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Abstract. Calculation method to determine the group composition of the 
heavy fraction of vacuum distillate with high content of saturated 
hydrocarbons, obtained by vacuum distillation of the residue from the 
West Siberian oil with subsequent hydrotreating, are given in this research. 
The method is built on the basis of calculation the physico-chemical 
characteristics and the group composition of vacuum distillate according to 
the fractional composition and density considering with high content of 
saturated hydrocarbons in the fraction. Calculation method allows to 
determine the content of paraffinic, naphthenic, aromatic hydrocarbons and the 
resins in vacuum distillate with high accuracy and can be used in refineries for 
rapid determination of the group composition of vacuum distillate. 

1 Introduction  
Heavy petroleum fractions are the multicomponent mixture with a predominance of 

high molecular weight hydrocarbons, resins and asphaltenes, carbenes, carboids, organic 
compounds with heavy metals (V, Ni, Fe, Mn, etc.) and heteroatoms (S, O, N, F) [1,2]. 
Hydrocarbon components of heavy petroleum fractions are divided into the three main 
types: paraffinic, aromatic and naphthenic structures. 

A group composition of petroleum fractions during an oil refining processes is the most 
important factor influencing in the yield and composition of products, and an efficiency of 
the catalysts. Information about the group composition of petroleum fractions is required 
during a design of industrial installations, optimization of oil refining processes, prediction 
of the composition, yield and quality of products from industrial units and the development 
and improvement of highly efficient catalyst compositions, evaluating the deactivationetc. 

In the condition of intensive development of advanced petroleum refining processes and 
catalysts, there is much tension around the issue of optimization of industrial unit by 
experimental ways and mathematical modeling [3-6]. Mathematical models should be 
based on the physical-chemical patterns and taken into account the constantly changing 
group composition of heavy petroleum fractions to adequately describing the processes. It 
is known that the regular analysis of the fractional composition of heavy fractions do not 
reliably reflect the group composition. 
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There are different calculation methods to determine the physico-chemical 
characteristics, structural-group and group composition of petroleum fractions [7-10]. Such 
methods are based, for the most part, on the correlation dependencies depending on the 
boiling point and molecular weight of the fractions.  

N-d-M method was proposed in 1951 for the calculation of structural-group 
composition of petroleum fractions according to the refractive index, density and molecular 
weight. The method allows to determine the carbon content in naphthenic, aromatic and 
paraffinic structures and average number of naphthenic and aromatic rings [11]. TOTAL 
correlation allows to determine the weight content of aromatic hydrocarbons in fraction on 
the basis of the fractional composition, density, and aniline point [12].

Calculation method to determine the group composition of petroleum fractions based on 
the viscosity gravity constant and refractivity intercept was proposed in 1980. Laboratory 
results on the fractional composition, density and kinematic viscosity are required as input 
data for the calculation of the group composition according to the API method. It allows 
calculating the group composition for light and heavy petroleum fractions with molecular 
weight in the range of 70–200 and 200–600 respectively [13].  

Calculation method to determination of the group composition of petroleum fractions on 
the basis of laboratory results on the fractional composition, density, refractivity intercept  
and ratio C/H was proposed in 1986 [14]. In [15] authors offered to calculate the group 
composition of petroleum fractions on the basis of density and refractive index. In [16], a 
new method was proposed for correlations elaboration based on the use of pure 
hydrocarbons specific data using normal boiling point, density, refractive index and carbon 
to hydrogen weight ratio. 

According to the high content of saturated hydrocarbons in vacuum distillate from West 
Siberian oil, the molecular weight and refractive index should be calculated considering 
with characteristic factors of vacuum distillate. 

Therefore, the aim of the research is the development of calculation method to 
determine the group composition of vacuum distillate based on the data of the fractional 
composition and density considering with high content of saturated hydrocarbons. 

2 Research methods
Fractional composition and density of vacuum distillate was determined according to 

ASTM D 2887 and GOST 3900. 
Liquid adsorption chromatographic separation on silica gel ASA with a grain size of 0.2 

- 0.3 mm was performed according to VNII NP algorithm with the aim to determine the 
group composition of vacuum distillate. Structural-group composition of paraffin-
naphthenic fractions was determined by the n-d-m-method, for aromatic hydrocarbon 
fraction by the Hazelvude-method using refractometer IRF-22. 

The research in the determination of molecular weight vacuum distillate was performed 
by device CRYETTEWR, determining the freezing point of the samples (accuracy of the 
cryoscope temperature measurement is ± (2-5) millidegree Celsius). 

3 Results and discussion  

3.1 Development of calculation method for determining the group 
composition of heavy fraction of vacuum distillate 

Initial data for calculation of the group composition of vacuum distillate with high 
content of saturated hydrocarbons are fractional composition and density. According to 
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experimental data the density of vacuum distillate is changed in the range of 0.8990–
0.9055 g/cm3, Boiling temperature is changed in the range of 282–306 for initial boiling 
point, of 360–373 for 10 %  by volume, of 435–445 for 50 %  by volume, and of 515-540
for 90 % by volume. 

Laboratory results for determining the group and structural-group composition and 
molecular weight of vacuum distillate from West Siberian oil is presented in Table 1. 

Table 1. The group and structural-group composition and molecular weight of vacuum distillate 

Characteristics Values

Molecular weight, g/mol 382.43

Group composition, wt.% Saturated hydrocarbons Aromatic hydrocarbons Resins
61.20 35.57 3.23

Content of carbon in: n-d-m-method Hazelvude-method -
- paraffinic structures 66.14 16.76 -
- naphthenic structures 31.27 55.73 -
- aromatic structures 2.59 27.52 -

Number of aromatic rings 0.14 1.40 -
Number of naphthenic rings 2.05 3.90 -

Total number of rings 2.19 5.30 -

According to Table 1, vacuum distillate are characterized by high content of saturated 
hydrocarbons (61.2 wt. %), molecular weight is 382.43 g/mol. The content of carbon in 
paraffinic and naphthenic structures is 66.14 % and 31.27 % respectively, the average 
number of rings is 2.05 % in paraffin-naphthenic fraction 

According to the analysis of aromatic concentrates by the Hazelvude-method the 
aromatic structure is presented by hybrid structures. In aromatic fractions isolated from 
vacuum distillate the average number of naphthenic rings (3.9 units) is more than the 
number of aromatic rings (1.4 units), the total content of rings is 5.3 units. Carbon content 
in paraffinic fragments of aromatic concentrate indicates the presence of alkyl substituted 
of aromatic hydrocarbons and naphthenes; the content of paraffins fragments – 16.76 %.

Method API [13] is accepted as the basis for the calculations. The following are the 
main stages of the calculation to determine the group composition of vacuum distillate 
according to the developed method.  

1. Definition of average volume boiling point (Tvol, °F) and molecular boiling point (Tm,
°F) according to the the results of fractional composition of vacuum distillate [10]:                                   

                                                    Tvol = (T10% + T50% + T90%) / 3  (1) 

                                    Tm = Tvol ����T90% � T10%) / (170+0.075 · Tvol) + 1.5)] + 2    (2) 

here Т10%; Т50%; Т90%, °С – boiling point of 10%, 50% and 90% volume.
3. Calculation of characteristic factor by the UOP method (KUOP):

                                                       KUOP = [(Tvol + 460) / p]1/3    (3) 

here p – density of vacuum distillate at 150С, g/cm3.
4. Calculation of molecular weight (MW) by refined Voinov equation depending on the 

characteristic factor and molecular boiling point of fraction (°С) [17]:

MW  = (7 · KUOP – 21.5) + (0.76 – 0.04· KUOP) · Tm + (0.0003 · KUOP  – 0.00245) · Tm
2
      (4) 

5. Defined the refractive index at 20°С (n20) according to R. Hersch and M. Fenske 
equation connecting the molecular weight and molecular boiling point of fraction (°С):
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                                    n20 = 2.1500 – 10 (lg MW – 1.9939436 – 0.0019764 · Tm)         (5) 

6. Calculation of refractivity intercept (Ri) depending on refractive index and density
and kinematic viscosity at 100°С (υ100, St) from the experimental dependence:

                                                              Ri = n20 – p / 2   (6) 

                                                 υ 100 = 0.1488 · exp 0.0087 · Tvol    (7) 

8. Determination of viscosity gravity constant (VGC) depending on the density and 
kinematic viscosity of fraction:  

                                   VGC  = [(p – 0.24 – 0.022 · lg (υ100 –35.5)] / 0.755    (8) 

υ100 – kinematic viscosity fraction at 1000С, SSU. 
9. Compilation of the three equations system for calculation of the group composition of 

of the vacuum distillate from the West Siberian oil is the final stage. The first equation is 
the molar balance of the group composition of vacuum distillate, the second and third 
equations are additive law for refractivity intercept and viscosity gravity constant. 
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Here xP, xN, xA+R are the molar concentration of paraffinic, naphthenic and aromatic 
hydrocarbons with resins; 1.0822; 1.0359; 1.0893 and 0.7406, 0.9289, 0.9505 are the
average refractivity intercept and viscosity gravity constant for paraffinic, naphthenic and 
aromatic hydrocarbons respectively.

Equation system is solved by Cramer method relatively xP, xN and xA+R. and the 
expressions for the calculation of the molar concentration of the hydrocarbon groups is 
obtained:
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According to experimental data, content of aromatic hydrocarbons is 90.25% from the 
total content of aromatic hydrocarbons with resins. 

3.2 Adequacy of calculation of the group composition of vacuum distillate 
with high content of saturated hydrocarbons

Adequacy evaluation of the calculation method is performed by comparison between 
calculated and experimental data of the group composition of vacuum distillate (wt.%) 
obtained in the laboratory on the device "GRADIENT-M". The content of resins, saturated 
and aromatic hydrocarbons in vacuum distillate depending on the average volume boiling 
point are presented in Fig. 1-3.

According to Fig. 1-3, the content of saturated hydrocarbons decreases and content of 
aromatic hydrocarbons and resins rises with increasing the average volume boiling point of 
vacuum distillate. Error between calculation and experimental data by the group 
composition in vacuum distillate is not more than 5.0 wt.%. 
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Fig. 1. The content of saturated
hydrocarbons depending on the 
average volume boiling point.

Fig. 2. The content of aromatic
hydrocarbons depending on the 
average volume boiling point.

Fig. 3. The content of resins
depending on the average 
volume boiling point.

4 Conclusion
The presented method allows to calculate with high accuracy (calculation error is not 

more than 5%) the group composition of vacuum distillate with high content of saturated 
hydrocarbons (280-575ºS fraction) on the basis of the fractional composition and density. 
The developed method takes into account the high content of saturated hydrocarbons and 
allows to calculate the content of saturated (paraffinic and naphthenic hydrocarbons), 
aromatic hydrocarbons and resins in vacuum distillate. Calculation method can be used in 
oil refineries for rapid determination of the group composition of vacuum distillate with 
high content of saturated hydrocarbons and in the complex with mathematical methods to 
improve the operating efficiency of industrial units of advanced petroleum processes and 
catalysts. Program realization of calculation methods is made using Delphi 7.0 software. 
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