collected 

from different renewable biomass materials by using fast pyrolysis. The different biomass input is Oakwood, 

switch grass, and Cornstover. This biomass have high lignin content and low water content, which make them 

best suitable to be studied for developing bio based binders which can be used  as pavement binders  

5.2 Polymer Modifier  

In this renewable bio-asphalt study, four types of polyethylene polymers (photopolymers) will be use. By fig.4.1 

polyethylene “PS” is a polymer consisting of long chains hydrocarbon molecules of the monomer ethylene and 

it is a grade from polyolefin’s. In addition, Polyethylene is a thermoplastic in nature and mostly used in 

consumer products.  

The ethylene molecule consists of C2H4, which are linked together by a double bond.  
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Fig.5.1 Polymer chain 

5.3 Testing Procedure  

Step 1: The viscosity of the untreated bio-oil or not pre heated bio oil will be measured vs. time at different 

temperatures. The different time noted will 0, 0.5, 1, 2, 4 and 8 hours and the applicable temperatures are 110°C, 

120°C, and 130°C. The viscosity versus time at different temperatures will be drawing in graphical form.  

Step 2: The aging index at distinct durations will be measured by applying the following equation  

Aging Index =   viscosity of aged binder 

                            Viscosity of original binder  

Step 3: The pre-treatment/upgrading procedure should be determined based on steps 1 and 2. From plot 1, the 

pre-treatment duration is the point at which the slope of the viscosity- time relationship will be changing.  

Step 4: The viscosity at different temperatures and shear rates should be calculated to  

determine the relationship between viscosities, temperature and shear rate.                                                         

Step 5: The pre-treated/upgraded bioasphalt should be mixed with different types of polymer modifiers with 

different percentages  

Step 6: The mixing and compaction temperatures for the bio-binder will be calculated based step 5.  

Step 7: The bio asphalt will undergo RTFO and PAV aging in order to simulate in-situ aging during the 

blending and compaction process (short term), and in-service period (long term).  

Step 8: The amount of evaporation occurring due to RTFO aging will be determined very precisely.  
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Step 9:  The performance grade will be calculated by including the high, medium, and low temperature based 

performance grade of bioasphalt. 

CONCLUSION 

The experimental program of this research was designed to characterize the different bio-oils and to study the 

applicability of developing bio-binders from them to be used in the pavement industry. In this chapter, the 

experimental materials used, the experimental plans designed, and the experimental procedures followed during 

testing are discuses. 

 To analyze the practice applicability of using the bio-oils in bioasphalt. 

 The positive and negative effect of different types of polymer modifiers on the different types of bio-oil based 

bioasphalt. 

 The thermal expansion coefficient of the developed bio-asphalt will be calculated. 

 The resistance of the developed bio-asphalt against water and moisture content will be investigated in research.. 

 Viscoelastic Behaviour of bio oil will be investigated. 

 change in Stripping value will be studied as compare to petroleum based product 

 Cracking or any other failure will be notable. 

 Oxidation and Aging properties will be formulated. 

Mostly for paving flexible road binders that are derived primarily from fossil fuels are used.  

As we know that petroleum oil reserves becoming depleted day by day and it’s compulsory to reduce fossil fuel 

usage, so there is a need to produce binders from alternative sources, basically from bio renewable resources.  

Therefore research methodology is outlined here. The research considers different types of bio-oils, derived 

from different renewable biomass sources, which are Oakwood, switch grass, and Cornstover, by the technique 

of fast spyrolysis. This whole research includes three important objectives: one to examine physical properties, 

second to examine chemical properties, third to examine rheological properties. 
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