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The impact of ultrasonic cavitation on the chemical transformations  
of model compounds 

The effect of ultrasonic cavitation on various organic compounds in the presence of catalysts is investigated 
in order to identify the chemistry of reactions. In addition, practical applications of cavitation for cracking 
hydrocarbons in technological processes of oil-refining industry are considered and estimated. These findings 
indicate that the use of cavitation for destruction of organic compounds is effective for technological and 
economical aspects. 
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Currently, due to the oil depletion and increase in prices of liquid fuel the interest in high-performance 

technology of oil is growing. At this point, the cavitational method is a great practical interest to processing 
of petroleum fuels. In general, cavitation can be defined as the phenomena of the formation, growth and 
subsequent collapse of microbubbles or cavities occurring in an extremely small interval of time 
(milliseconds) releasing large magnitudes of energy. The local effects of the cavitation phenomena can be 
given as generation of very high temperatures (of the order of 1000 to 5000 K) and pressures(100 to 
5000 bar). The magnitudes of the pressures and temperatures are astrong function of the operating 
hydrodynamic and geometric constructional features of the reactor. Thus the resultant effects are really 
spectacular and such events simultaneously occur at millions of places in the reactor [1]. 

Many researchers, engaged in cavitation processing of different materials, have observed a number of 
physical and chemical transformations, especially in the ultrasonic cavitation. Approach to boosting the effi-
ciency of cavitation is carried out by ultrasonic excitation in the presence of an electric field [2]. Electrostatic 
charge generated within the bubbles assists radical formation due to covalent bond breaking, which generate 
chain reactions in hydrocarbons with the end-result being low molecular-weight compounds and aromatics. 
The influence of the direct impact of cavitation on chemical reactions of alkanes is observed by cracking of 
hexadecane (С16H34) under the action of ultrasound. In this case, the gaseous products were H2, CH4, C2H4, 
C2H2 [3]. Only the first steps have been done in the learning of cavitation’s effect on the physico-chemical 
transformations in liquids, because in many cases a clear explanation of the observed phenomena have not 
found yet [4]. 

Thus the aim of this study is to investigate the effect of cavitation on a variety of organic compounds in 
the presence of catalysts with the identification of the reactions’ chemistry, as well as clarification of possi-
ble practical applications of cavitation for cracking hydrocarbons in oil refining. 

The compounds of different nature, accordingly, different reactivity are selected as research objects for 
more detailed study about organic compounds’ chemistry by cavitation processing. Linear alkanes — hex-
ane, decane, and more stable against degradation of polyaromatic hydrocarbon- anthracene are used as initial 
organic substrates. These compounds are assumed to display different reactivity to cracking process allowing 
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to make rigorous scientific basis for discussion about impact of cavitation on chemical conversion of model 
compounds. 

Experimental part 

Experimental studies were carried out in air atmosphere using the ultrasonic cavitation which allows to 
conduct the high-intensity processing of small volumes of liquid with a capacity about 600 watts. The inten-
sity of the ultrasound processing — 250 W/cm2, the operating frequency is ±22 kHz. 

To study the influence of cavitational processing on model compounds chemically pure decane, 
decane–hexane, toluene–antracene–hexane were investigated in the presence of various catalysts. The cata-
lysts were FeS2, NiO and iron nanoparticles Fe2O3, prepared according to the procedure [5]. The processing 
time was 1 min 30 sec, the volume of processed samples — 50 ml, the ratio of compounds in the mixture 
were 1:1. 

The qualitative and quantitative analysis of liquid organic compounds were done by gas chromatograph 
HP 5890/5972 MSD firm Agilent (USA). Conditions of chromatograph: column — DB — (5.30 m × 
× 0.25 mm × X 0.5 mkm), gaz — helium, 0.8 ml/min, thermostating 50 ºС — 4 min, 50–150 ºС — 
10 ºС/min, 150–300 ºС — 20 ºС/min, 300 ºС — 4 min at vaporizer’s temperature 250 ºС. 

Identification of compounds were produced by the mass spectral database NIST 98. 

Discussion of Results 

The contents of compounds detected in the model liquids after the cavitational processing in the pres-
ence of catalysts are given in the Tables 1 and 2. 

T a b l e  1  

The contents of compounds detected in the hexane after the cavitation processing 

Without catalyst In the presence of NiO In the presense of nanoparticles Fe2O3

Compounds 
Mass conc., 

% 
Compounds 

Mass conc., 
% 

Compounds 
Mass conc., 

% 
3-Ethyl-4-methyl-
hexane 

1.65 4-Methylpentene-2 0.03 
3-Ethyl-4-methyl-
hexane 

0.01 

3,5-Dimethyloctane 6.79 Decane 70.17 Nonane 1.04 
Decane 50.16 3-Methyldecane 2.26 Decane 94.15 
3-Methyldecane 0.62 Undecane 12.42 3-Methyldecane 0.02 
6-Ethyl-2-methyl-
decane 

2.92 4,6-Dimethylundecane 11.28 Undecane 3.25 

2,4,6- Triethyldecane 2.5 Dodecane 0.62 4,6-Dimethylundcane 0.19 
Undecane 12.6 Tridecane 0.25 Dodecane 0.11 
4,6-Dimethylundecane 15.11   Tridecane 0.05 
Dodecane 0.56   Tetradecane 0.08 
Tridecane 0.19   Hexadecane 0.3 
Hexadecane 1.94     

Oxygen-containingcompounds 
2-Nonanone 0.05 2-Nonanone 0.48 2-Nonanone 0.27 
2-Decanone 0.96 2-Decanone 0.9 2-Decanone 0.2 
4-Decanone 0.9 4-Decanone 0.93 4-Decanone 0.16 
3-Decanone 0.63 3-Decanone 0.66 3-Decanone 0.15 
2-Methylheptanone-4 0.52     
Isooctane, 
(ethenyloxy) 

1.9     

 
Analysis by gas chromatography-mass spectroscopy detects the contents of paraffin hydrocarbons from 

C6 to C17 in the model compounds, both normal and isomers. The isomerization proceeds on freely radical 
mechanism. There are more isomers in case cavitational processing without catalysts. About 6.79 % of 
3,5-dimethyloctane, 3-ethyl-4-methylhexane, also 12.6 % of undecane, 15,11 % of 4,6-dimethylundecane are 
formed in case cavitational processing without catalysts. In the presence of NiO the contents of undecane is 
12.42 % and 4,6-dimethylundecane — 11.28 %. The 1.04 % of nonane and 3.25 % of undecane are formed 
in the presence of Fe2O3. Also oxygen-containing compounds are detected after cavitation processing and 
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their contents depend on concentrat
typical for heating of organic liquids

The contents of compounds detec

Without catalyst 

Compounds 
Mass conc., 

% 
3,5-Dimethyloctane 22.55 
Decane 59.91 
3-Methyldecane 0.4 
Undecane 11.53 
Dodecane 0.28 
Tridecane 0.11 
  
  

2-Methyl-2-pentyl-
oxirane 

0.25 

2-Nonanone 0.23 
3-Decanone 0.57 

5-Decanone 0.5 

1,1'- Oxybisdecane 3.58 
Hexanoic acid 0.09 

 
About 22.55 % of 3,5-dimethy

without catalysts. In the presenc
2,3-dimethylpentane and 3.1 % of 
Fe2O3. The cavitation processing of
presence of Fe2O3 and without cataly

The obtained findings allow to
process of cavitation. As a result of t

Usually lifetime of activated fo
mined stability and are capable to ex
two ways: as a result of disproportio

Describing the destruction of d
findings of research [7]. 

1. Originally, destruction of m
cavitation phenomenon. The bond 
carbon atom of a molecule: 

2. Lifetime of formed radicals 
following scheme: 

Вестник Караг

tion of dissolved oxygen in the liquid. Such auto
s, the cavitation is accompanied by heating. 

cted in the mixture of decane and hexane after the c

In the presence of NiO In the presen

Compounds 
Mass conc., 

% 
Compo

Decane 82.77 2,2,3-Trimet
3-Methyldecane 0.39 2,3-Dimethy
2-Methyldecane 0.98 2,3-Dimethy
Undecane 12.69 Hexane 
Dodecane 0.38 Decane 
Tridecane 0.09 Undecane 
  Dodecane 
  Tridecane 

Oxygen-containingcompounds 

2-Nonanone 0.13 2-Methoxyoc

3-Decanone 0.62 2-Nonanone 
5-Decanone 0.56 3-Decanone 
2,5,8-Trimethyl-
nonanedione-4,6 

0.58 5-Decanone 

  1,1'-Oxybisd
   

yloctane, 11.53 % of undecane are formed in case
ce of NiO the contents of undecane is 12.6
2,3-dimethylbutane, 1.85 % of undecane are for
f model liquids consisting of decane and hexane 
yst. 
o conclude that reactions of degradation are occ
these processes «activated» particles accumulate 

formation is short. However, some of these forma
xist for definitive time. Process of radicals’ disap

onation and recombination. 
decane and hexane by ultrasonic cavitation it ca

model compounds’ proceeds on freely radical mec
breakage C–C occurs more intensively in the 

extremely short, the break of a kinetic chain pr
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o-oxidation processes are 

T a b l e  2  

cavitation processing 

nse of nanoparticles Fe2O3

ounds 
Mass conc.,

% 
thylbutane 0.7 
ylbutane 3.1 
ylpentane 42.98 

4.67 
43.01 
1.85 
0.12 
0.23 

ctene 0.12 

0.23 
0.09 

0.09 

decane 2.81 
 

e cavitational processing 
69 %. The 42.98 % of 
rmed in the presence of 
 is more effective in the 

curred intensively in the 
in the system [6]. 
ations possess the deter-
ppearance takes place by 

an be compared with the 

chanism, initiated by the 
middle and at the first 

 

 

roceeds according to the 
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As a result of repeating stages
the reaction system. 

In the system of antracene–tol
trene are formed without catalyst. In
fenantrene — 2.38 % and 1,2,3,4-t
hydrogenated in the presence of h
contents is not limiting and it is poss

The obtained experimental fin
liquid products can be used in techn
fractions from heavy oil and increas
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