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During the thermal decomposition of a fraction consisting of a mixture of propane and butane 

at high temperatures in the absence of air, not only primary dehydrogenation and cracking 

reactions occur, but also various secondary reactions [1-3]. These secondary reactions are 

mainly associated with the formed unsaturated low-molecular hydrocarbons (ethylene, 

propylene, etc.), which, due to their high reactivity, undergo various rearrangements and 

complex transformations in various directions. Dimerisation and trimerisation of olefins. 

Unsaturated hydrocarbons such as ethylene and propylene can react with each other at high 

temperatures without the participation of a catalyst, forming large molecular hydrocarbons [4-

7]. 

Alkylation of low molecular weight saturated hydrocarbonsSubstances such as propane and 

butane react with olefins to form isomers or larger products. Dehydroaromatization of 

hydrocarbons such as ethylene Dehydroaromatization of hydrocarbons such as ethylene 

Ethylene, propylene, butylene, and other olefins are subjected to multi-stage dehydrogenation 

at high temperatures to form aromatic compounds such as benzene, toluene, and xylene. 

Carbon-carbon bond cleavage (C-C cleavage). These reactions are a common form of cracking 

of C₃-C₄ hydrocarbons and are carried out in practice by a radical mechanism. Secondary 

dehydrogenation reactions (hydrogen evolution). These reactions can occur at high 

temperatures, but are much less likely to occur in practice. The standard Gibbs free energy 

change (ΔG°) is the main criterion for assessing the thermodynamic probability of secondary 

processes [8-10]. 

This indicator determines the possibility of a spontaneous reaction: 

If ΔG° < 0, the reaction is thermodynamically feasible and can occur spontaneously. If ΔG° > 

0, the reaction is thermodynamically unfavourable and cannot occur spontaneously without 

the influence of external energy. The reaction of ethylene formation from ethane 

(dehydrogenation) is thermodynamically possible only at temperatures above 1100 °C, i.e. 

under these conditions the standard Gibbs free energy change (ΔG°) has a negative value (ΔG° 

< 0). Hydrogenation of propylene. It is thermodynamically possible above 1150°C; secondary 

decomposition of propylene, which involves the cleavage of the C-C bond, is considered a 

process that can occur above 800°C. 

Figures 1-3 show graphically the change in the ∆G⁰ values corresponding to the secondary 

transformation processes of ethylene-unsaturated hydrocarbons with increasing temperature. 

Based on these relationships, the following conclusions can be drawn. The ∆G⁰ value for the 
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dimerisation process is usually greater than 0 and increases with increasing temperature, i.e. 

this process is temperature-independent. For the aromatisation (dehydroaromatization) 

reaction, ∆G⁰ begins to become negative at 900-1000°C, which means that this reaction is 

possible at higher temperatures. For the processes of C-C bond cleavage, ∆G⁰ decreases 

starting from 500°C and reaches its lowest values around 800°C. 

During the decomposition of the propane-butane fraction, the resulting olefins actively 

participate in secondary reactions. Processes such as dehydroaromatization, dimerisation, and 

alkylation based on ethylene and propylene can occur at high temperatures, but the ∆G⁰ value 

and reaction time affect their efficiency. Secondary hydrogenation processes are 

thermodynamically possible only at very high temperatures (1100-1150°C) and are rarely 

encountered in practice. 

The G⁰–T relationship is the most reliable basis for determining the equilibrium direction and 

probability of reactions. 
 

 
 

Figure 1. Effect of temperature on ethylene conversion processes.∆𝑮𝟎 

 

 
Figure 2. Effect of temperature on propylene conversion processes.∆𝑮𝟎 
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Figure 3. Effect of temperature on conversion processes of unsaturated ethylene series hydrocarbons.∆𝑮𝟎 

 

Secondary reactions occurring during the decomposition of a propane-butane mixture at high 

temperatures in the absence of air - processes such as dehydrogenation, isomerisation, 

cracking, polymerisation and aromatisation - have a significant impact on the overall 

efficiency of the reaction. In this work, the thermodynamic potential of these reactions was 

analysed using the standard Gibbs free energy (ΔG°). 

 

REFERENCES 

1. Chesnokov, V.V.; Buyanov, R.A. The formation of carbon filaments upon 

decomposition of hydrocarbons catalysed by iron subgroup metals and their alloys. Russ. 

Chem. Rev.2000,69, 623–638. 

2. Strel’tsov, I.A.; Vinokurova, O.B.; Tokareva, I.V.; Mishakov, I.V.; Isupov, V.P.; 

Shubin, Y.V.; Vedyagin, A.A. Effect of the nature of a textural promoter on the catalytic 

properties of a nickel-copper catalyst for hydrocarbon processing in the production of carbon 

nanofibers. Catal. Ind.2014, 6, 176–181.  

3. Bauman, Y.I.; Lysakova, A.S.; Rudnev, A.V. Mishakov, I.V.; Shubin, Y.V.; Vedyagin, 

A.A.; Buyanov, R.A. Synthesis of nanostructured carbon fibers from chlorohydrocarbons over 

Bulk Ni-Cr Alloys. Nanotechnologies Russ.2014,9, 380–385.  

4. Streltsov, I.A.; Mishakov, I.V.; Vedyagin, A.A.; Melgunov, M.S. Synthesis of Carbon 

Nanomaterials from Hydrocarbon Raw Material on Ni/SBA–15 Catalyst. Chem. Sustain. Dev. 

2014,22, 185–192. 

5. 1. M.G. Kibria, N.I. Masuk, R. Safayet, H.Q. Nguyen, and M. Mourshed, "Plastic 

Waste: Challenges and Opportunities to Mitigate Pollution and Effective Management", Int J 

Environ Res, 2023. 17(1): p. 20. 

6. L. An, Z. Kou, R. Li, and Z. Zhao, "Research Progress in Fuel Oil Production by 

Catalytic Pyrolysis Technologies of Waste Plastics", Catalysts, 2024. 14(3): p. 212. 



ICDE 
International Conference on Developments in Education 

Hosted from Amsterdam, Netherlands 
https://innovateconferences.org                         22nd April, 2025 

 

40 

7. L. Dai, N. Zhou, Y. Lv, Y. Cheng, Y. Wang, Y. Liu, K. Cobb, P. Chen, H. Lei, and R. 

Ruan, "Pyrolysis technology for plastic waste recycling: A state-of-the-art review", Progress 

in Energy and Combustion Science, 2022. 93: p. 101021. 

8. P.G.C. Nayanathara Thathsarani Pilapitiya and A.S. Ratnayake, "The world of plastic 

waste: A review", Cleaner Materials, 2024. 11: p. 100220. 

9. T.P. Haider, C. Völker, J. Kramm, K. Landfester, and F.R. Wurm, "Plastics of the 

future? The impact of biodegradable polymers on the environment and on society", 

Angewandte Chemie International Edition, 2019. 58(1): p. 50-62. 

10. M. Chandran, S. Tamilkolundu, and C. Murugesan, "Conversion of plastic waste to 

fuel", in Plastic waste and recycling. 2020, Elsevier. p. 385-399. 
 


