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Section I. TECHNOLOGY OF ORGANIC SUBSTANCES
Sibirtsev M.M., Drozdova D.S., Frolkova A.K.
Using directed recycles to increase the energy efficiency of separation schemes for ternary azeotropic mixtures

MIREA – Russian Technological University, Lomonosov Institute of Fine Chemical Technologies
Abstract
This article explores the potential for increasing the energy efficiency of distillation separation of ternary mixtures of varying compositions by incorporating directed recycles into the flowsheets. The following systems are considered: n-butanol – isobutanol – water, methoxypropyl acetate – methoxypropanol – water, cyclohexanol – cyclohexanone – water, and butyl acetate – ethyl acetate – water. Their phase diagrams contain two azeotropic and one zeotropic binary components, as well as a two-phase separation region. Separation schemes with different structures, including forced and directed recycles, are synthesized for feedstock mixtures located in different subregions of the distillation process. A computational experiment was conducted to determine

the operating parameters of the distillation columns and energy consumption required to ensure the required product stream quality. For mixtures located in unfavorable subregions of rectification, the possibility of reducing energy costs by up to 40–45 % by using directed recycles has been demonstrated compared to schemes oriented towards the first and second specified separations
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Separation of azeotrope-forming mixtures by rectification using open-type heat pumps
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Abstract
The article discusses the use of open-type compression heat pumps during the separation of binary azeotrope-forming mixtures using two distillation columns operating at different pressures. Schematic diagrams of installations with different organization of material and heat flows are given. The cost of energy costs for the separation options under consideration has been estimated. It is shown that the use

of heat pumps in a number of cases can significantly increase the energy efficiency of the separation process under consideration and reduce its cost.
Keywords: rectification, azeotrope-forming mixtures, separation schemes, heat pumps, energy saving, separation cost
References
1. Ajnshtejn V.G., Zaharov M.K., Nosov G.A. i dr. Obshchij kurs processov i apparatov himicheskoj tekhnologii. M.: Vysshaya shkola, 2006. 1760 s.

2. Yantovskij E.I., Levin L.A. Promyshlennye teplovye nasosy. M.: Energoizdat, 1989. 128 s.

3. Amerhanov R.A. Teplovye nasosy. M.: Energoizdat, 2005. 160 s.

4. Zaharov M.K., Nosov G.A. Myasoedenkov V.M. Primenenie teplovyh nasosov v processah himicheskoj tekhnologii // Uchenye zapiski MITHT im. M.V. Lomonosova. 2002. Vyp. 6. S. 55-63.

5. Homenkov A.S., Il'ina S.I. Energosnabzhenie v processah rektifikacii s primeneniem teplovyh nasosov // Uspekhi v himii i himicheskoj tekhnologii. 2017. T. 31, № 5. S. 17-19. EDN ZTIJVR.

6. Nosov G.A., Uvarov M.E., Bagautdinov N.P. Primenenie teplovyh nasosov zakrytogo tipa pri razdelenii binarnyh geteroazeotropnyh smesej metodom rektifikacii // Promyshlennye processy i tekhnologii. 2025. T. 5, № 4(18). S. 125-133. DOI: 10.37816/2713-0789-2025-5-4(18)-125-133.

7. Nosov G.A., Uvarov M.E., Bagautdinov N.P. Razdelenie geteroazeotropnyh smesej metodom rektifikacii s ispol'zovaniem teplovyh nasosov // Himicheskaya tekhnologiya. 2025. T. 26, № 9. S. 344-349. DOI: 10.31044/1684-5811-2025-26-9-344-349.
----------------------------------------------------------------------------------------------------
Ezhelev А.А., Nazarenko D.I., Afanasyеva A.A., Ivanov D.E., Shvetsova-Shilovskaya T.N.
Mathematical modeling of the thermal operating mode of a distillation column during column startup
Federal State Unitary Enterprise «State Scientific and Research Institute of Organic Chemistry and Technology» State Scientific Center of Russian Federation

Abstract
A mathematical model of the thermal regime of a distillation column during its preheating stage has been developed. Based on this model, an assessment of the temperature change dynamics in various thermal units of the distillation column used in the process for triethylamine regeneration during its preheating stage has been conducted. A comparison of the calculated temperature values with the temperature values measured during the column heating has been performed. Satisfactory agreement between the calculated and experimental data has been obtained.
Keywords: mathematical modeling, distillation column, heat exchange, thermal regime, column heating, triethylamine
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Section II. ANALYTICAL CHEMISTRY
Skvortsova S.V., Tihonova Yu.А., Skvortsov F.I., Glukhan E.N., Khrustalev R.A.
Application of machine learning technologies for the identification of organochlorine compounds in air based on ion mobility spectra
Federal State Unitary Enterprise «State Scientific and Research Institute of Organic Chemistry and Technology» State Scientific Center of Russian Federation
Abstract
The article discusses modern approaches to improving the selectivity of ion mobility spectrometry based on machine learning technologies. The capabilities of classical machine learning algorithms, deep neural network architectures, and hybrid models for detecting hidden features in output data and ensuing reliable identification of chlorine-containing substances are analyzer. Using the IMS gas analyzer «Segment», spectrometric data were obtained for 8 organochlorine compounds at various concentrations. On the preprocessed dataset, classical machine learning models, fully connected and convolutional neural networks, and autoencoders combined with simple classifiers were trained and evaluated.
Keywords: ion mobility spectrometry, selectivity, machine learning, deep learning of neural networks, organochlorine compounds
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Abstract
This work presents the results of an exometabolomic analysis of the thermophilic bacterium Geobacillus icigianus cultivated in Trypticase Soy Broth (TSB). Despite the availability of genomic data, the strain’s true metabolic phenotype remains unknown, limiting its targeted biotechnological applications. Gas chromatography coupled with mass spectrometry (GC-MS) was used to identify metabolites. Thirty-five compounds have been identified, encompassing amino acids (including non-proteinogenic ones), organic acids of the Krebs cycle and their derivatives, fatty acids, monoamines, and several other groups of compounds. Accumulation of osmoprotectants (pyroglutamic and gamma-aminobutyric acids) has been detected,

indicating the possibility of their biotechnological extraction from Geobacillus icigianus. Based on the results of the analysis, hypotheses regarding the potential use of Geobacillus icigianus in biotechnology have been proposed.
Keywords: exometabolome, thermophiles, biotechnological potential, metabolome, Geobacillus
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Synthesis of methiyl esters of dicarboxylic acids via dimethyl carbonate under heterogeneous catalysis
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Abstract
This study is devoted to the development of a method for producing dimethyl esters of dicarboxylic acids by reacting methanol with the corresponding anhydrides using dimethyl carbonate as an additional methylating agent, with the use of a heterogeneous catalyst KU-2-8 (H+). Maleic, phthalic, and succinic anhydrides were considered as the initial reagents. The influence of the catalyst amount, the ratio of reagents, and the duration of the synthesis on the yield of the target reaction products have been studied.
Keywords: esters of dicarboxylic acids, dimethyl maleate, dimethyl succinate, dimethyl phthalate, dimethyl carbonate, methanol, heterogeneous catalysis
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