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Abstract 

New catalytic complex has been synthesized on the basis of aluminum metal 

using C2H4Cl2 to obtain a useful and highly stable active catalyst for 

oligomerization and alkylation processes. It is difficult to regulate the 

molecular mass distribution of the products obtained during oligomerization, 

either intensify the oligomerization process of olefins, therefore this process 

occurs in presence of the bimetallic catalytic complex with a highly stable 

activity obtained by the modification of the new catalytic complex with 

transition metal chloride. The composition and physical-chemical properties 

of the bimetallic catalytic complex have been studied by modern analysis 

methods 
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Introduction  

Traditionally used petroleum-based oils don’t often meet the growing demands of modern 

techniques, even when adding high-quality additives of a different purpose. At present, the 

solution of this problem is based on the processing of synthetic fats synthesis methods, and this 

time polyalphaolefin oils (PAOO) obtained by oligomerization of α-olefins are considered to be 

high-quality synthetic fats [1-3]. Elaborate of industrial processes such as oligomerization, 

polymerization and alkylation is of particular importance for the development of petrochemical 

industry in our republic. For oligomerization processes, mainly from cation-type catalysts, 

transition metals and Sigler-Natta catalytic complexes based on aluminum-chloro-organic 

compounds are widely used. These types of catalysts lose their activity because of such 

interaction with a small amount of moisture in the process because of their high hygroscopicity, 

as well as the multistage preparation process and instability of these catalysts, encourage 

scientists to conduct researches in the synthesis of new catalytic systems. In this regard, the 

synthesis of catalytic systems with fairly high activity and stability ensures that the amount of 

catalyst is substantially reduced. New catalytic complex (NCC) synthesized using C2H4Cl2 on the 

basis of aluminum metal has shown a high stability in comparison to other aluminum-containing 

catalysts in complex oligomerization and alkylation processes [4]. The new bimetal catalytic 
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complex synthesized by the modification of chromium salt in the "in situ" mode of the catalytic 

complex, the composition, physical and chemical properties of the catalytic system were 

investigated for the purpose of the regulation of molecular mass distribution of olives and the 

oligomerization of the products obtained during oligomerization with the participation of NCC 

[5]. It has been established that the new bimetallic catalytic system demonstrates higher activity 

in oligomerization and alkylation processes compared to the initial NCC [3]. 

Experimental Part 

The chromatographic analysis of gases separated during the synthesis of a new bimetal 

catalytic system modified by NCC and chromium salt was carried out for the purpose of 

identifying the nature of catalytic systems. It has been established, that the solvent has a special 

role in the production of the catalytic complex and the use of aliphatic hydrocarbons (C7-C8) as a 

solvent during synthesis, directly affects soluble molecules in the subsequent transformation of 

the initial radicals formed on the activated aluminum surface. Based on the chromatographic 

analysis of the gases separated during the catalyst synthesis, it can be assumed that in the course 

of the process, the solvent molecules participate as hydrogen donors. The results of the 

chromatographic analysis of the hydrocarbons generated in the synthesis process of KTK and 

NCC CrCl3 bimetallic catalyst at 80-85°C atmospheric pressure based on Al - DXE - heptane 

and Al - DXE - heptane - CrCl3 systems are shown in the following table. 

Table 1. Chromatographic analysis of carbohydrates generated in the synthesis of NCC and  

NCC/CrCl3 catalysts 

 

Hydrocarbons 

Amount, % 

NCC NCC/CrCl3 

15 min. 30 min. 15 min. 30 min. 

Ethylene 11.43 6.91 35.99 4.90 

Ethane 3.54 2.58 4.03 2.31 

Propylene + propane 3.18 0.31 1.71 0.35 

i-butane 35.48 67.11 44.04 63.81 

Butene -1 0.33 0.14 1.95 0.10 

n-butane 9.68 2.42 3.94 1.54 

3-methyl butene-1 4.47 1.7 2.52 2.62 

i-pentane 12.05 15.58 3.09 19.79 

n-pentane 0.75 0.31 0.08 0.39 

2,2-dimethylbutane 1.13 0.15 0.01 0.16 

2,3-dimethylbutane 0.43 0.34 0.05 0.34 

2-methylpentane 1.31 1.70 0.18 0.78 

3-methylpentane 0.54 0.32 0.07 0.27 

2,3,3-trimethylbutene 15.68 0.43 2.34 2.64 

As shown in Tab. 1, the reaction of heptane molecules splits into various C2-C7 

hydrocarbons and chromatographic analysis of gases indicate that the amount of ethylene in the 
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composition of hydrocarbons formed during the synthesis of  the chromium-modified catalyst is 

much higher. This also occurs due to the separation of the C2H4 gas generated by combining 

activated Al metal with the Cl atoms in DXA molecules. As shown in the table, the presence of 

Cr ions in the process has a positive effect on the rate of reaction: if the obtained of ethylene in 

the first 15 minutes in the process of acquisition of NCC is 11.43%, in NCC-Cr, this figure is 

35.99%, this is 2.15 times higher than the NCC. Over time, the amount of ethylene decreases 

during the reaction, and this decrease is more acute in the modified catalytic system. This means 

that the obtained ethylene is converted to relatively high molecular compounds as a result of 

dimer and trimerization, at this time there is an increase in iso-structured components due to 

isomerization and alkylation processes.   

Results and Discussion 

  Comparative studies have been conducted to study the composition and properties of 

bimetallic catalytic systems, which have been modified by NCC as well as its chromium salt. in  

synthesized bimetallic complex the influence of transition metals on catalytic centers , its nature 

and structure, magnetic, thermal properties of catalytic complex, element composition, 

distribution of complex formation in liquid phase and distribution of catalytic particles by size 

has been researched by modern methods of physical analysis - EMR, DTA, RFM, RFA. 

Studies have shown that the AlCl3, which is a catalytic complex, is converted to hydrolysis 

in an aqueous medium and converted to Al (OH)3.  

AlCl3 + H2O  AlOHCl2 + HCl 

AlOHCl2 + H2O  Al(OH)2Cl + HCl 

Al(OH)2Cl + H2O  Al(OH)3 + HCl 

Oxygenated systems of aluminum begin to appear during the synthesis of Al(OH)3. This 

system is stabilized through a series of intermediate states that are subject to change during a 

thermal effect. Aluminum monohydroxide is metastable in aluminum oxygen systems and the 

phases formed under thermal effects can be summarized as the following scheme [6]. 

 

              20-200°                     200–400                       500-900°                                 900-1200° 

                                                                                                           

 

            stable system                                   metastable states                                  stable system      

 

 

As is apparent, Al(OH)3 is stable in the range of 20-200 °C, at high temperatures (200-

400 °C) converted to bemith (AlO (OH)) and then metastable γ-Al2O3. Thus, γ-Al2O3 is obtained 

when the system is thermally processed up to 800 °C. 

During the study of the catalyst sample, it was found that most intense line (100%) of γ-

Al2O3 corresponds to 2θ = 66.951, the second intensity line was recorded at 2θ = 45.912 at an 

angle. These results coincide with the phase composition of γ-Al2O3 [6]. 

 

AlО(ОН) 

 
     Al(ОН)3 

 

 (γ, η χ, δ, θ ) Al2О3 

 
α-Al2О3 
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The parameters of the crystal cage and bar graph of γ-Al2O3 

Name and formula 

Common name:  

Aluminum oxide - gamma 

Chemical formula: O
4.00

Al
2.67

 

Crystallographic parameters 

Crystal system:      Cubic 

a (Å):   3.9500 

b (Å):   3.9500 

c (Å):   3.9500 

Alpha (°):  90.0000 

Beta (°):  90.0000 

Gamma (°):  90.0000 

Calculated density (g/cm
3
):     3.66 

Volume of cell (10
6
 pm

3
):    61.63 

Stick Pattern 

 

Carbon particles are separated from the catalytic complex by sublimation, the structure of 

the carbon was investigated by the X-ray analysis method and it has been found that an example 

of amorphous carbon and metal fibers with solid sulfuric acid solution at temperatures of 80-

90°C consist mainly of highly dispersed nanocarbon particles. 

The parameters of the crystal cage and bar graph of C44 

Name and formula 

Chemical formula: C44.00  

Crystallographic parameters 

Crystal system: Monoclinic  

Space group: P 1 21/c 1  

Space group number: 14 

a (Å):  10.9460  

b (Å):   5.8170  

c (Å):  10.5510  

Alpha (°):  90.0000  

Beta (°):  94.1500  

Gamma (°):  90.0000 

Stick Pattern 

 

The shape and structure of the particles in the obtained carbon sample were studied by 

scanning electron microscopy (Fig.1).  
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Fig. 1. Microphotography of received nanocarbon 

The carbon particles obtained in the picture are composed of porous structure tubes, porous 

structure resulting from aggregation and emergence of defeat structures in nanotubes are 

observed and they were distributed throughout the entire volume of the main pipes. 

The analysis showed that NCC/CrCl3 has a non-stoichiometric composition, and such 

composition is characteristic of many carbon-metal systems. It has been established that the 

metal compounds are included in the carbon matrix, separated homogeneously in the system. 

The formation of carbon particles in the catalytic system is due to the reduction of, the methyl-, 

ethyl radicals to free carbon on the activated aluminum surface that formed by disintegration of 

the dichloroethane and solvent molecules. 

The thermal properties of the investigated catalytic complex were studied by 

thermogravimetric and differential thermal analysis methods, based on the results of the analysis 

on the evaporation of physical adsorption water in the sample, breakdown of Al-Cl, Cr-Cl and 

metal-OH bonds, degradation or sublimation of hydrocarbons and aluminum chloride 

compounds endothermic peaks accompanied by decreased mass (Fig.2). 

 

Fig. 2. TG, DSC curves of the bimetallic catalytic complex 



H.J. IBRAHIMOV, Sh.A. ALIZADEH, A.D. GULIYEV, … 

www.ppor.az 410 

Conclusion 

Studies show that it is possible to create a new generation of cigarette-type cylinder-Natta 

type of high-stable nanostructured clusters, using metal aluminum, dichloroethane and various 

transition metal chlorides. It is possible to obtain high-quality oligomeric products during the 

oligomerization of individual olefins with the participation of these catalytic systems 

investigated in the composition and physical-chemical properties. The acquisition of such 

oligomeric products creates the confidence that oligomerization and polymerization reactions of 

individual and mixed olefins in the presence of these catalytic systems have extensive 

opportunities in the industry. 
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