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Abstract 
The aromatic group components separated by Balakhani oil and its adsorption 
refractive indexes were studied in a complex way in both inert(helium) and 
oxygenated media using differential thermal analysis and infrared spectroscopy 
methods. According to the results of DTA, it was found that thermal processes 
in an inert environment take place exothermically in two temperature regions 

(< 400
0
C and 400 1000

0
C). For group II aromatic hydrocarbons there are 

exothermic (400-600
0
C and > 800

0
C) and endothermic (600-800

0
C) processes 

above 400C. It was found that in the studied samples, in an oxygenated 
environment, unlike in an inert environment, thermal reactions take place in 
three successive stages (low-temperature oxidation, product decomposition and 
high-temperature oxidation) and in such an environment that affects the 
stability of these samples. Although the nature of the exothermic curves is 
almost the same in hydrocarbons, the aromatic group separated from oil in the 
DTA curve in an oxygenated environment slides towards the high-temperature 
area according to the I-II-III-IV gr. While the thermoxidation process for all 
components lasts up to 1000

0
C in an inert environment, this pocess for 

components in an oxygenated environment is 600
0
C (I and II gr. aromatic 

hydrocarbons), 680
0
C (III gr. aromatic  hydrocarbons) and  750

0
C (IV gr. 

aromatic hydrocarbons) occurs as.That is, as a result of the presence of an 
oxygenated environment the thermodestruction process is further accelerated. 
The maximum dissociation energies of I, II, III and IV gr. aromatic 
hydrocarbons are Ediss.(kJ/mol) = 656 (396

0
C); 353 (533

0
C); 459 (563

0
C) and 

1062 (582
0
C), respectively. In an inert environment, this energy was found to 

be smaller than in an oxygenated environment. In an oxygenated environment 
the mass loss for I and II gr. aromatic hydrocarbons is up to 350

0
C, 

respectively 87 and 85%, and for III and  IV gr. aromatic hydrocarbons, 76.7% 
(280

0
C ) and 95% (450

0
C). IR spectroscopy determined the presence of volatile 

compounds formed during the thermal process, alkanes, alkenes, aromatic, 
aldehydes, ketones, CO and  CO2 

Keywords: oil, aromatic hydrocarbons, IR spectroscopy, DTA, thermoxidation  

Introduction 

Oil and oil fractions are exposed to heart during storage, transportation, processing, 
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chemical process, etc.As we know, despite many studies on the oxidation of oil and its fractions 

by heart, their thermal properties are almost not well studied. Because crude oil has a complex 

composition, its combustion is a complex process and its hydrocarbon content varies depending 

on the combustion stage  [1-3]. Thus, all the hydrocarbons that make up crude oil are unstable to 

the effects of temperature and they can be converted into substances such as methane,ethane,etc. 

However, such reactions require a fairly high activation energy. The effect of temperature is one 

of the main factors (e.g., temperature, pressure, light, etc.) recquired for the conversion of 

hydrocarbons in oil. Namely the study of thermal transformation processes and their mechanisms 

for each crude oil and its components allows them to be used properly, i.e. to direct these 

substances to various industries (petrochemical, mechanical engineering, pharmacetical, etc.) as 

an easily and cheaply obtained raw material creates. 

Experimental Part 

The main purpose of the research is to study the characteristics of thermal processes during 

combustion and decomposition by studying crude oils and their aromatic group hydrocarbons 

(AGH) for the first time in combination with differtial thermal analysis (DTA) and IR 

spectroscopic methods. 

Heavy Balakhani oil (HBO) and its AGK were used as the object of research.In order to 

accurately study the hydrocarbon content of HBO, which has a complex hydrocarbon content, 

this oil was obtained by liquid adsorption chromatography (column height 2.5 m, inner diametr 

5.5 cm, ACK (GOST 11858-85) silicagel as adsorbent,hexane as a solvent, benzene and alcohol 

in a 1:1 ratio mixture is used,according to the irradiance coefficients are divided into 

hydrocarbon content-(group I AH, group II AH, group III AH, group IV AH, paraffin-naphten, 

resin) [4-6].  

Physical and chemical indicators of heavy Balakhani crude oil are given in Tab. 1. 

Table 1. Physical and chemical parameters and element composition of ABN 
Names of indicators  Device name Method 

20
o
C density, kg/m

3
 911.5 DMA4500M ASTM D5002 

Freezing temperature,
 o
C -40 Stanhope Seta ASTM D2386 

Ignition temperature,
 o

C +36 Stanhope Seta ASTM D93 

Total sulfer, % 0.3298 SLFA-20 ASTM D1319 
Acidity, mg KOH/100qr 3.50 Methodology 
Kinematic viscosity, 
mm

2
/sec,40

o
C 

30.450 
Stabinger SVM  
ASTM D445 

ASTM 445 

Coke, % 1.54 Stanhope Seta ASTM 189 

Ashy,% 0.03 Stanhope Seta ASTM D482 

Amount of water,% No ГОСТ 2477-65 
Elemental analysis,% 

TruSpec Micro, LECO, device instructions 
S C H O N 

0.33 85.2 11.1 2.1 0.86 

Tab. 2 shows the irradiance coefficients of the hydrocarbon components of Balakhani oil. 
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Table 2. Some physical and chemical characteristics of heavy Balakhani oil components 

№ 
The name of the 

substance 
Yield, % 

Radiation 

coefficient, 

nd
20 

Density, 
ρ
4

20 
, 

kg/m
3
 

Viscosity at 

40
0
C mm

2
/s 

Molecular 

weight 

1 PNH 52.04 1.4700 873.0 21.1 254 

2 I AGH 8.1 1.5220 934.2 32.1 353 

3 II AGH 7.1 1.5400 954.0 33.6 530 

4 III AGH 8.6 1.5570 963.3 43.2 560 

5 IV AGH 13 1.5808 1005.0 51.5 580 

6 Resin 11 ─ 1026.9 ─ 630 

7 Asphalt 0.16 ─ ─ ─ ─ 

During the studies,experiments for differential thermal analysis( DTA) were performed at  

10
0
C/min, in atmospheric and helium media was carried out  with a hheating rate in the 

temperature range of  20-1000
0
C and a sample of 20 mg was used. 

DTA analysis was performed on “STA Platinum Series”- “LINSEIS STA PTI1600”, mass  

analysis was performed on “ThermoStar TM GSD 320 T2” brand device.The samples were 

preheated to 1000
0
C to eliminate the diffuse effect and ensure the homogeneity of the 

process.The sample soaked in Al2O3  powder is placed with a corundum plug.During pyrolysis 

and combustion volatile compounds are transferred to a tube connected to an  “FT-IR Nicolet 

iS10” infrared (IR) spectrometer, in which the gases condense.The IR spectrometer of gase is 

107 minutes and the spectral range is 400-4000 cm
-1

. 

Results and Discussions 

Studies on HBO and its aromatic group components (I-IV gr.AH) were carried out in 

oxygenated and inert (helium) media by DTA method. According to the DTA curves,the 

pyrolysis process in an oxygen-free environment is mainly in two stages. In an oxygenated 

environment,the isothermal process proceeds by three different sequential mechanisms and is 

observed by low-temperature oxidation (LTO), product formation (PF) and decomposition (PD), 

and high-temperature oxidation(HTO) reaction [7-15]. LTO is a heterogenous (gas-liquid) 

reaction characterized by a significant loss of quality, low temperature maximum and various 

oxygen-containing products. At low temperatures, oxygen first interacts with liquid 

hydrocarbons, which have the lowest chemical binding energy, to form oxygenated compounds. 

These intermediates are unstable and readily decarboxylate. PD is the second reaction stage, 

characterized by the conversion of liquid hydrocarbons into solid carbon products. At this stage, 

an endothermic effect is observed, in which case the pyrolysis, oxidation and thermal 

decomposition of hydrocarbons occur simultaneously and coke is formed.The last heterogeneous 

(gas-solid) reaction is the HTO reaction.At this stage,the product degrades more deeply and due 

to the high reactivity of the fuel residue, a lot of heat is released, resulting in a large amount of 

smoke. 
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As can be seen from the DTA analysis, the DTA curves of the I gr. AH differ depending on 

the environment (Fig.1). In an inert medium (Fig.1a), the substance is pyrolzed and different 

types of hydrocarbons are obtained at differenet temperatures.Pyrolysis takes place in two stages: 

in stage 1 (50-350
0
C) the light particles present in the sample and formed by breaking the weak 

bonds with increasing temperature fly away and the water evaporates. The mass loss  of the 

sample in this temperature range is 87%. In the next stage, as the temperature increases, the rate 

of mass loss decreases, because the substances with low boiling point are depleted.Changes in 

the composition of the substance in the temperature  range of 400-490
0
C are practically not 

observed. Then at 590
0
C the intensity of the curve begins to increase sharply and this continues 

as at 850
0
C. In this case , 1gr of AH undergoes thermodegradation and substances with high 

boiling point are formed. After 850
0
C temperature, no thermodegradation is observed in the 

remaining  substance, volatile compounds are depleted, the processes end. The remaining mass is 

about 4.3 % of the original substance. 

In an oxygenated environment (Fig.1b) I gr. The thermal process of AH can be divided 

into three different stages: LTO, PD, HTO. In the LTO stage, the sample is distilled when 

heated, during which the resulting volatile gases are oxidized.The initial mass loss is due to low-

boiling volatile hydrocarbons and corresponds to temperature of 110
0
C. Subsequent mass loss 

occurs in the temperature range of  210-350
0
C. In tis temperature range, the mass loss (Δm) due 

to oxidation of the substance in 73 % of the starting material.As the heating temperature 

increases,the maxima move to higher temperature range. Combustion continues as a temperature 

of  390
0
C. This is an exothermic process.  

 

 

a) 
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Fig.1. DTA curves of 1 gr.AH of HBO in inert(a) and atmospheric (b) environments  

In the next PD phase,the homogeneous gas-phase oxidation of the volatile compounds 

continues and the observed weight loss is practically reduced in the temperature range of  390-

420
0
C. The substance decomposes at a temperature of  420

0
C and the decomposition products 

are oxidized at the temperature of 500
0
C in the HTO phase. Mass loss in the temperature range 

of  390-580
0
C is  13 % of the initial mass. Combustion is an exothermic process, that ends at 

580
0
C. At a temperature of 620

0
C, 0.6 % is lost as a result of combustion of the final 

hydrocarbon product. 

The composition of the II AGH component of Balakhani oil differs from the composition 

of the I gr.AH. So, that in an inert environment,the mass loss of the II gr.AH component begins 

at the temperature of 100
0
C.  

 

b) 

a) 
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Fig 2. DTA curves of II group of HBO in inert(a) and atmospheric (b) environments 

During a stable increase in temperature,thermodestruction of II gr. AH is observed at the 

temperature of 350
0
C. In the initial stage of the process, the mass loss increases rapidly to 85 % . 

The linear dependence of the reaction rate on temperature indicates a high activation energy. 

There is no change in the composition of the component in the temperature range of  400-450
0
C. 

The exothermic process takes place at a temperature of  405-525
0
C , and the decomposition of 

high molecular weight hydrocarbons take place at a temperature of 670
0
C,  Δm is 1.5 %. At the 

end of the process, a residue in the form of ash is obtained. 

Exothermic processes occur sequentially in an oxygenated environment.The mechanism of 

the process is the same as in I gr.AH. Here the isothermal process begins at a temperature of  

80
0
C and continues to a temperature of  280

0
C, mass loss is  76.7 % .The oxidized hydrocarbons 

obtained in the LTO field are then decomposed starting at a temperature of  360
0
C. As the 

temperature  rises,the resulting products begin to burn and at a maximum temperature of 540
0
C, 

the process practically ends with the coking of coke.The mass loss of fuel in the temperature 

range of 400-585
0
C is 15.5 % of the initial mass. 

In an inert environment, the thermal process in LBO III gr. AH is similar to the process in 

this oil II gr.AH (Fig.3d). Thus, in the temperature range of 80-125
0
C, low molecular 

hydrocarbons and water are separated in the form of gas. In the initial stage of the isothermal 

process, rapid mass loss is observed in the temperature range of 80-440
0
C, and this loss is  95 % 

at 450C. The high molecular compounds formed in the second stage undergro thermal change at 

a temperature of  400
0
C and the process ends at a temperature of 580

0
C. There is almost no mass 

loss during this period.  

b) 
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Fig.3. DTA curves of III gr.AH of HBO in inert(a) and atmospheric (b) environments 

In the initial stage of the isothermal process in the III gr.AH in an oxygenated 

environment, the TG curve shows that the sample remains stable at a temperature of 110
0
C. 

When the sample is heated at a constant rate,rapid mass loss occurs with increasing temperature. 

In the temperature range of 150-400
0
C  ∆m=80.1 %. Rapid mass change is observed at 480

0
C 

and product loss in the temperature range of  420-560
0
C is 10 %. At a temperature of 560

0
C, the 

remaining product is decomposed again. 

The process of thermodestruction in the temperature range of 150-480
0
C in an inert 

environment in the IV gr.AH of HBO is observed with rapid mass loss and ∆m is 85.7 %  

(Fig.4).  

a) 

b) 
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The fact that the mass of the IV gr.AH does not change at the temperature of 150
0
C 

(according to the TG curve) indicates that it contains more stable and temperature-resistant 

hydrocarbons than other components. Clearly, the composition of this AGH  is similar to that of 

resin and includes substances with a heterocylic structure that retains N,O and S atoms. 

 

 

 
Fig.4. DTA curves of IV gr.AH of HBO in inert (a) and atmospheric (b) environments 

In this component, the intensity of the exothermic peak increases as a result of oxidation after a 

temperature of 480C , and at a temperature of 680C Δm = 5%. Then, starting from this 

temperature, a rapid combustion process take places, which is probably due to internal oxygen. An 

endothermic peak is observed at a maximum temperature of 780°C. 

The TG curve in the component in the IV gr.AH in the oxygen environment consists of two 

parts(Fig.4b): In the first part, the system is stable as a temperature of 200°C and in the temperature 

range of 200°-485°C Δm=76.7%. Mass loss is negligible in the temperature range 485°-570°C. As the 

a) 

b) 
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temperature rises, an exothermic process takes place and starting at a temperature of 620°C, the mass 

decreases rapidly, reaching Δm=17.2%. 
It should be noted that the effect of oxygen on the thermal stability of the system is large, 

which is due to the formed peroxide groups. These groups cause the formation of free radicals during 

thermal exposure and increase chain breakage. 
The composition of the coke formed during the combustion process is believed to be due to the 

chemical nature of the oxidizing hydrocarbons.Clearly, exothermic emissions during the HTO phase 

depend on the amount of asphaltenes. In the fact, depolymerization and thermal decomposition of 

functional groups characterize the pyrolysis of asphaltenes. 

The values of dissociation energies of the observed samples at maximum temperatures are 

given in Tab. 3. 

Table 3. Dissociation energies of AH components of heavy Balakhni oil 

The name of the sample environment T,
0
C Edis., kC/mol 

I AGH 

Helium 726 255 

Atmosphere 
396 656 

517 185 

II AGH 
Helium 557 342 

Atmosphere 533 353 

III AGH 

Helium 578 265 

Atmosphere 
426 223 

563 459 

IV AGH 

Helium 595 624 

Atmosphere 
421 404 

582 1062 

In the atmosphere, the dissociation energy Ediss 1062 KC/mol at the temperature of 582C of 

the IV gr.AH of HBO is Ediss= 185 KC/mol at 517°C of the I gr.AH. In helium the highest value of 

dissociation energy falls on IV.AK. This is adequate to the results of the above analysis. 

If we pay attention to the experimental results of DTA, we see that the nature of the 

thermoxidation curve of the AH component of the II gr. of HBO differs from the I,III,IV gr of AH (in 

an inert environment): In the first stage of the process ( up to 350°C) the oxidation in the II gr.AH is 

more intensive than in other groups. In this group, exothermic process start again at 800°C,while 

endoprocesses occur in the range of 400-650C and endoprocesses at 600-850C. Mass loss in the 

temperature range of 100-300C is quite large. The process of thermal oxidation in III gr.AH is the 

same as in I gr.AH. However, in the IVgr. AH component, in contrast to the I and III gr.AH, 

exothermic transformation occurs at a rate of up to 750°C in the second stage of the thermal process 
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in an inert environment. 

Volatile compounds obtained during the isothermal process were studied and identified by IR 

spectroscopy (Tab. 4). Thus, the type and amount of oxidation products in oil and its components can 

be determined according to the location and intensity of absorption peaks. An increase in the 

intensity of the adsorption bands with increasing temperature indicates an increase in the amount of 

products formed. A decrease in the intensity of the adsorption  bands with a further increase in 

temperature indicates that most of the fuel has been depleted. 

The maximum adsorption O-H observed at 3556 cm -1 during thermal destruction of the 

product was water evaporation, and the obseravtion of absorption bands corresponding to the C=O 

bond in the 2400-2224 cm and 2180-2108 cm areas indicates the production of CO and CO2 gases. 

These compounds are formed as a result of decarboxylation of compounds that retain the carbonyl 

group (CHO) in the side chain. The presence of CO in the HTO phase is associated with coal 

combustion. In an inert environment, the product is broken down into different types of 

hydrocarbons. 2968, 2920, 2850 cm-1 adsorption band maxima belong to the C-H bond of CH3, CH2 

groups, 1610, 1550, 1540 cm -1 shows the C=C relationship of AK. The maximum adsorption bands 

observed in the IR spectrum belong to the C=O carbonyl groups of aldehydes, ketones and esters 

obtained by oxidation of 1705, 1720, 1750, 1755 cm-1. 

Table 4. Maximum adsorbtion peaks of aromatic components of heavy Balakhani oil during 

DTA according to IR spectrum 

Wave numerical 

interval (cm
-1

) 

Recorded maxima  

(cm
-1

) 
Bonds Obtained compounds 

3500–4000 3556 O-H H2O 

3130–3070 

1600–1500 

3079, 3078 

1550, 1540, 1610 

C-H 

C=C 

aromatic 

hydrocarbons 

3040–3010 

1600–1680 

3018 

1625, 1633, 1670 

C-H 

C=C 
alken 

2970–2950 

2880–2860 

1470–1430 

1380–1370 

2935–2915 

2865–2845 

1485–1445 

2968 

2920 

2850 

CH3 və CH2 

alkane or alkyl 

substitutes 

1750–1680 
1705, 1710, 1720, 

1750, 1755 
C=O etone or aldehyde 

2400–2224 2250, 2350, 2361 O=C=O CO2 

2180–2108 2119 C=O CO 
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Aldehydes formed in the oxidation process can be easily oxidized to acid [16-18]. Analysis 

of IR spectra shows that by the end of the isothermal process, the maximum absorption of water 

related to OH-bond is 3566 cm
-1

. At 3079, 3078, 3076 cm
-1

 in the spectrum, the maximum 

absorption of aromatic hydrocarbons, which is characteristic of the C-H bond of the HC=C group 

is recorded. The main part of these products are aromatic hydrocarbons, they are difficult to burn 

(especially polycyclic aromatic hydrocarbons) . 

Alkenes are formed as a result of fuel combustion and pyrolysis. It is assumed that these 

subtances are formed during the breaking of alkyl groups attached to the aromatic ring in the  α-

position. The presence of HC=C group of unsaturated hydrocarbons at 1625, 1630, 1670 cm
-1 

and C=C band at 3018 cm
-1

 indicates the production of alkenes. Alkanes are formed during 

pyrolysis and hydrogenation of alkenes.  

Conclusion 

Thus, the thermal processes in the component of the aromatic group separated from 

Balakhani oil and liquid chromatographic adsorption by a complex method were studied with the 

help of DTA-IR methods, hydrocarbon transformations were evaluted and thermoxidation 

products were determined. Thermal processes in both inert (helium) and oxygenated 

environments in aromatic hydrocarbons have been studied.  

According to the results of DTA, the thermal process in an inert environment occurs 

exothermically in two temperature regions (< 400
0
C and 400 1000

0
C): for all groups, in 

contrast to the II gr.AH, the nature of the esothermic process is almost the same and process is 

very intense in the 2nd temperature range. For ex gr. II AK, both exothermic (400 -600
0
C and 

> 800
0
C), and endothermic (600-800

0
C) processes occur at >400

0
C. In the examples examined in 

an oxygenated environment defined thermal reactions take place in three successive stages 

(LTO, PD, HTO) and in such an environment chain breaking during thermal process, of radicals 

and at the same time formation of peroxide groups that was found, the stability of the this 

samples affects. Let's attention that, in an oxygenated environment on the curve DTA in aromatic 

group the nature of exothermic curves hydrocarbons separated from oil, almost, although the 

same, I →II→III→ IV gr. of AH on the curve DTA, properly, slips towards to a high 

temperature area. According to all components in an inert environment while continuing 

thermodestruction process as to 1000
0
C, in an oxygenated environment I, II, III, IV continues in 

aromatic ingredients in accordance with this process, as 600
0
C (I, II gr.AH), 680

0
C (III gr.AH) 

and to 750
0
C (IV gr.AH). Thus, this process is faster in an oxygenated environment. I, II, III and 

IV gr.AH are maximum dissociation energies, properly, Ediss.(kC/mol) = 656 (396
0
C); 353 

(533
0
C); 459 (563

0
C) and 1062 (582

0
C). In an inert environment was found in an oxygenated 

environment this energy is relatively small. In an oxygenated environment mass loss for contane 

AH I and II gr.AH as to 350
0
C, properly, 87 and 85%, III and IV gr.AH for 76.7 ( 280

0
C ) and 

95 (450
0
C) %.  

Thermooxidation by IR spectroscopy method and at pyrolysis stages determined that the 

resulting volatile compounds are alkanes, alkenes, aromatic, aldehydes, ketones, CO and CO2. 
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