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Abstract

The present paper focuses on the analysis of the bitumen quality which can be a relevant issue in the performance of road surfacing. Using
bitumen from different producers with the same physical characteristics can be significantly different in fractional composition. Crude oil
selection and processing play an important role in bitumen properties. Changes in processing and crude sources even within a market may
also lead to variability in bitumen fractional composition. The aim of this study is to determine to which extend the type of crude oil and
the production technology influence the bitumen fractional composition. Bitumen samples were selected based on the origin crude oil and
different producers. In order to obtain information about bitumen chemistry, IATROSCAN MK 6S chromatography was used. The results
showed that recommendations of bitumen fractional composition provide a better quality of bitumen according to crude oil type and
processing.
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1. Introduction

Bitumen is a byproduct of the distillation process of the crude oil in refineries. It is an oily, viscous and flammable material.
Bitumen properties highly depend on crude oil type and production technology. Production technology is adjusted to the
crude oil type: extra heavy, heavy, medium or light. Nowadays heavy oils are processed more frequently than 20-30 years
ago, therefore due to the use of different types of crude oils, the distillation residue can differ significantly. Due to the
differences in the properties of bitumen residue, asphalt pavement performance can be also different. Refiners tend to
characterize crude oils by the type of chains that is most prevalent, i.e. paraffin, naphtenes and aromatics. These types of
crude oil characterize the bitumen fractional composition, which has influence on the bitumen physical and mechanical
characteristics. The relative amount of asphaltenes, resins, aromatics and saturates depends on the origin of the source crude
oil, the refinery treatment and the finishing processes [1-3], [9]. Depending on crude oil sources and marketable products,
the main bitumen production process can include atmospheric-vacuum distillation, air-oxidation and additionally solvent
extraction and precipitation, chemical treatment and blending of individual crudes [18], [23]. Therefore each of the bitumen
differs in their fractional composition due to the nature of their crude oil and the operations involved in its production. The
knowledge of crude oil and processing are essential because of established percentage of each bitumen component, which
has a high influence to bitumen performance. For instance, asphaltenes are responsible for the presence of structure in
bitumen and for their non-Newtonian behavior. They impact on the strength, stiffness and colloidal structure of bitumen.
Resins provide adhesion, plasticity and ductility. Saturates and aromatics are responsible for viscosity and fluidity of the
bitumen [15], [23].

Bitumen is an organic material, which can be described as a colloidal system consisting of high molecular weight
asphaltene micelles dispersed in a lower molecular weight maltenes (resins, aromatics and saturates). Fractional
composition of bitumen (asphaltenes, resins, aromatics and saturates) has a large influence on the bitumen performance.
Bitumen is widely used in the field of pavement construction due to its excellent mechanical properties, which also depends
on bitumen fractional composition [17], [21], [24]. Asphaltenes, resins, aromatics and saturates, mostly called SARA, can
be determined by various methods. All methods are based on the difference in solubility of the particular chemical groups of
bitumen. The traditional method used to determine bitumen fractional composition is column chromatography, commonly
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known as SARA method. The main disadvantage of this method is that it requires a big amount of solvent, long time etc.
The High Performance Liquid Chromatography (HPLC) is based on the same approach. Nevertheless using these traditional
methods, asphaltenes of the bitumen must be extracted from it before performing the measurement. The new method is
based on the Thin-Layer Chromatography with Flame-Ionization Detection (TLC-FID). For separation and quantification,
correct use of latroscan TLC-FID offers good precision and accuracy, in addition to rapid analysis and low solvent
consumption [20], [24]. Using TLC-FID, various percentages of solvents as well as different calculation methods can be
used to determine bitumen fractional composition which have a high influence to the results [6], [7], [16], [31].

1.1. Crude oil types and processing

Crude oil is a natural mixture of hydrocarbons, generally in the liquid state, that may also include compounds of sulfur,
nitrogen, oxygen, metals and other elements. Hydrocarbons are molecules that contain only the elements of carbon and
hydrogen. According to the dominant type of hydrocarbon chains, crude oil is classified as: paraffin base, naphthenic base,
aromatic base, mixed base [6], [11], [24].

Paraffinic crude oil contains paraffin wax and practically no asphalt or naphthenes. Paraffins are saturated hydrocarbons,
straight or branched chains but without any ring structures. The paraffin series of hydrocarbons is characterized by the rule
that the carbon atoms are connected by a single bond and the other bonds are saturated with hydrogen atoms. The general
formula for paraffins’ is C,Han+2 [11]. Typical paraffinic compound is shown in Fig. la.

Naphthenic crude oil contains mainly (by volume) naphthenes and other aromatic hydrocarbons completely without
paraffin. Naphthenes are defined as saturated hydrocarbons with one or more rings and these hydrocarbons may have one or
more paraffinic side chains. It is a closed group of saturated ring of the general formula: C,H>, [11]. Typical naphthenic
compound is shown in Fig. 1b.

Aromatic crude oil has an unsaturated ring compound having a basic 6- carbon-atom ring with either a hydrogen atom or
a chain joined to each carbon atom. The aromatic group of the general formula is C,Hau.s. The aromatic series of
hydrocarbons are chemically and physically very different from the paraffin base and naphthenic base crude oil. Aromatic
hydrocarbons contain a benzene ring which is unsaturated but very stable and frequently behaves as a saturated compound
[11]. Typical aromatic compound is shown in Fig. lc.
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Fig. 1. Molecular structure of different crude oil types: paraffin compounds (a); naphthene compounds (b); aromatic compounds (c)

Generally, paraffin base crude oil is not suitable for the production of bitumen, because of the lack of a sufficient amount
of asphaltenes. Nevertheless paraffin crude oil mixed with the naphthenic crude oil can be the basis for the production of
bitumen. Aromatic crude oil is more suitable for chemical reagents Therefore, the best crude oil for bitumen production is
naphthenic and naphthenic-paraffinic base crude oil.

Another way to classify crude oils is by their density: light, medium, heavy and extra heavy (Table 1). Some crude oils,
such as those in the original Pennsylvanian oil fields of the U.S.A., consist mainly of paraffin. Others, such as the heavy
Mexican and Venezuelan crude oils, are predominantly naphthenic and rich in bitumen. Russian crude oil is mixed-base
(paraffinic and naphthenic), consequently has less asphaltenes and more resins. Heavy crude oils tend to be more
aromatic/naphthenic type whereas the lighter crude oils are more paraffinic.

Light crude oil (e.g. Nigeria Bonny) is a low-viscous material with low density. Light crude oil has low viscosity, low
specific density and high American Petroleum Institute (API) degree for the high content of light fractions. This type of
crude oil will produce higher amount of light fractions, such as gasoline, kerosene, gass oil etc, than a heavy crude oil.
Usually light crude oil has a small amount of paraffin. Using this type of crude oil for bitumen production, an oxidation
process is required. Comparison of light, heavy and medium crude oils are shown in Table 1.

Heavy/extra heavy crude oil (e.g. Boscan Venezuela) is very viscous material with a high specific density, low API
degree. However, this type of crude oil contains high sulphur content, which can be found in organic and inorganic
compounds and have a negative influence on bitumen properties. Typically, heavy oil is used in the production of high
quality bitumen. Heavy crude oil contains less light fractions and more naphthenic and aromatic hydrocarbons comparing
with a light crude oil. Heavy crude oil contains more heteroatoms of nitrogen, sulfur, oxygen and heavy metals. For these
reasons, the processing of heavy oil requires special manufacturing techniques to make adequate oil supply and demand.
Appropriate selection of crude oil for bitumen production depends on the specific gravity, carbon and sulpfur content, as
well as wax and asphaltene content. Composition of different crude oils according to API degree and specific density is
shown in Fig. 2.
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As previously mentioned, bitumen properties highly depend on the bitumen fractional composition, most often affected
by the structure of asphaltenes and the ratio of asphaltenes versus resins. At the same time bitumen fractional composition
depends not only on the crude oil type but also on the producing technology, distillation residual, as in each case the
bitumen fractional composition can be different. There are many kinds of crude oil but only a few of them are suitable for
the production of bitumen [34].

Bitumen is a complex chemical mixture that may be manufactured to yield very different physical and chemical
attributes. Bitumen is most commonly produced through refining of crude oil using atmospheric-vacuum distillation and
oxidation process. Oxidized bitumen is made by passing air through bitumen at elevated temperatures in order to meet the
specific requirements, i.e. stiffen it and/or increase the softening point [34]. In this process, chemical reactions change the
chemistry of the bitumen while increasing the material’s average molecular weight [15], [34]. In order to produce high
quality bitumen from heavy or extra heavy oil modern oil refineries use special equipment for processing of bitumen, i.e.
they use only atmosferic-vacuum distillation process [35].
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Fig. 2. Composition of different types of crude oil [5]

Table 1. Comparison of different types of crude oil according to API degree and specific density [34]

Crude oil API degree Specific density
Light >31,1° < 870 kg/m®
Medium 22,3-31,1° 870-920 kg/m’
Heavy <223° 920-1000 kg/m*
Extra heavy <10° >1000 kg/m’?

1.2. Characterization of SARA components existing in the bitumen

Thin layer chromatograph technique uses the Flame lonization Detector (FID) in order to determine bitumen fractional
composition. The samples are developed on a thin layer quarts rod “Chromarod” designed for IATROSCAN system. TLC-
FID is capable to determine bitumen SARA components, i.e. asphaltenes, resins, aromatics and saturates, much more
rapidly comparing with previously mentioned methods. Fractional composition of bitumen expressed by molecular structure
is shown in Fig. 3. The FID signal of bitumen fractions is shown in Fig. 4.

Asphaltenes are high molecular weight (800-3500 g/mol), n-heptane insoluble black or brown amorphous solids
containing, in addition to carbon and hydrogen, some nitrogen, sulphur and oxygen. Asphaltens are the main component to
bitumen fractional composition and constitute 5 to 25% of the bitumen [4], [28]. Their elemental analysis is stable from one
bitumen to the other with H/C ratio between 0.98 and 1.56. Their solubility parameter ranges between 17.6 and 21.7 MPa®?
and their density at 20 °C is close to 1.15 g/cm® [ [4-14].

Resins are chemically similar to the asphaltenes and they are a transition from oils to asphaltenes. They are semisolid or
solid at room temperature, fluid when heated and brittle when cold. Resins, also called polar aromatics, can be numerous as
aromatics (30—45 wt.%) [4]. Their molecular weight ranges from 300 to 2000, solubility parameter lies between 18.5 and
20MPa®’ [28] and their density at 20 °C is close to 1.07 g/cm3 [4].

Aromatics (often called aromatics/naphthenics) are a black, highly viscous liquid. The fraction consists of ring structures
and forms the bulk of bitumen. Aromatics are the most abundant constituents of a bitumen together with the resins, since
they amount for 30-45 wt.% of the total bitumen [4]. A number-average molecular weight of order 800 g/mol. Their
solubility parameter is between 17 and 18.5 MPa®> [28] and their density at 20 °C close but less than 1 g/cm3 [4].

Saturates, when isolated, are a clear (water white) liquid of medium viscosity and act as a diluting medium in bitumen.
This fraction has lowest molecular weight and consists of straight and branched chain structures. Saturates usually amount
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for 5—15 wt.% of a paving grade bitumen [4]. Their H/C ratio is close to 2, with only traces of hetero atoms [35]. Their
number-average molecular weight is around 600 g/mol and they are mainly aliphatic. Very few polar atoms or aromatic
rings are present. Their solubility parameter is between 15 and 17 MPa®> [28] and their density at 20 °C is around 0.9 g/cm®

[4].

b ®

Fig. 3. Bitumen fractional composition expressed by molecular structure: asphaltenes (a); resins (b); aromatics (c); saturates (d)
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Fig. 4. The FID signal of bitumen fractions

Bitumen is a colloidal system, which consists of maltenes (resins, aromatics, saturates) and asphaltenes. The most
important components of bitumen colloidal system are asphaltenes, which quantity and the interaction with the resins,
aromatics and saturates influence bitumen rheological properties. In order to determine an interaction between bitumen
fractional composition and physical, mechanical properties, one single parameter Gaestel index (1) is used. The Gaestel
Index [8], [12], [22], [27] was developed to indicate the colloidal stability of bitumen and is calculated as follows:

o = St 0

Saturates and asphaltenes are the lowest and highest polarity components of a bitumen, respectively, and the solubility of
the asphaltenes in a colloidal system is enhanced by the presence of intermediate polarity species such as aromatics and
resins. Thus, the higher the Gaestel Index, the less stable the overall system is. This index was developed to indicate
colloidal stability of bitumen. The primary fractional parameter of importance is most likely the asphaltenes content.
Colloidal system of bitumen is unstable when Gaestel index is from 0,5 till 2,7. Requirements of colloidal instability index

are given in Table 2. Recommendations of bitumen fractional composition in different countries are shown in Table 3.
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Table 2. Requirements of colloidal instability index [8, 19]

I 0,5-2,7 1.>05 1.<0.22

State of bitumen  Colloidal system is not stable Bitumen becomes more harder Bitumen becomes more softer

Table 3. Recommendations of bitumen fractional composition in different countries [4], [6], [25], [32], [33].

State Bitumen fractional composition
Asphaltenes, % Resins, % Aromatics, % Saturates, %

JAV 5-25 15-25 45-60 5-20

Great Britan 5-25 15-25 40-65 5-20
Romania 15-35 1848 40-60

Spain 5-20 3045 3045 5-15
Russian 10-25 2040 40-60

Belarus 19-21 32-34 4549

1.3. The experimental research and analysis of bitumen fractional composition

The aim of the experimental research was to investigate bitumen fractional composition depending on the producer and the
different crude oil type. Five bitumens of the same penetration grade (50/70) coming from different producers were coded
as: A, B, C, D, E. All producers have used Russian crude oil, except for the producer C — Venezuelan crude oil.

The TLC—FID IATROSCAN was used to separate bitumen into: saturates, aromatics, resins, and asphaltenes. Bitumen
solutions were prepared in toluene, and 1pl of the sample solution was spotted on Chromarods. In this study, the TLC-FID
was conducted on latroscan MK-6s analyzer. The samples were dissolved in toluene with concentration of 1% (w/v). After
Chromarods were cleaned and activated, 1 pL of sample solution was spotted on each Chromarod using a spotter. The
separation was performed using a three-stage process. The first development was in n-heptane (100%), second stage in
toluene (100 %), and the last development was in dichloromethane/methanol (95/5 by volume). Finally, the Chromarods
were scanned in the TLC-FID analyzer. For each sample, 7 Chromarods were tested and the average value of the seven
readings was taken as the result.

The analysis of bitumen 50/70 fractional composition showed that the most conspicuous bitumen is from producer C,
containing a low content of resins and a large amount of aromatic hydrocarbons, which finally will settle to asphaltens. It is
based on the crude oil type, which is naphthenic with a high content of organic sulphur. Crude oil containing sulfur in
organic compounds has less resistance to oxidation in short term aging.

Moreover, resins play an important role in the stability of asphaltenes as the asphaltenes are dispersed in them. Results
show that the highest content of resins is found in bitumen from producer B. This kind of biutmen is from paraffinic-
naphthenic base crude oil (Russian) which contains more paraffin comparing to Venezuelan crude oil.

50 A

40 -

30 A

20 4

Bitumen fractional composition, %

A (Russian) B (Russian) C (Venezuelan) D (Russian) E (Russian)

Producers
Asphaltenes mResins = Aromatics = Saturates

Fig. 5. Bitumen fractional composition from different producers

Many studies have been done to determine the paraffin influence on the bitumen properties. During this experimental
research it was possible to determine only saturates, which consists of paraffin and other compounds. The presence of
paraffin in bitumen causes a physical hardening effect at lower temperatures, which encourages the formation of cracks [10].
Using bitumen composed of high percentage of paraffin, asphalt mixtures tended to show a higher fracture temperature.
Nevertheless, the effect of paraffin on bitumen quality and asphalt mixture performance depends on many factors, such as a
precise fractional composition of the bitumen and particularly the nature of the wax temperature [29]. Bitumen fractional
composition from different producers is shown in Fig. 5. According to experimental research and other long term scientific
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studies, some of the countries have their own requirements of bitumen fractional composition. Recommended bitumen
fractional composition from the experimental research is presented in Fig. 6.
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Fig. 6. Recommended bitumen fractional composition from the experimental research
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Fig. 7. Bitumen colloidal stability

Figure 7 describes the relationship between the Gaestel index (/) and five bitumens from different producers. There is
an optimal range of the /. values beyond which the colloidal stability decreases. The index is therefore very helpful in
comparing the stability of binder samples. Colloidal stability of bitumen shows an increasing trend with an increased level
of asphaltens. The data in Fig. 7 shows that colloidal system of all bitumens is stable, emphasizing that bitumen from
producers C and D tend to be more harder than other bitumens.

Conclusion

Crude oil type and processing can cause significant changes in bitumen fractional composition. Venezuelan crude oil is a
naphthenic type of crude. This means a very high content of bitumen and a high acid rate. Russian crude oil is paraffinic-
naphthenic type of crude with higher content of paraffin, so in order to meet requirements of bitumen physical properties,
oxidation process is needed.

All of the investigated bitumens show a satisfactory stability, although the bitumens obtained from paraffin-naphthenic
crude oil display slightly lower values of the colloidal stability parameter. This can be attributed to a greater aggregation of
asphaltene micelles and lower resins to asphaltenes ratio in these bitumens. A good knowledge of the fractional composition
of bitumen and understanding of their colloidal stability can provide useful information about bitumen quality and
performance in asphalt pavements.

Recommendations of bitumen fractional composition could provide a better quality of bitumen, taking into account not
only bitumen physical and mechanical properties but also analysing the potential reasons for the changes in the bitumen
characteristics during the pavement service life. The primary fractional parameter of importance is the asphaltenes content.
With greater amount of aromatics, adhesion properties are improved between bitumen and minerals. At higher asphaltenes
and resins content, increases the dynamic and kinematic viscosity and brittleness temperature. To achieve a high quality of
bitumen, according to this experimental study, fractional composition is recommended as asphaltenes 5-25%, resins 20—
35%, aromatics 30-45% and saturates 5—15%.
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