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ABSTRACT 

Cracking is the complex physical and chemical process of converting high molecular hydrocarbons into valuable 

products such as gasoline fraction and light fuel fraction. There are several oil fields in Mongolia and three large 

deposits already are being exploited. The crude oil was classified as high-paraffinic crude oil because of its high 

viscosity and low yield of fuel fraction. The contents of asphaltenes and resins in the oil were low. Therefore, the 

cracking process is necessary to convert the paraffinic Mongolian crude oil to lighter distillates for the 

production of transportation fuels and chemicals. In this work, we studied the hydrocracking process of 

atmospheric residue (>350°C) to produce fuel fractions from high paraffin Tsagaan-Els oil of Mongolia. The 

hydrocracking experiment was carried out with and without a catalyst at temperature 450°C for 1-3 h under a 

hydrogen pressure of 5 MPa. Commercial Ni-Mo/Al2O3 catalyst (Ni 3%, Mo 15%) was used in the 

hydrocracking experiments for 1 and 2 h. The yields of light and middle distillates obtained by hydrocracking of 

the atmospheric residue for 3 h without catalyst were 15.8 and 17.7 wt.%, respectively. The effect of catalyst was 

tested in the experiments for 2 h. By the hydrocracking with catalyst, the yield of light distillate has increased 4.5 

wt.% in comparison with the yield of light distillate obtained from the experiment without catalyst. In this study, 

we report that the atmospheric residue in the Tsagaan-Els oil could be liquefied by thermal cracking at 350°C to 

increase the yield of gasoline and diesel fuel. 
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1. INTRODUCTION 

Nowadays global development is moving towards 

clean energy but petroleum still plays an important 

role in the transportation, heating, and raw materials 

of the chemical industry. Unfortunately, the word’s 

light crude oil production approaches a limit and 

resource is decreasing rapidly so the attention is 

focused on refining heavy crude oil. The main 

technologies for deep refining of heavy oil are 

thermal and catalytic cracking processes. Catalytic 

cracking is used to convert heavy hydrocarbon 

fractions obtained by vacuum distillation into a 

mixture of more useful products such as petrol and 

light fuel oil. In this process, the feedstock undergoes 

a chemical breakdown, under controlled heat and 

pressure, in the presence of a catalyst [1]. There are 

some deposits of crude oil in our country. Out of 

them, three large deposits are being exploited. The 

Tamsagbulag deposit is located in the Matad area of 

Dornod province, Mongolia. Other deposits such as 

Zuunbayan and Tsagan-Els are situated in the 

Zuunbayan area of Dornogovi province, with 332.7 

million tons of total proved reserves and 43.25 

million tons of total proved recoverable reserves [2, 

3].  
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The Mongolian government is building a crude 

oil refining facility with a capacity of 1.5 to 2 million 

tons. Our country imports 1.5-1.8 million tons of 

petroleum products annually, and diesel fuel accounts 

for 60-70% of all imported petroleum products. 

Diesel fuel is mostly used in the agriculture and 

mining industry. Therefore, if Mongolia's refining 

plant is fully up and running, it will cover the 

country's petroleum products consumption while 

helping to develop the chemical industry. Therefore, 

the study of deep refining and increasing the yield of 

petroleum products of Mongolian crude oil is very 

innovative and very practical. 

Previously, we studied the physicochemical 

properties of petroleum and hydrocarbon composition 

of Mongolian crude oils. Based on the previous 

report, the crude oil of Mongolia was determined as 

heavy oil with high viscosity. The oil has a low yield 

of light and middle distillates, high content of heavy 

paraffin [4-6]. In the case of the heavy oil industry, 

the main problem is low flow quality through the 

reservoir and pipeline. Therefore, upgrading refers to 

the breaking down of heavy oil into light and low-

weight hydrocarbons. In the last years, research 

related to the development of new technologies for 

the production of heavy hydrocarbons, such as heavy 

and extra-heavy oils, natural bitumens, oil sands has 

been extensively conducted [7]. However, the study 

of liquefaction and the thermal cracking of high-

paraffin, viscous oils is almost non-existent.  

Therefore, the study of cracking of high paraffinic 

Mongolian oil with unique characteristics is very 

novelty. The research is aimed to increase the yield of 

low molecular weight hydrocarbon content in high 

paraffin oil using thermal and hydrocracking with 

catalyst. The Tsagaan-Els deposit has high paraffin 

content and is not easy to produce liquid products. 

In this work, we studied to establish a suitable 

cracking process for Mongolian high paraffin’s crude 

oil residues to increase the yield of light fraction and 

deep refining of heavy crude oil. 

2. EXPERIMENTAL 

2.1. Materials 

Experimental samples were from crude oil from 

the XIV block of Tsagaan-Els deposit in 1120-1130 

m depth, which is located at Zuunbayan, Dornogovi 

province, Mongolia. 

2.2. Experimental procedures 

Physical characteristics such as density, viscosity, 

and flash point and fractional composition were 

determined according to Petroleum Analysis standard 

methods [1, 8, 9]. Saturates, aromatics, resins, and 

asphaltenes (SARA) analysis was performed using 

the ASTM-D-4124 and SARA methods [10, 11]. 

Through forming a complex of urea, solid 

paraffin was extracted from the atmospheric residue 

(>350°C) under the condition of oil fraction: iso-

octane 1:5, oil fraction:urea 1:4, urea: activator 

(ethanol) 1:4 [8, 9]. The hydrocarbon composition of 

the obtained paraffin was studied by Gas 

chromatography-Mass spectrometry as Thermo 

Scientific-Trace 1310 GC with the detector of TSQ 

8000-triple Quadrupole MS and column of DB5MS 

30 m x 0.25 mm (D=0.25 µm). The carrier gas was 

helium with 1.5 mL/min flow [12, 13].  

 

Figure 1. Product separation method of atmospheric residue hydrocracking
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The total content of sulfur in the obtained liquid 

fraction was studied by instruments as Antek Multi 

Tek. The hydrocracking experiment was carried out 

with and without a catalyst at temperature 450°C for 

1 h, 2 h, 3 h under a hydrogen pressure of 5 MPa. 

Commercial Ni-Mo/Al2O3 catalyst (Ni 3%, Mo 15%) 

was used in the hydrocracking experiments for 1 and 

2 h. Around 15 g of >350°C residues was charged 

into a 50 mL reactor, along with 1 wt.% Ni-

Mo/Al2O3 catalyst and 1 wt.% sulfur. 

The hydrocracking products were separated as 

shown in Figure 1. The toluene insoluble product was 

extracted from the cracking products. The toluene 

soluble fraction was recovered after solvent 

evaporation, then fractionated into two fractions by 

the distillation method. 

3. RESULTS AND DISCUSSION 

The physical and chemical characteristics, group 

composition, and content of the fraction of the oil of 

Tsagaan-Els and its atmospheric residue (>350°C) 

have been studied. The physical and chemical 

characteristics of the samples are given in Table 1. 

Tsagaan-Els crude oil has a medium-density, a 

high viscosity, and a high flash point, as seen in 

Table 1. The crude oil has high oil content as well as 

a high atmospheric residue (73.64%). The 

atmospheric residue has a low content of high 

molecular hydrocarbons (asphaltene-resin), a high 

content of oil fractions (lub. oil-83.84%). Also, the 

content of n-alkanes in the oil fraction is very high 

(92.2%). The viscosity of the residual oil is also high 

(6.43 mm2/sec at 75°C) and the flash temperature in 

the open crucible is relatively high (184°C) due to the 

high paraffin content. Due to the obvious high 

paraffin content, the viscosity and freezing points are 

correspondingly high. 

The solid paraffin was extracted from the 

Tsagaan-Els crude oil and its atmospheric residue by 

urea complex formation. The content and 

distributions of the n-alkanes of paraffin, separated 

from their samples were determined by gas 

chromatography and are shown in Figure 2. 

Table 1. The physical and chemical characteristics of Tsagaan-Els oil  

№ Characteristics of crude oil 
Sample 

Tsagaan-Els oil Atmospheric residue (AR) 

1 Appearance thick and black color thick and black color 

2 Specific gravity, 20°C, кg/m3 831.0 890.7 

3 Kinematic viscosity, mm2/sec 40.16 (50°C) 6.43 (75°C) 

4 Flashpoint, in open crucible,°C 58 184 

5 Freezing point,°C 29 34 

6 

Group composition, wt.% 

    Resins 

    Asphaltenes 

    Oil (hydrocarbons) 

    n-alkane in the oil  

 

8.51 

0.99 

88.69 

89.05 

 

14.97 

0.52 

83.84 

92.12 

7 

The yield of fuel fraction, % 

    Boiling point, °C 

    Gasoline (Start boiling to – 200°C)  

    Diesel (200–350°C)  

    Oil (Lub) fraction (350-450°C) 

   Vacuum residue (>450°C) 

 

38 

11.635 

14.725 

21.935 

51.705 

 

 

- 

The paraffin extracted from Tsagaan-Els crude oil 

contains 89.05% n-alkanes with carbon atoms 

ranging from C17 to C33, particularly n-akanes with 

carbon atoms ranging from C21 to C28 predominate. 

 The paraffin in atmospheric residue contains 

alkanes of 92.12% with carbon atoms in the range of 

C17 to C32, as well as predominate light alkanes with 

carbon atoms in the range of C18 to C23 in this AR. 

It is possible that during the heating and distillation 

of the oil, long-chain alkanes decompose to form 

small-molecule alkanes.  

The yield of hydrocracking products is shown in 

Table 2. When the investigated oil residue was 

exposed to a catalytic thermal breakdown procedure 

at 450°C during with a reaction time of 1-3 h, 

gaseous, liquid, and solid fractions were produced. 

The yield of the gaseous product increases as the 

thermal breakdown period of oil residue increases, 

whereas the yield of the ensuing liquid product 

decreases, according to experimental data.  

Cracking the atmospheric residue of the Tsagaan-

Els oil in 1% NiMo/Al2O3 catalyst and a two-hour 

catalytic cracking process at the temperature of 50°C 

was produced a high yield of liquid product (80.72%) 

and the lowest gas output (6.78%). 
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Figure 2. n-Alkane distribution of Tsagaan-Els crude oil and atmospheric residue 

The production of gaseous products was lowered 

by 1.7 times and the yield of liquid products was 

reduced by 1.5 times after continuing the experiment 

for 1 h under the same conditions. The preceding 

experiments showed that the ideally suited condition 

is the introduction of atmospheric residues of high 

paraffin oil into a hydrogen cracking process 

involving 1% NiMo/Al2O3 catalyst at 450°C under a 

hydrogen pressure of 5 MPa. 

 

Table 2. Yield of cracking products of atmospheric residue Tsagaan-Els oil 

 

№ 

 

 

Yield 

Condition of experiments, (at 450°C) 

Non-catalyst   With catalyst  

(1 wt% Ni-Mo/Al2O3) 

1 h 2h  3 h 1 h 2 h 

1 Liquid products, wt.% 56.33 55.19 45.86 80.72 52.28 

2 Gas, mL 39.22 35.11 43.75 12.5 37.71 

3 Coke, wt.% 4.45 9.7 10.39 6.78 10.01 

To determine the fuel fraction yield, the product 

produced by liquefying the residual oil was further 

distilled on a vacuum distillation apparatus at 

temperatures ranging from boiling point to 220°C 

(gasoline) and from 220 to 350°C (diesel).  

According to the composition of the liquid 

product fraction formed as a result of the thermal and 

hydrocracking process of the Tsagaan-Els 

atmospheric residue, the gasoline fraction was 20-35 

wt.% and the diesel fraction was 26-39 wt.% 

(calculated in the liquid products). The highest yield 

of liquid products was occurred from a one-hour 

cracking process at 450°C with NiMo/Al2O3 

catalysts, although the yields of gasoline and diesel 

fractions were rather low, at 16.72 wt.% and 26.44 

wt.%, respectively. The residue yield of >350°C is 

quite high (56.84%) 

As shown in Figure 3, the results indicate that the 

gasoline fraction was 32-34% and the diesel fraction 

was 34-39% after 2 and 3 h of the thermal cracking at 

450°C and 2 h of evaluation with NiMo/Al2O3 

catalysts. Based on our experiments and data 

obtained, the atmospheric residue of Tsagaan-Els oil 

can be liquefied by catalytic and non-catalytic 

thermal cracking processes to improve its gasoline 

yield by 18.13 wt.%, and diesel yield by up to 18.43 

wt.%. In this case, long-chain hydrocarbons in oil 

residue are broken down to simpler molecules as light 

hydrocarbons, by the breaking of carbon-carbon 

bonds at results of cracking process. As a result of the 

cracking process, this residue obtained a fuel fraction 

[14-16]. In addition, it has been shown that it is 

possible to increase the fuel fraction yield as a result 

of the cracking process of high paraffin oil residues 

in Mongolia. 
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Figure 3. Fractional composition of liquid products after cracking process of Tsagaan –Els atmospheric residues 

Figure 4 shows the group composition (SARA-s 

method) of liquid products produced by thermal 

cracking at 450°C for 1 and 2 h (non-catalyst) of 

Tsagaan-Els oil and atmospheric residue.  

After a 1 h thermal cracking operation, the oil 

(hydrocarbons) content was reduced while the 

content of asphaltene-resin compounds increased. 

This is because thermal treatment converts the 

aromatic hydrocarbons in the residual oil into 

resinous molecules. 

In comparison to the group composition of AR, 

the oil content increased, the asphaltene content 

declined by 2 times, and the resin content decreased 

by 3 times upon thermal cracking of AR at 450°C for 

2 hours. In addition, a large amount of gasoline and 

diesel fractions is created in this instance Figure 3. In 

other words, as asphaltenes and resin in the oil 

degrade to generate oil fractions, the output of light 

fractions increases. The thermal decomposition 

process is directly connected to reaction time, as seen 

in Figure 4. 

In this condition, high-molecular compounds are 

decomposed into low-molecular ones, resulting in a 

higher fuel output. By analyzing the composition of 

the product, it is possible to determine the amount of 

hydrocarbons in the oil after processing and how the 

hydrocarbons change during the thermal process of 

the oil, as well as to liquefy the reaction in the correct 

direction [16, 17]. 

Figure 4. The content of group composition obtained liquid product after thermal cracking of Tsagaan-Els 

atmospheric residue 

Figure 5 shows the total sulfur concentration of the 

gasoline and diesel fractions obtained from 

hydrocracking products. 

When sulfur-rich diesel is burned, the sulfur 

reacts with oxygen (SOx) to produce emissions that 

contribute to poor air quality and have negative 

environmental and health consequences. As a result, 

the amount of sulfur in petroleum products is strictly 

regulated. According to EN 590:2009, the sulfur level 

of diesel must be 350 ppm, 50 ppm, and 10 ppm, 

respectively, for classes K3, K4, and K5. The 
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gasoline should be 500 ppm for class K2 according to 

EN 228:2004 [18, 19].  

Figure 5. Sulfur content of gasoline and diesel from 

liquid products after cracking process 

After cracking, the sulfur level of gasoline is 573-

734 ppm and 608-1149 ppm in the diesel portion 

from liquid products. The sulfur content of diesel 

fractions produced by cracking oil residues is nearly 

twice that of diesel fractions produced by normal 

distillation. On the other hand, the amount of sulfur 

in the final gasoline fraction increased just slightly. 

The sulfur concentration in the gasoline fraction 

formed during the 2 h at 450°C (non-catalyst) and 1 h 

at 450°C with catalyst was relatively low when 

compared to direct distillation gasoline. 

The gasoline fractions created by refining the 

atmospheric residual have a low sulfur percentage, 

but the diesel fraction has a high sulfur content. 

According to the research, additional hydrotreating of 

fuel fractions from liquid products of AR by cracking 

is necessary to reduce sulfur concentration. 

4. CONCLUSION 

Our work completed the studies on physical and 

chemical properties and hydrocarbon composition of 

Tsagaan-Els oil of Mongolia and its atmospheric 

residue (>350°C). According to the research, 

Mongolian crude oil has high paraffinic, has a high 

viscosity, and has a lower yield of the light fraction. 

The oil fraction (hydrocarbons) in the atmospheric 

residue is substantial, with 92.12 wt.% alkanes and a 

low concentration of asphaltene-resin. Thermal and 

catalytic cracking of paraffinic atmospheric residues 

were carried out at 450°C for 1-3 h under 5 MPa 

hydrogen pressure with catalyst (NiMo/Al2O3) and 

non-catalyst. 

It was established that cracking the atmospheric 

residual of the oil with a 1% NiMo/Al2O3 catalyst for 

a 2 h catalytic cracking process at 450°C generated 

the highest yield of liquid product (80.72%) and the 

lowest gas production (6.78 %). According to the 

research, atmospheric residue in high paraffin 

Tsagaan-Els oil can be liquefied using a cracking 

method, improving gasoline yield by 18.77 wt.% and 

diesel yield by up to 20.67 wt.%. The research is 

critical to the development of new liquefied 

technology and the improvement of petroleum 

product yields from Mongolian crude oil. 
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