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Abstract 
 

Keywords: SARA, Si-SARA, SPE, Syringe filter, Bitumen, Asphaltene. 

 

The chemical composition of bitumen is a reinvigorated aspect of looking into the origin of 

bitumen behavior. Diversification of crude sources, emphasizing high-value products of refining, 

and addition of rejuvenators, extenders, modifiers lead to unusual behavior of bitumen compared 

to unmodified bitumen. There are many cases where the integrity of bitumen as a chemical was 

understood to be compromised but not captured by usual lab tests. Therefore, the use of bitumen 

chemistry as a predictor of performance and quality control is being pursued in multiple research 

fronts. However, analysis of bitumen chemistry is challenging due to the need for specialized 

equipment and a protective environment.  

 

In a recent study, Sakib and Bhasin (2019) used a novel method called ‘Si-SARA’ for extracting 

bitumen chemical fractions on the scale of milligrams. The key elements of that procedure were 

(i) a syringe-filter-based separation to isolate asphaltene and (ii) pre-packaged silica cartridges 

(Solid Phase Extraction– SPE cartridges) for fractionation of maltene into saturates, aromatics, 

and resins using chromatography in a procedure similar to ASTM D4124 and IP469. The ‘Si-

SARA’ procedure is an order of magnitude speedier, cheaper, and more compact than that of other 

existing processes. This procedure leads up to the present work which offers a further refinement 

of the ‘Si-SARA’ procedure. Proposed modifications in the present paper make the procedure 

suitable for field labs and labs without a dedicated chemical handling facility, thereby offering 

even faster results and point-of-use quality control.  
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The compact new process calls for an enclosed metallic chamber, a manual or motorized vacuum 

pump, an air pump, a magnetic stirring heating mantle, and a condenser setup. While the method 

uses syringe filters and SPE cartridges like the original method, this innovation removes two major 

and relatively expensive equipment; namely glass-made vacuum manifold and drying oven. The 

new process actually combines the vacuum manifold and drying oven chamber into a single metal 

‘lunch box’-commercially available as a steel-made airtight food container- alternately used either 

as vacuum chamber or as drying chamber mode. When operated in vacuum manifold mode, the 

system is relatively basic with no flow control regulators though an off-on valve facilitates the 

elution process’ initiation and termination. A vacuum pump helps the liquid flow as shown in 

Sakib and Bhasin (2019). However, when operated under drying mode, a heating plate is placed 

under the box, which heats up and evaporates solvents. Solvent-rich gas inside the box then passes 

through a cold condenser coil with the help of an air pump. After condensation, the accumulated 

liquid is collected in a bottle, and gas/air is returned to the chamber to complete the iteration. This 

process offers a closed system and thus removes the necessity of a chemical hood. During drying, 

nitrogen or other inert gas blanket requires only a small amount of gas or is completely made 

redundant as the same volume of gas is iterated and thus the amount of oxygen is very limited. 

Additionally, the use of metal cans in place of glass vials to collect elute in the new process offers 

a quick-drying and rugged system regarding heating and transportation.  

 

To summarize, the newly proposed system uses the ‘Si-SARA’ method but utilizes more 

accessible and economic tools, which enables the chemical analysis of bitumen in limited resource 

labs, field labs, or labs previously not suitable for chemical testing. 
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1 CHAPTER ONE: INTRODUCTION 

 

1.1 Literature Review 

Many authors and researchers previously researched about fractionation of bitumen to know the 

unknown chemical properties. Also, many methods and processes have been developed by the 

researchers about the 'SARA' method. In this literature review, some of these aspects have been 

discussed. 

 

1.1.1 Significance of Bitumen 

The demand for bitumen is skyrocketing due to the mounting construction & maintenance of 

pavement around the globe. The total world road network length is approximately 16.3 million 

kilometers or 10.3 million miles of which the majority portion of the road is flexible or asphalt 

pavement. Asphalt binder, in other terms known as Bitumen, possesses good coating and binding 

properties that allow it to be an appropriate binder agent in asphalt concrete mixtures.  About 100 

million metric tons of bitumen is produced annually from which the pavement industry utilizes 

around 95% (Lesueur and España 2009, Jones et al. 2011, Hajj and Bhasin 2017). Bitumen has 

various advantages like comfortable driving, convenient maintenance, and low noise. As the 

quality of bitumen dictates the pavement quality to a great extent, the cost of bitumen leads to 

substandard bitumen usage for road construction which results in quick deterioration. Analyzing 

and categorizing bitumen according to its chemical composition may help us surmount this 

problem from the user end, increasing the efficiency and longevity of the pavement. 
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1.1.2 Physiochemical Properties of Bitumen 

Based on colloidal structure theory, bitumen is a viscous material comprising of composite 

molecular hydrocarbons and non-metallic byproducts (Lesueur and España 2009). The conditions 

of the bitumen binder establish the properties and efficiency of the asphalt concrete and the paving. 

The intrinsic capacity of the asphalt binder to tolerate disturbance for instance rutting and cracking 

is essential (nevertheless adequate) to guarantee that the consequential asphalt mixture and 

pavement have reasonable standards of efficiency and service life (Jones et al. 2011). It is 

obligatory to understand the physicochemical properties of bitumen that regulate its performance 

in asphalt mixture.  

 

However, Bitumen sources & production method also impacts bituminous properties (Gasper et 

al. 2012, Yang et al. 2016). The determination of detailed composition is very difficult as it 

contains innumerable and complex molecular structures. Any compositional or chemical property 

change greatly impacts the physiochemical properties of bitumen (Sultana and Bhasin 2014, 

Fischer and Cernescu 2015). The physicochemical characteristics of the bitumen differ 

significantly based upon its source, even though the material characteristics are assessed at a given 

loading rate, temperature, and similar aging conditions (Sakib et al. 2020). Following the 

regenerative component regulation theory, bitumen’s performance is determined by its 

composition & components (Valtorta et al. 2007).  

 

Naturally found bitumen is produced from oil through slow natural processes (Spielmann 1937). 

Conventional oil and alternate deposits, including heavy oil, super heavy oil, oil/tar sand, mineral 
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oil, shale oil are all-natural petroleum mixes (Rudyk 2017). All of these resources are found in 

nature and their chemical configuration fluctuates with their terrestrial location of the deposit and 

for certain instances, the same source too. This heterogeneity is even further boosted by the 

variations in the residual constituents in the bottom residues after gasoline and diesel or other high-

value goods are distilled from the refined source oil (Sultana and Bhasin 2014). Since Bitumen is 

an organic matter, it is more susceptible to oxidization owing to its complex hydro-carbonous 

chemical configuration (Lesueur and España 2009). Several researchers have agreed upon the fact 

that the long-term durability of asphalt concrete mixture is dependent upon the chemical 

composition of bitumen (Daly 2017). But only mechanical properties are taken into account for 

design specification if we come from an engineering aspect, which is either quantitative 

measurements (e.g., penetration test, ring, and ball softening point) or quality measurements (e.g., 

performance grading system or PG). Many studies have concluded that bitumen with similar 

performance grades obtained from various sources can perform differently and even meet 

premature failure. 

 

Bitumen can also be extracted through various chemical processes. It can be obtained from the 

fractional distillation of crude oil (McNally 2011) or refined petroleum (Jones et al. 2011) or from 

oil sand cracking. Different extraction processes used to extract crude oil can lead to different 

products with various chemical compositions. The processing phase itself may change the 

chemical structure of the bottom residues. In addition, the extracted bitumen sometimes goes 

through additional processes such as oxidation, cracking, and blending with softer or harder grade 

bitumen for commercial and specification needs. Apart from these, rejuvenators, polymers, 
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extenders are added to bitumen for improving bitumen properties or providing commercial 

incentives. 

 

Besides that, the necessity of adapting to a more environmentally acceptable approach in the 

pavement industry influenced the industry to use waste products or bio-degradable products as 

extenders resulting in further unknown changes in the chemical composition of bitumen (Sakib et 

al. 2020). 

 

1.1.3 Lack of Correlation between the Existing Methods 

Assembling a collection of research findings by other authors that established associations between 

widely used bitumen output test results and ongoing field deformation, it was observed that the 

correlation coefficients calculated in various experiments were very distinct, within a range of 0.27 

to 0.99. The related variance was also recorded when various forms of bitumen were used such as 

Pmb also known as polymer-modified bitumen (Batista et al. 2017). Such studies testify that the 

existing methods to predict the field performance of modified bitumen are inadequate (Delgadillo 

et al. 2006, D’Angelo 2009, Hajj and Bhasin 2017). 

 

1.1.4 Bitumen Fractionation Methods 

To conduct a detailed analysis of bitumen, fractionation of the bituminous materials is normally 

performed (Cuadri 2011). Yang et al. (2019) mention some popular methods used by researchers 

for bitumen separation are distillation, adsorption, solvent extraction, chemical precipitation, 
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chromatographic methods, etc. but adsorption-chromatography is the most popular. Ashoori et al. 

(2016) stated in their work that studies regarding Chromatographic techniques were first done for 

grouping of hydrocarbons & SARA fractionation as well. Later studies were focused on 

developing different methods to this approach, which resulted in ASTM D 2007 method 

development. Since this method required a large amount of bitumen, absorbent & solvents other 

conventional methods were developed for convenience (Kharrat et al. 2007). 

 

1.1.5 SARA Fractionation 

SARA fractionation is the segmentation of bitumen into asphaltenes and maltenes based on the 

polarity of constituents. Maltene constitutes saturates, aromatics and resins. These subdivisions 

are briefly addressed as SARA (Sakib and Bhasin 2018). Both fixed & mobile phases (where we 

separate mixed chemicals by heating from Maltene) are applied in this method. Bitumen is easily 

fractionated based on the polarity & adsorption of detached materials (Chen 2014). Kharrat et al. 

(2007) mentioned in their study that SARA (saturates, aromatics, resins, and asphaltenes) 

fractionation is a common & one of the most popular as well as efficient practices for bitumen 

composition analysis. From the studies of Silva et al. (2011), we know, as crude oil becomes 

heavier and has a higher asphaltene & resin content when its API gravity decreases. When the H/C 

ratio decreases, aromaticity increases. 

 

1.1.6 Asphaltene Extraction 

Asphaltene extraction differs by various methods using pentane, hexane, or heptane. Asphaltenes 

and maltenes are separated by dissolving bitumen into a non-polar solvent followed by filtration 
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of the precipitated asphaltene. There are mainly four standard practices of mixing solvents to create 

specimens. They are summarized below: 

 

1. 10 w/v solution in n-pentane swirled in a warm water bath dissolved; filtered using rapid filter 

paper (ASTM D2007 2016) 

 

2. 30 w/v solution in n-heptane prepared under reflux for 60 minutes; filtered with Whatman Grade 

42 (2.5 m pore) filter paper (ASTM D6560) 

 

3. 100 w/v solution in n-heptane prepared under reflux for 20 minutes; filtered using a glass 

microfiber filter pad with 1.5 μm pore size (ASTM D3279 1997) 

 

4. 100 w/v solution in iso-octane (previously n-heptane) prepared under reflux for 3-4 hours; 

filtered using a medium porosity (10-15 m pore size) Buchner funnel fritted glass filter (ASTM 

D4124, 2009) 

 

1.1.7 Maltene Fractionation 

Maltene fractions can be further subdivided into Saturates, Aromatics, and Resins (SAR), in 

order of increasing polarity. Despite the fact that maltenes are typically divided into three sub-
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fractions, it is also possible to fractionate maltene into more than three fractions by appropriately 

choosing a solvent. 

 

Figure 1: Solvent Options for Elution 

 

1.2 Observation from Literature Review 

Analyzing bitumen, following the existing methods can be difficult due to the need for 

specialization in equipment and the security of the environment. To overcome these difficulties 

Sakib & Bhasin (2019) came up with an innovative process known as 'Si-SARA' where they used 

a syringe-filter based separation to isolate asphaltene and pre-packaged silica cartridges (Solid 

Phase Extraction– SPE cartridges) for fractionation of maltene into saturates, aromatics, and resins 

using chromatography in a procedure similar to ASTM D4124 and IP469. Using this technique 

bitumen can be chemically disintegrated up to milligrams & offers a further refinement of the ‘Si-

SARA’ procedure. But the method requires time and necessary equipment which is expensive. So 

in this thesis, we tried to carry on the experimental method but by finding an time-efficient and 

economic variant. 
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1.3 Objective of the Study 

• To replace the two most expensive equipment used by Sakib and Bhasin (2019) which are 

vacuum manifold and drying oven. 

• To combine vacuum manifold and drying oven into a single chamber metal box 

• To replace a $5000 project into a $200 project 

• To make a more sustainable system where no toxic chemical will be released into 

environment 

• To make it suitable for field use without a dedicated chemical handling facility. 
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2 CHAPTER TWO: “Si-SARA” EXPERIMENTAL SETUP 

 

2.1 General 

As the initial proposal was to simplify the method of chemical analysis and making it available for 

fieldwork, a lot of modification has to be done and replaced by cheap and flexible materials. The 

first concern about the prototype is using of plastic material. Because chemicals like n-heptane, 

toluene, methanol will be used to separate asphaltene, maltene, and other substances which 

effectively breaks down the surface of the rubber. So the total system will be disabled then. Due 

to this, it was decided that the use of any kind of plastic material will be avoided. We can see the 

sketch of the prototype in the picture below. 

 

 

Figure 2 Sketch of the Prototype 
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We will further discuss details about the prototype. But at this point we can see two indicators, one 

is blue and one is red in the sketch. The blue one represents the 'filtration cycle' and the red one 

represents the 'drying cycle'. While analyzing the sketch more, it has been realized that at some 

point, the plastic joint can be used because it will make no contact with the chemicals. So some 

plastic joints have been introduced in the design. Mainly the design is based on brass and copper 

joints. But as it is now under trial, the further modification will be made depending on the results  

come from the experiment. 

 

2.2 Setup Description 

The key innovation or modification is the 'Metal Box' shown in the sketch. It is situated on the 

base which is a 'Hot Plate' by which heat is given to this system. Previously, drying and filtration 

have been done in a separate containers. For filtration, a vacuum manifold is used and for drying, 

an oven is used. To reduce the significant cost, a metal box has been used. Initially, an aluminum 

box is used. But depending on the experiment result it might be switched to iron. Because iron 

boxes are easier to weld which provides better finishing. This metal box contains holes multiplier 

of 2 (2/4/8/12) based on the surface and size of the box. In this experimental case, there are two 

holes (Figure 3).  
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Figure 3: Top of the metal box 

A metal needle then gone through the holes. We have used No. 10 needles is this purpose. There 

are separate small boxes under every needle that will collect the filtrated chemicals (Figure 4). The 

gap between the hole and needle is welded using chemical epoxy to make it airtight. Epoxy is used 

because it is not possible to weld aluminum, copper, and stainless steel together as all are different. 

Welding could be done if we used the same type of material for every case.  
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Figure 4: Inside the metal box 

The top surface of the metal box accommodates four things. 1. Needles, 2. Syringe Filter, 3. SPE 

Cartridge and 4. A Pressure Gauge (Figure 3). These needles have two types of off/on mechanisms. 

A small valve is placed on them (Figure 5). The purpose of them is to make the metal box airtight 

during the 'Drying Cycle'. At first 'Filtration Cycle' will be done to separate Asphaltene and 

Maltene. But after that to remove the solvent, the drying cycle will be done. So then, filter syringes 

will be removed and valves will be placed on them to make the whole system airtight. 

Polytetrafluoroethylene (PTFE) filters (Figure 6) and 50 ml. syringes are used in the experiment. 
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Figure 5: Valve covering the needles 

 

 

Figure 6: PTFE Filters and Valve for needles 
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There are two holes in the two opposite sides of the box. Two nuts have been used to joint a two-

way valve with the metal box (Figure 7). These valves have an off/on mechanism which helps to 

take out the box from the system and joining again. These valves are made of brass. There are two 

types of valves used in this prototype. 1. Male and 2. Female (Figure 8). Both types are used to 

reduce the overall number of joints, valves. The intention is to reduce the cost. 

 

 

Figure 7: Joint of metal box and valve 
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Figure 8: Female and Male Valves 

Three other important materials in this setup are Male Compression Joint, Female T Joint, and 

Female I Joint (Figure 9). Male compression joints are used to connect the copper wire from one 

segment to another. The vapor which will be created in the drying cycle will move through the 

system by these copper wires. All the joints, valves, and copper wire are 1/4 Inch in diameter. 

Female T joints are used where the path is divided into three sections as showed in Figure 2. We 

will do the filtration cycle and drying cycle in the same system. This is why it is very important to 

use the valves and joints properly. Some of the valves will be closed in the drying cycle and some 

of the valves will be closed during the filtration cycle. 
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Figure 9: (From Left) Female T Joint, Female I Joint, Male Compression Joint 

 

One of the copper wire connections will connect with the condenser as shown in Figure 2. In this 

case, we are using a graham condenser. One opening of the graham condenser is connected with 

the help of a cork. Copper wire has been drilled through the cork (Figure 10). Another opening of 

the graham condenser will be attached to a flask. We are using two conical flasks which have two 

openings. The joint of the conical flask and condenser is air-tightened by another cork (Figure 10). 

Graham condenser is connected with a water source by which continuous water supply will be 

provided during the drying cycle. It is to be mentioned that these works have been done with bare 

hands so the finishing is not very smooth. These are done for experimental purposes. 
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Figure 10: (From Left) Copper Wire Drilled Into Cork, Joint of Condenser and Flask and Cork Covering the Joint of Condenser 

and Flask 

It has been mentioned already that at first, the idea was to use copper and brass joints in all sections. 

But it is found that some of the sections will not get polluted by toxic chemicals. So we can use 

some plastic joints to reduce the cost. There are some plastic compression T joints and valve that 

has been used after the section where condensing is already done (Figure 11). It means the vapor 

containing chemicals will already be condensed in the condensing chamber. The remaining fresh 

air will be passed through the next section. So plastic or rubber material can be used in that section. 

Mainly we have used the plastic valves and joints after the Air Pump shown in the sketch (Figure 

2). 

 

Figure 11: Plastic compression T joint and valve 



18 
 

There is some additional electrical instrument used in this prototype. A submersible pump has been 

used. The use of the pump is to maintain continuous water flow through the graham condenser. A 

temperature reader is also put on the top of the metal box. It has been placed to know about the 

temperature reading from time to time. A small vacuum pump is used. The purpose of this pump 

is to help to suck the air from the metal box. It will create a vacuum inside the box which will help 

to fasten the filtration process as well as maintain a constant pressure. Figure 12 is showing these 

instruments. 

 

Figure 12: Vacuum pump, temperature reader, submersible pump 

A total estimation of the materials used in this whole experiment is given in the chart below 

showing their name and quantity. The number of valves and joints will vary depending on the male 

valve and female valve used. After the table, a full picture of the setup is shown in Figure 12 after 

joining the all segments. 
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Table 1: List of Materials 

No Item Name Quantity 

01 Metal Box 1 

02 Small Box 4 

03 No. 10 Needle 4 

04 Needle Blocking Valve 4 

05 Digital Thermometer 1 

06 Pressure Gauge 1 

07 12V Submersible Water Pump 1 

08 Vacuum Pump 1 

09 Graham Condenser 1 

10 Double Opening Conical Flask 1 

11 Copper Wire Cutter 1 

12 50 ml Syringe 4-8 

13 PTEF Filters 10 

14 ¼ Inch Nuts 2 

15 Male Valve 5 

16 Female T 3 

17 Female I 6 

18 Male Compression Joint 6 

19 Cork 2 

20 Plastic I  1 

21 1/4 Inch Copper Pipe 7/8 Ft 
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Figure 13: Si-Sara Full Setup 

 

2.3 Blue Cycle and Red Cycle Mechanism 

In figure 2, there are two cycles shown by using the arrow. The blue arrows are indicating the 

filtering cycle and the red arrow is referring to the drying cycle. These arrows are showing the path 

of how air will go through the whole system while operating. The Blue cycle will be completed 

only when filtration is done. We can see in figure 1, there is a valve on the left side of the metal 

box. When the filtration process will be done, that valve will be closed. So no air or any kind of 

material will go through the copper wire in the direction of the graham condenser. The valve on 

the right side of the metal box will be open. So air pumped through the vacuum pump will go out 

in the environment. So it will take out the air from the metal box and release it into the environment. 
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This pressure will also help to fasten the filtration process automatically. The total path of air 

flowing in the filtration cycle is shown by the blue arrows. 

 

On the other hand, when we start the heating oven, syringes from the top of the metal box will be 

removed. Cover will be placed on top of the needles. While the drying cycle, the valve on the left 

side of the metal box will be open. So the vapor will continue flowing in the red path. It will go 

through a graham condenser and then the chemical will be consolidated in the conical flask. Only 

pure air will come out and it will continue traveling through the vacuum pump. The valve on the 

right side of the metal box will be closed this time. So no air will go out of the system. Instead of 

going out, the air will enter the box again and it will go through the cycle again. So the best part 

of this system is, by repeating the cycle, air will be completely purified so no toxic chemicals will 

be released into the environment. The toxic chemical will be stored on the conical flask after the 

whole repeating cycle is completed. 
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3 CHAPTER THREE: METHODOLOGY 

 

There are two phases of the experiment. The first one is the separation of Asphaltene and maltine 

and the next phase is using pre-packaged silica cartridges (Solid Phase Extraction– SPE cartridges) 

for fractionation of maltene into saturates, aromatics, and resins using chromatography in a 

procedure similar to ASTM D4124 and IP469. Here we can see a flowchart of SARA fractionation 

below. 

 

 

Figure 14: Flowchart of SARA Fractionation 

 

3.1 Phase 1: Seperation of Ashphaltene and Maltene 

Asphaltene is the most polar fraction of bitumen which is black/dark brown in color. In general, it 

makes bitumen stiff, strong, and brittle. Asphaltene is the easiest to remove among four SARA 

fractions. Asphaltenes and maltenes are separated by dissolving bitumen into a non-polar solvent 
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followed by filtration of the precipitated asphaltene. There are mainly four standard practices of 

mixing solvents to create specimens. They are summarized below: 

 

1. 10 w/v solution in n-pentane swirled in a warm water bath dissolved; filtered using rapid filter 

paper (ASTM D2007, 2016) 

 

2. 30 w/v solution in n-heptane prepared under reflux for 60 minutes; filtered with Whatman Grade 

42 (2.5 m pore) filter paper (ASTM D6560) 

 

3. 100 w/v solution in n-heptane prepared under reflux for 20 minutes; filtered using a glass 

microfiber filter pad with 1.5 μm pore size (ASTM D3279, 1997) 

 

4. 100 w/v solution in iso-octane (previously n-heptane) prepared under reflux for 3-4 hours; 

filtered using a medium porosity (10-15 m pore size) Buchner funnel fritted glass filter (ASTM 

D4124, 2001) 

 

We choose using 1:100 w/v n-heptane stirred at room temperature for 24 hours and PTFE syringe 

filters 

 

3.1.1 Step One: Specimen Preparation 

The binder will have to be weighed to a precision of 0.01 mg and placed in a wide-mouthed jar 

with septa and a magnetic stirrer bar coated with PTFE. A 1:100 weight-to-volume ratio of solvent 

(n-heptane) to added bitumen will be poured into the jar. After that, the jar must be placed on the 
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stirrer and stirred at about 120 rpm. Sakib and Bhasin (2019) have experimented with the use of 

0.1 g to 1.0 g binder to make 10–100 ml solution depending on the amount of maltene and the 

number of replicates desired. 

 

3.1.2 Step Two: Filtration (Blue Cycle) 

10 ml of solution (while being stirred) is drawn into a syringe and a pre-weighed syringe filter is 

placed on the tip of the syringe.The solution was pushed through a PTFE filter which will be and 

the filtrate is collected in pre-weighed small metal bowls placed inside the metal box. The 

asphaltene will be contained by the filters.  

 

 

3.1.3 Step Three: Maltene Separation 

Once the filtration process is done, maltene can be recovered from the filtered solution by heating 

at approx. 120°C for  40-45 min inside the metal box used as a heating oven. It is the drying cycle 

so the path indicating the red arrows will be open and mixed n-heptene will be consolidated into 

the conical flask with the help of a graham condenser. The process will continue over and over for 

45 minutes so every last portion of n-heptane will be consolidated in the flask and no chemical 

will be released openly in the laboratory. After that, The residual maltene will be weighed and the 

amount of asphaltene is resolved gravimetrically. 
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Figure 15: Sketch of the System 

 

3.2 Phase 2: Fractionation of Maltene 

Maltene fractions can be further subdivided into Saturates, Aromatics, and Resins (SAR), in order 

of increasing polarity. Despite the fact that maltenes are typically divided into three sub-fractions, 

it is also possible to fractionate maltene into more than three fractions by appropriately choosing 

a solvent. 

 

To develop the total process, some choices had to be made. The first is about the chromatographic 

method. In this case, we have selected a method based on solid-phase extraction (SPE). SPE is an 

attractive option for SAR separation since SPE cartridges, which can be used as disposable mini-

LC columns, are commercially available and pre-packaged. It also saves time and reduces 

reproducibility issues. 
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Another two choices that had to be made are the choice of mobile phase and stationary phase. We 

have selected Silica Gel as a stationary phase. In the case of solvent selection, we have considered 

some facts. The solvent set should elute three fractions that correspond qualitatively/semi-

qualitatively with existing standards. Compatibility with other standards is also a matter of 

consideration. Last but not the least, toxicity and availability of solvents were also an issue for the 

selection. 

 

Table 2: Solvent Options for Elution 

 

 

 

3.2.1 Step One: Preparation 

Obtaining maltene from the filtrate of bitumen and n-heptane solution. A solution of 3.33 mg/ml 

maltene/n-heptane (w/v) ratio will have to be prepared for fractionation using SPE. Cartridges 

mounted on the metal box will be working as a vacuum manifold that allows multiple extractions 

to be carried out simultaneously. 
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3.2.2 Step Two: Saturates Collection 

20 ml n-heptane will be added to 15 ml maltene solution followed by 10 ml n-heptane flush. The 

elution products then will be collected in a pre-weighed metal bowl; the collected fraction is 

deemed as ‘saturates’ dissolved in n-heptane. 

 

3.2.3 Step Three: Aromatics Collection 

25 ml of 80:20 (v: v) Toluene: n-heptane solution will be eluted. This portion is regarded as 

‘aromatics’. 

 

3.2.4 Step Four: Resin Collection 

25 ml of 90:10 (v: v) dichloromethane and methanol solution will be prepared.  This solvent eluted 

is the ‘resin’ fraction. 

 

3.2.5 Step Five: Heating 

Maltene fractions (saturates, aromatics, resin) will be recovered by heating inside the metal box 

used as a heating oven. The residual maltene fractions then will be weighed. The vapor produced 

during the healing process is run through a graham condenser. The remaining vapor is run through 

the condenser several times until the vapor is free from any sort of toxic gases. 
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4 CHAPTER FOUR: RESULT 

 

Initially, the whole process was run with mineral water to make sure the process worked. Due to a 

lack of adequate lab facilities, we weren’t able to run the process with actual bitumen samples. 

The process is still in work and some modifications have to be made. 
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5 CHAPTER FIVE: CONCLUSION 

 

The main goal of this study was to develop a fast, inexpensive method to determine the polarity-

based distribution. That could be used on a routine basis with high throughput. This would 

ultimately help create a sizable database of this property alongside typical engineering properties 

for bitumen from various sources. This compact method will also allow for site quality tests. As 

the test process is still ongoing, further modifications will be required from time to time. 

  



30 
 

References 

 

ASTM D2007, 2016. Standard test method for characteristic groups in rubber extender and 

processing oils by clay-gel adsorption chromatography method. West Conshohocken, PA: 

ASTM International. 

 

ASTM D6560, 2012. Standard test method for determination of asphaltenes (heptane insolubles) 

in crude petroleum and petroleum products. West Conshohocken, PA: ASTM International. 

 

ASTM D3279, 1997. Standard test method for n-heptane insolubles. West Conshohocken, PA: 

ASTM International 

 

ASTM D4124, 2009. Standard test methods for separation of asphalt into four fractions. West 

Conshohocken, PA: ASTM International. 

 

Jones, D., Roach, P., Setter, J., Esling, J. (2011). Cambridge English Pronouncing Dictionary 

(18th ed.). Cambridge University Press. ISBN 978-0-521-15255-6.  

 



31 
 

Hajj, R. and Bhasin, A. (2017). The search for a measure of fatigue cracking in asphalt binders—

A review of different approaches. Int. J. Pavement Eng. 19 (3): 205–219. 

https://doi.org/10.1080/10298436.2017.1279490. 

 

Lesueur, D. and España, E. (2009). The Colloidal Structure of Bitumen: Consequences on the 

Rheology and on the Mechanisms of Bitumen Modification. 1/83 Advances in colloid and 

interface science. 2009; 145(1-2):42-82. http://dx.doi.org/10.1016/j.cis.2008.08.011 

 

Yang, Z., Hollebone, B.P., Brown, C.E., Yang, C., Wang, Z., Zhang, G., Lambert, P., Landriault, 

M., Shah, K. (2016) The photolytic behavior of diluted bitumen in simulated seawater by 

exposed to the natural sunlight, Fuel 186 (2016) 128–139. 

 

Gaspar, E.Z.A., Lababidi, S., Reece, J., Schrader, W.S. (2012) Characterization of saturates, 

aromatics, resins, and asphaltenes heavy crude oil fractions by atmospheric pressure laser 

ionization Fourier transform ion cyclotron resonance mass spectrometry, Energy Fuels 26 (6) 

(2012) 3481–3487. 

 

Fischer, H.R., Cernescu, A. (2015). Relation of chemical composition to asphalt microstructure – 

details and properties of micro-structures in bitumen as seen by thermal and friction force 

microscopy and by scanning near-filed optical microscopy, Fuel 153 (2015) 628–633.  

https://doi.org/10.1080/10298436.2017.1279490


32 
 

 

Sultana, S., Bhasin, A. (2014). Effect of chemical composition on rheology and mechanical 

properties of asphalt binder, Constr. Build. Mater. 72 (2014) 293–300. 

 

Sakib, N., Hajj, R., Hure, R., Alomari, A., Bhasin, A. (2020, March 29). Examining the 

Relationship between Bitumen Polar Fractions, Rheological Performance Benchmarks, and 

Tensile Strength. ASCE (2020). DOI: 10.1061/(ASCE)MT.1943-5533.0003197 

 

Valtorta, D., Poulikakos, L.D., Partl, M.N., Mazza, E. (2007). Rheological properties of polymer 

modified bitumen from long-term field tests, Fuel 86 (7–8) (2007) 938–948. 

 

Spielmann, P.E. (APRIL, 1937). BITUMEN: ITS SOURCES, DEVELOPMENT AND USE ON 

ROADS. Sage Publications, Ltd. https://www.jstor.org/stable/43411916?seq=1 

 

Rudyk, S. (2017, December 1). Relationships between SARA fractions of conventional oil, 

heavy oil, natural bitumen and residues. Elsevier. (2017). 

https://doi.org/10.1016/j.fuel.2017.12.001 

 

McNally, T. (2011). Polymer Modified Bitumen, Woodhead Publishing. 



33 
 

 

Jones, D., Roach, P., Setter, J., Esling, J. (2011). Cambridge English Pronouncing Dictionary 

(18th ed.). Cambridge University Press. ISBN 978-0-521-15255-6. 

 

Daly, W. (2017). Relationship between chemical makeup of binders and engineering 

performance. NCHRP 511. Washington, DC: National Academy of Sciences. 

 

Batista, F., B. Hofko, J. De Visscher, T. Tanghe, and M. da Costa. (2017). “Towards improved 

correlations between bitumen properties and rutting resistance of bituminous mixtures: Fundbits 

literature review.” In Vol. 236 of IOP Conf. Series: Materials Science and Engineering. Bristol, 

UK: IOP Publishing. 

 

D’Angelo, J. (2009). “Current status of superpave binder specification.” Road Mater. Pavement 

Des. 10 (1): 13–24. https://doi.org/10.1080/14680629.2009.9690233. 

 

Delgadillo, R., Nam, k., Bahia, H. (2006). “Why do we need to change g/sin(delta) and how?” 

Road Mater. Pavement Des. 7 (1): 7–27. https://doi.org/10.1080/14680629.2006.9690024. 

 



34 
 

Cuadri, A.A., Partal, P., Navarro, F.J., García-Morales, M., Gallegos, C. (2011). Bitumen 

chemical modification by thiourea dioxide, Fuel 90 (6) (2011) 2294–2300. 

 

Yang, C., Xie, J., Zhou, X., Liu, Q., Pang, L. (2018). Performance evaluation and improving 

mechanisms of diatomite-modified asphalt mixture, Materials 11 (5) (2018) 686–701. 

 

Yang, C., Xie, J., Wu, S., Amirkhanian, S., Zhou, X., Hu, Q. R. (2019). Investigation of 

physicochemical and rheological properties of SARA components separated from bitumen. 

Construction and Building Materials. 

 

Ashoori, S., Sharifi, M., Masoumi, M., Salehi, M.M. (2016). The relationship between SARA 

fractions and crude oil stability. Egyptian Journal of Petroleum. 

 

Kharrat, A.M., Zacharia J., Cherian, V.J., Anyatonwu, A. (2007). Issues with comparing SARA 

methodologies. Energy & Fuels 21 (6), 3618-3621 

 

Sakib, N., Bhasin, A. (2018). Measuring polarity-based distributions (SARA) of bitumen using 

simplified chromatographic techniques. International Journal of Pavement Engineering. doi: 

10.1080/10298436.2018.1428972. 



35 
 

 

Chen, G. (2014) Asphalt Four Components Separation Test Device and Studies on Their 

Influence Factors Master, Chang’an University, Xi’an, 2014 

 

Silva, S.L., Silva, A.M.S., Ribeiro, J.C., Martins, F.G., Silva, F.A.D., Silva, C.M. (2011). 

Chromatographic and spectroscopic analysis of heavy crude oil mixtures with emphasis in 

nuclear magnetic resonance spectroscopy: a review. Anal. Chim. Acta 707, 18–37. 


