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ABSTRACT 
 
The regularities of changes in the activation energy as a 
function of reduced state parameters, characteristics of the 
molecular field (dielectric constant, polarity) of the oxidized 
reactant and the oxidation reaction medium of saturated 
monohydric alcohols and acids in an aqueous medium under 
supercritical fluid conditions are revealed. A generalized 
dependence is obtained for the activation energy as a function 
of the difference between the polarities of the oxidizable 
reagent and the reaction medium, which describes the 
literature data with an acceptable error of ± 25%. The 
capabilities of the method are confirmed by studies of the 
kinetics of the oleic acid oxidation by hydrogen peroxide in an 
aqueous medium under supercritical fluid conditions in the 
temperature range 673–723К and a pressure of 29.4 MPa. The 
reaction rate constant and activation energy are determined. 
The activation energy of the oleic acid oxidation reaction by 
hydrogen peroxide in an aqueous medium under supercritical 
fluid conditions Ea = -104.8 kJ*mol-1 differs by no more than 
11%.  
 
Key words: water, oleic acid, hydrogen peroxide, emulsion, 
double and triple mixtures, SCWO, rate constant, activation 
energy, dielectric constant.  
 
1. INTRODUCTION 
 
The oxidation technology, implemented in a supercritical 
aqueous environment (SCWO), is one of the environmentally 
friendly ways of processing industrial and household waste 
[1-6]. Under supercritical fluid conditions, water [7–9] is an 
excellent solvent that can increase the intensity of heat and 
mass transfer processes and accelerate chemical reactions. 
The processes of organic compounds oxidation in a 
supercritical aqueous medium occur with the formation of 
carbon dioxide and water, and nitrogen-containing with the 
formation of nitrogen and nitrogen peroxide. The study of 
chemical reactions carried out in SCF-medium is given 
considerable attention [5, 10–14]. At the same time, despite 
the large amount of research conducted in this area, it can be 
stated that not all aspects of this issue are equally studied. The 
problem of information lack often concerns such sections as 

 
 

the thermodynamic behavior of the reaction mixture, reaction 
kinetics and thermal effects, which are key in developing 
mathematical models, designing and optimizing processes 
implemented in supercritical water conditions. 
 
Most of the chemical production wastes are aqueous solutions 
of organic and inorganic compounds containing valuable 
components that undergo various transformations as a result 
of processing, purification and utilization. To establish the 
interdependence of the reaction rate, thermodynamic 
conditions and physicochemical properties of the reagents, 
theoretical and experimental studies of these characteristics as 
applied to the “water–acid” system were carried out. 
 
For the studies, the reaction of oleic acid oxidation (one of the 
components of rapeseed runoff [13]) with hydrogen peroxide 
in a supercritical aqueous medium was selected. The choice of 
this model system is due to the presence of some data on the 
kinetic characteristics of this reaction, carried out at various 
parameters of the state with various oxidizing agents [15-18]. 
At the same time, there is no information on thermodynamic 
properties, especially in the near-critical (subcritical) state 
region. As for the thermophysical properties of the individual 
components of this mixture, they are studied in detail and are 
well known [19–22]. The oxidation of the components of 
aqueous solutions with hydrogen peroxide is well known [23]. 
A detailed consideration of the chemical specificity of 
oxidation with hydrogen peroxide in aqueous solutions is 
given in [24]. The authors of this work note that there is no 
fundamental difference in the elementary acts of the 
corresponding reactions that take place under normal and 
supercritical fluid conditions. In this sense, everything is 
determined by the energetics of the processes and their 
thermodynamic equilibrium. However, under 
SCF-conditions, alcohols, water, carboxylic acids exist and 
react mainly in the form of various dimer associates, the 
nature of which is due to hydrogen bonds, and the more 
complex solvate-associative specificity is characteristic for 
normal conditions and close to them. For supercritical fluids, 
elementary acts of simple associates become real, which 
under normal conditions have vanishingly small values of the 
constants of the forward reaction directions and which in the 
latter case are often possible only under the influence of 
catalysts of a different nature. It is known from the literature 
that the reaction of hydrogen peroxide decomposition often 
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proceeds via a radical-chain mechanism [19, 24], while it is 
generally accepted that impurity amounts of catalytic agents 
are responsible for initiating free radicals. So, under the 
influence of ions, the formation of a very unstable radical 
anion [H2O2]-, which immediately decomposes into the OH– 

anion and the free and very active hydroxyl radical OH*, 
which can react with organic compounds as well as with the 
peroxide itself, and generate a less active hydroperoxyl radical 
HO2 and molecular oxygen. The hydrocarbons oxidation 
process proceeds by a free-radical mechanism. 
 
The primary oxidation reaction products are hydroperoxides: 

 
where R - hydrocarbon radical of the lipid. 
 
Reactive oxygen species (НО*, Н2О2, О2*

-) initiate free 
radical chain reactions. Fatty acids containing double bonds 
separated by a CH2-group are most affected by free radicals. 
Hydroxyl radicals attack an unsaturated acid molecule via a 
methylene group adjacent to a double bond. In this case, a 
radical is formed, stabilized by the participation of the 
unpaired electron in conjugation with the -bonds electrons. 
Further, the organic radical interacts with the biradical oxygen 
molecule to form unstable hydroperoxides. Further 
decomposition of hydroperoxides, which are highly unstable 
compounds, is accompanied by the formation of aldehydes, 
which are oxidized to shortened chain carboxylic acids - the 
final reaction products. As for the other reaction directions of 
the oleic acid decomposition with hydrogen peroxide under 
different conditions, they are considered in detail in [17, 18]. 
 
2. EXPERIMENTAL 
 
A study of the kinetics of the oleic acid with hydrogen 
peroxide aqueous emulsion oxidation under SCF conditions 
was carried out on a batch type experimental setup with molar 
ratios of water - oleic acid – hydrogen peroxide 
0.96:0.008:0.032 in the temperature range 673–723К and 
pressure 29.4 MPa. Features of the experimental setup and 
measurement methods are given in [13]. 
 
The following reagents were used: 
 
- oleic acid of the grade “KhCh” ( =1.4602,  =910.1 kg/m3); 
 
- an aqueous solution of hydrogen peroxide according to 
GOST 177-88 (OKP 21 2352 0100) with a mass fraction of 
peroxide of 36.43% ( =1.3563,  =1136 kg/m); 
 
- water (bidistillate:  =1.3329,  =997.1 kg/m); 
 
- magnesium sulfate " KhCh " GOST 4523-77 ( = 2660 
кг/м3); 
 
 

- diethyl ether "KhCh " GOST 22300-76 ( =1,3526,  = 713 
kg/m3). 
 
Oleic acid at room temperature does not mix and does not 
dissolve in water. In order to create a homogeneous mixture 
(emulsion), ultrasonic treatment of the two-phase mixture was 
performed. As a result of joint ultrasonic treatment of water 
and oleic acid, carried out under room (standart) conditions, a 
stable emulsion is obtained and the contact area of the phases 
increases significantly. Even more, the contact area of the 
phases increases with the transition from room to supercritical 
fluid conditions. The latter is due to the increase in the 
dissolving capacity of the aqueous medium, the dissolution of 
a part of the dispersed phase (oleic acid) and, as a result, a 
decrease in the geometric dimensions of the dispersed 
particles. 
 
For the preparation of the emulsion ultrasonic emulsifier 
brand "UIP1000HD" of the German company Hielscher are 
used. Emulsification of a two-phase mixture of initial reagents 
increases the contact area of the phases, and accordingly, the 
rate of chemical reaction [25]. 
 
The following method of emulsion preparation was used: 
distilled water and oleic acid in specified ratios are poured 
into the emulsifier cuvette and subjected to ultrasonic action 
at a frequency of 21,000 Hz for 10 minutes. Next, the obtained 
sample of the emulsion is removed from the cuvette and is 
used to determine the chemical oxygen demand (COD), 
refractive index and density, as well as to study the kinetics of 
the reaction in the corresponding range of state parameters. 
Acceptable quality of the emulsion, determined by the nature 
of the components of the emulsified mixture, the frequency of 
the ultrasonic wave and the duration of the treatment 
procedure [25], is characterized by the stability for a period of 
time (1 week) required for the above-mentioned 
measurements. 
 
As an integral indicator of the efficiency of the organic waste 
decomposition, the method of COD analysis was chosen [26], 
since the COD indicator is one of the main qualitative 
indicators of the organic compounds content in drinking, 
natural and waste waters. 
 
The determination of the COD of the samples under 
investigation in this work was carried out by the express 
method using the T70 automatic titrator manufactured by 
Mettler Toledo using the combined platinum DMi140-SC 
electrode with a porous ceramic diaphragm. 
 
Chromatographic analysis of the reaction product samples for 
the presence of oleic acid was carried out on a DFS Thermo 
Electron Corporation instrument (Germany). An ID–BP5X 
capillary column (an analogue of DB-5MS) of the Australian 
company SGE (Scientific Glass Engineering) with a length of 
50 m and a diameter of 0.32 mm was used. The chemical 
composition of the phase is represented by 5% diphenyl and 
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95% dimethylpolysiloxane with a phase layer thickness of 
0.32 μm. The carrier gas is helium. Mass spectral data 
processing was performed using the Xcalibur program. A 
sample volume of 0.1 µl was dissolved in ethanol in a 1:1 
ratio. The heating of the column is carried out in the program 
mode by the sections: 
 
- initial temperature - 393K (1 min); 
 
- heating rate 20K/min to 553K; 
 
- Exposure - 20 minutes. 
 
The product of the reaction of oleic acid oxidation with 
hydrogen peroxide under supercritical water was extracted 
with diethyl ether and then dried over magnesium sulfate. 
Diethyl ether is removed on a rotary evaporator brand 
N-1200A (EYELA, Japan). Further, IR-Fourier spectra of the 
samples were obtained (light yellow oily solutions) and the 
refractive indices of all six samples were determined. We used 
a Nicolet iS10 FTIR spectrometer, a universal instrument for 
conducting analyzes in the middle and near IR spectral 
regions. 
 
The prepared emulsion is poured into a 40 ml reactor. 
Hydrogen peroxide (H2O2) is added in an appropriate 
proportion. After reaching the regime parameters of the 
reaction, its duration is counted from 10 to 30 minutes. 
Sampling is done. After cooling, the samples are determined 
by their density and viscosity, the analysis of COD. 
 
The efficiency of the oxidation process is calculated by the 
following equation [27]. 
 

CODin
CODtX  1          (1) 

 
where   and  – indicators of COD after and before the 
oxidation reaction in an aqueous medium under SCF 
conditions, mgO2/l.   was determined at a temperature of 
298K and amounted to 44612 mgO2/l. 
 
The excess oxygen used is calculated by the following 
equation [28]: 

        (2) 
where [O2]a - the concentration of oxygen obtained in the 
event of complete destruction of the hydrogen peroxide 
supplied to the reactor, mmol*l-1; [O2]s - stoichiometric 
oxygen concentration, mmol*l-1. According to the 
calculation data, the excess of oxygen was ~ 200%. 
 
With regard to the issue of mutual solubility of the oxidized 
reagent and the reaction medium, it seems logical to recall the 

rule of V.K. Semenchenko [29], according to which: “the 
solubility of a substance passes through a maximum among 
solvents arranged according to the increasing value of 
intermolecular interaction in them; the maximum corresponds 
to the solvent whose molecular field is close to the molecular 
field of the dissolved substance". The important 
characteristics of the electrical properties of a molecule or 
molecular field are polarizability, dipole moment, and 
dielectric constant. In [30], it is pointed out that it is preferable 
to use the dielectric constant in this case. 
 
The literature data on the dielectric constant ε of many 
substances are usually limited to atmospheric pressure and a 
small range of temperature variations [31, 32]. This is due to 
the difficulties of measuring the dielectric constant at high 
temperatures and pressures, and especially in the near-critical 
region of the state. In the temperature range of 298–800 K, the 
dielectric constant of water varies from 78.0 to 3.0 [31], 
whereas the dielectric constant of oleic acid remains almost 
unchanged and takes a value close to ε = 1.5 [33]. 
 
The dielectric constant ε of the main components is calculated 
based on the values of molecular polarizability p using the 
following equation [34]: 

           (3) 
The molecular polarizability p of hydrogen peroxide and oleic 
acid is known only at atmospheric pressure [32,33]. To 
calculate the molecular polarizability p of hydrogen peroxide 
in a wide range of state parameters used the relation [34]: 

            (4) 
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P and Т – current pressure and temperature; 
0P =0.098 МPа 

and 
0T =298 К – reference values of pressure and 

temperature; 22OHcP
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critical parameters of Н2О2  and water [31,35].  
 
Molecular polarizability p of oleic acid at high pressures and 
temperatures is calculated by the following equation [34]: 
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where i
p

 – molecular polarizability of oleic acid with 

appropriate parameters; 
0P =0.098 МPа and 

0T =298 К – 
pressure and temperature reference values; P, T - current 

parameters; i – the density of oleic acid with the appropriate 
parameters. 
The critical parameters of the oleic acid and its density at high 
values of state parameters are determined by the calculation 
method [35,36]. 
 
To calculate the molecular polarizability p of an aqueous 
solution of hydrogen peroxide, the ratio [34] is used: 

 



 2

1

2

1,

ii

iii

mix
vx

vpx
TPp

,        (6) 

where: iii vpx ,,
 – molar concentration, molecular 

polarizability and specific volume of hydrogen peroxide and 
water [22,35].  

To measure the refractive index 
20
Dn , an IRF-22 

refractometer was used [37]. For pycnometers thermostating, 
an U-10 ultrathermostat and a Huber electronic thermostat 
with a temperature accuracy not worse than ± 0.02K were 
used. Weighing used scales VLA-200 and VLTE-150 with an 
error equal to, respectively, ± 0.0001 g and ± 0.001 g. 

 
3.  RESULT AND DISCUSISON 
 
An absolutely exact theory eliminates the need for an 
experiment for any particular case or task within the 
framework of this theory, with the exception of a limited 
number of experiments conducted to confirm the correctness 
of this theory. However, such cases are extremely rare or 
practically absent. The variant of the absence of a theory with 
an absolute emphasis on the experiment in an infinite number 
of special cases, even if we decide, is infinitely costly and 
practically unreal. The intermediate state of affairs is 
determined by the totality of the “conceptual” factor of an 
insufficiently perfect theory, a limited but acceptable amount 
of experiment and a generalization of experimental data, 
which makes it possible to predict the behavior of unexplored 
systems. 
 
Generalizations in the field of chemical reactions kinetics are 
clearly needed. A review of literature data on the kinetics of 
the organic compounds oxidation reaction in the aqueous 
phase under supercritical fluid conditions (SCWO) often 
shows the existence of disagreements in the values of the 
activation energy Ea even for the same compounds [10, 
41–45]. Of course, this complicates the above-mentioned 
procedure of summarizing the experimental data, but does not 
make it impossible. Figure 1 shows the values of the 
activation energy Ea of the saturated monohydric alcohols [41, 
46-49] and acetic acid [10, 42, 43] as functions of the reduced 
temperature. The temperature of the cast adopted the critical 
temperature of the water. 

 

 
Figure 1: Activation energy Ea of the oxidation reaction in an aqueous medium in SCF conditions: τ = T/Tcr of water; ♦ –saturated 

monohydric alcohols [41,46-49]; □ –acetic acid [10, 42, 43] 
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In [50, 51], using the Kirkwood theory [52], linear 
dependences of the oxidation reaction rate constant under 
SCF conditions on the dielectric constant in the form ln

)1( fk were obtained. Using further the interrelation of 
the activation energy with the reaction rate constant k in the 

form )exp( RTEAk a , the dependences of the 
activation energy Ea on the dielectric constant ε are obtained 
(Fig. 2, 3). Table 1 shows the literature data for the activation 

energy aE  of the oxidation reaction of various chemical 
compounds in an aqueous medium under SCF conditions, as 
well as the corresponding dielectric permittivity ε and dipole 

moment μ corresponding to the thermodynamic conditions 
[53,54]. 
 
To establish the general regularity of the interdependence of 
the activation energy and dielectric constant, molecules with 
the same type of structure are used. Figure 2 shows the 
dependences of the activation energy for two homologous 
series of saturated monohydric alcohols and acids on the value 
of the dielectric constant ε (293К) oxidized in an aqueous 
medium in the SCF conditions. As can be seen from the 
figures, a clear correlation of the discussed characteristics is 
combined with stratification into groups of substances. 

 

 
Figure 2: The activation energy of the acids and saturated monohydric alcohols oxidation reaction in an aqueous medium under SCF 

conditions as a function of ε (293К) dielectric constant of oxidizable reagents: 1 – acids [10, 42, 43]; 2 – alcohols [41,46-49]. 
 
Another picture is observed if, as an argument, we use the 
dielectric constant ε value of the oxidized reagent that meets 

the conditions for the chemical reaction (Fig. 3). 

 

 
Figure 3: The activation energy in the framework of the chemical compounds oxidation reaction in an aqueous medium under SCF 
conditions as a function of the dielectric constant ε (P, T) of the oxidizable reagents: 1-methanol [41]; 2-ethanol [41]; 3-acetic acid 

[10]; 4-oleic acid [present work]; 5-acrylic acid [55]; 6-adipic acid [56]; 7- phthalic acid [56]; 8- phenol [58]. 
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The calculation of the chemical compounds dielectric 
constant under high parameters of the state, and, including, in 
supercritical fluid conditions, is difficult. Taking into account 
the relationship between ε and µ, we can assume the existence 
of a correlation between the activation energy and the dipole 
moment (of the substance to be oxidized, the difference 
between the dipole moments of the oxidized substance and the 
reaction medium with or without the dipole moment of the 
oxidant). The values of the dipole moments of many 
substances are known and are given in reference books, for 
example, [53]. In the absence of such, the dipole moment can 
be calculated through the structural characteristics of 
substances [54]. As the analysis of the data presented in Table 
1 shows, there is a fairly clear correlation between Ea and the 

dipole moment. The best result was obtained for the 
dependence of Еa on the difference between the values of the 
dipole moment of the oxidized substance and the reaction 
medium Δµ = µ-µwater (Fig. 4). The deviations δEa of the 
calculated and experimental data (Table 1) with rare 
exceptions (methylene chloride -51.5%, phenol 32.8%) do not 
exceed ± 25%, which corresponds to the experimental data 
errors. The obtained dependencies: Еа = 300-297Δµ for the 
case of Δµ> 0 and Ea = 300 + 824Δµ for the case of Δµ <0, in 
principle, can make it possible to predict the activation energy 
values for other compounds oxidized in an aqueous medium 
in SCF conditions. However, a deeper understanding of the 
result and a more rigorous assessment of the range of 
substances corresponding to this correlation is required. 

 
Table 1:The activation energy Ea of an oxidation reaction in an aqueous medium under SCF conditions, and also the dielectric 

constant ε and dipole moment μ of oxidizable reagents corresponding to these conditions 
Oxidizable reagent ε (293К) 

[23,24] 
ε* 
 

µ,D 
[53] -Ea, kJ*mol-1 -Ea*, kJ*mol-1 δЕа,%  literature 

source 
Methanol 33.1 5 1.69 193.7 

167 168.1 15.2-0.7 [41] 
[41 ] 

Ethanol 24.3 4 1.7 160.5 176.4 -9 [41] 
Butanol 17.8 4 1.75 163 217.6 25.1 [45] 
Ethylene glycol 41.82 5 2.28 160.5 

171 157.2 2.1 
8.8 [41] 

Acetic acid 6.2 5 1.74 208 209.3 5.1 [10] 
Acrylic acid 2.0 - 2.57 52 60.96 -14 [55] 
Adipic acid 

1.8 [21] - 2.5 82 84.2 -3 [56] 

Phthalic acid 5.1 - 2.3 138 150.6 -8 [56] 
Phenol 13.4 - 1.6 124.7 

108 93.9 32.8 
15 

[45] 
[58] 

Methylphosphonic acid - - 2 228 250.2 -3.7 [57] 
Oleic acid 2.18 [23] 2.3 2.47 104.8 94,2 11,3 Present 

work 
Thioglycol - - 1.53 43.51 37 17.4 [65] 
Methylene chloride 10 - 1.6 45.6 93.9 51.5 [10] 
1,1,1 trichloroethane 7.09 - 1.79 286 250.5 14.2 [10] 
Ea, Ea* - experimental and calculated value of the activation energy; 
δEa - the deviation of the experimental data from the 
generalization curve; ε* - the calculated value of the dielectric 

constant, obtained using relations (3) - (6), for the SCWO 
conditions. 
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Figure 4: The activation energy of the chemical compounds oxidation reaction in an aqueous medium under SCF conditions as a 

function of the difference between the dipole moments of the oxidized substance and the reaction medium Δµ = µ-µwater: 1-methanol 
[41]; 2-ethanol [41]; 3-butanol [46]; 4-ethylene glycol [41]; 5-acetic acid [10]; 6-acrylic acid [55]; 7-adipic acid [56]; 8-phthalic acid 
[56]; 9-phenol [52]; 10-methylphosphonic acid [57]; 11-oleic acid [present work]; 12 thioglycol [58]; 13-methylene chloride [10]; 

14-1,1,1 trichloroethane [10] 
 
To confirm the possibility of the method of calculating the 
activation energy, kinetic studies of the oleic acid with 
hydrogen peroxide oxidation in an aqueous medium under 
supercritical fluid conditions have been carried out. 
 
The choice for the study of a "softer" temperature range 
(673-723K) is due to the capabilities of the experimental 
setup. Although from the point of view of mutual solubility of 
the reagents, the most preferable temperature range is 
750-800K (Fig.5). Regarding the phase state of the reaction 
mixture "water - oleic acid - hydrogen peroxide" with a molar 

ratio of 0.96:0.008:0.032, the following should be noted: there 
are no literature data; special experimental research is 
expensive in resources and is long in time; The investigated 
range of state parameters uniquely determines the 
supercritical fluid state for pure water, and finally, in the cases 
required in the analysis, it is assumed that a high-pressure 
optical cell is used to visualize the phase state of the discussed 
ternary system. Figure 6, 7 presents the results of an 
experimental study of the kinetics of the reaction under 
discussion. 

 

 
Figure 5: The dielectric constant of the reaction mixture components at Р = 20–30 MPa (calculated by relations (3) - (6)): 1 - water 

[18]; 2-oleic acid; 3-30% aqueous solution of hydrogen peroxide 
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Figure 6: COD (mgO2/l) of the reaction product of the oleic acid with hydrogen peroxide oxidation in an aqueous medium in SCF 

conditions: ◊ - 673K; □ 698K; ∆− 723K 
 

 
Figure 7: The oleic acid oxidation degree X for the reaction carried out at P = 30 MPa: ◊ − 673К; □ − 698К; ∆− 723К 

 
To describe the kinetics of oleic acid oxidation by hydrogen 
peroxide in an aqueous medium under SCF conditions, a 
first-order kinetic model proposed by Imteaz and Shanableh 
was adopted [11]. It is based on kinetic studies of Li et al. 
[38], who established that the reaction order of the SCWO 
with respect to the organic reagent is equal to one, and when 
using hydrogen peroxide as the oxygen source in supercritical 
water, the oxidation rate does not depend on the oxygen 
concentration. Thus, the chemical reaction according to [11] 
can be represented as an equation [11]: 
 

 YXRTEEXPA
d

YXd
a 

 )/()(
 ,    (7) 

 

where (X + Y) - COD; A – pre-exponential coefficient; Ea – 
activation energy; R - the gas constant; τ -the time; T - 
temperature. The integral equation for the oxidation of oleic 
acid can be expressed as follows: 
 

ln[X+Y]τ/[X+Y]0 = ‒ kτ,     (8) 
 
where [X+Y]τ and [X+Y]0 – COD reagents in the current τ and 
the initial moments of 0 time. 
 
Fig. 8 shows the graphs of experimental data as 
ln[X+Y]τ/[X+Y]0, depending on the reaction time τ at reaction 
temperatures of 673, 698 and 723K. 
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Figure 8: The graphs of experimental data ln[X+Y]τ/[X+Y]0 depending on the reaction time τ at reaction temperatures: 1‒ 673К; 

2‒698К; 3‒723K. 
 
The reaction rate constant k and the activation energy Ea are 
calculated, respectively, using relations (8) and (9): 
 

)exp( RTEAk a ,     (9) 
 
The rate constant values k(673К)= 6,2∙10-4 s-1, 
k(698К)=4,74∙10-4 s-1 and k(723К)= 1,68∙10-4 s-1 were 
obtained from the slope of these straight lines, and the 
activation energy Ea=104,7 kJ*mol-1 and lnA=30.6 s-1. The 
resulting value differs from that calculated by the generalized 
dependence (Table 1), no more than 11%.  
 

According to Figure 7, the maximum conversion in the 
investigated temperature range for the selected composition of 
the reaction mixture falls at T = 723 K and the reaction time is 
30 minutes. 
 
At the same time, chromatographic analysis of the obtained 
intermediate reaction product samples (Fig. 9) and the 
reaction product of the oleic acid SCWO (Fig. 10) showed the 
absence of oleic acid in the samples. This conclusion follows 
from the main peaks in the chromatogram, the only peak in 
both cases is at the time of exit 0.96. It corresponds to ethanol 
in which the sample to be analyzed is dissolved. 

 

 
Fig. 9. Chromatogram of an intermediate sample of the reaction product of the oleic acid SCWO; Р = 29.4 MPa, Т = 723 К, τ = 30 

min 
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Fig. 10. Chromatogram of the oleic acid SCWO reaction product sample; Р = 29.4 MPa, Т = 723 К, τ = 30 min. 

 
On the IR spectrum of the six samples of the oleic acid SCWO 
reaction product, which were obtained additionally for 
research on the IR spectrum with a time interval from 5 to 30 
minutes (with an interval of 5 minutes), characteristic 
oscillations (C=0) are clearly visible in the region 1712 cm-1 
and vibrations of the carboxyl group - 2600-3200 cm-1 (Fig. 
11). In addition, the structure of the hydrocarbon skeleton is 
confirmed by the absorption bands at 2900 cm-1 (stretching 
vibrations of Сsp3-Н, the band is blocked by the absorption 
band of the OH group). The broadening of the absorption 
band of the hydroxy group is due to the formation of acid 

dimers linked by strong intermolecular hydrogen bonds. In 
the IR spectra, there are deformation vibrations of the CH3 
and CH2 groups at frequencies of 1460, 1380 cm-1. The 
samples absorption spectra obtained practically coincide with 
the IR spectrum of acetic acid [39, 49]. 
 
The refractive indices of the fluid (all six samples) are equal to 
1.3726 ÷ 1.3740 (acetic acid = 1.3718 [40]). Thus, it can be 
stated that the samples obtained from the products of the oleic 
acid oxidation are aqueous solutions of acetic acid. 
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Fig. 11. IR spectra of the oleic acid oxidation reaction products at T = 723K: a) 5 minutes; b) 10 minutes; c) 15 minutes; d) 20 

minutes; e) 25 minutes; f) 30 minutes 
 

4. CONCLUSION 
The character of the change in the activation energy as a 
function of the reduced temperature, the dielectric constant, 
and the difference in the dipole moment of the oxidized 
reactant and the reaction medium was revealed for the first 
time. The generalized dependences are obtained for the 
activation energy of the chemical compounds oxidation 
reaction in an aqueous medium in SCF conditions for acids 
and alcohols, which describe experimental data with an 
average error of ± 25%. The behavior of the dielectric 
constant of oleic acid and an aqueous solution of hydrogen 
peroxide (in the presence of literature data for water) in the 
temperature range 650-800 K and in the pressure range 
200-300 bar has been established. According to Semenchenko 
V.K. [30], the preferred temperature range (750-800K) for the 
oxidation reaction was established, which ensures the 
maximum solubility of the oxidized reagent and oxidizing 
agent in the reaction medium. 
 
The kinetics of the oleic acid with hydrogen peroxide 
oxidation reaction in an aqueous medium under SCF 
conditions was studied and the behavior of the chemical 
reaction characteristics in the temperature range 673–723К 
was found for the water-oleic acid-hydrogen peroxide system 

ratio of 0.96: 0.008: 0.032. The activation energy of the oleic 
acid oxidation by hydrogen peroxide in an aqueous medium 
under supercritical fluid conditions Ea = -104.8 kJ*mol-1 
differs from the calculated one by no more than 11%.  
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