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Abstract. The relevance of this study is determined by the problem of solutions in the 
field of secondary processing of various waste products of petrochemical production for 
the purpose of their subsequent application for the synthesis of a new product. Recycled 
materials can be successfully used for the road construction industry as part of asphalt 
concrete coatings. This approach will significantly reduce the level of environmental 
pollution, and is also beneficial from an economic point of view. The aim of this work 
was to synthesize an organic amine-derived surfactant from petrochemical waste, which in 
future studies will be used as a modifying additive for asphalt concrete coatings with 
improved performance properties. Using the method of probabilistic-deterministic 
planning of the experiment, the modes of obtaining amine derivatives of various 
compositions by the reaction of amination of higher aldehydes with gaseous ammonia in 
the presence of lower aldehydes are optimized. The synthesis products are recommended 
for use as modifiers for the development of asphalt concrete mixtures with improved 
structural and mechanical characteristics. Due to the introduction of the synthesized AC-1 
modifier at the level of 0.1-0.2%, the structural and mechanical characteristics of asphalt 
concrete mixtures are improved, which allows the use of this cost-effective modifier in the 
production of road surfaces with improved performance properties. 

 
Keywords: amine-containing surfactants, petrochemical waste, synthesis of modifiers, 
asphalt-concrete mixtures, road coatings. 
 
1. Introduction.  
The most common type of improved road surfaces are asphalt concrete coatings 
made  using  petroleum  road bitumen.  An  increase in the traffic intensity of cars 
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leads to premature destruction of road surfaces, the service life of which is on 
average about 6 years. 

One of the main causes of destruction of road surfaces is the unsatisfactory 
adhesion of bitumen to the surface of mineral materials, insufficient water and 
frost resistance of asphalt concrete. There are various ways to solve this problem, 
however, one of the most effective ways to ensure the required adhesion of 
bitumen to the surface of mineral materials is the use of surfactant additives in 
bitumen. Asphalt concrete mixtures with surfactant additives, adhesive bitumen 
additives and activators are used to increase the corrosion resistance of asphalt 
concrete pavements, increase the plasticity of asphalt concrete mixtures at all 
stages of the technological process, and increase the adhesion of the binder to 
mineral materials [1-2]. 

There is a large amount of waste from petrochemical industries that must be 
used as raw materials for the synthesis of various substances. This approach will 
significantly reduce the level of environmental pollution, as well as beneficial 
from an economic point of view [3-6]. The aim of this work was to synthesize an 
organic amine derivative of a surfactant, which in further studies will be used as a 
modifying additive for asphalt concrete pavements with improved operational 
properties. 

Organic amine derivatives are amphiphilic compounds whose molecules 
consist of at least two parts, one of which is soluble in liquid (the lyophilic part), 
and the second part is insoluble (the lyophobic part). Such a structure determines 
their surface-active properties [7-10]. 

Currently, amine-containing surfactants are widely used in industrial 
applications as modifying additives for various functional purposes. The 
effectiveness of surfactants based on organic amine derivatives largely depends 
on the characteristics (structure, length) of the hydrocarbon radical in 
composition. Purposeful synthesis of primary and secondary amines is carried out 
mainly by reactions of direct amination of organic chlorine derivatives with 
ammonia or by reactions of concentration of higher aldehydes with lower amines. 
The disadvantages of these methods include multi-stage operations, which require 
the preliminary production of intermediate products and, as a result, the high cost 
of their production [11-12]. 

Taking into account the high cost of preparative reagents and the increased 
demand for amines, two tasks were envisaged in the development of the 
synthesis: 

1. To carry out the synthesis of organic amine derivatives using waste and 
waste materials of petrochemical production, in which a mixture of aldehydes is 
concentrated. 

2. To provide conditions for mass transfer of reagents and quantitative 
assimilation of ammonia. 
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2. Experimental part. 
 During the research we used: 
1. Dimer fraction of distillation residues of the column distillation of 

butyraldehydes DF-270, formed in the technology of oxosynthesis of alcohols. 
According to its chemical composition, DF-270 is a mixture of reactive oxygen-
containing aliphatic compounds of the limiting (2-methylpropanal) and 
unsaturated (methylpropenal) character. For the synthesis, we selected 
representative fractions of DF-270 with a weighted average molecular weight of 
223 and a density of 0.925 g/cm3. The molar ratio of higher to lower aldehydes 
varied in the sample in the range of 3.5-4.0 and the carbonyl and acid numbers at 
the level of 120-125 and 49-51 mg KOH/g, respectively. The total content of 
aldehydes in the samples was 55-60 %. 

2. Residues from the production of butyl alcohols and 2 - ethylhexanol KOH 
- 92 (TU 38.302-75-03-92), which is a mixture of aldehydes (acetic  5.6 %, oil  
4.4 %, crotonic  1.1 %, 2-ethylbutenal  12.8 %, hexanal  2.4 %) and alcohols 
(2-ethylhexenol  2.3 %, isohexanol  1.6 %, 2-ethylhexanol  4.0 %, butanol - 
the rest). 

3. Crotonaldehyde with a basic substance content of 98.3%. 
4. Gaseous ammonia from a cylinder (GOST 3760-79). 
To intensify the mass transfer processes in the liquid and gas phases of the 

reaction space, we installed a sealed stainless-steel reactor (Kh18N10T) with a 
volume of 1.0 dm3 (filling factor  0.7). In the upper part, the reactor is equipped 
with an irrigation nozzle for continuous circulation and simultaneous stirring of 
the reaction mixture. To supply (under pressure) gaseous ammonia, a tubular 
dispersing device is located in the bottom of the reactor perimeter. Since the 
amination process is exothermic, the tem
maintained by circulating water through built-in heat exchangers. The synthesis 
was carried out at a fixed partial pressure of ammonia (0,025 MPa), which (as it 
was absorbed) was periodically fed to the reactor from a cylinder using a reducer.  

To determine the optimal amination modes in the experiments, along with 
 60 min), the circulation rate of the solution was varied 

 0.3 dm3/min) and the quantitative consumption of crotonaldehyde in 
relation to higher aldehydes in the DF-270 composition were varied (G, 0.8 1.2 
mole/mole). It was ensured by varying the volumes of crotonaldehyde in the 
reaction mixture. 

The composition of KON-92 includes a mixture of higher aldehydes. Higher 
aldehydes do not directly react with ammonia, therefore, a condensation reaction 
is carried out with the products of ammonia amination of croton aldehyde 
according to the following scheme: 

 

 
 

where R-CHOH are higher aldehydes, 
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R'   2-ethyl-2-hexenyl. 
 
As a result of the synthesis, a mixture of substances is formed, but if the 

condition of a constant mass ratio "KOH-92  crotonaldehyde  ammonia" is met, 
the target product is formed, which is a homogeneous light brown mass that 
dissolves in ethyl alcohol, white spirit, xylene, toluene, petroleum ether, kerosene 
and concentrated sulfuric and acetic acids. 

The reactor was sealed, then ammonia was supplied from a cylinder, a 
circulation pump and a timer were turned on. The development of the aldehyde 
amination process was monitored by taking 5-7 ml samples at regular intervals 
(using a valve built into the circulation system). The degree of amination of 
higher aldehydes ( , %) and the composition of the products were determined 
from the results of chemical (GOST 25266-82) and spectral (Fourier spectrometer 
FSM 1202) analyzes. 

 
3. Results and discussion 
All experiments were performed in accordance with the plan-matrix of a 4-factor 
experiment at 3 levels of probabilistic-deterministic planning [13]. Experimental 
data on the degree of amination of higher aldehydes in the composition of DF-270 
and KOH-92 are presented in table1. 

 
Table 1  Modes and indicators of amination of higher aldehydes in the composition of DF-270 and 
KOH-92 

 
 

Experimental conditions 
 

Amination degree,% 
G, mole/mole 3/min  DF -270 -92 

1.2 0.05 10 60.1 52.3 

1.2 0.2 20 94.3 81.8 

1.2 0.3 30 98.7 90.2 

1.0 0.05 30 80.2 71.2 

1.0 0.2 10 75.4 64.7 

1.0 0.3 20 96.8 80.2 

0.8 0.05 20 55.1 48.4 

0.8 0.2 30 67.3 60.7 

0.8 0.3 10 49.9 40.3 

 
After sampling the experimental array, partial dependences were obtained 

 and G on the degree of amination of higher 
aldehydes in the composition of KOH-92 and DF-270. The analysis showed that 
the processes of amination develop most intensively in the presence of DF-270; 
for the quantitative amination of aldehydes in the composition at G=1.0 

3/min, it took at least 30 minutes. 
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The duration of the amination of aldehydes in KOH-92 under the same 
conditions is 1.7 1.8 times longer and amounted to approximately 50 minutes. An 
increase in the circulation rate of the reaction mixture above 0.2 dm3/min is 
impractical, since the increase in the degree of conversion of aldehydes turned out 
to be insignificant. It is expedient to set the consumption of crotonaldehyde for 
the quantitative amination of higher aldehydes in the composition of KOH-92 and 
DF-270 at a level of 1.0  1.1 mole. 

 

 
 

Figure. Influence of crotonaldehyde consumption (a), solution circulation rate (b) and 
synthesis duration (c) on the degree of amination of higher aldehydes in DF-270 (1) and  

KOH-92 (2) 
 
To assess the resulting contribution of all three factors to the degree of 

amination of DF-270 and KOH-92, generalized equations were obtained, 1 and 2, 
respectively: 

 
-        (1) 

 
-        (2) 

 
By differentiating the multi-factor dependencies 1 and 2, equations for 

calculating the rate of amination of aldehydes are obtained. The average 
amination rates of aldehydes in the composition of DF-270 and KOH-92 at the 

3/min were 3.1 and 2.0 %/min. 
Balance experiments were carried out in optimized modes and pilot batches 

of products were accumulated. The degree of conversion of aldehydes in the 
composition of DF-270 and KOH-92, in 35 and 55 minutes was at least 98.5 %. 
The amination product of KOH-92 (hereinafter AC-1) is a homogeneous light 
brown mass that dissolves in ethyl alcohol, white spirit, xylene, toluene, 
petroleum ether, kerosene and concentrated sulfuric and acetic acids. The 
amination product DF-270 (hereinafter AC-2) is a homogeneous dark brown mass 

of primary and secondary amines in the composition of AC-2 is 1.8-2.0 times 
higher than in AC-1.  
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One of the possible applications of organic amine derivatives is the 
modification of asphalt concrete mixtures. According to the results of preliminary 
tests, it was found that the introduction of AC-1 into the composition of asphalt 
concrete compositions significantly improves the quality characteristics of road 
surfaces - durability, adhesion, water resistance, compressive strength, swelling, 
heat resistance, etc. The above indicators are provided when using a different-
grade mineral filler (crushed stone, sand). The following components were used 
for the preparation of the asphalt-concrete mixture: bitumen of the BND 90/130 
brand, mineral filler consisting of granite-based crushed stone (10-20 mm 
fraction), surfactant AC-1. 

The process of preparing the asphalt mixture includes heating the bitumen to 
130-  A paste-like product AC-1 is introduced into the bitumen melt and 
mechanical mixing is carried out for 15-25 minutes. The resulting mixture is 
processed mineral filler to complete impregnation. Table 2 shows the 
compositions of the studied asphalt-concrete mixtures. 

 
Table 2  Compositions of asphalt concrete mixtures, wt.% 

 
Component Sample 

1 2 3 4 5 6 
Bitumen 6.5 5.0 5.6 6.0 6,5 5.6 

-1 0.25 0.10 0.15 0.05 0.20 0.17 
Mineral filler 93.25 94.9 94.25 93.95 93.6 94.23 

 
The test results of these compositions are shown in table 3. 
 

Table 3  Structural and mechanical properties of asphalt concrete mixtures 
 

Indicator 1 2 3 4 5 6 
Water saturation 2.3 2.4 2.4 2.7 2.3 2.8 
The coefficient of water resistance 1.8 1.5 1.6 1.8 1.8 1.2 
Swelling 0.08 0.08 0.07 0.09 0.07 0.09 
Compressive strength, kgf/cm 34 31 31 26 34 25 
R50 29 26 27 22 29 22 

 
As evidenced by the data obtained, a decrease in the consumption of AC-1 

below 0.1 % leads to a deterioration in the indicators of the structural and 
mechanical properties of asphalt concrete mixtures (sample 4, table 3). An 
increase in the AC-1 consumption over 0.2 % does not impair the structural and 
mechanical properties of the mixtures, however, it is undesirable due to the 
overrun of the modifier. 

 
4. Conclusion 

Thus, according to the results of the studies performed, we can conclude: 
1. Used waste and waste materials of petrochemical production allow to 

synthesize a modifier for asphalt concrete mixtures. 



ISSN 1813-1107, ISSN 2710-1185                                                                                  1, 2022 
 

 103

2. The process of ammonia amination of higher aldehydes in the composition 
of the distillation residues KOH-92 and DF-270 is quantitatively realized in the 
presence of a lower aldehyde - crotonic. 

3. The amination process is intensified in the modes of forced circulation of 
the reaction mixture. At a given partial pressure of ammonia of 0.025 MPa and a 
circulation rate of the reaction mixture of 0.2 dm3/min, no less than a 2-fold 
increase in the rate of the process and, at the same time, quantitative assimilation 
of ammonia were provided. The consumption of the latter does not exceed 1,1 
mole per 1 mole of crotonaldehyde. 

4. Due to the addition of the synthesized modifier AC-1 at the level of 0.1-
0.2 %, the structural and mechanical characteristics of asphalt concrete mixtures 
are improved, which makes it possible to use this economically beneficial 
modifier in the production of road surfaces with improved operational properties. 
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. 

  
 : 3-(2-Amino-6-methylpyridino)-3-carbonyl-3,4-

dihydrocoumarin (12).To the alcoholic solution of 2.18 g (0.01 mol) of 3-
carbethoxycoumarin, 1.08 g (0.01 mol) of 2-amino-6-methylpyridine was added with 
stirring. The mixture was boiled for 10 h. The solution was cooled, the precipitate was 
filtered. Then it was washed with cold EtOH. After the drying and recrystallization of the 
residue from i-PrOH yield of the product 12 was 2.05 g (63%), mp 226 .82 
(1/2, EtOAc/hexane as eluent). Calculated, %: C 68.56; H 4.32; N 9.99 for C16H12N2O3. 
Found, %: C 68.41; H 4.22; N 9.83. Spectral data. 
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Abstract  
DETERMINATION OF THE HAZARD CLASS OF OIL-CONTAMINATED 

AND NEUTRALIZIED SOIL 
Zhusipbekov U.Zh.1, Nurgaliyeva G.O.1*, Baiakhmetova Z.K.1, Aizvert L.G.2 
1  
2Scientific and practical center of sanitary-epidemiological examination and 

monitoring of the Ministry of Health of the Republic of Kazakhstan Almaty, Kazakhstan 
E-mail: n_gulzipa@mail.ru 
Introduction. Pollution by oil has a negative effect on chemical, physical, 

agrophysical, agrochemical and biological properties of soils. Sorption methods of 
cleaning the soil with the help of humic preparations from oil pollution are of great 
importance. The purpose of this work is to study the composition and properties of the 
contaminated and neutralized soil, the determination of the toxicity indexes of all 
components of oil waste, the calculation of the hazard class of waste according to their 
toxic-ecological parameters. Methodology. Samples of the contaminated and neutralized 
soil were treated with the use of humate-based energy-accumulating substances. The 
metal content in the contaminated soil was determined by spectrometry using an AA 240 
instrument using the method of decomposing the sample with a mixture of nitric, 
hydrofluoric and perchloric acids until the sample was completely opened. Results and 
discussion. Fractional composition of oil products of all samples is stable: the content of 
complex acetylene hydrocarbons is ~ 70.0% of the total mass of oil products, the content 
of resins and paraffin-naphthenic group of hydrocarbons is 27.3%, the content of bitumens 
is 2.6%. In the neutralized soil, paraffin-naphthenic fractions, resins, bitumens and 
asphalteneswere mainly found; complex acetylene hydrocarbons are not 
present. Conclusion. It has been established that the contaminated soil belongs to the 
substances of the 3rd hazard class. Neutralized soil became less toxic and according to the 
total toxicity index, it was classified as hazard class 4 (low hazard). Neutralized soil can 
be used as construction and road materials, at the improvement of boreholes and at land 
reclamation. 

Keywords: oil, contaminated soil, neutralized soil, humate-based energy storage 
substance, toxicity, radioactivity, hazard class. 
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