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Abstract 

This research findings, exhibits the chemical and consistency 

characterization of the bio-binder produced from domestic 

waste (DWBO-binders) as compared with petroleum-asphalt 

binders. Samples of the base asphalt and DWBO modified 

binders were characterized by running the rotational viscosity 

(RV). Moreover, the elemental analysis as well as fourier 

transform infrared (FTIR) spectroscopy tests were utilized to 

validate the chemical compositions and bond initiations that 

caused changes in stiffness and viscosity of the asphalt 

modified with DWBO from those of base asphalt binders. 

Three factors have been found to be influenced by the use of 

DWBO-binder, viz; i. reduction in viscosity of asphalt binders 

which led to reduction of asphalt pavement construction costs 

by reducing mixing and compaction temperatures, ii. 

increasing workability, and iii. reducing greenhouse emissions 

and the toxic effect of binder compared with petroleum-based 

asphalt binders. Bio-oil from domestic waste was found to be 

a promising candidate as a modifier for petroleum-asphalt 

binder. The results of this laboratory study indicates that the 

inclusion of DWBO have increased the aging induces of the 

control asphalt binders. 

 

Keywords: Bio-oil; Bio-asphalt; Chemical properties; FTIR; 

Rotational viscosity. 

 

 
INTRODUCTION 

Generally, binders that are utilizeded for pavement 

construction are derived mainly from fossil fuels (Airey and 

Mohammed 2008). A standout amongst the most encouraging 

approaches to address the issue of rising costs of asphalt 

binder, restricting unrefined petroleum reserves, and demand 

for a more environmentally friendly and energy effective 

asphalt binders is by providing binders from renewable 

resources. Though, a number of noteworthy research works 

are being directed worldwide to get  bio-binders from natural 

resources, for example, vegetation and forest waste, yard 

waste, and sugar cane molasses. since the bio-oil shows a 

great deal of rheological and performance  similitude with 

crude oil bitumen, such as being cost effective and simple to 

be produced locally on a regular basis, it can be a promising 

asset to provide bio-binder to be utilized as a part of asphalt 

pavement (Fini et al. 2011; Airey and Mohammed 2008). Bio-

oil can be defined as an “asphalt binder alternative, derived 

from non-petroleum based renewable resources, which should 

not rival any food material, and have environmental and 

economic benefits” (Peralta et al. 2013).  

Bio-oil has been examined by numerous analysts around the 

globe as a feasible substitute for crude asphalt binder. The 

greater part of the exploration directed on the use of bio-oils is 

centered around their utilizations as bio-renewable fuels to  

substitute fossil fuels. Notwithstanding, work has been done 

demonstrating that the appropriateness of utilizing bio-oils as 

a bitumen modifier is an exceptionally encouraging option for 

the traditional asphalt binders (Raouf  and Williams 2010). 

Other than of utilizing recycled materials to decrease the 

request of fresh asphalt binders, numerous scientists attempted 

to take after the approach of discovering alternative binder 

materials. The primary thought of this approach is to discover 

materials that have comparative properties as the petroleum-

based asphalt binders and utilize them in the pavement 

construction. Previous examinations demonstrated that the 

lignin and modified lignin products can be possibly utilized in 

the asphalt industry. Materials such as microalgae (Chailleux 

et al. 2012), animal waste (Fini et al. 2011), corn stover 

(Raouf and Williams 2010), urban yard waste (Hill and 

Jennings 2011), etc., can be utilized to produce bio-oils. 

Different specialists have demonstrated that the utilization of 

bio-binder generated from swine waste can decrease the 

asphalt stiffness and improve the low-temperature 

performance (Fini et al. 2011; Mills-Beale et al. 2014). Wen 

et al. 2013 have found that bio-oil from waste cooking oil 

would reduce the rutting and fatigue resistance yet enhances 

the thermal cracking resistance. Waste cooking oil was 

additionally observed to be a decent possibility to be a 

rejuvenator of matured asphalt binders. 

The oxidation of asphalt binder can cause weakening in 

pavement structure due to long-term aging. Thus, bring about 

cracking. Consequently, bio-oil could possibly serve as an 
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antioxidant agent in asphalt mixtures. Tang (2010) has 

assessed the impact of lignin-comprising bio-oil in asphalt 

binders. The author utilized other additives with bio-oil to 

alter the equation and demonstrated that the utilization of bio-

oil as an antioxidant is extremely compelling in expanding the 

life of asphalt pavement. 

The utilization of bio-oil as an additive to the crude oil asphalt 

binders has been demonstrated by numerous specialists to 

decrease the production temperature of the asphalt pavement, 

which has reduced fuel consumption and greenhouse 

discharge and also enhanced work site conditions for laborers. 

As an outcome of this, the long-term durability for bitumen 

and pavement has been enhanced by the decrease of the initial 

aging of the binder (D’Angelo et al. 2008; Tao and Mallick 

2009; Copeland et al. 2010). 

Disregarding some applicable research completed into 

utilizing bio-resources for bio-binder, still, significantly more 

should be accomplished for the asphalt paving industry to 

completely cover the utilization of bio-oil and to assess if it 

can be a decent contrasting option to petroleum-based asphalt 

binder in highway pavement development. 

For the first time a research as this is being conducted with 

main objective of investigating the viscosity performance and 

analysis of aging mechanism of three conventional asphalt 

binders (80/100, 60/70 penetration grade binders, and PG 76 

polymer modified asphalt) modified by bio-oil generated from 

domestic waste. In addition, the aging mechanism of the 

produced DWBO-binders was studied using the FTIR. The 

chemical groups change and the chemical reactions during the 

aging were also studied because it is not widely known for 

such new materials. 

 

METHODS AND MATERIALS 

Generation of Bio-Oil from Domestic wastes 

The fast pyrolysis process was followed to produce bio-oil 

from domestic wastes, where waste materials are rapidly 

heated in a vacuum to convert them into fractures such as 

vapors, aerosols, and bio-char. Before introducing the biomass 

into the pyrolysis process, the domestic wastes materials were 

dried at about 100 °C for a 24h period, after that the pyrolysis 

process was done at approximately 500 °C. fast vaporization 

was then done on the products from the pyrolysis stage to be 

condensed using cooling process to obtain the final bio-oil 

product. 

 

Bio-Binder Production 

The first stage is to upgrade the bio-oil. The DWBO to be 

tested is obtained from fast pyrolysis of household waste. In 

general, the original bio-oil contains a high percentage of 

water (15-35%). Therefore, an upgrading process is necessary 

to reduce the water content in the DWBO. Thus, 

thermochemical dehydration processes by indirectly heating 

the DWBO through the vacuum rotary evaporator device was 

performed. The DWBO was heated at the minimum water 

evaporation temperature to minimize the excessive aging. 

The second step is to add the treated bio-oil to the base asphalt 

to produce DWBO-binder. The DWBO was blended with the 

base binders at three different concentrations (3%, 6%, and 

9%) by the weight of asphalt binder.  

However, because each binder has a different mixing 

temperature, the blending process of the DWBO with the base 

binders is conducted at steady speed of 1000 rpm using a 

medium shear laboratory mixer at different temperatures 

depending on the type and viscosity of the base asphalt, until 

steady state conditions were achieved as shown in Table 1. 

The blending temperatures were below the mixing 

temperatures of the base binders (25-40°C) to decrease the 

danger of splashing and foaming during the blending process. 

 

Table 1. Temperatures of blending treated bio-oil to different 

base asphalt types 

Type of 

asphalt 

Mixing temperature 

range (°C) 

Blending temperature 

range (°C) 

80/100 147-153 120-125 

60/70 151-157 125-130 

PG 76 190-197 150-160 

 

Laboratory Experimental Program 

The experimental program was prepared to determine the 

viscosity performance of both the control and the modified 

binders. The relevant samples of unmodified asphalts and 

samples of asphalt modified with 3, 6, and 9% DWBO were 

prepared and tested unaged, Rolling Thin Film Oven (RTFO)–

aged, and Pressure Aging Vessel (PAV)–aged. 

The RTFO equipment was utilized to mimic the short-term 

aging characteristics of the DWBO-modified binders as per 

the ASTM D2872 (2004). Taking after the RTFO aging, the 

samples were PAV aged, according to ASTM D6521 (2005) 

specification standard. The PAV mimics the in-service 

behavior of the DWBO-modified binders compared to the 

control binders. 

 

The second part of this study consists of utilizing of the 

elemental composition investigation (CHNS) and Fourier 

Transform IR (FTIR) spectroscopy characterization 

techniques to examine the changes in chemical composition 

before and after the addition of DWBO to assess the aging and 

the change in consistency of the modified binders as 

elaborated in the result and discussion section of this research. 

The roadmap of this study is shown in Figure 1. 
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Figure 1. roadmap of the study 

 

 

 

RESULTS AND DISCUSSION 

Rotational Viscosity Behavior 

Brookfield rotational viscosity (RV) hardware was utilized 

according to the ASTM D4402 (2011) procedure. The 

Brookfield viscometer measures the flow characteristics of the 

unmodified and DWBO-modified binders by measuring the 

torque required to keep up a consistent rotational speed of a 

cylindrical spindle submerged in the specimen at the test 

temperature of interest. The RV test was conducted at 

temperatures of 135, 150, and 165°C to build up the pattern of 

viscosity values over a range of temperatures. 

Table 2 demonstrates the average percent contrasts in 

viscosity between the DWBO-modified and the control 

asphalt binder samples. Under all testing conditions, the 

samples have passed the Superpave most extreme viscosity 

specification estimation of 3 Pa.s (3,000 cP) at 135°C. The 

general pattern for all cases is as expected; the unaged and 

RTFO-aged specimens of both control and modified asphalt 

have lower viscosities at higher temperatures and higher 

viscosities at lower temperatures. However, unaged modified 

specimens demonstrate a reduction in viscosity compared with 

unmodified asphalts. For RTFO-aged specimens, the DWBO-

modified samples demonstrated fewer declines in viscosity 

contrasted with control specimens. Generally, the rotational 

viscosity results demonstrated that the addition of DWBO can 

reduce the viscosity of conventional asphalt binders, and these 

outcomes are of a great agreement with past studies directed 

on bio-oil (Fini et al. 2016). The viscosity examination of 

DWBO-binders demonstrated that the addition of DWBO to 

the base binders can diminish mixing and compaction 

temperatures by decreasing the consistency of the base 

binders. 

To further analyze the aging property of DWBO-modified 

asphalt binders, the term aging index is presented. The aging 

index is resolved as the ratio of the viscosities after to before 

the RTFO aging, as appeared in Equation 1: 

 

 

 

Based on the equation above, the aging indexes of the control 

and DWBO-binders were gotten and showed in Table 2. In 

general, the aging indexes of DWBO-binders were higher than 

the control asphalt binders. This demonstrates that with the 

increase of DWBO content, the aging index additionally 

increased. Examination among the three types of DWBO-

binders demonstrated that the 60/70 modified asphalt binders 

had the highest aging index, yet in the meantime had the 

lowest rate of increase in aging index, while PG76 DWBO-

binders had the lowest aging index and the highest rate of 

increase in aging index with increasing DWBO content. 

 

 

 

 

 

 

 

 

Raw Domestic Waste Materials 

Bio-Oil 

Elemental 
analysis 

Chemical 
components 

Consistency 
analysis 

Aging 
analysis 

Bio-Asphalt 

Fast pyrolysis 

Mix with base asphalt 

RTFO/PAV and FTIR 



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 12, Number 10 (2017) pp. 2613-2622 

© Research India Publications.  http://www.ripublication.com 

2616 

Table 2. Rotational Viscosity Differences 
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Decrease in Rotational Viscosity (%) at Different Temperatures 

U
n

a
g

ed
 135 0 13.4 33.9 39.7 0 13.3 27.6 38.0 0 5.08 28.5 46.0 

150 0 7.3 30.6 34.1 0 14.1 24.1 32.8 0 5.81 21.9 38.7 

165 0 7.6 29.5 30.7 0 13.6 19.4 26.1 0 12.7 20.4 38.3 

R
T

F
O

 

A
g

ed
 135 0 10.5 26.1 35.4 0 5.8 29.8 35.8 0 3.26 21.9 28.1 

150 0 11.6 22.7 29.7 0 7.7 28.6 35.0 0 4.67 15.9 37.7 

165 0 9.2 21.9 27.1 0 13.4 31.1 34.0 0 3.96 16.8 45.6 

Aging Index 1.50 1.55 1.59 1.61 1.59 1.62 1.64 1.65 1.09 1.13 1.20 1.45 

Decrease in Mixing 

Temperature  ̊C 

0 3.5 11.5 13.5 0 3.5 6.5 10.5 0 5.25 5.5 10 

Decrease in 

Compaction 

Temperature  ̊C 

0 4.25 11.3 14.8 0 3.75 6.75 13.3 0 4.75 7.5 11.8 

 

 

 

Elemental composition characterization 

Elemental composition of the asphalt binders were determined 

by utilizing elemental analysis process (carbon, hydrogen, 

nitrogen and sulfur) CHNS. Elemental analysis was 

performed by using PE 2400 II CHNS/O analyzer (Perkin 

Elmer Japan Co., Ltd, Kanagawa, Japan). 

The CHNS elemental analysis of domestic bio-oil and bio-

asphalt contains 6% bio-oil, compared with two representative 

petroleum asphalt cement, 80/100 and 60/70 penetration grade 

asphalts used in this research,  as a comparative analysis are 

given in Table 3. 

 

Table 3. CHNS Elemental Analysis of Bio-Asphalt with 

Representative Petroleum Asphalts 

Asphalt type Carbon 

% 

Hydrogen 

% 

Nitrogen 

% 

Sulfur 

% 

Petroleum asphalt 

80/100 penetration 

grade 

80.75 7.87 2.11 5.80 

Petroleum asphalt 

60/70 penetration 

grade 

82.12 7.86 1.20 4.27 

80/100 + 6% house 

hold bio-oil 

81.84 7.95 4.10 4.32 

Domestic waste bio-oil 84.58 5.82 4.76 0.96 

 

It is evident from Table 7 that bio-oil from domestic waste has 

the highest amounts of carbon and nitrogen and the least 

amount of hydrogen element. It is noticed also that it has 

almost a very small amount of sulfur that can be negligible. 

While it is noticed that there is no significant effect on the 

content of carbon and hydrogen amounts after the addition of 

6% bio-oil to the 80/100 base asphalt, but the most effect is on 

nitrogen and sulfur amounts. It is clear that 6% of bio-oil in 

base asphalt has increased nitrogen amount significantly, and 

at the same time decreased the sulfur amount. The increase in 

nitrogen and oxygen content may lead to increase the polarity 

of the binder and this in return cause more adherence to 

aggregate surface and hence, improves mixture resistance to 

moisture damage. While the decrease in sulfur content may 

lead to decrease the amount of the toxic fume and vapors 

emitted from the binder during mixing, storage, 

transportation, and compaction processes. 

 

Chemical Characterization Utilizing FTIR 

Fourier transform spectrometry measures the infrared (IR) 

light absorbed by a particular material. This absorption relies 

upon its constituents and especially on the chemical functions 

displayed in the material. In fact, an infrared light shaft is 

charged through the material. This energy causes bonds in 

molecules to vibrate and rotate at distinct frequencies. The 

energies assimilated at given frequencies are identified with a 

detector, and a range of absorbance versus wavenumber is 

acquired (BRRC method of measurement – ME85/13 2013). 

The FTIR spectroscopy of the DWBO-binder tests was 

directed using Perkin Elmer Spectrum 100 FTIR framework, 

utilizing the universal attenuated total reflectance (UATR) 

furnished with Gee crystal with a wave length of 650-3000 

cm-1, the scan rate of 4cm-1, and a scan time of 4 sec.  To 

show the control and modified asphalt samples for the FTIR 

test, the DWBO-binder samples were set specifically onto the 

surface of the crystal plate assembly and the pressure tip was 

lowered so it is in contact with the specimen.  

Keeping in mind the end goal to decide the variety in the 

chemical structure of binder prior to the addition of DWBO, 

the FTIR setup was used. This concerns concentration on the 

functional and structural indexes of the base asphalt binders 

using FTIR spectra and contrasting them and that of the 

asphalt modified with 3, 6, and 9% DWBO. The FTIR tests 
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were conducted on unaged, RTFO-aged, and PAV-aged 

samples. 

Infra Red (IR) spectra for the DWBO-binders and relating 

petroleum asphalts (80/100, 60/70, and PG76), for 

comparative purposes, are demonstrated in Figure 2. The 

crude spectra for every sample were benchmark corrected 

keeping in mind the end goal to give a typical standard for 

correlation. The refined spectra were overlaid on each other to 

make it easier for understanding the variety in crests between 

the base binders and the DWBO modified specimens. The 

functional groups between the 600 and 2,000 cm−1 were 

indicated in view of past literature on the examination of 

functional groups in asphalt binders (Karlsson and Isacsson 

2003). To make direct correlations, a standardization approach 

was used for all of the spectra. An absorbance height of 1.2 

was adjusted for a crest at 1460 cm-1 without changing the 

relative stature of the spectra. Between the control and 

modified asphalt binders, comparative and symmetrical 

absorbance peaks were recognized. Carbonyl, aromatic, and 

heteroaromatic rings, sulphoxides, methyl (aliphatic), and 

methylene (aliphatic) functional groups were recognized for 

the control and DWBO-modified specimens at the unaged, 

RTFO-, and PAV-aged conditions. 

 

 
 

Figure 2. Comparative FTIR spectra of the base and aged 80/100 DWBO-binders 

 

 

To decide the oxidation condition of a bituminous binder 

specimen, the crests for carbonyl, and sulfoxide can be 

determined at 1700 cm-1 denoted as (Ic=o), and 1030 cm-1 

denoted as (Is=o), respectively, hence the integral bounds used 

are 1819 to 1668 cm-1 and 1035 to 1010 cm-1, respectively 

(BRRC method of measurement – ME85/13 2013; Kanabar 

2010; Hagos 2008; Wu, et al. 2009). For the DWBO-blended 

asphalt binders, there are additional peaks at 1110 cm-1 (C-O-

C stretch) representative for ethers and 1220 cm-1 (C-O) 

delegate for acids and esters (Yang 2013). 

From an average FTIR spectrum range on an asphalt binder, a 

quantitative examination of the carbonyl, sulphoxide, esters, 

ethers, and stretching and deformation indexes (chloroform) is 

ascertained as in the following equations: 
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The oxidation index (OI) is calculated by the Equations (7 and 8): 

 

 

Where: 

ΣIafter aging is the sum of bond indexes after aging 

ΣIbefore aging is the sum of bond indexes before aging 

 

Table 4 shows the functional groups of the approximate absorption wave numbers in Figures (3-5). The results showed that there 

was no considerable variation in functional groups after adding DWBO to the control petroleum-based binders. 

 

Table 4. IR absorbance for representative functional groups for DWBO and asphalt, from (Scholze and Meier 2001; Karlsson and 

Isacsson 2003) 

 

Wavenumber (cm-1) Molecular Motion Functional Group 

1700 C=O stretch Aldehydes and Ketones (Carbonyl) 

1600 C=C & C=O stretch Aromatics 

1460 CH2 bend Alkanes (Methylene) 

1375 CH3 bend Alkanes (Methyl) 

1220 C-C, C-O & C=O stretch Acids & Esters 

1110 C-O-C stretch Ethers 

1030 S=O Sulfoxides 

764  Chloroform band 

700-900 C-H bend Aromatics 

 

With the spectra shown in Figures (3-5), the bond indexes for the control binder and the DWBO-binders were acquired. Seven 

bond indexes were shown: the C-H bend of aromatics, the C-O stretch of acid, alcohol, ester, and ethers, the C═C stretch of 

aromatic skeletons, the S═O bond, the CH2, the C═O bond, and CH3 bond of alkanes, and the OH stretch. 

 

 
 

Figure 3. FTIR spectra of the unaged 80/100 binder and the corresponding DWBO-binders 
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Figure 4. FTIR spectra of the unaged 60/70 binder and the corresponding DWBO-binders 

 

 
Figure 5. FTIR spectra of the unaged PG76 binder and corresponding DWBO-binders 

 

The bond indexes and oxidation indexes for the control binders and the DWBO-asphalt binders are shown in Table 5. For 80/100 

DWBO-binders, there was almost a decrease or no change in band area of the bond ratios after RTFO-aging. The oxidation 

indexes are only 0.25, 0.30, 0.54, and 0.66 for 0, 3, 6, and 9% DWBO by weight of the base asphalt binder 80/100. 

 

Table 5. Band areas of representative bonds before and after aging 

Binder Type Aging State Bond location (cm-1) and Bond Index (x10-3) 
Aging 

Index 

(AI) 

C=O 

(1700) 

C-O 

(1220) 

C-O 

(1110) 

S=O 

(1030) 

AB-80BO0 Original 32.90 13.79 2.03 1.47 - 

After RTFO 7.74 0.08 3.73 1.03 0.25 

After PAV 224.68 100.89 2.08 2.09 6.57 

AB-80BO3 Original 38.46 17.13 3.73 3.75 - 

After RTFO 15.06 1.95 0.06 2.05 0.30 

After PAV 217.02 80.16 1.74 3.19 4.79 
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AB-80BO6 Original 46.61 22.13 3.57 2.48 - 

After RTFO 34.46 3.15 0.40 2.47 0.54 

After PAV 180.96 94.83 2.41 2.50 3.75 

AB-80BO9 Original 66.16 25.77 1.84 1.61 - 

After RTFO 52.35 1.84 0.12 1.92 0.59 

After PAV 153.47 65.17 5.65 2.19 2.37 

AB-60BO0 Original 9.93 10.22 7.51 0.47 - 

After RTFO 27.45 0.00 0.03 1.98 1.05 

After PAV 187.04 84.25 1.54 1.28 9.74 

AB-60BO3 Original 27.20 13.14 5.73 0.59 - 

After RTFO 41.62 0.01 0.09 2.39 0.95 

After PAV 224.20 99.07 1.41 1.15 6.98 

AB-60BO6 Original 35.76 14.51 3.42 1.31 - 

After RTFO 30.74 0.48 0.00 2.11 0.61 

After PAV 224.63 97.60 1.56 1.22 5.91 

AB-60BO9 Original 50.57 19.55 2.68 1.41 - 

After RTFO 16.17 0.84 0.01 1.69 0.25 

After PAV 206.78 85.30 1.32 1.55 3.97 

AB-PG76BO0 Original 0.07 0.00 9.78 2.48 - 

After RTFO 24.41 2.93 0.00 2.27 2.40 

After PAV 4.93 0.01 2.46 0.37 0.63 

AB-PG76BO3 Original 0.98 1.39 10.67 1.24 - 

After RTFO 22.22 3.10 0.00 2.62 1.96 

After PAV 7.95 0.00 3.06 0.76 0.82 

AB-PG76BO6 Original 28.25 61.22 9.44 1.24 - 

After RTFO 28.40 2.86 0.00 2.84 1.22 

After PAV 28.87 3.72 3.70 1.62 0.69 

AB-PG76BO9 Original 20.76 02.04 8.94 0.51 - 

After RTFO 26.61 4.20 0.00 2.18 0.66 

After PAV 20.53 3.96 2.63 2.18 0.58 

 

However, it is noticed that the slight increase of Oxidation 

Index (OI) after RTFO with the increase of bio-oil proportion. 

This indicates that little oxidation occurred during the RTFO-

aging for control 80/100 asphalt binder. The opposite may be 

noticed for 60/70 and PG76 bio-binders where the OI after 

RTFO is decreasing with the increase of DWBO proportion 

and with relatively higher overall OI values than 80/100 

DWBO-binders and this is almost the function of DWBO 

where there is more volatile after RTFO but less transfer of 

molecules between chemical groups. For the DWBO-asphalt 

binders, most of the bond indexes decreased after the RTFO 

aging, indicating a concentration decrease of alcohol, ether, 

ester and carbonyl groups after the RTFO-aging except for 

PG76 DWBO-binder where the inverse happens. 

Consequently, the FTIR results demonstrate that there is no 

noteworthy oxidation for 80/100 and 60/70 bio-binders after 

RTFO, This is reliable with the consistency test results, while 

there is a huge oxidation for the two DWBO-binders after 

PAV aging, despite the fact that this oxidation has diminished 

with the increase of DWBO proportion. It is trusted that the 

long term aging behavior can be improved in the field on the 

grounds that the temperature and the air pressure are relatively 

low, contrasted with the test conditions in the lab. 

Moreover, it can be seen that the OI after RTFO aging for 

PG76 bio-binders is relatively higher than the other two 

binder types but at the same time had lower OI after PAV 

aging. This may demonstrate lower aging affinity at the long 

term. 

Table 5 shows the bond ratios of carbonyl, alcohol, and 

sulfoxide for control asphalt binders and binder blending 

containing DWBO. It is seen that DWBO has the highest 

amount of carbonyl, alcohol and sulfoxide, which is in light of 

the fact that DWBO has much higher oxygen component. 

However, for 80/100 and 60/70 bio-binders, there is no 

noteworthy increment of carbonyl, alcohol or sulfoxide ratios 

observed after the RTFO aging. Indeed, both carbonyl, 

alcohol and sulfoxide ratios of 80/100 and 60/70 DWBO-

binders are decreased after RTFO aging. This might be 

because of the escape of light-weight compounds which have 

higher carbonyl and sulfoxide content. However, there is no 

good relation between the ratio changes of sulfoxide index 

and DWBO percent in the binder blending after RTFO aging. 

This may indicate that the oxidation is not a main reason for 

the aging in the RTFO test.  

However, both the RV test results showed that the viscosity 

increases after the RTFO aging. Thus, the main reason for the 

aging is due to the molecular loss of light-weight compounds 

in the DWBO. After PAV aging, the bond ratios of carbonyl 

and alcohol for control asphalt binders and DWBO binders 

increased significantly. This is practically verified because of 

oxidation and this demonstrates the oxidation is the principle 

explanation behind the aging amid PAV test. 

In general, the aging indexes for the DWBO modified binders 

after PAV aging decreased with the increase in the DWBO 

content. This means less susceptibility of DWBO-binders for 

long term aging, and this is supported by the viscosity test 
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results while the effect of adding DWBO to the base binders is 

to decrease the viscosity. Thus, this may lead to improving the 

resistance of the binders and asphalt mixtures to fatigue 

cracking at intermediate temperatures.  

Based on previous analysis, during the aging of DWBO-

binders, three (3) phenomena occurred: i. The loss of light-

weight compounds, ii. The molecular weight increase 

resulting from dehydrogenation, iii. The increase in C-O, 

C=O, and OH bonds resulted from the oxidation.  

All of these changes have an influence on the rheological 

properties of DWBO-binders and hence the mechanical 

performance of asphalt mixtures. However, aging is the 

biggest concern for asphalt binders during the construction 

and its service life, the aging of DWBO-binders should be 

well addressed when used in the asphalt industry with a high 

fraction. In addition, some chemicals are produced while 

some are diminished during the aging process, hence, the 

effect of these chemicals on the environment and the field 

paving crew should also be evaluated to ensure the safe 

construction environment of pavements incorporating 

DWBO-binder modifier. 

 

SUMMARY AND CONCLUSIONS 

In this study, the evaluation of the consistency properties of 

bio-oil derived from domestic waste as a modifier for 

petroleum asphalt binders were investigated through 

laboratory tests involving the characterization of 80/100, 

60/70, and PG76 asphalt binders modified with 3, 6, and 9% 

bio-oil by weight of base binders. The elemental analysis and 

FTIR spectroscopy were used to study the chemical 

compositions and bond evolution of the asphalt modified with 

bio-oil. All analyses were conducted in comparison with the 

control asphalt binders. The findings in this research gives a 

comprehensive understanding of some basic properties of bio-

binders and some crucial problems when using bio-oil in 

asphalt mixtures and it is hoped to be a guide in the research 

direction of this field of knowledge.  

Based on the analysis of the proposed characterization tests, 

the main findings and conclusions are summarized as below: 

* According to elemental test results, the DWBO has less 

content of Sulfur element than the base asphalt binders which 

may lead to lower the toxicity of the produced Bio-Binders; 

* The DWBO forms a homogenous polymeric blend with 

conventional asphalt binders; 

* Due to their chemical compatibility, the results from Fourier 

Transform Infrared Spectroscopy (FTIR) test indicate that 

both DWBO and the base asphalts binder consist of aromatic 

hydrocarbons and saturated hydrocarbons. These components 

are in the continuous phase embracing the asphaltene 

molecules and attribute to the liquidity in asphalt materials. 

Therefore, DWBO does have the potential to soften the 

asphalt binder. Thus, addition of bio-oil from domestic waste 

reduced the viscosity of the base binders; 

* The chemical functional groups of the base asphalt binders 

remained unchanged significantly even with the addition of 

the domestic waste bio-oil; 

* The DWBO-binders are more prone to be aged compared to 

the control asphalt binders according to the Rotational 

Viscosity test results. 

* The DWBO-binders rate of oxidation, indicated by OI, after 

PAV aging is less than that after RTFO aging, indicating good 

aging performance at the long term service life. 

From all the aforementioned result and conclusions, it is clear 

that the DWBO modified asphalt binders have very similar 

physical and chemical properties compared by the 

conventional binders and can be used in pavement industry 

with cautions related to blending conditions, and mixing and 

compaction temperatures.   
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