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Abstract  
Studies to identify the antioxidative properties of Lowinox 22IB46 were 

carried out using a model reaction of cumene-initiated oxidation at 

temperatures of 60°C and 80°C (±0.02°C), an oxygen pressure of 20 kPa and 

an initiation rate of Wi = 1.7 × 10
-8

 - 6.8 × 10
-8

 Ms
-1

. Based on the obtained 

data, kinetic curves were constructed and then the main kinetic parameters of 

the antioxidative activity rate constants, inhibition coefficient, and total 

antioxidative activity  were determined. The calculations showed that two OH 

- groups of Lowinox 22IB46 break two oxidation chains, but they reveal 

different antioxidantive activity: the first hydroxyl group interacts with the 

peroxy radicals with a higher rate constant of inhibition k7 = (2.5 ± 0.8) × 10
5
 

M
-1

s
-1

, whereas  the other demonstrates  a weaker rate constant: k7=(9.2 ±1.0) 

× 10
3
 M

-1
s

-1
. It was found that the average value of the inhibition rate constant 

of the investigated Lowinox 22IB46 (lg k7 = 4.68 M
-1

s
-1

) is at a level with the 

rate constant of one of the known and common industrial phenolic 

antioxidants - Antioxidant 2246 (lg k7 = 4.60 M
-1

s
-1

) that used in the 

petrochemical, polymer and paint-and-varnish   industries. Based on the 

results, a test was conducted to determine the thermo-oxidative stability of 

Lowinox 22IB46 in diesel fuel and it was found that the test sample in an 

amount of 0.004% wt. significantly increases the stability of diesel fuel, 

reducing the amount of sediment from 6.0 to 0.6 mg per 100 sm
3
 of fuel 
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Introduction 

Many scientific publications about processes of oxidation of various organic materials 

indicate the need for several functionally different antioxidants that can maintain the stability and 

durability of systems. Since the oxidation processes proceed according to the free-radical chain 

mechanism, the introduction of even small amounts of natural or synthetic antioxidants leads to a 

significant inhibition of the oxidation process, due to their participation in one of the stages of 

the oxidation chain termination [1-3]. 

Most of the antioxidants are phenolic compounds, and the world has already established a 

stable market of synthetic antioxidants that differ in purpose and chemical structure, in which 

phenolic antioxidants occupy a separate place [4,5]. The literature describes quite well the ways  
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of using various phenolic antioxidants, the peculiarities of their antioxidant action, the traced 

side effects, volumes and prospects of their industrial production [6-10]. 

Therefore, in the wave of the enduring importance of phenolic antioxidants in the 

petrochemical industry, a study was conducted in this work to identify the antioxidant properties 

of Lowinox 22IB46 using a model reaction of initiated cumene oxidation. It was believed that 

the obtained exact kinetic parameters of antioxidant activity, i.e., inhibition rate constants, chain 

termination coefficients, and total inhibitory activity would indicate the ability of this test 

compound to manifest itself as a strong inhibitor, which will make it possible to further study 

and study it as an antioxidant that improves thermal stability of fuel, in particular diesel fuel. 

Experimental Part 

As the object of investigation, was used the compound - Lowinox 22IB46 (2,2'-

isobutylidene bis (4,6-dimethylphenol)), which is obtained by condensation of 2,4-

dimethylphenol with isobutyric aldehyde (more often a cheaper mixture of 2,4- and 2,5-

dimethylphenols is used as the phenolic component and get a mixture of isomers) in the presence 

of acid catalysts [11]. The chemical formula is presented below: 

 

The main physical indicators of the studied Lowinox 22IB46 are given in Tab. 1. 

Table 1. The main physical indicators of Lowinox 22IB46 

Appearance White powder 

Bulk density, kg/m
3
 250 

Molecular weight, g/mol 298 

Melting range, °С 158-164 

Flash point, °С 200 

The initial reagents of the model oxidation reaction are reactive cumene of 98% purity, 

Sigma-Aldrich Company and the initiator 2,2'-azobisisobutyronitrile (AIBN). 
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Studies to determine the antioxidant activity of Lowinox 22IB46 were carried out on a 

gasometric installation of a fairly simple design, a schematic representation of which is shown in 

Fig. 1. The reaction rate was measured by the amount of absorbed oxygen, fixed on a gasometric 

installation, the description of which is given in publication [12,13]. 

The cumene oxidation reaction was carried out at temperatures of 60 and 80 (± 0.02)°C, 

oxygen pressure Po2 = 20 kPa (air). To conduct a model reaction in the presence of an initiator, 

we used the initiation rate Wi = 1.7 × 10
-8

 - 6.8 × 10
-8

 Ms
-1

. To create such a rate of initiation, a 

portion of the AIBN initiator on the total volume of cumene in 10 ml was 10 mg. 

The chain development rate constants for the model cumene oxidation reaction at 

temperatures of 60 and 80°C are as follows: k3 = 1.75 and 4.05 M
-1

s
-1

, respectively, cumene 

concentration [RH] = 6.9 (60°C) and 6.76 (80°C) mol l
-1

. 

 
 

Fig.1. Schematic representation of a gasometric apparatus for measuring the amount of oxygen 

absorbed 

Results and Discussion 

On the basis of evidence, kinetic curves were constructed for oxygen absorption in the 

cumene + AIBN + Lowinox 22IB46 system and the dependence of the induction period on the 

Lowinox 22IB46 concentration, which are shown in Fig. 2 and 3, respectively. 
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Fig.2. Kinetic curves of oxygen absorption during the initiated oxidation of cumene in the    

presence of Lowinox 22IB46 

The rate of initiation, Wi = 6.8×10
-8

 Ms
-1

; oxygen pressure, PО2 = 20 kPa (air); 

temperature, 60 and 80°C. [Lowinox 22IB46]: 60°C: (1) 0; (2) 2.0× 10
-5

; (3) 3.7 ×10
-5

; 

(4) 8.0 ×10
-5

; (5) 0 (Wi = 1.7×10
-8

 Ms
-1

); (6) 9.4 ×10
-6

; (Wi = 1.7 ×10
-8

 Ms
-1

), mol/l. 

80°C: (7) 0; (8) 4.0 ×10
-5

 mol/l. 

 
Fig.3.  Dependence of the induction period of initiated cumene oxidation obtained by processing   

kinetic curves (see Fig. 2) on the concentration of Lowinox 22IB46 

Samples containing an antioxidant (2, 3, 4, 6, 8 in Fig. 2) show induction periods and rates 

of post-induction oxidation, which are consistent with the basic dependencies without additives 

(1, 5, 7). Induction periods increase in proportion to an increase in the amount of antioxidant and 

show good linearity (Fig. 3). Thus, the analysis of kinetic curves showed that the test sample 
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exhibits undoubted inhibitory activity, which increases in proportion to the concentration of the 

test sample. 

According to the obtained graphic data, the main kinetic parameters of the inhibitory 

activity of Lowinox 22IB46 were calculated and listed in Tab. 2. 

Having examined the obtained kinetic parameters, we can confidently say that the 

antioxidant Lowinox 22IB46 shows the same inhibitory activity as the well-known industrial 

antioxidant "Antioxidant 2246" (lg k7 = 4.60 M
-1

s
-1

), which is confirmed by the calculated value 

of the inhibition rate constant k7 for Lowinox 22IB46 (lg k7 = 4.68 M
-1

s
-1

 [11]). 

It is well known that for many years intensive research has been carried out on the 

thermooxidative transformations of diesel fuel and the search for productive methods for their 

stabilization [14], where phenolic compounds are the main antioxidant and thermostabilizing 

additives [15]. Thus, the obtained results on the antioxidant activity of the studied Lowinox 

22IB46 provide the basis for its further study as an antioxidant additive to diesel fuel. For a 

comparative assessment of the tendency of diesel fuel to oxidize, qualitative methods are 

traditionally used based on determining the operational characteristics of fuels, among which the 

content of sediment and actual resins in the fuel is important. 

The essence of the method for determining the thermal oxidative stability of diesel fuel is 

to determine the mass of sediment formed during the oxidation of fuel in the ЛСАРТ device at 

120°C for 4 hours (ГОСТ 9144-79). When conducting a test experiment to determine the 

thermal-oxidative stability of the initial diesel fuel, it was found that the amount of precipitate 

formed during its direct oxidation is 6.0 mg per 100 cm
3
 of fuel. Then, 0.004% wt. Lowinox 

22IB46 and thermal stability indicators for diesel fuel have improved since the amount of 

sediment decreased to 0.6 mg per 100 cm
3
 of fuel. The results allow us to say with confidence 

that the antioxidant Lowinox 22IB46 increases the thermal-oxidative stability of diesel fuel by 

10 times, therefore, it can be recommended as an effective additive for diesel fuel. 

Conclusion 

Based on the model reaction of initiated cumene oxidation, the antioxidant activity of 

Lowinox 22IB46 was investigated. It was found that the introduction of various concentrations 

of Lowinox 22IB46 samples into the reaction system leads to a more intense inhibition of the 

process. Based on the obtained data and calculated kinetic parameters, it was recorded that the 

tested antioxidant has inhibitory activity comparable to the rate constant of the well-known 

industrial antioxidant “Antioxidant 2246”. Then, tests were conducted to determine the ability of 

Lowinox 22IB46 to improve the thermal oxidative stability of diesel fuel. According to the 

results obtained, the test sample at a concentration of 0.004% wt. increases thermal-oxidative 

stability by 10 times and can be recommended as an antioxidant additive to diesel fuels. 
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