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Abstract

The cost of natural bitumen production at present is very high and 3-5 times exceeds the cost of conventional oils
production; the technology developers are facing the challenge of developing processes which allow producing
high sale price products at a low cost. The present study was aimed at finding out the composition and properties
of natural bitumen from Nagornoye deposit of the Republic of Tatarstan (JSC Troitskneft) to determine the
possible ways for its processing as well as to definite the processing options. A conclusion made, that the
production of residual bitumen of the high-viscosity oils and natural bitumen of Tatarstan Republic (as well as
any other region having raw materials with similar composition) will contribute to increase in their production
volume and quality by means of compounding of residual and air-blown bitumen, as in this particular case their
advantages are combined. In addition, this will contribute to solution of the problem related to introduction of
water-bitumen emulsions and bitumen-polymer binders into the road construction of Tatarstan Republic. The use
of natural bitumen for production of various commercial bitumen marks and various bitumen products, makes its
recovery economically feasible as its conventional recovery and transportation is noncompetitive against
conventional oils. At the same time, profitability of a pure bitumen option can be increased by means of a
bitumen-fuel option, provided that the diesel fraction is brought in full compliance with the GOST for S
(summer), W (winter) and A (arctic) marks of diesel fuel.

Keywords: natural bitumen, processing, composition, properties, diesel fuel, asphaltene-resin components, road
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1. Introduction

Since the cost of natural bitumen production at present is very high and 3-5 times exceeds the cost of
conventional oils mining, the technology developers are facing the challenge of developing processes which
allow producing high sale price products at a low cost. Therefore, studies aimed at in-depth study of structure
and properties in order to find possible ways of processing heavy oil is very relevant and promising, especially in
view with an increasing proportion of heavy crude in the structure of hydrocarbon reserves development (Lipaev,
2012; Junaid, 2010; Pavel & Silverman, 2010; Telyashev, 2008; Long et al., 2006, Prado & De Klerk, 2014).

The most important indicator of oil quality, which determines the processing method, range and performance
characteristics of the obtained petroleum products is the chemical composition and its fraction allocation (Altgelt,
1993; Burruss & Ryder, 2013; Speight, 2014).

Evaluation of high-viscosity oils and natural bitumen along with conventional oils as potential hydrocarbons
source (Salama, 2005; Etherington & McDonald, 2005), requires a thorough study of density, sulfur content, low
temperature and viscosity properties and fractional and structural-group composition.

2. Method
2.1 General Properties of the Natural Bitumen

The present sample of natural bitumen taken from Nagornoye Deposit, Troitskneft JSC (the Republic of
Tatarstan), contained 30% of water and 1.5% of mechanical impurities. After dehydration and removal of
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mechanical impurities, the sample was studied for general properties and composition. The examination was
implemented in accordance with GOST R 51858-2002 (GOST — Russian state standard, GOST R 51858-2002,
2002), developed by the Institute of Energy Resources Transport (IPTER) and All-Russian Scientific Research
Institute of Oil Refining JSC (VNIINP).

The density of the products was determined at 20 °C using a pycnometer. Dynamic viscosity was determined at
25 °C, 50 °C, 100 °C using a rotational viscometer "Rheotest". The principle of studying the rheological
properties of a rotary viscometer "Rheotest" is as measured by the shearing stress produced in the sample, placed
in a narrow gap between the rotating cone and stationary surface. The rotating cone shaft is connected with a
spring, which transmits rotation torque from the cone by a potentiometer. Potentiometer readings are
proportional to the rotation torque, which is linearly dependent on the shear stress.

Method for determining the group chemical composition of the petroleum products boiling above 300 °C based
on the principles of liquid-adsorption chromatographical separation gaining following groups: oils, benzene
resins, alcohol-benzene resins and asphaltenes; and further separation of oils into the fractions enriched in
paraffinic-naphthenic, monocyclic, bicyclic, polycyclic aromatic hydrocarbons (Mykhailova et al., 2013). As an
adsorbent was used silica gel of a mark ASK (fraction with the size of particles 0.25 - 0.5 mm).

Paraffin content was determined according to standard method (GOST 11851-85, 1986) as well as the
determination of sulfur content (GOST 1437-75, 1977).

2.2 Operational Properties of the Natural Bitumen Fractions
2.2.1 Gasoline Fractions

Acidity was determined according to standard method (GOST 5985-79, 1980). The essence of the method
consists in the titration of the acidic compounds of the tested product with an alcohol solution of potassium
hydroxide in the presence of a color indicator and the definition of acidity for light oil fraction, expressed in mg
KOH/100 cm® (mg KOH/100 ml).

The essence of the iodine number determination method consists in the processing of the tested petroleum
product with an alcohol solution of iodine, free iodine titrating with sodium thiosulfate and determining the
iodine number of grams of iodine adjoining to 100 g of petroleum product (GOST 2070-82, 1983).

Sulphur content is determined according to GOST 19121-73 by burning the petroleum product in the tube in its
pure form with subsequent absorption of the formed sulfur dioxide with sodium carbonate solution and titration
with hydrochloric acid.

Octane number was determined according to standard, so-called, research method (GOST 8226-82, 1983). The
method consists in comparing the knock resistance of the tested fuel with the knock resistance of the reference
fuels, expressed by the octane number. Knock intensity of the tested fuel is achieved by varying the degree of
compression.

2.2.2 Diesel Fractions

Cetane number is determined by comparing the hypergolicity of the tested fuel in the engine at different
compression ratios with hypergolicity of the fuels with known cetane numbers in the test conditions (GOST
3122-67, 1968).

Ignition temperature was determined according to standard method (GOST 4333-87, 1988) in an open crucible.

Determination of pour point is performed according to GOST 20287-91 Petroleum products. Methods of test for
flow point and pour point (GOST 20287-91, 1992). The essence of the method consists in preheating the sample
of tested petroleum product, followed by cooling it at a predetermined rate to a temperature at which the sample
remains stationary. This temperature is taken as the pour point.

Cloud point is determined analogous to pour point (GOST 5066-91 (ISO 3013-74), 1993).

Actual resins content is determined by evaporation of a tested fuel under a stream of steam in the test conditions
and is used for conventional evaluation of the propensity of fuel to gumming during its use in the engine (GOST
8489-85, 1986).

2.2.3 Operational Characteristics of Vacuum Residue and Commercial Marks of Bitumen

Ductility was found by determining the maximum length, which can be stretched without breaking bitumen
bathed in a special form, spreaded at a constant rate at a temperature of 25 °C (GOST 11505-75, 1977).
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Penetration was determined according to standard methodic (GOST 11501-78, 1980) by measuring the depth to
which a penetrometer needle is immersed in a sample of bitumen under a given load, temperature (25 °C), and
time and is expressed in units corresponding to tenths of a millimeter (0.1 mm).

Adhesion according standard (GOST 11508-74, 1975) is ability of viscous bitumen persist on sand or marble
surface, precoated by them, upon exposure to water.

Brittle point is determined by cooling and periodic bending of a sample of bitumen and determining the
temperature at which cracks or breaks of a sample of bitumen occurs (GOST 11508-74, 1975).

3. Results
3.1 Natural Bitumen Characteristics

The results of these studies are given in Table 1. Natural bitumen is classified as high-sulfur (1.81 - 3.5) in terms
of sulfur content, as bituminous (more than 895.0 kg/m®) in terms of density and as maltha class (35-60 % mass)
in terms of asphaltene-resin components content (43.3 % mass).

With a comparatively high asphaltene-resin components content, natural bitumen has an insignificant paraffin
content (0.35 % mass).

Table 1. The indicators of natural bitumen from Nagornoye Deposit

Indicators Values
Density, kg/m’, at 20 °C 1020
Dynamic viscosity, mPa, at a temperature:

25°C 1280,0
50°C 360,0
100°C 32,0
Components content, % mass:

Sulphur 34
Paraffin 0,35
Group chemical composition, % mass:

asphaltenes 21,8
resins, including:

benzene 9,4
alcohol-benzene 12,1
Hydrocarbons:

Paraffin-naphtene 14,6
Aromatic, including: 42,1
monocyclic 6,0
bicyclic 6,5
polycyclic 29,6
Fractions content, % mass:

Boiling starting (bs) temperature, °C 110
bs — 180 °C 0,9
180-250 °C 3,2
250 -300 °C 9,8
300-350°C 8,8
350 —-400 °C 10,8
400 — 440 °C 7,3
higher 440 °C 59,2

As the gasoline fraction is present in an insignificant amount (0.9 mass), firstly the diesel fraction was analyzed.
Table 1 served the basis for development of a true boiling temperatures curve (fig. 1), according to which the
bitumen of Nagornoye Deposit is characterized by an insignificant content of gasoline fraction (0.9 mass) and
low content of diesel fraction (21.8 % mass).

The total yield of fractions, boiled away at temperatures above 300 °C, for natural bitumen is 81.06% mass,
while for Devonian oil, according to literature data (Riazi & Daubert, 1980; Kraus, 2011; Lipaev, 2012), it is
50-55% in average, and 60-65% mass for carbon oil. Such high yield of these natural bitumen fractions is
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obtained mainly due to fractions which boil out at temperatures above 400 °C (66.46% mass). Fraction 350-500
°C is the main raw material for catalytic cracking and when processing the natural bitumen at a catalytic cracking
plant it could be possible to process larger amounts of this fraction (Telyashev, 2008; Poveda & Molina, 2012;
Mustafaev et al., 2013).
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Fraction yield, % mass

Figure 1. True boiling temperatures curve of natural bitumen

3.2 Operational Properties of the Natural Bitumen Fractions
3.2.1 Gasoline Fractions

Some gasoline performance indicators are given in Table 2.

Table 2. Gasoline characteristics (bs-180 °C fraction)

Indicators Values Commodity product
Acidity, mg KOH /100 ml not >0,8 +3,0
Iodine number, I, r/100r 0,5 -

Sulfur content, % mass 1,0 no >0,1

Octane number, RM* 52 93 +95

RM - researching method

According to Table 2, gasoline fraction shall undergo deep hydrotreating and catalytic reforming in order to
obtain high-octane gasoline. As the gasoline fraction yield bs-80 °C is insignificant, its refining shall be done
together with diesel fraction followed by fractionation of the gained clean product. At the same time, it is
unfeasible to provide production of commercial-grade motor fuel at such a low gasoline fraction content. This
fraction can be used as a solvent for domestic needs, without hydrotreating.

Two diesel fuel fractions were analyzed:

- sample no. 1: diesel fractions with strippant temperature up to 300 °C.

- sample no. 2. diesel fractions with strippant temperature up to 350 °C.

3.2.2 Diesel Fractions

The main performance indicators of these diesel fractions are given in Table 3:

- Cetane number, which determines high power and economic factors of motor operation; (CN = (v + 17.8)
1.5879/d,*"). This is the main diesel index, it determines motor actuation, rate of pressure increasing, fuel
consumption and smoking at the exhaust. The European Diesel Fuel Standard establishes the CN lowest limit at

48 points. In winter, in order to ensure cold motor start, it is recommended to use fuels with CN not less than 45
points (Riazi & Daubert, 1980; Kraus, 2011).

In other countries, fuel flammability is specified by both a cetane number and diesel index (DI), which is
determined with the help of a nomographic chart, when knowing the density at 15 °C and a final boiling point of
a 50% fraction. Knowing DI, it is possible to calculate CN, there is a certain dependence between them:

DI 20 30 40 50 62 70 &0
CN 30 35 40 45 55 60 80
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- fractional composition, which determines combustion completeness, exhaust smoking and toxicity. In addition,
along with the rise of fuel final boiling point, the wear scar diameter and friction coefficient are reduced, which
is important for diesel motors, operated at elevated pressures.

- viscosity and density, providing regular fuel supply, pulverization in the combustion chamber and filter system
operability;

- low temperature characteristics, which determine feed system functioning at ambient subzero temperatures;

Table 3. Diesel fractions indicators

Fractions, °C GOST 305-82
Indicators ’ (GOST 305-82, 1983)
Sample No.1 Sample No.2 S* \Y
Density at 20 °C, kg/m3 826,0 836,0 no >860 no>840
Cetane number 46 47 no<45 no<45
Fractional composition,
boiling as, °C:
50% 265 280 no>280 no>280
96% 292 340 no>360 no>340
Kinematic viscosity at 20 °C, sSt 35 5,5 3,0-6,0 1,8-5,0
Ignition temperature (closed crucible), °C 40,0 45,0 no <40 no<35
Pour point, °C -24°C -19°C no>(-10) no>-35
Cloud point, °C -12°C -8°C no>(-5) no> -25
Actual resins content, mg/100 cm® of fuel 40 30 no>40 no>30
Sulfur content, % mass 1,2 1,4 n0>0,2-0,5 03(.)(1 5

*S — summer diesel fuel (DF), W — winter DF

4. Discussion

According to Table 3, in terms of content of actual tar both the fractions are at the limit of GOST (GOST 305-82,
1983) requirements; in terms of the pour point, they correspond to GOST requirements for summer fuel. As it
was expected, the pour point increases along with increase of the distillates yield: for sample no. 1 — tyj, = (-24
°C); and for sample no. 2 — ty, = (-19 °C). In terms of all the other parameters (except sulfur content), both the
diesel fuel fractions comply with GOST 305-82: sample no. 1 - for summer; sample no. 2 - for winter brands of
fuel, respectively.

After diesel fraction is hydrotreated its thermal properties shall be put in compliance with GOST 305-82 for
winter fuel by the most economically effective way — use of depressor additives.

4.1 Operational Characteristics of Vacuum Residue and Commercial Marks Of Bitumen

Vacuum residues (>350 °C, >400 °C and > 440 °C) were examined for compliance with characteristics,
established for bitumen (Silva et al., 2010; Chappat, 1994; Kemalov & Kemalov, 2013; Ongel & Hugener, 2014;
Yan et al., 2014; Poulikakos et al., 2014; Lv et al., 2014). Due to low thermal stability of compounds contained
in the natural bitumen (mainly organosulfur compounds), it is quite difficult to get residues with deep degree of
distillate fractions recovery, even with the residual pressure 10 mm hg.

Natural bitumen is also an excellent raw for residual asphalt production, as it is characterized by high content of
asphaltene-resin components (Lipaev, 2012; Mustafaev ef al., 2013; Junaid et al., 2010; Lu et al., 2014; Zoorob
etal., 2014).

Characteristics of vacuum residues in terms of compliance with commercial bitumen are given in Table 4.

According to Table 4, the studied vacuum residues are closer to the following oil bitumen marks:
residue >440°C — to construction bitumen of BN 50/50 mark, residues >350 °C and >400 °C — to viscous road
bitumen of BND 60/90 and BND 40/60 marks. Norms for these bitumen marks are also given for reference in
Table 4.

The undoubted advantage of these residues is low brittle temperature due to the small paraffin content in natural
bitumen. The brittle point is one of the key figures of the road bitumen marks, which has a significant impact on
road surface durability. In terms of this figure, the studied vacuum residues comply with GOST requirements.
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Table 4. Characteristics of vacuum residue fractions and composition and road bitumen according to standards

Characteristics of vacuum residue fractions

Indicators >350 °C >400 °C >440 °C
Softening point, °C 45 51 58
Ductility at 25 °C, cm 45 40 35
Penetration at 25 °C, 0,1mm 47 40 30
Adhesion with marble or sand Compliant to sample No. 1

Brittle point, °C -23 -19 -17
Flashing point, °C 230 235 240

Construction bitumen BN 50/50 (GOST 6617-76, 1977) and viscous road bitumen of the marks of BND 60/90
and BND 40/60 (GOST 22245-90, 1991)

Norms for the marks

BN 50/50 BND 60/90 BN 40/60

Penetration at 25 °C, 0,Imm 41-60 61-90 40-60
Ductility at 25 °C, cm no <40 no <55 no <45
Softening point, °C 50-60 no <47 no <51
Brittle point, °C - no > (-15) no > (-12)
Flashing point, °C no <230 no <230 no <230

4.2 Possible Ways of Use of Fractions

Modification of the studied fractions can be used to bring the values of all their parameters into full compliance
with norms of the specified bitumen marks as well as with norms of other pavement and building bitumen marks.

These residues may serve the basis for preparation of various compositions, including bitumen-polymer
compositions for road and civil construction (bituminous mastic and anticorrosion coatings).

In terms of bitumen-polymer composition preparation, the best figures are shown by the residue > 350 °C, as
positive influence of polymer compound on bitumen characteristics is in direct relationship to its lube fraction
content. From this perspective, for mastic production it is feasible to use bitumen with a lower melting point.
Furthermore, along with the melting point increase the bitumen becomes hard and fragile, as the asphaltene
content is increased and the disperse medium becomes less flexible and frost resistant. The addition of lube
fractions improves low temperature characteristics of the composition.

Quite significant sulfur content (about 3% mass) in vacuum distillates that is so undesirable for lube fractions, is
extremely favourable to preparation of bitumen-polymer compositions as in this case sulfur acts as a curing
agent, which in particular improves strength of asphalt-concrete mixes based on bitumen-polymer binders.

5. Conclusion

Production of residual bitumen of the high-viscosity oils and natural bitumen of Tatarstan Republic (as well as
any other region having raw materials with similar composition) will contribute to increase in their production
volume and quality by means of compounding of residual and air-blown bitumen, as in this particular case their
advantages are combined. In addition, this will contribute to solution of the problem related to introduction of
water-bitumen emulsions and bitumen-polymer binders into the road construction of Tatarstan Republic.

The use of natural bitumen for production of various commercial bitumen marks and various bitumen products,
makes its recovery economically feasible as its conventional recovery and transportation is noncompetitive
against conventional oils.

At the same time, profitability of a pure bitumen option can be increased by means of a bitumen-fuel option,
provided that the diesel fraction is brought in full compliance with the GOST for S (summer), W (winter) and A
(arctic) marks of diesel fuel (GOST 305-82, 1983).

Hence, according to the foregoing results of studies of Nagornoye Deposit natural bitumen composition and
characteristics, the most profitable trend of its processing is a bitumen-fuel option, which helps to obtain diesel
fuels, various marks of residual bitumen and bitumen compositions for road and civil construction.

In this context, there was drawn a plan for further studies aimed at dealing with the following issues:

1. Bringing diesel fractions after hydrotreating to winter marks by means of selection of appropriate depressor
additives;
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2. Use of vacuum residue for pavement and construction bitumen marks production;

3. Bitumen compositions production (mastic, paint materials) for road and civil construction;

4. Development of water-repellent agents on the basis of natural bitumen.
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