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Influence of Duration of Mechanical Activation of Vegetal Material Pyrolysis Products on Thermal 

Stability of Moldable Multilayer Carbon Nanotubes 

 

V. P. Reva, A. E. Filatenkov, Yu. N. Mansurov, and V. G. Kuryavyi. 

 

The influence of duration of mechanical activation of amorphous carbon produced by vegetal material 

pyrolysis on the morphology of moldable multilayer carbon nanotubes is studied. The maximum 

nanotube yield is observed when amorphous carbon is mechanically activated for 36 hours. The nanotube 

yield depends a great deal on the type of vegetal materials submitted to pyrolysis. It is demonstrated that 

prolonged mechanical activation of carbon composite in a vario-planetary mill leads to formation of 

aggregates consisting of multilayer nanotubes and amorphous carbon and to loss of thermal stability of 

nanotubes. This fact is responsible for the decrease in carbon nanotube content in products of vacuum 

annealing carried out for nanotube purification. 

Key words: vegetal material, pyrolysis, amorphous carbon, mechanical activation, carbon nanotubes, 

vacuum annealing, thermal stability. 
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ɛɟɧɡɢɧɨɜ, ɚ ɬɚɤɠɟ ɫɩɟɰɢɚɥɶɧɵɯ ɛɢɨɷɬɚɧɨɥɶɧɵɯ ɬɨɩɥɢɜ. ȼ ɫɬɚɬɶɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɬɟɯɧɢɱɟɫɤɢɟ 



ɬɪɟɛɨɜɚɧɢɹ ɤ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɨɛɪɚɡɰɚɦ ɛɢɨɷɬɚɧɨɥɶɧɵɯ ɬɨɩɥɢɜ ȿ30 ɢ ȿ85, ɪɚɡɪɚɛɨɬɚɧɧɵɟ ɜ 
ɪɚɦɤɚɯ ɜɵɩɨɥɧɟɧɢɹ ɜ ɈȺɈ «ȼɇɂɂ ɇɉ» ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɪɚɛɨɬɵ, ɤɨɧɟɱɧɚɹ ɰɟɥɶ 
ɤɨɬɨɪɨɣ — ɫɨɡɞɚɧɢɟ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɬɨɩɥɢɜ ȿ30 ɢ ȿ85 ɫ ɦɢɧɢɦɚɥɶɧɨɣ ɫɟɛɟɫɬɨɢɦɨɫɬɶɸ ɫ 
ɩɨɫɥɟɞɭɸɳɢɦ ɜɧɟɞɪɟɧɢɟɦ ɜ ɪɟɝɢɨɧɚɥɶɧɨɦ ɦɚɫɲɬɚɛɟ. 
Кɥюɱевɵе ɫɥɨва: ɛɢɨɷɬɚɧɨɥ, ȿ85, ȿ30, ɚɜɬɨɦɨɛɢɥɶɧɵɣ ɛɟɧɡɢɧ, ɫɪɟɞɧɟɷɬɚɧɨɥɶɧɨɟ ɬɨɩɥɢɜɨ. 

 

Chemmotological requirements of E30 and E85 bioethanol fuels and their potential uses 
 

M. A. ErsСoЯ, E. V. TrТПonoЯК, I. F. KСКЛТЛЮХХТn, КnН V. E. EmОХ’вКnoЯ 

 

Currently, a comprehensive biotechnology development program is being implemented in Russia. The 

key direction of the program is creation of favorable conditions for production of bioethanol that can be 

used as a component of standard automotive gasolines as well as of special-purpose bioethanol fuels. This 

article lists the technical specifications for experimental specimens of E30 and E85 bioethanol fuels 

developed within the ambit of scientific research work at OAO VNII NP, the ultimate goal of which is to 

develop an E30 and E85 fuels production technology at minimal cost and to subsequently employ it on a 

regional scale. 

Key words: bioethanol, E30, E85, automotive gasoline, mid-grade ethanol fuel 

 

 

Иɫɩɨɥɶɡɨɜɚɧɢɟ ɦɟɬɨɞɚ ɚɧɚɥɢɡɚ ɦɧɨɝɨɦɟɪɧɵɯ ɞɚɧɧɵɯ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɬɟɯɧɨɥɨɝɢɢ 
ɩɪɨɢɡɜɨɞɫɬɜɚ  ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɵɯ ɞɨɪɨɠɧɵɯ ɛɢɬɭɦɨɜ 
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E-mail: TukilinaPM@svniinp.ru 

 

Ɋɚɫɫɦɨɬɪɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɚɧɚɥɢɡɚ ɦɧɨɝɨɦɟɪɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ 
ɫɜɨɣɫɬɜ ɧɟɮɬɹɧɵɯ ɞɨɪɨɠɧɵɯ ɛɢɬɭɦɨɜ. ɉɨɫɬɪɨɟɧɧɚɹ ɩɪɨɝɧɨɫɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɩɨɡɜɨɥɢɥɚ 
ɨɩɪɟɞɟɥɢɬɶ ɨɩɬɢɦɚɥɶɧɵɣ ɫɨɫɬɚɜ ɫɵɪɶɹ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɩɪɨɰɟɫɫɚ ɨɤɢɫɥɟɧɢɹ ɞɥɹ 
ɩɨɥɭɱɟɧɢɹ ɭɥɭɱɲɟɧɧɵɯ ɛɢɬɭɦɨɜ. Ɉɩɪɟɞɟɥɟɧɵ ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɢ ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɤɨɪɪɟɥɢɪɭɸɳɢɟ 
ɩɟɪɟɦɟɧɧɵɟ ɢɡ ɧɚɛɨɪɨɜ ɞɚɧɧɵɯ: ɫɜɨɣɫɬɜɚ ɫɵɪɶɹ, ɩɚɪɚɦɟɬɪɵ ɩɪɨɰɟɫɫɚ ɨɤɢɫɥɟɧɢɹ, ɫɜɨɣɫɬɜɚ 
ɨɤɢɫɥɟɧɧɨɝɨ ɛɢɬɭɦɚ. ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɨɜɟɞɟɧɧɨɝɨ ɚɧɚɥɢɡɚ ɪɚɡɪɚɛɨɬɚɧɚ 
ɬɟɯɧɨɥɨɝɢɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɭɥɭɱɲɟɧɧɵɯ ɛɢɬɭɦɨɜ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɭɫɥɨɜɢɹɦ 
ɛɢɬɭɦɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɈȺɈ «ɋɵɡɪɚɧɫɤɢɣ ɇɉɁ». 
Кɥюɱевɵе ɫɥɨва: ɧɟɮɬɹɧɨɣ ɛɢɬɭɦ, ɚɧɚɥɢɡ ɦɧɨɝɨɦɟɪɧɵɯ ɞɚɧɧɵɯ, ɩɪɨɝɧɨɫɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ, 
ɝɪɭɩɩɨɜɨɣ ɭɝɥɟɜɨɞɨɪɨɞɧɵɣ ɫɨɫɬɚɜ. 
 

Use of multidimensional data analysis method for developing high-quality road asphalt production 

technology 

 

P. M. TвЮФТХТnК, V. N. MОХ’nТФoЯ, V. A. TвsСМСОnФo, V. V. ErmКФoЯ, КnН A. A.PТmОnoЯ 

 

The possibility of analyzing multidimensional data for predicting properties of petroleum road asphalts is 

examined. Construction of a prognostic model helped determine the optimal feedstock composition and 

technological parameters of the oxidation process for getting improved asphalts. The positive and 

negative correlating variables, viz., feedstock properties, oxidation process parameters, and properties of 

oxidized asphalts, are determined from the data set. The analysis results were used to develop a 

technology for producing improved asphalts under conditions of asphalt production by OAO Syzranskii 

NPZ (OJSC Syzran Refinery). 

Key words: petroleum asphalt, multidimensional data analysis, prognostic model, group hydrocarbon 

composition. 

 



 

Ʉɚɬɚɥɢɬɢɱɟɫɤɨɟ ɫɭɥɶɮɢɞɢɪɨɜɚɧɢɟ ɮɪɚɤɰɢɢ α-ɨɥɟɮɢɧɨɜ ɋ12–ɋ14 
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ȿ-mail: dmiroshnikova@mail.ru 

 

ɂɫɫɥɟɞɨɜɚɧ ɩɪɨɰɟɫɫ ɫɭɥɶɮɢɞɢɪɨɜɚɧɢɹ ɮɪɚɤɰɢɢ α-ɨɥɟɮɢɧɨɜ ɋ12–ɋ14 ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɪɚɡɥɢɱɧɵɯ 

ɩɪɨɢɡɜɨɞɧɵɯ ɞɢɚɥɤɢɥɞɢɬɢɨɮɨɫɮɨɪɧɨɣ ɤɢɫɥɨɬɵ. Ɉɩɪɟɞɟɥɟɧɵ ɨɩɬɢɦɚɥɶɧɵɟ ɤɨɧɰɟɧɬɪɚɰɢɹ 
ɤɚɬɚɥɢɡɚɬɨɪɚ ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ, ɩɨɡɜɨɥɹɸɳɢɟ ɩɨɥɭɱɢɬɶ 
ɜɵɫɨɤɨɫɟɪɧɢɫɬɵɣ ɩɪɨɞɭɤɬ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɯɢɦɢɱɟɫɤɢ ɫɜɹɡɚɧɧɨɣ ɫɟɪɵ 24,8% ɦɚɫ. ɉɪɨɞɭɤɬ ɦɨɠɟɬ 
ɛɵɬɶ ɩɪɟɞɥɨɠɟɧ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɫɚɞɤɢ, ɭɥɭɱɲɚɸɳɟɣ ɬɪɢɛɨɥɨɝɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 
ɫɦɚɡɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. 
Кɥюɱевɵе ɫɥɨва: ɫɭɥɶɮɢɞɢɪɨɜɚɧɢɟ, ɜɵɫɨɤɨɫɟɪɧɢɫɬɚɹ ɩɪɢɫɚɞɤɚ, ɬɪɚɧɫɦɢɫɫɢɨɧɧɨɟ ɦɚɫɥɨ, 
ɩɪɨɬɢɜɨɡɚɞɢɪɧɵɟ ɫɜɨɣɫɬɜɚ, ɮɪɚɤɰɢɹ ɨɥɟɮɢɧɨɜ. 
 

Catalytic sulfidation of C12–C14 a-olefin fractions 

 

S. M. LОНОnщЯ, ВЮ. V. PopoЯ, D. A. KromКn, КnН V. A. PКЯХoЯК 

 

The process of sulfidation of C12–C14 α-olefin fractions in the presence of various dialkyl 

dithiophosphoric acid derivatives is studied. The optimal catalyst concentrations and process duration that 

help get a high-sulfur product containing 24.8 wt. % chemically bound sulfur are determined. The product 

can be recommended as an additive for improving tribological properties of lubricants. 

Key words: petroleum asphalt, multidimensional data analysis, prognostic model, group hydrocarbon 

composition. 

 

 

Ɉɥɢɝɨɦɟɪɢɡɚɰɢɹ ɩɪɨɩɚɧ-ɩɪɨɩɢɥɟɧɨɜɨɣ ɮɪɚɤɰɢɢ ɧɟɮɬɟɡɚɜɨɞɫɤɢɯ ɝɚɡɨɜ ɧɚ ɫɭɩɟɪɤɢɫɥɨɬɧɵɯ 
ɤɚɬɚɥɢɡɚɬɨɪɚɯ ɧɚ ɨɫɧɨɜɟ ɩɢɥɥɚɪ-ɝɥɢɧ 
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ɉɪɟɞɥɨɠɟɧɵ ɫɭɩɟɪɤɢɫɥɨɬɧɵɟ ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ ɧɚ ɨɫɧɨɜɟ ɫɭɥɶɮɚɬɢɪɨɜɚɧɧɨɝɨ ɨɤɫɢɞɚ 
ɰɢɪɤɨɧɢɹ, ɫɦɟɲɚɧɧɵɯ ɝɟɬɟɪɨɩɨɥɢɤɢɫɥɨɬ ɢ ɧɚɧɨɪɚɡɦɟɪɧɨɝɨ ɩɨɪɨɲɤɚ ɧɢɤɟɥɹ, ɧɚɧɟɫɟɧɧɵɯ ɧɚ 
ɤɢɫɥɨɬɧɨ-ɚɤɬɢɜɢɪɨɜɚɧɧɵɣ ɦɨɧɬɦɨɪɢɥɥɨɧɢɬ. ɂɫɫɥɟɞɨɜɚɧɵ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɩɪɨɰɟɫɫɚ 
ɨɥɢɝɨɦɟɪɢɡɚɰɢɢ ɩɪɨɩɚɧ-ɩɪɨɩɢɥɟɧɨɜɨɣ ɮɪɚɤɰɢɢ ɧɚ ɫɭɩɟɪɤɢɫɥɨɬɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɚɯ ɜ ɲɢɪɨɤɨɦ 
ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ, ɞɚɜɥɟɧɢɣ, ɨɛɴɟɦɧɵɯ ɫɤɨɪɨɫɬɟɣ ɩɨɞɚɱɢ ɫɵɪɶɹ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 
ɧɚɢɛɨɥɶɲɢɦɢ ɩɟɪɫɩɟɤɬɢɜɚɦɢ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɜɧɟɞɪɟɧɢɹ ɩɪɨɰɟɫɫɚ ɨɥɢɝɨɦɟɪɢɡɚɰɢɢ ɧɚ 
ɧɟɮɬɟɩɟɪɟɪɚɛɚɬɵɜɚɸɳɢɯ ɩɪɟɞɩɪɢɹɬɢɹɯ ɨɛɥɚɞɚɸɬ ɤɚɬɚɥɢɡɚɬɨɪɵ ɫɨ ɫɬɟɩɟɧɶɸ ɦɨɞɢɮɢɤɚɰɢɢ 
ɦɨɧɬɦɨɪɢɥɥɨɧɢɬɚ ɧɚɧɨɩɨɪɨɲɤɨɦ ɧɢɤɟɥɹ 2,5%, ɩɨɤɚɡɚɜɲɢɟ ɧɚɢɥɭɱɲɭɸ ɚɤɬɢɜɧɨɫɬɶ ɢ 
ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɩɨ ɬɪɢɦɟɪɚɦ ɩɪɨɩɢɥɟɧɚ. 
Кɥюɱевɵе ɫɥɨва: ɨɥɢɝɨɦɟɪɢɡɚɰɢɹ, ɩɪɨɩɚɧ-ɩɪɨɩɢɥɟɧɨɜɚɹ ɮɪɚɤɰɢɹ, ɦɨɧɬɦɨɪɢɥɥɨɧɢɬ, 
ɝɟɬɟɪɨɩɨɥɢɤɢɫɥɨɬɵ, ɫɭɥɶɮɚɬɢɪɨɜɚɧɧɵɣ ɨɤɫɢɞ ɰɢɪɤɨɧɢɹ. 
 

  



Oligomerization of propane-propylene fraction of oil refinery gases on pillared clay based superacidic 

catalysts 

 

ВЮ. A. KСКmгТn, R. R. SСТrТвКгНКnoЯ, A. R. DКЯХОЭsСТn, F. SС. VТХ’НКnoЯ, E. A. IpКЭoЯК, M. N. 
RКФСТmoЯ, л. G. TОХвКsСОЯ, R. R. AЛНвЮsСОЯ, and L. S. Doinitsyna 

Superacidic catalyst systems based on sulfated zirconia, mixed heteropoly acids, and nano-sized nickel 

powder applied on acid-activated montmorillonite are proposed. The mechanisms of propane-propylene 

fraction oligomerization process on superacidic catalysts are studied in a wide range of temperatures, 

pressures, and volumetric feedstock feeding rates. It is shown that catalysts with a degree of 

montmorillonite modification with 2.5% nano-sized nickel, which exhibit the best activity and propylene 

trimer selectivity, are the most promising from the point of introduction of the oligomerization process at 

oil-processing/refining enterprises. 

Keywords: oligomerization, propane-propylene fraction, montmorillonite, heteropoly acids, sulfated 

zirconia. 
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Ɇɟɬɨɞɚɦɢ ɂɄ- ɢ əɆɊ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɢɫɫɥɟɞɨɜɚɧ ɦɟɯɚɧɢɡɦ ɨɛɪɚɡɨɜɚɧɢɹ ɫɦɨɥɢɫɬɵɯ ɫɨɟɞɢɧɟɧɢɣ 

ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢɧɞɭɫɬɪɢɚɥɶɧɵɯ ɢ ɦɨɬɨɪɧɵɯ ɦɚɫɟɥ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɚɧɚɥɢɡɚ ɫɩɟɤɬɪɨɜ ɨɛɪɚɡɰɨɜ 

ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɦɚɫɥɚ ɢ ɜɵɞɟɥɟɧɧɵɯ ɢɡ ɧɟɝɨ ɫɦɨɥ ɜ ɫɪɚɜɧɟɧɢɢ ɫɨ ɫɩɟɤɬɪɨɦ ɫɜɟɠɟɝɨ ɦɚɫɥɚ ɫɞɟɥɚɧ 
ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɩɨɦɢɦɨ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɦɟɯɚɧɢɡɦɚ, ɫɦɨɥɢɫɬɵɟ ɫɨɟɞɢɧɟɧɢɹ ɜ ɦɚɫɥɚɯ ɨɛɪɚɡɭɸɬɫɹ 
ɡɚ ɫɱɟɬ ɨɥɢɝɨɦɟɪɢɡɚɰɢɢ ɭɝɥɟɜɨɞɨɪɨɞɨɜ. Ɇɨɥɟɤɭɥɵ ɩɨɫɥɟɞɧɢɯ ɜ ɩɪɨɰɟɫɫɟ ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɢɯ 
ɞɟɮɨɪɦɚɰɢɣ ɩɪɟɬɟɪɩɟɜɚɸɬ ɝɥɭɛɨɤɨɟ ɢɡɦɟɧɟɧɢɟ ɫɬɟɪɟɨɫɬɪɭɤɬɭɪɵ ɧɚ ɭɪɨɜɧɟ ɢɫɤɚɠɟɧɢɹ ɬɨɪɫɢɨɧɧɵɯ 
ɭɝɥɨɜ ɢ ɞɥɢɧ ɫɜɹɡɟɣ, ɤɨɬɨɪɨɟ ɩɪɢɜɨɞɢɬ ɤ ɩɨɜɵɲɟɧɢɸ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ 
ɞɢɫɫɨɰɢɚɰɢɢ ɫɜɹɡɟɣ R–C...H ɜ ɭɝɥɟɜɨɞɨɪɨɞɚɯ, ɩɨɜɵɲɟɧɢɸ ɢɯ ɤɢɫɥɨɬɧɨɫɬɢ, ɱɬɨ ɢ ɨɛɭɫɥɨɜɥɢɜɚɟɬ 
ɨɥɢɝɨɦɟɪɢɡɚɰɢɸ ɩɨ ɷɬɢɦ ɩɪɨɬɨɧɢɪɨɜɚɧɧɵɦ ɫɜɹɡɹɦ — ɧɚɱɚɥɶɧɵɣ ɚɤɬ ɩɪɨɰɟɫɫɚ ɨɥɢɝɨɦɟɪɢɡɚɰɢɢ ɢ 
ɨɛɪɚɡɨɜɚɧɢɹ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɢɥɢ ɫɬɚɪɟɧɢɹ ɦɚɫɥɚ. ɂɫɤɚɠɟɧɢɟ ɫɬɟɪɟɨɫɬɪɭɤɬɭɪɵ 
ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɦɚɫɟɥ ɨɫɬɚɟɬɫɹ ɜ ɦɟɯɚɧɨɯɢɦɢɱɟɫɤɨɣ ɩɚɦɹɬɢ ɦɨɥɟɤɭɥ. 
ɉɨɷɬɨɦɭ ɨɱɢɳɟɧɧɨɟ ɨɬɪɚɛɨɬɚɧɧɨɟ ɦɚɫɥɨ ɜ ɨɬɫɭɬɫɬɜɢɢ ɨɤɢɫɥɟɧɢɹ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɩɪɢ ɯɪɚɧɟɧɢɢ 
ɬɟɦɧɟɟɬ ɜɫɥɟɞɫɬɜɢɟ ɨɛɪɚɡɨɜɚɜɲɢɯɫɹ ɯɪɨɦɨɮɨɪɧɵɯ –ɋ–ɇ ɤɢɫɥɨɬ, ɤɨɬɨɪɵɟ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 
ɳɟɥɨɱɧɵɯ ɪɟɚɝɟɧɬɨɜ ɧɟɣɬɪɚɥɢɡɭɸɬɫɹ. 
Кɥюɱевɵе ɫɥɨва: ɢɧɞɭɫɬɪɢɚɥɶɧɨɟ ɦɚɫɥɨ, ɨɬɪɚɛɨɬɚɧɧɨɟ ɦɚɫɥɨ, ɫɦɨɥɵ, ɂɄ-ɫɩɟɤɬɪɨɫɤɨɩɢɹ, 
1ɇ əɆɊ-ɫɩɟɤɬɪɨɫɤɨɩɢɹ, ɩɪɨɬɨɧɢɪɨɜɚɧɧɵɟ ɭɝɥɟɜɨɞɨɪɨɞɵ, ɨɥɢɝɨɦɟɪɢɡɚɰɢɹ. 
 

Resin formation in used oils due to conformational and structural changes of their hydrocarbons 

 

Z. T. Dmitrieva 

 

The mechanism of formation of resinous compounds during use of industrial and motor oils is studied by 

IR and NMR spectroscopy. Based on a comparative analysis of the spectra of samples of the used oil and 

the resins separated therefrom and the spectrum of a fresh oil it is concluded that, beside oxidative 

mechanism, resinous compounds in oils are formed due to oligomerization of the hydrocarbons. The 

molecules of the latter suffer, in the thermomechanical deformation process, profound stereostructural 

change at the level of distortion of torsion angles and lengths of bonds, which leads to increase in 

poЭОnЭТКХ ОnОrРв, МorrОsponНТnР НТssoМТКЭТon oП R‒C···H ЛonНs Тn hydrocarbons, and increase of their 

acidity, which stimulates oligomerization at these protonated bonds, i.e., initiates the oligomerization 

process and formation of aromatic hydrocarbons, or aging of the oil. The distortion of the stereostructure 

of the hydrocarbons in the oil use process stays in the mechanochemical memory of the molecules. That 



is why purified used oil, even without oxidation of the hydrocarbons during storage, darkens because of 

ЭСО ПormОН МСromopСorТМ ‒C‒H КМТНs, аСТМС КrО nОЮЭrКХТгОН in the presence of alkaline reagents. 

Keywords: industrial oil, used oil, resins, IR spectroscopy, 1H-NMR spectroscopy, protonated 

hydrocarbons, oligomerization. 

 

Иɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɫɬɟɩɟɧɢ ɩɟɪɟɨɯɥɚɠɞɟɧɢɹ ɩɪɢ ɨɛɪɚɡɨɜɚɧɢɢ ɝɢɞɪɚɬɨɜ ɦɟɬɚɧ-ɩɪɨɩɚɧɨɜɨɣ 
ɝɚɡɨɜɨɣ ɫɦɟɫɢ ɧɚ ɪɚɜɧɨɜɟɫɧɵɟ ɭɫɥɨɜɢɹ ɢɯ ɪɚɡɥɨɠɟɧɢɹ 
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ɂɡɭɱɟɧɨ ɜɥɢɹɧɢɟ ɧɚɱɚɥɶɧɨɣ ɫɬɟɩɟɧɢ ɩɟɪɟɨɯɥɚɠɞɟɧɢɹ ɧɚ ɪɚɜɧɨɜɟɫɧɵɟ ɭɫɥɨɜɢɹ ɪɚɡɥɨɠɟɧɢɹ 
ɝɢɞɪɚɬɨɜ ɦɨɞɟɥɶɧɨɣ ɝɚɡɨɜɨɣ ɫɦɟɫɢ 95,66% ɦɨɥ. ɋɇ4 + 4,34% ɦɨɥ. ɋ3ɇ8. Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɜɵɫɨɤɨɣ 
ɫɬɟɩɟɧɢ ɩɪɟɜɪɚɳɟɧɢɹ ɜɨɞɵ ɜ ɝɢɞɪɚɬ ɜ ɨɩɵɬɚɯ ɧɚ ɭɫɬɚɧɨɜɤɟ RCS6 ɜ ɤɚɱɟɫɬɜɟ ɠɢɞɤɨɣ ɮɚɡɵ 
ɢɫɩɨɥɶɡɨɜɚɥɢ 0,1% ɦɚɫ. ɪɚɫɬɜɨɪ ɞɨɞɟɰɢɥɫɭɥɶɮɚɬɚ ɧɚɬɪɢɹ (SDS). ɇɚɪɚɛɨɬɤɭ ɝɢɞɪɚɬɨɜ ɩɪɨɜɨɞɢɥɢ 
ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɜ ɢɡɨɯɨɪɧɵɯ ɭɫɥɨɜɢɹɯ ɧɚ ɭɫɬɚɧɨɜɤɟ GHA350 ɢ ɜ ɢɡɨɯɨɪɧɨ-ɢɡɨɬɟɪɦɢɱɟɫɤɢɯ 
ɭɫɥɨɜɢɹɯ ɧɚ ɭɫɬɚɧɨɜɤɟ RCS6. Ⱦɥɹ ɪɚɡɥɨɠɟɧɢɹ ɩɨɥɭɱɟɧɧɵɟ ɨɛɪɚɡɰɵ ɝɢɞɪɚɬɨɜ ɧɚɝɪɟɜɚɥɢ ɜ 
ɢɡɨɯɨɪɧɵɯ ɭɫɥɨɜɢɹɯ ɫɨ ɫɤɨɪɨɫɬɶɸ 0,2 Ʉ/ɱ. Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɤɪɢɜɵɯ ɪɚɡɥɨɠɟɧɢɹ 
ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɩɪɢ ɝɢɞɪɚɬɨɨɛɪɚɡɨɜɚɧɢɢ ɢɫɫɥɟɞɭɟɦɨɣ ɝɚɡɨɜɨɣ ɫɦɟɫɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɣ ɨɛɪɚɡɭɸɬɫɹ ɤɚɤ ɫɦɟɲɚɧɧɵɟ ɦɟɬɚɧ-ɩɪɨɩɚɧɨɜɵɟ ɝɢɞɪɚɬɵ ɪɚɡɥɢɱɧɨɝɨ ɫɨɫɬɚɜɚ, 
ɬɚɤ ɢ ɝɢɞɪɚɬ ɦɟɬɚɧɚ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɫ ɪɨɫɬɨɦ ɧɚɱɚɥɶɧɨɣ ɫɬɟɩɟɧɢ ɩɟɪɟɨɯɥɚɠɞɟɧɢɹ ɩɪɢ 
ɝɢɞɪɚɬɨɨɛɪɚɡɨɜɚɧɢɢ ɜɨɡɪɚɫɬɚɟɬ ɞɨɥɹ ɨɛɪɚɡɨɜɚɜɲɟɝɨɫɹ ɝɢɞɪɚɬɚ ɦɟɬɚɧɚ. Ʉɪɢɜɚɹ ɪɚɜɧɨɜɟɫɧɵɯ 
ɭɫɥɨɜɢɣ ɝɢɞɪɚɬɨɪɚɡɥɨɠɟɧɢɹ ɢɦɟɟɬ ɞɥɹ ɝɚɡɨɜɨɣ ɫɦɟɫɢ ɧɟ ɩɪɨɫɬɨ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɣ ɯɚɪɚɤɬɟɪ, ɤɚɤ 
ɩɪɟɞɩɨɥɚɝɚɥɨɫɶ ɪɚɧɟɟ, ɚ ɛɨɥɟɟ ɫɥɨɠɧɭɸ ɤɨɧɮɢɝɭɪɚɰɢɸ. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ 
ɦɧɨɠɟɫɬɜɟɧɧɨɫɬɢ ɪɚɜɧɨɜɟɫɧɵɯ ɭɫɥɨɜɢɣ ɝɢɞɪɚɬɨɪɚɡɥɨɠɟɧɢɹ ɝɚɡɨɜɵɯ ɫɦɟɫɟɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɫɬɟɩɟɧɢ ɩɟɪɟɨɯɥɚɠɞɟɧɢɹ ɫɢɫɬɟɦɵ ɩɪɢ ɝɢɞɪɚɬɨɨɛɪɚɡɨɜɚɧɢɢ. 
Кɥюɱевɵе ɫɥɨва: ɫɦɟɲɚɧɧɵɟ ɦɟɬɚɧ-ɩɪɨɩɚɧɨɜɵɟ ɝɢɞɪɚɬɵ, ɝɢɞɪɚɬ ɦɟɬɚɧɚ, ɫɬɟɩɟɧɶ 
ɩɟɪɟɨɯɥɚɠɞɟɧɢɹ, ɮɚɡɨɜɨɟ ɪɚɜɧɨɜɟɫɢɟ, ɞɨɞɟɰɢɥɫɭɥɶɮɚɬ ɧɚɬɪɢɹ. 
 

Influence of degree of overcooling during formation of methane-propane gas mixture hydrates on 

equilibrium conditions of their decomposition 
 

V. I. Medvedev, P. A. Gushchin, V. S. Yakushev, and A. P. Semenov 

 

The influence of initial degree of overcooling on equilibrium conditions of decomposition of hydrates of a 

model gas mixture comprised of 95.66 % mol. CH4 + 4.34 % mol. C3H8 is studied. To ensure a high degree 

of conversion of water to hydrate, 0.1 wt. % sodium dodecyl sulfate (SDS) solution was used as the liquid 

phase in experiments in an RCS6 Sapphire Rocking Cell instrument. The hydrates were produced by 

cooling under isochoric conditions in a GHA350 gas hydrate autoclave and under isochoric-isothermic 

conditions on an RCS6 instrument. The obtained hydrated samples were decomposed by heating under 

isochoric conditions at the rate of 0.2 K/h. Analysis of the decomposition curves indicates that, depending 

upon the initial conditions, both mixed methane-propane hydrates of various compositions and methane 

hydrate are formed when the test gas mixture is hydrated. It is demonstrated that the proportion of the 

formed CH4 hydrate rises with rise of the initial degree of overcooling during hydrate formation. The 

curve depicting the equilibrium hydrate decomposition conditions has for the gas mixture not simply an 

exponential nature as proposed earlier, but a more complex configuration. The obtained data point to a 

multiplicity of equilibrium conditions of hydrate decomposition of gas mixtures as a function of the 

degree of overcooling of the system during hydrate formation. 

Key words: mixed methane-propane hydrates, methane hydrate, degree of overcooling, phase 

equilibrium, sodium dodecyl sulfate. 

 

 



Вɥɢɹɧɢɟ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ ɫɨɩɨɥɢɦɟɪɨɦ ɷɬɢɥɟɧɚ ɫ ɜɢɧɢɥɚɰɟɬɚɬɨɦ ɧɚ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ 
ɫɜɨɣɫɬɜɚ ɜɹɠɭɳɟɝɨ ɢ ɚɫɮɚɥɶɬɨɛɟɬɨɧɚ ɧɚ ɟɝɨ ɨɫɧɨɜɟ 
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Ɋɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɸ ɞɨɪɨɠɧɨɝɨ ɛɢɬɭɦɚ ɫɨɩɨɥɢɦɟɪɨɦ ɷɬɢɥɟɧɚ ɫ ɜɢɧɢɥɚɰɟɬɚɬɨɦ. 
ȼɵɹɜɥɟɧɵ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɛɢɬɭɦɨɜ ɢ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɚɫɮɚɥɶɬɨɛɟɬɨɧɧɵɯ ɩɨɤɪɵɬɢɣ ɧɚ ɢɯ ɨɫɧɨɜɟ ɨɬ ɫɨɫɬɚɜɚ ɫɨɩɨɥɢɦɟɪɚ ɢ ɟɝɨ ɫɨɞɟɪɠɚɧɢɹ 

ɜ ɜɹɠɭɳɟɦ. Ɇɨɞɢɮɢɰɢɪɨɜɚɧɢɟ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɜɹɠɭɳɟɝɨ ɫɨɩɨɥɢɦɟɪɨɦ EVA ɩɪɢɜɨɞɢɬ ɤ 
ɭɥɭɱɲɟɧɢɸ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɢ ɚɞɝɟɡɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɛɢɬɭɦɚ, ɭɦɟɧɶɲɟɧɢɸ ɩɟɧɟɬɪɚɰɢɢ, 
ɪɚɫɬɹɠɢɦɨɫɬɢ, ɩɨɜɵɲɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɡɦɹɝɱɟɧɢɹ. ɍɜɟɥɢɱɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɜɢɧɢɥɚɰɟɬɚɬɧɵɯ 
ɝɪɭɩɩ ɜ EVA ɫ 12,5 ɞɨ 28% ɜɟɞɟɬ ɤ ɜɨɡɪɚɫɬɚɧɢɸ ɞɟɮɨɪɦɚɰɢɨɧɧɨ-ɩɪɨɱɧɨɫɬɧɵɯ ɢ ɚɞɝɟɡɢɨɧɧɵɯ 
ɫɜɨɣɫɬɜ ɫɨɩɨɥɢɦɟɪɚ, ɱɬɨ ɨɬɪɚɠɚɟɬɫɹ ɢ ɧɚ ɫɜɨɣɫɬɜɚɯ ɩɨɥɢɦɟɪɧɨ-ɛɢɬɭɦɧɵɯ ɤɨɦɩɨɡɢɰɢɣ. 
ɉɪɨɢɫɯɨɞɢɬ ɪɟɡɤɨɟ ɢɡɦɟɧɟɧɢɟ ɩɟɧɟɬɪɚɰɢɢ ɛɢɬɭɦɚ: ɱɟɦ ɛɨɥɶɲɟ ɤɨɧɰɟɧɬɪɚɰɢɹ EVA ɢ ɫɨɞɟɪɠɚɧɢɟ ɜ 
ɧɟɦ ɜɢɧɢɥɚɰɟɬɚɬɧɵɯ ɝɪɭɩɩ, ɬɟɦ ɦɟɧɶɲɟ ɩɟɧɟɬɪɚɰɢɹ. 
Кɥюɱевɵе ɫɥɨва: ɞɨɪɨɠɧɵɣ ɛɢɬɭɦ, ɫɨɩɨɥɢɦɟɪ ɷɬɢɥɟɧɚ ɫ ɜɢɧɢɥɚɰɟɬɚɬɨɦ, ɚɫɮɚɥɶɬɨɛɟɬɨɧ. 
 

EППОМt ШП mШdТПТМКtТШЧ ШП ОtСвlОЧО‒vТЧвl КМОtКtО МШpШlвmОr ШЧ pОrПШrmКЧМО prШpОrtТОs ШП ЛТЧdОr КЧd 
asphalt concrete based on it 

 

R. R. Zakieva1, I. I. Gussamov1, R. M.Gadel’shin1, S. M. Petrov1,2, D. A. Ibragimova1, and R. Z. 

Fakhrutdinov1 

 

TСТs аorФ Тs НОЯoЭОН Эo moНТПТМКЭТon oП roКН КspСКХЭ аТЭС ОЭСвХОnО‒ЯТnвХ КМОЭКЭО (EVA) МopoХвmОr. TСО 
mechanisms of change in physicochemical properties of modified asphalts and characteristics of asphalt 

concrete pavements based on the copolymer-modified asphalt and its content in the binder are deciphered. 

Modification of the organic binder with EVA copolymer improves low-temperature and adhesion 

properties of the asphalt, reduces penetrability and extensibility, and elevates softening temperature. 

Increase in content of vinyl acetate groups in the EVA copolymer from 12.5 to 28% leads to enhancement 

of deformation resistance and adhesion properties of the copolymer, which is reflected also on the 

properties of polymer-asphalt composites. 

Drastic change occurs in asphalt penetration: the higher the EVA concentration and the content of vinyl 

acetate groups in it, the less the penetration. 

Keywords: road asphalt, etСвХОnО‒ЯТnвХ КМОЭКЭО МopoХвmОr, КspСКХЭ МonМrОЭО. 
 

 

Иɡɝɨɬɨɜɥɟɧɢɟ ɤɪɢɨɝɟɥɟɣ ɧɚ ɨɫɧɨɜɟ ɩɨɥɢɜɢɧɢɥɨɜɨɝɨ ɫɩɢɪɬɚ ɤɚɤ ɫɩɨɫɨɛ ɪɚɰɢɨɧɚɥɶɧɨɣ 
ɭɬɢɥɢɡɚɰɢɢ ɨɬɪɚɛɨɬɚɧɧɵɯ ɦɚɫɟɥ 
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ɂɧɫɬɢɬɭɬ ɯɢɦɢɢ ɧɟɮɬɢ ɋɢɛɢɪɫɤɨɝɨ ɨɬɞɟɥɟɧɢɹ Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ 
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ɉɨɥɭɱɟɧɵ ɨɛɪɚɡɰɵ ɤɪɢɨɝɟɥɟɣ, ɫɮɨɪɦɢɪɨɜɚɧɧɵɟ ɢɡ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɩɨɥɢɜɢɧɢɥɨɜɨɝɨ ɫɩɢɪɬɚ ɢ 
ɫɨɞɟɪɠɚɳɢɟ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɟ ɨɬɪɚɛɨɬɚɧɧɵɟ ɦɢɧɟɪɚɥɶɧɵɟ ɦɚɫɥɚ. ɂɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ 
ɫɨɞɟɪɠɚɧɢɹ ɢ ɫɨɫɬɚɜɚ ɦɢɧɟɪɚɥɶɧɵɯ ɦɚɫɟɥ ɧɚ ɪɟɨɥɨɝɢɱɟɫɤɢɟ ɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 
ɤɪɢɨɝɟɥɟɣ. Ɋɚɡɪɚɛɨɬɚɧ ɫɩɨɫɨɛ ɮɨɪɦɢɪɨɜɚɧɢɹ ɬɨɩɥɢɜɧɵɯ ɛɪɢɤɟɬɨɜ ɢɡ ɤɪɢɨɝɟɥɟɣ, ɧɚɩɨɥɧɟɧɧɵɯ 
ɱɚɫɬɢɰɚɦɢ ɤɨɤɫɚ ɢ ɩɪɨɩɢɬɚɧɧɵɯ ɨɬɪɚɛɨɬɚɧɧɵɦ ɦɢɧɟɪɚɥɶɧɵɦ ɦɚɫɥɨɦ. ɂɡɭɱɟɧɵ ɦɟɯɚɧɢɱɟɫɤɢɟ ɢ 



ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɧɚɩɨɥɧɟɧɧɵɯ ɛɪɢɤɟɬɨɜ. Ɍɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɫɭɯɢɯ ɛɪɢɤɟɬɨɜ ɩɪɚɤɬɢɱɟɫɤɢ 
ɪɚɜɧɚ ɬɟɩɥɨɬɟ ɫɝɨɪɚɧɢɹ ɱɢɫɬɨɝɨ ɤɨɤɫɚ, ɚ ɩɨ ɩɪɨɱɧɨɫɬɢ ɛɪɢɤɟɬɵ ɧɟ ɭɫɬɭɩɚɸɬ ɞɪɟɜɟɫɧɵɦ ɩɨɪɨɞɚɦ 
ɧɚ ɨɫɧɨɜɟ ɫɨɫɧɵ ɢ ɟɥɢ. ɉɪɟɞɥɚɝɚɟɦɵɣ ɫɩɨɫɨɛ ɩɨɡɜɨɥɹɟɬ ɭɬɢɥɢɡɢɪɨɜɚɬɶ ɨɬɪɚɛɨɬɚɧɧɵɟ ɦɚɫɥɚ ɫ 
ɩɨɥɭɱɟɧɢɟɦ ɬɨɩɥɢɜɧɵɯ ɛɪɢɤɟɬɨɜ. 
Кɥюɱевɵе ɫɥɨва: ɤɪɢɨɝɟɥɶ, ɩɨɥɢɜɢɧɢɥɨɜɵɣ ɫɩɢɪɬ, ɨɬɪɚɛɨɬɚɧɧɨɟ ɦɚɫɥɨ, 
ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ, ɝɢɞɪɨɮɢɥɶɧɵɟ ɫɜɨɣɫɬɜɚ, ɬɨɩɥɢɜɧɵɣ ɛɪɢɤɟɬ. 
 

Preparation of cryogels based on polyvinyl alcohol as efficient used oil utilization method 
 

V. N. Manzhai and M. S. Fufaeva 

I 

Samples of cryogels produced from aqueous solutions of polyvinyl alcohol and containing used mineral 

oils in the polymer matrix were obtained. The influence of content and composition of the mineral oils on 

the rheological and physicochemical properties of the cryogels was studied. A method for producing fuel 

briquettes from the cryogels filled with coke particles and impregnated with used mineral oil was 

developed. The mechanical and thermophysical properties of the filled briquettes were studied. The heat 

of combustion of dry briquettes is practically the same as the heat of combustion of clean coke, and in 

strength the briquettes are not inferior to pine and spruce wood. The proposed method can be used to 

utilize used oils for fuel briquette production. 

Keywords: cryogel, polyvinyl alcohol, used oil, elasticity modulus, hydrophilic properties, fuel briquette. 

 

 

ɉɟɪɟɪɚɛɨɬɤɚ ɤɢɫɥɨɝɨ ɝɭɞɪɨɧɚ ɜ ɩɨɜɟɪɯɧɨɫɬɧɨ-ɚɤɬɢɜɧɨɟ ɜɟɳɟɫɬɜɨ ɞɥɹ ɪɚɡɞɟɥɟɧɢɹ 
ɜɨɞɨɧɟɮɬɹɧɵɯ ɷɦɭɥɶɫɢɣ ɢ ɩɨɜɵɲɟɧɢɹ ɧɟɮɬɟɨɬɞɚɱɢ 
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1ɍɮɢɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɟɮɬɹɧɨɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, 
2Ȼɚɲɤɢɪɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɚɝɪɚɪɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ, 
3ɍɮɢɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɷɤɨɧɨɦɢɤɢ ɢ ɫɟɪɜɢɫɚ 
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ɇɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɬɟɯɧɨɥɨɝɢɣ ɩɟɪɟɪɚɛɨɬɤɢ ɤɢɫɥɵɯ ɝɭɞɪɨɧɨɜ ɫ ɩɨɥɭɱɟɧɢɟɦ ɉȺȼ ɩɪɟɞɥɨɠɟɧ ɧɨɜɵɣ 
ɫɩɨɫɨɛ ɩɟɪɟɪɚɛɨɬɤɢ ɫ ɩɨɥɭɱɟɧɢɟɦ ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɧɟɮɬɟɩɪɨɦɵɫɥɨɜɨɝɨ ɪɟɚɝɟɧɬɚ, 
ɡɚɤɥɸɱɚɸɳɢɣɫɹ ɜ ɨɱɢɫɬɤɟ ɤɢɫɥɨɝɨ ɝɭɞɪɨɧɚ ɨɬ ɫɜɨɛɨɞɧɨɣ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ ɩɭɬɟɦ ɫɦɟɲɟɧɢɹ ɫ ɜɨɞɨɣ 
ɜ ɨɬɧɨɲɟɧɢɢ 1:6 ɢ ɞɚɥɶɧɟɣɲɟɣ ɧɟɣɬɪɚɥɢɡɚɰɢɢ ɩɨɥɭɱɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ ɚɦɦɢɚɤɨɦ ɞɨ ɡɧɚɱɟɧɢɹ ɪɇ 8–
9. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɫɜɨɣɫɬɜ ɩɨɥɭɱɟɧɧɨɝɨ ɉȺȼ ɢɫɩɨɥɶɡɨɜɚɥɢ ɠɢɞɤɢɣ ɪɚɫɬɜɨɪ ɢ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ ɩɨɪɨɲɨɤ, ɩɨɥɭɱɟɧɧɵɣ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɵɩɚɪɢɜɚɧɢɹ. Ɋɟɚɝɟɧɬ ɨɬɥɢɱɚɟɬɫɹ ɜɵɫɨɤɢɦɢ 
ɦɨɸɳɟɣ (ɞɨ 97%) ɢ ɞɟɷɦɭɥɶɝɢɪɭɸɳɟɣ (ɞɨ 85%) ɫɩɨɫɨɛɧɨɫɬɹɦɢ. Ɋɟɡɭɥɶɬɚɬɵ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɧɟɮɬɟɜɵɬɟɫɧɟɧɢɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɮɭɧɤɰɢɢ Ȼɚɤɥɢ – Ʌɟɜɟɪɟɬɬɚ ɩɨɤɚɡɚɥɢ, 
ɱɬɨ ɩɪɢ ɡɚɤɚɱɤɟ ɜ ɩɥɚɫɬ ɪɚɫɬɜɨɪɚ ɪɟɚɝɟɧɬɚ ɤɨɷɮɮɢɰɢɟɧɬ ɧɟɮɬɟɢɡɜɥɟɱɟɧɢɹ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɞɨ 0,66 
(ɜɹɡɤɨɫɬɶ ɧɟɮɬɢ 50 ɦɉɚ·ɫ). Ʌɚɛɨɪɚɬɨɪɧɵɟ ɫɬɟɧɞɨɜɵɟ ɢɫɩɵɬɚɧɢɹ ɩɨɤɚɡɚɥɢ ɭɜɟɥɢɱɟɧɢɟ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɧɟɮɬɟɢɡɜɥɟɱɟɧɢɹ ɞɨ 0,73 (ɜɹɡɤɨɫɬɶ ɧɟɮɬɢ 30 ɦɉɚ·ɫ). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɟɚɝɟɧɬ ɦɨɠɟɬ 
ɩɪɢɦɟɧɹɬɶɫɹ ɜ ɤɚɱɟɫɬɜɟ ɞɟɷɦɭɥɶɝɚɬɨɪɚ, ɧɟɮɬɟɜɵɬɟɫɧɹɸɳɟɝɨ ɚɝɟɧɬɚ, ɬɟɯɧɢɱɟɫɤɨɝɨ ɦɨɸɳɟɝɨ 
ɫɪɟɞɫɬɜɚ. 
Кɥюɱевɵе ɫɥɨва: ɤɢɫɥɵɣ ɝɭɞɪɨɧ, ɞɟɷɦɭɥɶɝɚɬɨɪ, ɧɟɮɬɟɜɵɬɟɫɧɹɸɳɢɣ ɪɟɚɝɟɧɬ, ɧɟɮɬɟɩɪɨɦɵɫɥɨɜɵɣ 
ɪɟɚɝɟɧɬ, ɬɟɯɧɢɱɟɫɤɨɟ ɦɨɸɳɟɟ ɫɪɟɞɫɬɜɨ. 
 

Conversion of acidic heavy resid to surfactant for separating water-oil emulsions and increasing oil 

production 
 

л. M. MoЯsЮm-zade, A. A. Nikitina, A. S. Belyaeva, and R. V. Kunakova 

 

Based on analysis of acidic heavy resid processing technologies with production of surfactants, we are 

proposing a new processing method allowing for multifunctional oilfield reagent production, which 



consists in removal of free sulfuric acid from the acidic heavy resid by mixing with water in 1:6 ratio and 

further neutralization of the obtained solution with ammonia to pH 8-9. To determine the functional 

properties of the surfactant produced, we used a liquid solution and a crystalline powder obtained by 

evaporation. The reagent is distinguished by high detergent (up to 97%) and demulsifying (85%) 

capacity. The results of mathematical modeling of the oil displacement process using Buckley-Leverett 

function (equation) showed that the oil extraction coefficient rises to 0.66 (oТХ ЯТsМosТЭв 50 mPК·sОМ) аСОn 
solution of the reagent in injected into the reservoir. Laboratory bench tests showed rise of oil extraction 

МoОППТМТОnЭ Эo 0.73 (oТХ ЯТsМosТЭв 30 mPК·sОМ). TСЮs, ЭСО rОКРОnЭ МКn ЛО ЮsОН Кs НОmЮХsТПТОr, oТХ 
displacement agent, and technical detergent. 

Keywords: acidic heavy resid, demulsifier, oil displacement agent, oilfield agent, technical detergent. 

 

 

Иɡɦɟɧɟɧɢɟ ɪɚɡɦɟɪɨɜ ɱɚɫɬɢɰ ɢ ɞɡɟɬɚ-ɩɨɬɟɧɰɢɚɥɚ ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɵ ɜɨɞɨɷɦɭɥɶɫɢɨɧɧɵɯ 
ɫɬɨɱɧɵɯ ɜɨɞ ɧɚ ɪɚɡɧɵɯ ɫɬɚɞɢɹɯ ɨɱɢɫɬɤɢ 
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ɂɫɫɥɟɞɨɜɚɧɵ ɤɨɥɥɨɢɞɧɵɟ ɫɜɨɣɫɬɜɚ ɭɫɬɨɣɱɢɜɵɯ ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɵɯ ɷɦɭɥɶɫɢɣ: ɫɜɟɠɟɣ ɢ 
ɨɬɪɚɛɨɬɚɧɧɨɣ ɫɦɚɡɨɱɧɨ-ɨɯɥɚɠɞɚɸɳɟɣ ɠɢɞɤɨɫɬɢ (ɋɈɀ) ɢ ɜɨɞɨɷɦɭɥɶɫɢɨɧɧɵɯ ɫɬɨɱɧɵɯ ɜɨɞ. 
ɋɜɟɠɚɹ ɋɈɀ ɦɨɧɨɞɢɫɩɟɪɫɧɚɹ, ɪɚɡɦɟɪ ɱɚɫɬɢɰ ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɵ ɪɚɜɟɧ 0,086 ɦɤɦ. Ɋɚɡɦɟɪ ɱɚɫɬɢɰ 
ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɵ ɨɬɪɚɛɨɬɚɧɧɨɣ ɋɈɀ ɫɨɫɬɚɜɥɹɟɬ 0,05–0,15 ɦɤɦ. Ɉɩɪɟɞɟɥɟɧɵ ɬɟɧɞɟɧɰɢɢ ɢɡɦɟɧɟɧɢɹ 
ɤɨɥɥɨɢɞɧɵɯ ɫɜɨɣɫɬɜ ɨɬɪɚɛɨɬɚɧɧɨɣ ɋɈɀ ɜ ɩɪɨɰɟɫɫɟ ɨɱɢɫɬɤɢ ɧɚ ɫɬɚɞɢɹɯ ɤɨɚɥɟɫɰɟɧɬɧɨɣ ɨɱɢɫɬɤɢ, 
ɫɨɪɛɰɢɢ ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ ɤɨɦɩɨɡɢɰɢɨɧɧɵɦ ɫɨɪɛɟɧɬɨɦ, ɭɥɶɬɪɚɮɢɥɶɬɪɚɰɢɢ, ɧɚɧɨɮɢɥɶɬɪɚɰɢɢ, 
ɞɨɨɱɢɫɬɤɢ ɧɚ ɢɨɧɨɨɛɦɟɧɧɨɣ ɦɟɦɛɪɚɧɟ. ɉɨɫɥɟ ɦɟɦɛɪɚɧɧɵɯ ɦɟɬɨɞɨɜ ɨɱɢɫɬɤɢ ɩɪɨɢɫɯɨɞɢɬ 
ɭɜɟɥɢɱɟɧɢɟ ɫɪɟɞɧɟɝɨ ɪɚɡɦɟɪɚ ɱɚɫɬɢɰ ɢ ɭɦɟɧɶɲɟɧɢɟ ɚɛɫɨɥɸɬɧɨɝɨ ɡɧɚɱɟɧɢɹ ɞɡɟɬɚ-ɩɨɬɟɧɰɢɚɥɚ ɢɡ-ɡɚ 
ɪɚɡɪɭɲɟɧɢɹ ɷɦɭɥɶɫɢɢ, ɱɚɫɬɢɰɵ ɦɝɧɨɜɟɧɧɨɝɨ ɭɤɪɭɩɧɹɸɬɫɹ ɜɫɥɟɞɫɬɜɢɟ ɩɨɬɟɪɢ ɡɚɪɹɞɚ ɜ ɩɪɨɰɟɫɫɟ 
ɩɪɨɯɨɠɞɟɧɢɹ ɱɟɪɟɡ ɩɨɪɵ ɦɟɦɛɪɚɧ. 
Кɥюɱевɵе ɫɥɨва: ɫɬɨɱɧɵɟ ɜɨɞɵ, ɷɦɭɥɶɫɢɹ, ɦɟɦɛɪɚɧɚ, ɞɡɟɬɚ-ɩɨɬɟɧɰɢɚɥ, ɫɦɚɡɨɱɧɨ-ɨɯɥɚɠɞɚɸɳɢɟ 
ɠɢɞɤɨɫɬɢ. 
 

Change in particle size and zeta-potential of disperse phase of water-emulsifying wastewaters at 

various treatment stages 
 

D. D. Fazullin, G. V. Mavrin, and I. G. Shaikhiev 

 

The colloidal properties of stable highly disperse emulsions of fresh and waste lubricating-cooling fluid 

(LCF) and water-emulsifying wastewaters are studied. Fresh LCF is monodisperse, the disperse phase 

particle size is 0.086 μm. The particle size of disperse phase of waste LCF is 0.05-0.15 μm. Tendencies 

for change in colloidal properties of waste LCF in the treatment process at the stages of coalescence 

cleaning, oil products sorption by composite sorbent, ultrafiltration, nanofiltration, and final cleaning on 

ion-exchange membrane were determined. After membrane cleaning, the average particle diameter 

increases and the absolute zeta-potential value decreases due to emulsion breakdown, and the particles 

instantly become large due to loss of charge 

while passing through the membrane pores. 

Key words: wastewaters, emulsion, membrane, zeta-potential, lubricating-cooling fluid. 

 

 

Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɩɟɪɟɪɚɛɨɬɤɢ ɧɟɮɬɹɧɵɯ ɲɥɚɦɨɜ 
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ȼ ɨɛɡɨɪɟ ɪɚɫɫɦɨɬɪɟɧɵ ɫɨɜɪɟɦɟɧɧɵɟ ɷɮɮɟɤɬɢɜɧɵɟ ɫɩɨɫɨɛɵ ɩɟɪɟɪɚɛɨɬɤɢ ɧɟɮɬɟɲɥɚɦɨɜ ɢ ɤɢɫɥɵɯ 
ɝɭɞɪɨɧɨɜ. Ⱦɟɬɚɥɶɧɨ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɬɟɯɧɨɥɨɝɢɢ ɨɛɟɡɜɨɠɢɜɚɧɢɹ, ɨɬɜɟɪɠɞɟɧɢɹ, ɷɤɫɬɪɚɤɰɢɢ 
ɪɚɫɬɜɨɪɢɬɟɥɹɦɢ, ɬɟɪɦɢɱɟɫɤɨɣ ɩɟɪɟɪɚɛɨɬɤɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɦɟɬɨɞɵ 
ɫɨɜɦɟɫɬɧɨɣ ɩɟɪɟɪɚɛɨɬɤɢ ɧɟɮɬɟɲɥɚɦɨɜ ɢ ɬɜɟɪɞɵɯ ɬɨɩɥɢɜ: ɝɨɪɸɱɢɯ ɫɥɚɧɰɟɜ, ɭɝɥɟɣ. Ɉɬɦɟɱɚɟɬɫɹ, 
ɱɬɨ ɞɨɦɢɧɢɪɭɸɳɢɦɢ ɤɪɢɬɟɪɢɹɦɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɬɟɯɧɨɥɨɝɢɢ ɭɬɢɥɢɡɚɰɢɢ ɧɟɮɬɹɧɵɯ ɨɬɯɨɞɨɜ 
ɞɨɥɠɧɵ ɛɵɬɶ ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢ ɫɧɢɠɟɧɢɟ ɭɪɨɜɧɹ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ ɧɚ 
ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ. 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɧɟɮɬɟɲɥɚɦ, ɤɢɫɥɵɣ ɝɭɞɪɨɧ, ɨɬɜɟɪɠɞɟɧɢɟ, ɷɤɫɬɪɚɤɰɢɹ, ɩɢɪɨɥɢɡ. 
 

Technological oil sludge treatment processes 

 

S. V. EРКгКr’вКnЭs1
, V. A. Vinokurov

2
, A. V. Vutolkina

1
, M. Yu. Talanova

1
, V. I. Frolov

2, КnН л. A. 
Karakhanov

1
 

 

Modern efficient oil sludge and acidic heavy resid processing methods are reviewed. Technologies for 

dewatering, hardening, solvent extraction, thermal treatment, including in the presence of catalysts, and 

combined oil sludge and solid fuel (oil shales, coals, etc.) treatment methods are analyzed in detail. It is 

noted that the dominant criteria of efficiency of oil waste utilization technology should be economic 

effectiveness and reduced stress on the environment. 

Keywords: oil sludge, acidic heavy resid, hardening, extraction, pyrolysis. 

 

 

ɉɨɥɭɱɟɧɢɟ ɛɢɨɷɬɚɧɨɥɚ ɢɡ ɥɢɝɧɨɰɟɥɥɸɥɨɡɧɨɝɨ ɫɵɪɶɹ ɫ ɩɨɦɨɳɶɸ ɤɫɢɥɨɬɪɨɮɧɵɯ 
ɛɚɡɢɞɢɨɦɢɰɟɬɨɜ 
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ɉɪɨɜɟɞɟɧ ɨɛɡɨɪ ɧɚɭɱɧɨɣ ɥɢɬɟɪɚɬɭɪɵ ɩɨ ɩɪɢɦɟɧɟɧɢɸ ɤɫɢɥɨɬɪɨɮɧɵɯ ɛɚɡɢɞɢɚɥɶɧɵɯ ɝɪɢɛɨɜ ɞɥɹ 
ɩɪɟɞɨɛɪɚɛɨɬɤɢ, ɝɢɞɪɨɥɢɡɚ ɢ ɫɛɪɚɠɢɜɚɧɢɹ ɥɢɝɧɨɰɟɥɥɸɥɨɡɧɨɝɨ ɫɵɪɶɹ. Ɋɚɫɫɦɨɬɪɟɧɨ ɜɥɢɹɧɢɟ 
ɭɫɥɨɜɢɣ ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɹ ɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɟɪɟɪɚɛɨɬɤɢ. Ɉɫɧɨɜɧɵɦɢ ɧɟɞɨɫɬɚɬɤɚɦɢ 
ɤɨɧɫɨɥɢɞɢɪɨɜɚɧɧɨɣ ɛɢɨɩɟɪɟɪɚɛɨɬɤɢ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɫɵɪɶɹ ɜ ɷɬɚɧɨɥ ɫ ɩɨɦɨɳɶɸ ɛɚɡɢɞɢɨɦɢɰɟɬɨɜ 
ɹɜɥɹɸɬɫɹ ɧɢɡɤɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɷɬɚɧɨɥɚ ɧɚ ɜɵɯɨɞɟ ɢ ɛɨɥɶɲɢɟ ɜɪɟɦɟɧɧɵɟ ɡɚɬɪɚɬɵ ɧɚ 
ɩɪɟɞɨɛɪɚɛɨɬɤɭ. 
Кɥюɱевɵе ɫɥɨва: ɛɢɨɷɬɚɧɨɥ, ɤɫɢɥɨɬɪɨɮɧɵɟ ɛɚɡɢɞɢɨɦɢɰɟɬɵ, ɥɢɝɧɨɰɟɥɥɸɥɨɡɧɨɟ ɫɵɪɶɟ, 
ɤɨɧɫɨɥɢɞɢɪɨɜɚɧɧɚɹ ɛɢɨɩɟɪɟɪɚɛɨɬɤɚ. 
 

Ethanol production from lignocellulosic biomass using acid peat basidiomycetes 

 

N. R. AХ’mвКsСОЯК, A. A. NoЯТФoЯ, E. ВЮ. Kozhevnikova, A. V. Golyshkin, A. V. Barkov, and V. A. 

Vinokurov 

 

The scientific literature on the use of acid peat basidial fungi for pretreatment, hydrolysis, and 

fermentation of lignocellulosic biomass is reviewed. The influence of cultivating conditions on the 

treatment effectiveness is studied. The major deficiencies of consolidated bioprocessing of vegetable 



materials into ethanol using basidiomycetes are low ethanol concentration at the outlet and long 

pretreatment time. 

Keywords: bioethanol, acid peat basidiomycetes, lignocellulosic biomass, consolidated bioprocessing. 

 

 

Ɇɨɸɳɟɟ ɞɟɣɫɬɜɢɟ ɫɥɨɠɧɵɯ ɷɮɢɪɨɜ ɦɧɨɝɨɚɬɨɦɧɵɯ ɫɩɢɪɬɨɜ ɜ ɦɨɬɨɪɧɵɯ ɦɚɫɥɚɯ 
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ɇɚ ɩɪɢɦɟɪɟ ɫɥɨɠɧɵɯ ɷɮɢɪɨɜ ɦɧɨɝɨɚɬɨɦɧɵɯ ɫɩɢɪɬɨɜ ɩɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɭɦɟɧɶɲɟɧɢɹ 
ɮɨɪɦɢɪɨɜɚɧɢɹ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɨɬɥɨɠɟɧɢɣ ɜ ɞɜɢɝɚɬɟɥɹɯ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ. ɋɦɟɲɟɧɢɟɦ 
ɫɥɨɠɧɵɯ ɷɮɢɪɨɜ ɦɧɨɝɨɚɬɨɦɧɵɯ ɫɩɢɪɬɨɜ ɢ ɧɟɮɬɹɧɵɯ ɦɚɫɟɥ ɝɢɞɪɨɤɪɟɤɢɧɝɚ ɩɨɥɭɱɟɧɵ ɤɨɦɩɨɡɢɰɢɢ, 
ɤɨɬɨɪɵɟ ɩɪɟɜɨɫɯɨɞɹɬ ɱɢɫɬɵɟ ɫɥɨɠɧɵɟ ɷɮɢɪɵ ɤɚɪɛɨɧɨɜɵɯ ɤɢɫɥɨɬ ɩɨ ɬɟɪɦɨɨɤɢɫɥɢɬɟɥɶɧɨɣ 
ɫɬɚɛɢɥɶɧɨɫɬɢ. 
Кɥюɱевɵе ɫɥɨва: ɛɚɡɨɜɵɟ ɦɚɫɥɚ, ɨɩɬɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ, 
ɫɥɨɠɧɵɟ ɷɮɢɪɵ ɦɧɨɝɨɚɬɨɦɧɵɯ ɫɩɢɪɬɨɜ, ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɟ ɨɬɥɨɠɟɧɢɹ. 
 

Detergent action of esters of polyatomic alcohols in motor oils 
 

B. P. Tonkonogov, L. N. Bagdasarov, S. V. Lopata, and V. V. Osechkin 

 

The possibility of reducing high-temperature deposit formation in internal combustion engines is shown 

with reference to esters of polyatomic (polyhydric) alcohols. Composites that are superior to pure esters 

of carboxylic acids in thermooxidative stability were produced by mixing esters of monoatomic 

(monohydric) alcohols and petroleum hydrocracking motor oils. 

Keywords: base oils, optical density, esters of polyatomic alcohols, high-temperature deposits. 

 

 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɩɚɪɨɜɨɣ ɤɨɧɜɟɪɫɢɢ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɜɨɞɨɪɨɞɚ ɜɵɫɨɤɨɣ 
ɱɢɫɬɨɬɵ 

 

А. Каɧɰеɥа1, А. ɋаɧɱеɫ1, Ɋ. Маɤеɣɪаɫ2, В. Аɥɶфɨɧɫɢɧ2
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ɉɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɚɪɨɜɨɣ ɤɨɧɜɟɪɫɢɢ ɦɟɬɚɧɚ ɫ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ ɜɨɞɨɪɨɞɚ 

ɞɥɹ ɬɨɩɥɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ. ɉɪɨɰɟɫɫ ɩɪɨɜɨɞɢɬɫɹ ɜ ɱɟɬɵɪɟɯ ɪɟɚɤɬɨɪɚɯ ɜ ɬɪɢ ɫɬɚɞɢɢ: ɩɚɪɨɜɚɹ 
ɤɨɧɜɟɪɫɢɹ ɦɟɬɚɧɚ, ɤɨɧɜɟɪɫɢɹ ɋɈ ɜ ɋɈ2 ɢ ɢɡɛɢɪɚɬɟɥɶɧɨɟ ɨɤɢɫɥɟɧɢɟ ɦɨɧɨɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ. 
Кɥюɱевɵе ɫɥɨва: ɜɨɞɨɪɨɞ, ɬɨɩɥɢɜɧɵɣ ɷɥɟɦɟɧɬ, ɩɚɪɨɜɚɹ ɤɨɧɜɟɪɫɢɹ. 
 

Simulation of natural gas steam reforming to obtain high-purity hydrogen 
 

A. Cancela, A. Sanchez, R. Maceiras, and V. Alfonsin 

 

The results of simulation of steam reforming of methane to produce hydrogen for fuel cells are presented. 

The process is implemented in four reactors in three stages: steam reforming of methane, CO conversion 

to CO2, and selective oxidation of CO. 

Keywords: hydrogen, fuel cells, steam reforming, renewable. 



Иɡɜɥɟɱɟɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ ɋ2+ ɢɡ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɭɪɛɨɞɟɬɚɧɞɟɪɚ: 
ɫɢɬɭɚɰɢɨɧɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɢ ɦɨɞɟɥɢɪɨɜɚɧɢɟ 
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ȼ ɫɪɟɞɟ AspОn HВSВS ɩɪɨɜɟɞɟɧɨ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɢɡɜɥɟɱɟɧɢɹ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɋ2+ ɢɡ 
ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɭɪɛɨɞɟɬɚɧɞɟɪɚ. ɍɫɬɚɧɨɜɥɟɧɨ ɜɥɢɹɧɢɟ ɞɚɜɥɟɧɢɹ ɜ 
ɞɟɦɟɬɚɧɢɡɚɬɨɪɟ ɧɚ ɫɬɟɩɟɧɶ ɢɡɜɥɟɱɟɧɢɹ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɋ2+. 

Кɥюɱевɵе ɫɥɨва: ШɎɅɍ, AspОn HВSВS, ɬɭɪɛɨɞɟɬɚɧɞɟɪ, ɞɟɦɟɬɚɧɢɡɚɬɨɪ 

 

Optimal ngl recovery from natural gas using turboexpander: a case study and simulation 

 

R. K. Abdulrahman, M. H. S. Zangana, and I. M. Sebastine 

 

Associated gas from oil wells is the most common raw natural gas in Middle East countries and 

МomprТsОs КЛoЮЭ 70% oП IrКq’s nКЭЮrКХ РКs rОsoЮrМОs. AssoМТКЭОН РКs Тs ЮsЮКХХв ХoКНОН аТЭС МonsТНОrКЛХО 
amounts of C2+ hydrocarbons. Liquids from these hydrocarbons, commonly referred to as NGLs, include 

ethane, propane, butanes, and natural gasoline. They can be used as fuel or as feedstock in refineries and 

petrochemical plants, while the heavier portion can be used as gasoline-blending stock. To produce 

pipeline-quality dry natural gas and to meet safe delivery and combustion specification, they must be 

removed and recovered from the raw natural gas stream. This being the case, this study is aimed at 

stimulating and maximizing NGL recovery by applying the latest V.8 Aspen HYSYS simulator and 

examining the demethanizer feed pressure. 

Keywords: Natural gas liquids, process optimization, NGL recovery, process simulation. Aspen HYSYS, 

turboexpander, demethanizer. 

 

 

ɋɢɧɬɟɡ ɢ ɩɪɢɦɟɧɟɧɢɟ ɡɚɝɭɫɬɢɬɟɥɹ ɞɥɹ ɷɤɨɥɨɝɢɱɟɫɤɢ ɛɟɡɨɩɚɫɧɨɝɨ ɛɭɪɨɜɨɝɨ ɪɚɫɬɜɨɪɚ ɧɚ 
ɧɟɮɬɹɧɨɣ ɨɫɧɨɜɟ 

 

ȼɚɧ Ʌɚɧɶɰɡɟ 

 

College of Chemistry and Environmental Engineering, Yangtze University (JingZhou, China), 

 

E-mail: wanglanjiewang@126 

 

Ɋɚɡɪɚɛɨɬɚɧ ɷɤɨɥɨɝɢɱɟɫɤɢ ɛɟɡɨɩɚɫɧɵɣ ɡɚɝɭɫɬɢɬɟɥɶ KLD-1 ɞɥɹ ɛɭɪɨɜɨɝɨ ɪɚɫɬɜɨɪɚ ɧɚ ɧɟɮɬɹɧɨɣ 
ɨɫɧɨɜɟ. Ɂɚɝɭɫɬɢɬɟɥɶ ɩɨɥɭɱɟɧ ɦɟɬɨɞɨɦ ɷɦɭɥɶɫɢɨɧɧɨɣ ɫɨɫɨɩɨɥɢɦɟɪɢɡɚɰɢɢ ɜ ɪɚɫɬɜɨɪɟ ɦɚɫɥɚ 
ɧɟɢɨɧɨɝɟɧɧɨɝɨ ɦɨɧɨɦɟɪɚ, ɚɧɢɨɧɧɨɝɨ ɦɨɧɨɦɟɪɚ ɢ ɜɨɞɨɪɚɫɬɜɨɪɢɦɨɝɨ ɦɨɧɨɦɟɪɚ. ɉɨɥɭɱɟɧɧɵɣ 
ɡɚɝɭɫɬɢɬɟɥɶ ɨɤɚɡɚɥɫɹ ɷɮɮɟɤɬɢɜɧɵɦ ɜ ɩɨɜɵɲɟɧɢɢ ɜɹɡɤɨɫɬɢ ɢ ɧɚɩɪɹɠɟɧɢɹ ɫɞɜɢɝɚ, ɭɦɟɧɶɲɟɧɢɢ 
ɮɢɥɶɬɪɚɬɨɨɬɞɚɱɢ ɛɭɪɨɜɨɝɨ ɪɚɫɬɜɨɪɚ ɧɚ ɧɟɮɬɹɧɨɣ ɨɫɧɨɜɟ ɢ ɭɫɩɟɲɧɨ ɩɪɨɲɟɥ ɢɫɩɵɬɚɧɢɹ ɜ ɝɚɡɨɜɨɣ 
ɫɤɜɚɠɢɧɟ ɭɝɨɥɶɧɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ Ɏɭɫɢɧɶ 2. 
Кɥюɱевɵе ɫɥɨва: ɛɭɪɨɜɨɣ ɪɚɫɬɜɨɪ ɧɚ ɧɟɮɬɹɧɨɣ ɨɫɧɨɜɟ, ɷɤɨɥɨɝɢɱɟɫɤɢ ɛɟɡɨɩɚɫɧɵɣ ɡɚɝɭɫɬɢɬɟɥɶ, 
ɩɨɜɵɲɟɧɢɟ ɜɹɡɤɨɫɬɢ. 
 

Preparation and application of viscosifier for enviroment-friendly oil-based drilling fluid 

 

Wang Lanjie 

 

There has been much research worldwide on viscosifier for water-based drilling fluid, but research on 

viscosifier for oil-based drilling fluid is still in the exploratory stage and effective viscosifier for oil-based 

drilling fluid is lacking. An environment-friendly viscosifier, KLD-1, for oil-based drilling fluid has been 



developed by reverse emulsion polymerization based on reaction of non-ionic, anionic, and water-soluble 

monomers in oil solution. The KLD-1 viscosifier is effective in increasing viscosity and shearing force, 

resisting temperature, and reducing biological toxicity and preparation cost (by about 12%). It has been 

used successfully in the Fuxin 2 coal field gas well. 

Keywords: oil-based drilling fluid, environment-friendly viscosifier, preparation, viscosity and shearing 

force increasing, environment protection. 

 

 

Иɫɫɥɟɞɨɜɚɧɢɟ ɪɟɠɢɦɨɜ ɞɜɢɠɟɧɢɹ ɝɚɡɚ ɜ ɦɢɤɪɨ- ɢ ɧɚɧɨɩɨɪɚɯ ɫɥɚɧɰɟɜɵɯ ɝɚɡɨɜɵɯ 
ɦɟɫɬɨɪɨɠɞɟɧɢɣ 

 

ɑɠɭɧ Иɧ1,2, ɑɠɚɧ Хɚɨ1,2, ɒɚɨ ɑɠɷɧɶɛɢɧɶ1,2, Ʌɢ Ʉɚɣ1
 

 
1
School of Energy, Chengdu University of Technology, 

2
The State Key Laboratory of Oil and Gas Reservoir Geology and Exploitation, Chengdu University of 

Technology (Chengdu, China), 

 

E-mail: 18681383280@163.com 

 

ȼ ɫɥɚɧɰɟɜɵɯ ɩɨɪɨɞɚɯ ɝɚɡ ɦɨɠɟɬ ɧɚɯɨɞɢɬɶɫɹ ɜ ɩɨɪɚɯ, ɪɚɡɦɟɪ ɤɨɬɨɪɵɯ ɜɚɪɶɢɪɭɟɬɫɹ ɨɬ 10–6 ɞɨ 10–9 

ɦ, ɤɚɤ ɜ ɫɜɨɛɨɞɧɨɦ, ɬɚɤ ɢ ɜ ɚɞɫɨɪɛɢɪɨɜɚɧɧɨɦ ɫɨɫɬɨɹɧɢɢ. ȼ ɧɚɫɬɨɹɳɟɣ ɫɬɚɬɶɟ ɩɪɢɜɟɞɟɧɵ 
ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɟɯɚɧɢɡɦɨɜ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɜɢɠɟɧɢɹ ɝɚɡɚ, ɨɬɤɥɨɧɹɸɳɟɝɨɫɹ ɨɬ ɡɚɤɨɧɚ 
Ⱦɚɪɫɢ, ɜ ɫɥɚɧɰɟɜɵɯ ɝɚɡɨɜɵɯ ɩɥɚɫɬɚɯ. ɉɪɨɰɟɫɫ ɮɢɥɶɬɪɚɰɢɢ ɝɚɡɚ ɪɚɡɞɟɥɟɧ ɧɚ ɮɢɥɶɬɪɚɰɢɸ ɜ ɩɨɪɚɯ 
ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɢ ɧɟɨɪɝɚɧɢɱɟɫɤɨɝɨ ɜɟɳɟɫɬɜɚ ɧɚ ɨɫɧɨɜɟ ɱɢɫɥɚ Ʉɧɭɞɫɟɧɚ. ɉɪɟɞɥɨɠɟɧɵ ɧɨɜɵɟ 
ɭɪɚɜɧɟɧɢɹ ɬɟɱɟɧɢɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɨɜ ɬɟɱɟɧɢɹ, ɭɱɢɬɵɜɚɸɳɢɟ ɜɥɢɹɧɢɟ ɚɞɫɨɪɛɰɢɢ-ɞɟɫɨɪɛɰɢɢ, 
ɷɮɮɟɤɬɵ ɩɪɨɫɤɚɥɶɡɵɜɚɧɢɹ ɢ ɞɢɮɮɭɡɢɢ Ʉɧɭɞɫɟɧɚ ɢ ɜɨɞɨɧɚɫɵɳɟɧɧɨɫɬɶ. ɇɨɜɵɟ ɩɪɟɞɥɨɠɟɧɧɵɟ 
ɭɪɚɜɧɟɧɢɹ ɬɟɱɟɧɢɹ ɛɵɥɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɵ ɫ ɭɱɟɬɨɦ ɜɥɢɹɧɢɹ ɬɨɥɳɢɧɵ ɚɞɫɨɪɛɰɢɨɧɧɨɝɨ ɫɥɨɹ ɢ 
ɬɨɥɳɢɧɵ ɩɥɟɧɤɢ ɜɨɞɵ ɧɚ ɫɬɟɧɤɚɯ ɩɨɪ. 
Кɥюɱевɵе ɫɥɨва: ɪɟɠɢɦ ɬɟɱɟɧɢɹ ɝɚɡɚ, ɚɞɫɨɪɛɰɢɹ-ɞɟɫɨɪɛɰɢɹ, ɷɮɮɟɤɬ ɩɪɨɫɤɚɥɶɡɵɜɚɧɢɹ, 
ɞɢɮɮɭɡɢɹ Ʉɧɭɞɫɟɧɚ, ɩɥɟɧɤɚ ɜɨɞɵ. 
 

Mechanisms of gas transport in micro- and nano-scale matrix pores in shale gas reservoirs 
 

Zhong Ying, Zhang Hao, Shao Zenbin, and Li Kai 

 

Shale gas may occur in pores ranging in size from 10-6 to 10-9 in both adsorbed and free states. This 

paper reports the results of research on the mechanisms and characteristics of gas transport in shale gas 

reservoirs, which deviates from the Darcy Law. The gas migration process is divided into migration in 

organic and inorganic matrix pores based on Knudsen number. The new models proposed for various 

flow modes take account of the effect of adsorption-desorption, slippage, Knudsen diffusion, and water 

saturation. The new flow models were modified with due regard for adsorption layer thickness and water 

film thickness on pore walls. The proposed new diffusion-flow model can be applied for designing and 

developing shale gas reservoir. 

Keywords: gas transport mechanism, adsorption-desorption, slippage effect, Knudsen diffusion, water 

film. 
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ɋ ɩɨɦɨɳɶɸ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɟɞɩɪɢɧɹɬɚ ɩɨɩɵɬɤɚ ɢɡɭɱɟɧɢɹ ɜɥɢɹɧɢɹ ɫɜɨɣɫɬɜ 
ɪɚɡɛɭɪɢɜɚɟɦɵɯ ɩɥɚɫɬɨɜ ɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ ɫɬɜɨɥɚ ɫɤɜɚɠɢɧɵ. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ 
ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɝɥɚɜɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɨɤɧɨ ɩɥɨɬɧɨɫɬɢ ɛɭɪɨɜɨɝɨ 
ɪɚɫɬɜɨɪɚ (ɈɉȻɊ) ɤɚɤ ɞɥɹ ɩɪɨɧɢɰɚɟɦɵɯ, ɬɚɤ ɢ ɞɥɹ ɧɟɩɪɨɧɢɰɚɟɦɵɯ ɩɨɪɨɞ ɫɭɠɚɟɬɫɹ. Ⱦɥɹ 
ɩɪɨɧɢɰɚɟɦɵɯ ɝɨɪɧɵɯ ɩɨɪɨɞ ɩɨɜɵɲɚɟɬɫɹ ɜɟɪɨɹɬɧɨɫɬɶ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɩɪɨɛɥɟɦ ɫ ɭɫɬɨɣɱɢɜɨɫɬɶɸ 
ɫɬɟɧɨɤ ɫɤɜɚɠɢɧɵ. ɉɪɢ ɩɨɫɬɨɹɧɧɨɦ ɤɨɷɮɮɢɰɢɟɧɬɟ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɝɥɚɜɧɵɯ ɧɚɩɪɹɠɟɧɢɣ 
ɞɚɜɥɟɧɢɟ, ɩɪɢ ɤɨɬɨɪɨɦ ɩɪɨɢɫɯɨɞɢɬ ɩɨɬɟɪɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɢ ɨɛɪɭɲɟɧɢɟ ɫɬɟɧɨɤ ɫɤɜɚɠɢɧɵ 
(ɨɛɜɚɥɨɨɛɪɚɡɨɜɚɧɢɟ), ɢ ɞɚɜɥɟɧɢɟ ɝɢɞɪɨɪɚɡɪɵɜɚ ɩɥɚɫɬɚ (ȽɊɉ) ɥɢɧɟɣɧɨ ɜɨɡɪɚɫɬɚɸɬ. ɋ ɪɨɫɬɨɦ 
ɩɨɪɨɜɨɝɨ ɞɚɜɥɟɧɢɹ ɈɉȻɊ ɫɭɠɚɟɬɫɹ; ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɩɪɟɞɟɥɚ ɩɪɨɱɧɨɫɬɢ ɝɨɪɧɨɣ ɩɨɪɨɞɵ ɧɚ 

ɪɚɫɬɹɠɟɧɢɟ ɈɉȻɊ ɭɜɟɥɢɱɢɜɚɟɬɫɹ; ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɫɢɥɵ ɫɰɟɩɥɟɧɢɹ ɦɨɥɟɤɭɥ ɈɉȻɊ ɬɚɤɠɟ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ. ɈɉȻɊ ɞɥɹ ɩɪɨɧɢɰɚɟɦɵɯ ɩɨɪɨɞ ɲɢɪɟ, ɱɟɦ ɞɥɹ ɧɟɩɪɨɧɢɰɚɟɦɵɯ; ɫ ɭɜɟɥɢɱɟɧɢɟɦ 
ɜɧɭɬɪɟɧɧɟɝɨ ɭɝɥɚ ɬɪɟɧɢɹ ɈɉȻɊ ɪɚɫɲɢɪɹɟɬɫɹ; ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɷɮɮɟɤɬɢɜɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɈɉȻɊ 
ɫɭɠɚɟɬɫɹ. 
Кɥюɱевɵе ɫɥɨва: ɭɫɬɨɣɱɢɜɨɫɬɶ ɫɬɟɧɨɤ ɫɤɜɚɠɢɧɵ, ɩɪɨɧɢɰɚɟɦɨɫɬɶ, ɞɚɜɥɟɧɢɟ ɨɛɪɭɲɟɧɢɹ, ɞɚɜɥɟɧɢɟ 
ɝɢɞɪɨɪɚɡɪɵɜɚ ɩɥɚɫɬɚ. 
 

Influence of stratum properties on wellbore stability 

 

Yang Hao 

 

The influence of stratum properties on wellbore stability was studied by numerical simulation. The results 

showed that the drilling mud density window (DMDW) for both permeable and impermeable strata 

narrows with increase in ground stress non-uniformity coefficient. The probability of wellbore wall 

instability increases where the strata are permeable. If the ground stress non-uniformity coefficient is 

constant, the pressure at which stability loss and wellbore wall collapse occur, and the stratum fracture 

pressure (SFP) rises linearly, with the fracture pressure rising faster than the collapse pressure. The 

DMDW narrows with rise in pore pressure, widens with increase in stratum tensile strength and with 

increase in molecule cohesion force, is wider for permeable strata than for impermeable strata, widens 

with increase of internal friction angle, and narrows with increase in effective stress. The DMDW is not 

КППОМЭОН Лв ТnМrОКsО Тn PoТson’s rКЭТo КnН porosТЭв ТП ЭСОrО Тs no pОrmОКЭТon, ЛОМomОs smКХХОr ТП ЭСОrО Тs 
permeation. In the absence of supporting force, the wellbore stability declines drastically and formation 

near the wellbore also becomes unstable. 

Keywords: wellbore stability, stratum property, permeation, collapse pressure, fracture pressure. 

 


