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MODERNIZATION OF THE HEAT EXCHANGER WITH THE
DEVELOPMENT OF AN AMMONIUM NITRATE PRODUCTION PLANT
Student Tishchenko O. S., associate professor, Ph.D. Novokhat O. A.
National Technical University of Ukraine
«lgor Sikorsky Kyiv Polytechnic Institute»

ABSTRACT: This paper presents an improved technological scheme for
producing ammonium nitrate using a nitric acid heat exchanger-heater. The principle
of operation of a shell-and-tube vertical heater is considered, its role in the
evaporation-free production method is analyzed, and the main directions of its
modernization are substantiated in order to increase the efficiency of heat transfer,
reliability, and energy saving.

Keywords: AMICONE NITRATE, NON-Evaporation METHOD, HEAT
EXCHANGER, NITRIC ACID HEATER, SHELL-TUBE APPARATUS,
NEUTRALIZATION.

MOJEPHI3ANISA TEIIVIOOBMIHHHUKA 3 PO3POBKOIO YCTAHOBKHA
BUPOBHUIITBA AMIAYHOI CEJIITPH
Crynent Tumenko O. C. goueHT, k.1.H. HoBoxat O. A.
HauionanbHuil TEXHIYHUNA YHIBEPCUTET YKpaiHu
“KuiBchbkuil nodiTexHIYHUM 1HCTUTYT iMeH1 [ropst Cikopcbkoro”
AHOTAIUSA: V oaniti pobomi nasederno yOOCKOHANEH) MEXHOJLO2IUHY CXemy
OMPUMAHHS AMIAYHOI CeNimpu 3 BUKOPUCMAHHAM MeNI000MIHHUKA-Nnidiepisaua
azomuoi kuciromu. Pozensinymo npunyun pobomu KodHcyxompyoHo20 8epmuKaibHO20
nidiepiBHUKA, NPOAHANIZ08AHO 1020 POJib Y 6€36UNAPHOMY CHOCODI 8UPOOHUYMEA Ma
O0OIPYHMOBAHO OCHOBHI HANPAMU 1020 MOOEpHI3ayii 3 Memow NiO8UUEeHHs

eghexmusHocmi menyonepedaui, HAOIIHOCMI MA eHeP2030EePEHCeHHSL. .
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KJIIOUOBI CJOBA: AMIYAHA CEJIITPA, BE3BUITAPHUI CIIOCIB,
TEIJIOOBMIHHUK, ITIJIITPIBAY AB0OTHOI KHUCJIOTU, KOXYXOTPYBHUI
ATIAPAT, HEMTPAJII3ALIISL.

The production of ammonium nitrate (NH4NO3) by the evaporation-free
method is based on the process of neutralizing nitric acid with ammonia without a
subsequent stage of water evaporation. This method allows to significantly reduce
energy costs and simplify the technological scheme, since there is no need to use
evaporators. In this method, nitric acid is preheated, which ensures a more intensive
neutralization process and stable process parameters. After neutralization, the
resulting ammonium nitrate solution is sent for further concentration or directly to
granulation [1, 2].

Ammonium nitrate is a highly effective concentrated mineral ammonium
nitrate fertilizer with high solubility. It contains 34.4% nitrogen, is well absorbed by
plants, and is suitable for any soil and agricultural crops. It has an acidifying effect on
the soil. For agriculture, ammonium nitrate is produced in the form of spherical
granules. Among all fertilizers, it ranks first in terms of frequency of use in
agriculture, which is 55-60% of the mineral fertilizers available on the market.

Ammonium nitrate is also used as an explosive. Its critical diameter (the
smallest diameter of a cylindrical charge at which detonation can spread) is so large
(for raw, uncrushed saltpeter, it is close to several meters), and its susceptibility to
detonation is so insignificant that pure saltpeter can be worked with in the same way
as inert salts. The most common mixtures in industry and mining are ammonium
nitrate with various types of hydrocarbon combustible materials, other explosive
substances, as well as multicomponent mixtures [2].

The technological scheme for the production of ammonium nitrate by the non-

evaporative method is shown in Figure 1.



36ipuuk Te3 nonosineii XXXV Beeykpaincbkoi HayKOBO-IpakTUYHOI KOH(pepeHuii cTyaeHTIB,
acmipaHTiB i MoJsionux BueHux “O0JaTHAHHSA XiMiYHUX BUPOOHHMUTB i MiANPHEMCTB OyaAiBeIbHUX
MarepiaiiB”

b ¥ 4

»
”

[ -

e

’_!

1 — ammonia evaporator; 2 —ammonia heater; 3 — nitric acid heater; 4 —
reactor-neutralizer; 5, 6 — separator; 7 — pre-neutralizer; 8 — collector; 9 — vacuum
evaporator; 10 — collector for flotation; 11 — centrifugal pump; 12, 13 — surface
condensers of juice vapor; 14 — vacuum pump; 15 — collector of juice vapor
condensate; 16 — submersible pump; 17 — granulator; 18 — granulation tower; 19 —
apparatus for cooling granules in a fluidized bed; 20, 21 — fans; 22 — belt conveyor

Figure 1 — Scheme of ammonium nitrate production by the evaporation-free
method
Ammonia from the evaporator and nitric acid with a concentration of 47-50%
of the composition, heated in heat exchangers to a temperature of about 50°C, under
an absolute pressure of 0,35-0,45 MPa, enter the reactor-neutralizer, in which
ammonia interacts with an aqueous solution of nitric acid, forming a melt of
ammonium nitrate with a concentration of 96,5%. The resulting vapor-liquid

emulsion enters centrifugal separators, in which the juice vapor is separated from the
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melt. At the same time, the melt concentration due to self-evaporation as a result of a
decrease in pressure from 0,35 to 0,125 MPa increases to 97,5% NH;NO:s.

Since the melt after the separator has a temperature of about 200 °C, the
scheme provides for the use of the physical heat of the ammonium nitrate melt in the
vacuum evaporator. The melt from the separator is first directed to the pre-
neutralizer, which is fed with the decomposition products of dolomite or apatite
concentrate by nitric acid, which contributes to the production of non-caking
ammonium nitrate. In addition, gaseous ammonia is fed to the pre-neutralizer to
neutralize excess acidity. Then the melt flows into the collector, from which it is
pumped to the vacuum evaporator.

In the vacuum evaporator, due to self-evaporation as a result of pressure
reduction from 0,1 to 0,0347 MPa, the melt concentration increases to 98,5 - 99%,
and the juice vapor formed in this process is fed to the surface condenser of the juice
vapor for condensation. Inert gases are sucked out of the juice vapor by a vacuum
pump and discharged into the atmosphere. The ammonium nitrate melt enters the
melt collector and is fed through a centrifugal pump to the granulator, which rotates
at a speed of 400 rpm, spraying the melt over the entire cross section of the
granulation tower.

The formed melt droplets, falling downward, harden and turn into granules 1-3
mm in size. A device for cooling the granules in a fluidized bed is installed in the
lower part of the tower, which is formed using air coming from fans. The cooled
ammonium nitrate is fed to a conveyor, which is transported for packaging [1].

Nitric acid heaters are used to bring the temperature of nitric acid to the
optimum before feeding it into the neutralization apparatus. Heating the acid ensures
a stable neutralization reaction and increases the heat of the process, which improves
product quality. One option for choosing a heat exchanger is a floating head heat
exchanger.

The device is a vertical shell-and-tube heat exchanger, shown in Figure 2.
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1 — body, 2 — pipes, 3 — inner bottom
Figure 2 — Design of a vertical heat exchanger with a floating head

The movable tube grid together with the attached cover form a “floating head”,
which moves inside the casing when the pipes are heated and elongated. However,
the compensation of temperature deformations in the devices is not complete, since
the difference in the temperature expansion of the pipes can lead to the curvature of
the tube grid. Therefore, in multi-pass heat exchangers with a casing diameter D > 1
m, with a significant (> 100 °C) change in the temperature of the medium in the tube
bundle, floating head sections are installed, which are cut along the diameter.

The disadvantage of these devices compared to type H heat exchangers is a
larger gap between the casing and the pipes (by the width of the floating head flange),
the advantage is the possibility of extracting the tube bundle from the casing and
mechanically cleaning the outer surface of the pipes when they are arranged in a
corridor. The fastening of the floating head to the grate with a split flange, which
consists of two half-rings, tightened by a limiting ring, allows you to easily extract
the tube bundle from the casing with a minimum gap.

Nitric acid is supplied to the inner space of the tubes and moves downwards.

Heating water vapor is supplied to the space between the tubes. When in contact with
8
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colder tubes, the vapor condenses, giving off heat to the tube walls, through which it
is transferred to the acid. The main mechanism of heat transfer is convection and
thermal conductivity (conduction). The vapor condensate is removed from the lower
part of the casing through a special pipe [3].
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MOJAEPHI3ALIA YCTAHOBKU JOCJ/ILZKEHHA EOEKTUBHOCTI
PETEHEPALIIl MEMBPAHHUX MOYJIIB
['ynienko C.B., Mensko /1. 1.,
HauionanbHui TexHiYHMil yHiBepcuTeT YKpaiHu

«KuiBcbKuil nmoJriTexHivHui iHcTUTYT iMeHi Irops Cikopcbkoro»

AHoTaliss: Po3zensinymo  MemoouKy eKCnepuMeHmanibHo20 OO0CIIONCEHHS
npoyecy pezerepayii 3a0pYOHEHUX MeMOPaHHUX Mooyiie. Pozeuneni 3axoou w000
MOOepHi3ayii  yCmaHo8KU, AKI 00380/AMb  NIOBUWUMU  edeKmUgHicmb  ma
NPOOYKMUBHICMb eKCNEePUMEHMATbHUX OOCAIONCEHD.

KJIIOUOBI  CJIOBA:  KOHLIEHTPALIIMHA  IIOJISIPM3ALILS,
3ABPY/IHEHHS, PETEHEPAIIILA

Abstract: The technique of experimental investigation of the regeneration
process of fouled membrane modules was considered. The measures for the
modernization of the experimental plant were developed. They can allow to increase
the effectiveness and productivity of the experimental investigations.

KJIKOYOBI CJIOBA: CONCENTRATION POLARIZATION, FOULING,
REGENERATION

OcHOBHOIO TPOOJEMOI0 TMpPU EKCIUTyatalrii MeMOpaHHHX YCTAaHOBOK €
KOHIIGHTpaIliiHa Tmoygpu3aiii Ta 3a0pyaHeHHs MemOpaH. Jlns yHUKHEHHS
nepeyacHOro0 BUXOJy MeMOpaH 3 Jaay HeoOXiHO 3abe3reuyBaTd pallioHaJbHI
pPEXKUMHU POOOTH MEMOpAHHMX MOJYJIB, HAJIEKHY POOOTH CUCTEMHU TMOMEPEIHBOI
MIATOTOBKM CHUPOBHHHM, a TaKOX pETyJsIpHE TPOBEIEHHS pereHeparii ado
npoMuBaHHsS MeMOpaH [1].

Jlnst peamizarii  €peKTUBHOTO TPOMHUBAHHS 3a0pyJAHEHHMX MEMOpaH B
nonepeaHix podorax [2-3] Oyma po3poOiieHa METOAMKA MPOMHUBAHHS MEMOpaHHUX

10
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MOJYNIB 3 BUKOPUCTaHHAM BakyyMyBaHHS. Jlns 11 mpoBeneHHs Oyna CTBOpeHa

CKCIICPUMCHTAJIbHA YCTAHOBKA, II0OKa3dHAd Ha PUCYHKY 1.
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1 — enexkTpoHHI Baru, 2 — EMHICTh 3 IPOMUBHHUM PO3YUHOM, 3, 5 —
peryaoBaJIbHUN KianaH, 4 — MpoMiXKHa EMHICTb, 6 — KOpItyC; 7 — MeMOpaHHUI
MOAYJb, 8 -BaKyyM-Hacoc; 9 — cucrema CKuJaHHs Bakyymy; 10 — BaKyyMHa €MHICTb;
11 — cucrema Binbopy npo0; 12 — mepcoHanbHUI KOMIT 10Tep; 13 — enekTpuyHuit
HarpiBay

Pucynoxk 1 — CxeMa ekciepuMEHTaIbHOT YCTAHOBKY JIJIs perenepaitiii MeMOpaH

IcHyroua ycTtaHOBKa mependavana BUMIPIOBAHHS BUTPAT BaroBUM CIIOCOOOM,
TOOTO (hIKCYyBaHHSI 3MIHM MacH €MHOCTI 3 TMPOMHBHUM PO3YMHOM 3a 3aJaHHM
MPOMIXKOK 4acy. [IpoTe TOUHICTP BUMIPIOBAaHHS TaKUM METOJOM HE BHCOKa. Takox
KOHIICHTpAIlil TMPOMHUBHOTO PO3YMHY TICIS TMPOXO/KEHHS Kpi3b MeMOpaHHUN
MOAYJh BUMIpIOBANACs MOPTATUBHUM | DS-MeTpoMm, M0 MOTpeOyBajlo CHCTEMH
B110Opy mpoO, fKa HpU HE JOCTATHHOMY 3aKPUTTI BIJICIYHOTO KJIallaHa MoTJja
MPU3BECTH JIO MIATATYBAaHHS aTMOC(EPHOTO MOBITPS B CUCTEMY Ta 3MEHIIICHHS PIBHS
BakyyMy. Kpim Toro, oOuaBa Ii TUIKM BUMIPIOBaHHS MOTpeOyBaIu JOCTATHHOIO

BEJIMKUX 3aTparT vacy (ToHajJ JABI XBWIMHM Ha OTPUMaHHS 3HA4Y€Hb B OJIHIM
11
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eKCIIEpUMEHTaJbHIN  TOuli), MmO  OOyMOBWJIO  HH3bKYy  NPOAYKTUBHICTH
EKCIIEPUMEHTAJILHUX  JOCHIJKEHb. Taka yCTaHOBKa [I03BOJIsIa  HEMEPEPBHO
BHUMIPIOBATH JIMIIIC TEMIIEPATYPY.

3a3HayeHl HEAONIKM  EeKCHEePUMEHTANIbHOI  YCTAHOBKU  MPHU3BEIH [0
HETOYHECTEH y OTpUMaHUX pe3yibTaTax, 30KpeMa Oyl OJHIEI0 3 NPUYUHU
HEOOX1THOCTI YTOUHEHHSI OTPUMAHOTO KPUTEPIaIbHOTO PIBHSIHHS, 110 0YyJ10 3p006IeHO
B poborTi [2].

Jlnia BupiteHHs 1iei mpo6iemu 0yio 3MiHEHO MiAXiJ 0 BUMIPIOBaHb 1 BHECEHI1
3MIHM J0 KOHCTPYKUIi yCTaHOBKH. JIJIsi BUMIpDIOBaHHS BUTpAT HPOIMOHYETHCA
BUKOPUCTOBYBAaTH POTAMETp, a JJisi BUMIpIOBaHHS KoHIeHTpamii TDS-merpom. B
TakoMy pa3l 3a0e3MeuyeThCcsi MOXJIUBICTH BIJACTIKOBYBaTH 3MIHM B JUHAaMIII,
30KpeMa 3a JIOOMOroro Bijieodikcallii moKasiB IUX MPUIaIiB.

3a3HayeHa ~ MOJEpHI3allisl  JIO3BOJUTH  MIJABUIIUTH  MPOJYKTUBHICTh
EKCIIEPUMEHTAIbHUX JOCHIIPKEHh Ta OUIbII TOYHO BCTAHOBUTU 3aKOHOMIPHOCTI
MIPOIIECy pereHeparlii, a TakoX BU3HAYUTH HAMOUIBII parlioOHAIbHI PEXKUMU POOOTH,
[0 BpPAaXOBYIOTh SIK XapaKTEPUCTUKH MAcCOOOMiHYy, TakK €KOHOMIYHI Ta

eKCIUTyaTalliiiHl XapaKTepUCTUKH.
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UDC 630

CONCEPTUAL PROVISIONS REGARDING THE UTILIZATION
OF WET BIOMASS WASTE
Kremnev V., Timoshchenko A., Belyaev G., Belyaeva 1., Korbut N.,
Stetsuk V., Zhukov K.
Institute of Engineering Thermophysics of the NAS of Ukraine
ABSTRACT. The paper is devoted to the study of the organization of processing
of secondary biomass resources (agro-industrial waste, sewage sludge, fallen leaves,
illiquid wood, etc.).
KEYWORDS: BIOMASS, BIOFUEL, BIOFERTILIZER, RESOURCE-
VALUABLE WASTE.

KOHUEINTYAJIbHI MOJOXXEHHS BIJHOCHO YTUJI3ZALII BIAXO/IB
BOJIOI'OI BIOMACH
KpemuroB B.O., Tumomenko A.B., benses I.B., bensena LI1., Kopoyt H.C.,
Creutok B.I'., XKyxos K.JI.
IncruryT TexHiynoi Temnogizukn HAH Ykpainu
AHOTAI[IA. Poboma npucesauena 6UBYEHHIO Opeanizayii nepepooxu
BMOPUHHUX pecypcié biomacu (8i0X00i8 a2ponpoMUCio8020 KOMNIEKCY, 0caoig
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The purpose of the work. The report is programmatic and is based on a
systematic approach to organizing such processing in the regions of Ukraine. Today,
only a small part of secondary biomass resources (agro-industrial waste, sewage
sludge, fallen leaves, illiquid wood, vegetable storage waste, food waste from trade

and catering enterprises, etc.) is involved in industrial circulation. At the same time,
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biomass waste can serve as a valuable raw material for the production of biofuels,
biofertilizers and feed [1, 2, 3].

Results. The main reason for the low use of biomass waste as raw material is
its high moisture content.

Per 1 ton of organic matter in their composition, there are several tons of water,
which in this situation is ballast and also creates a favorable humid environment for
biological processes of degradation of organic matter. Such degradation radically
devalues the raw material. Without dehydration and granulation, transporting such
raw materials over a distance of more than 5 km is not cost-effective, and long-term
storage is impossible.

That is, dehydration of raw materials solves 2 problems: it eliminates ballast
during transportation and stabilizes the biological state.

Problems of insufficient application of biofertilizers in crop production.

Ukraine ranks almost last in Europe in the use of biofertilizers in crop
production. This is all the more regrettable if we take into account the country's
dependence on imported natural gas, which is used in the production of synthetic
fertilizers in two ways: as an energy source and as a raw material for ammonia
synthesis.

Therefore, the production of synthetic fertilizers significantly exacerbates the
problem of dependence on gas imports.

A situation has developed that is characterized by:

- a significant decrease in the total amount of resource-valuable waste - raw
materials for the production of organic fertilizers due to the decline of livestock
farming;

- their high concentration at single powerful livestock enterprises, which makes
it impossible to use traditional extensive technologies for preparing organic fertilizers
from them.

Conclusions. The authors of the report have significant practical experience in
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processing secondary bioresources and propose to provide appropriate scientific and
technical support for organizing a sustainable system in the territory of united
territorial communities.

Based on research and development, the main conceptual provisions for the
cost-effective production of biofertilizers and biofuels from waste have been

proposed, which are presented in the report [4].

References.

1. JlocmimkeHHS TEeIJIOMAacOOOMIHHMX TMpoIleciB 1 po3poOKa HOBHX
eHeproe()eKTUBHUX METOMIB Ta TEXHOJOTIYHOTO OOJIafHAHHA BUPOOHUIITBA
OlomanuBa 3 JICOPOCIMHHULIBKUX BiaxoaiB: 3BIT npo HJP (3akmounuit) ITT® HAH
VYkpainu. Ne JIP 0115U002667; xep. B.O.KpemnroB, A.B.Tumomenko. Kuis, 2019,
390 c.

2. KpemuboB B.O., Tumomenko A.B., benses I'.B., bensera L.I1., XKykos K.JI.,
Kop6ytr H.C., Cremtox B.I'. Cucremna iHTeHcH]IKaris TEmio- 1 610T€XHOJIOTIUHUX
MPOIIECIB MPU YTUJI3aIli PECYpCOLIHHUX BIJIXOAIB O10JIOTIYHOTO TOXOJ/KEHHS Ha
TepuTOpii 00’ €THAHUX TepUTOopiabHUX rpoMal/ [TogomaHHs eKOJOTIYHUX PU3HKIB Ta
3arpo3 JUisi JOBKUUISI B yYMOBax HaJ3BHUYaiHMX cutyaiii— 2022: KoJeKTUBHa
moHorpadia ITonraBa — JIeBiB: HYIIII imeni FOpis Konapatioka, HY «JIbBiBCchbka
nomrexHikay —  Huimpo:  Cepemnsx T. K., 2022, C. 326-339.
https://nupp.edu.ua/page/opis-kolektivnoi-monografii.html

3. KpemuroB B.O., benser I'.B., bensesa LII., XKykos K.JI., Kopoyr H.C.,

Cremtok B.I'., Tumomenko A.B. JIiciBHUIITBO 1 €HEpreTuka — JICrOCI 5K JHKEpPesio
najuBHUX pecypciB// 30ipHuK mnpaib «IIpobiemu ekosorii Ta excrutyaTallii 00’ €KTiB
enepretukn» K. : IBII AJIKOH HAH, Vkpaiau, 2024. C. 172-175. |
http://ittf.Kiev.ua/wp-content/uploads/2025/01/sbornik_2024 pp.pdf

4. benses I'.B., bensesa LII., XKykxoB K.JI. CkoopanHoBaHI oprasizauiiHo-

TEeXHIYHI 3aXO0Jy Ha MiANPUEMCTBAX JIICOBOTO TOCIMOJAPCTBA — TMOCTAYaIbHUKAX 1

16


https://nupp.edu.ua/page/opis-kolektivnoi-monografii.html
http://ittf.kiev.ua/wp-content/uploads/2025/01/sbornik_2024_pp.pdf

36ipuuk Te3 nonosineii XXXV Beeykpaincbkoi HayKOBO-IpakTUYHOI KOH(pepeHuii cTyaeHTIB,
acmipaHTiB i MoJsionux BueHux “O0JaTHAHHSA XiMiYHUX BUPOOHHMUTB i MiANPHEMCTB OyaAiBeIbHUX
MarepiaiiB”

TEIJIOTEHEPYIUNX 00’ €KTax-KOpPUCTyBadax JaepeBHOro mnamwmBa. / Marepiamm XII
Mixunaponnoi onnailH  koHpepenuii «[IPOBJIEMU  TEIUIO®I3MUKM TA
TEIUVIOEHEPTETUKW», 26 — 27 sxoBtHa 2021 poky, M. Kuis. C. 48-49.
http://ittf.Kiev.ua/wp-content/uploads/2021/10/zbirka-tez-povna.pdf

17


http://ittf.kiev.ua/wp-content/uploads/2021/10/zbirka-tez-povna.pdf

36ipuuk Te3 nonosineii XXXV Beeykpaincbkoi HayKOBO-IpakTUYHOI KOH(pepeHuii cTyaeHTIB,
acmipaHTiB i MoJsionux BueHux “O0JaTHAHHSA XiMiYHUX BUPOOHHMUTB i MiANPHEMCTB OyaAiBeIbHUX
MarepiaiiB”

VJIK 621.928.9

WATER VAPOR AND PARTICULATE MATTER CAPTURE FROM THE
GAS STREAM IN THE PACKED BED SCRUBBER

postgraduate Ivan Tisnyi, Ph.D., associate professor Andriy Stepaniuk
National Technical University of Ukraine
"lhor Sikorsky Kyiv Polytechnic Institute»

Annotation: The basic design and working principle of new packed bed

scrubber are described, as well as hypothesis of the innovative proposal.

KEY WORDS: SCRUBBER, PACKING, PRESSURE DROP, VAPOUR,
CAPTURE.

BJIOBJIIOBAHHS BOJISAHOI ITAPU TA TBEPJIUX BKJIIOYEHD 3
I'A30BOI'O IOTOKY B HACAJAKOBOMY CKPYBEPI

acriipadT Ticuwmii I.C., x.1.H.. nonienT Crenanok A.P.
HauionanbHu TeXHIYHUI YHIBEPCUTET YKpaiHH
«KuiBcbKui noJtiTexHivHui iIHCTUTYT iMeHi Irops Cikopcbkoro»

AHoTamisi: Onucano 6a308y KOHCMPYKYIIO — 3aNpPONOHOBAHO20  HOBO20

HACcaoko8020 cKpybepa ma cyms 2inomesu iHHOBAYIUHOI NPONno3UuYii.

KJIFOUOBI CJIOBA: CKPYBEP, HACAJIKA, TIJIPABJIIYHMII OIIIP,
ITAPA, KOHAEHCAIIIA.

Based on analysis of modern research directions for developing cost-effective
and efficient wet scrubbers, three main directions for enhancing scrubber
performance can be highlighted: use of CFD modeling for optimizing hydrodynamics
and mass transfer, application of 3D printing technologies for developing innovative
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packing structures, and implementation of advanced structured packings with
Improved properties [1].

A schematic diagram of new wet packed bed scrubber structure based on the
analysis is provided (Figure 1). Main area for such scrubbers is fertilizer production
(particularly ammonium sulfate and humates), where capturing water-soluble

residues of these compounds from gas streams is critically important.

\
o i N Nigp & 4N g

"""" 11

Figure 1. Proposed Packed Bed Scrubber
OCHOBHUMHU €JIEMEHTaMU 3alpOIIOHOBAHOTO HACAAKOBUM CKpyOepa €:
1, 9 — pollution measuring ports

2, 8 — pressure measuring ports
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3 — mist eliminator

4 —flang

5 — liquid distributor

6 — unstructured packing with different diameter

7 — gas distributor and support screen

10 — valve and port for target substance concentration measurement
11 — pump for liquid re-usage

12 — transfer line to the granulator or mixer

Usage of unstructured (random) spherical packing of two different diameters
(larger diameter along the sides of the filtration column and smaller diameter in the
center) partially implements the concept of structured packing, but it is more cost-
effective. Current approach increases hydraulic resistance at the column center which
resulted in more uniform distribution of the gas flow across the plane of the column’s
cross section, thereby reducing the height of the ‘dry cone’ and expanding the phase
contact area [2]. A cylindrical mesh (screen) inside the packing chamber separates
packings of different diameters and facilitates easy unloading, washing, and loading

of random packing when needed.

Need to admit, that together with contaminated air, water vapor also enters the
scrubber chamber. This vapor will be condensed and used for additional irrigation of

the packing layer.

Waste solution can be reused in the granulator to produce the next batch of

fertilizer or as a liquid for dissolving raw materials.

In conclusion, proposed design is cost efficient and environmentally friendly

and is also adapted to the specifics of the Ukrainian industry. It is expected to reduce
20
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water consumption, enhance the efficiency of fertilizer residue capture with their

subsequent reuse, and facilitate the washing of the packing layer.
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Introduction

Colorant superconcentrates (masterbatches) are highly concentrated mixtures

of pigments or other functional additives dispersed in a carrier polymer, used to
impart color or special properties to basic plastic materials. The production of these
concentrates is traditionally carried out by the extrusion method, where the pigment
is blended with the molten carrier (e.g., polyethylene or another polymer) and formed
into pellets with a high colorant content. The use of masterbatches significantly
simplifies the plastics coloring process: they ensure better pigment dispersion,
shade stability, and dosing convenience, compared to adding powdered colorants
directly into the extruder [4]. Furthermore, the use of granulated concentrates
enhances production safety and hygiene by avoiding the dusting of fine-particulate
pigments. Today, the colored superconcentrate manufacturing industry is rapidly
evolving in response to market challenges: there is a growing demand for
environmentally sustainable colorants, improved mixing homogeneity and
coloration quality, as well as the creation of multifunctional concentrates
(combining colorants with other additives). The following sections discuss the main
current trends in the extrusion production of polymer superconcentrates: the shift
towards eco-friendly pigments and carriers, the optimization of mixing
22
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technology for enhanced dispersion, accounting for the influence of pigments on
polymer properties, and the implementation of innovative additives within the
concentrate formulation.

Raw Materials and Environmental Aspects in Masterbatch Production

Driven by the global trend towards sustainable development, masterbatch
manufacturers are increasingly turning to eco-friendly components in both the
pigment and polymer parts of the masterbatch. One key direction involves the use of
biodegradable and bio-based polymers as a carrier, replacing traditional
petrochemical resins. For instance, special color concentrates are being developed for
bioplastics (PLA, PBS, etc.), where the carrier itself consists of the same
biopolymers. This approach preserves the environmental advantage of the final
product—the entire colored material remains compostable or biodegradable.
Research has demonstrated the promise of this approach: a series of color
masterbatches was recently created using natural pigments (spirulina, curcumin,
betanin, chlorophyllin) within a PLA and PBS matrix. These concentrates were added
to biopolymers in amounts ranging from 2-6%, and it was established that this
dosage practically does not degrade the mechanical properties of the PLA/PBS
products compared to control materials. In other words, the introduction of natural
pigments at a moderate concentration does not reduce the strength or impact
toughness of the biopolymer, which is a significant finding for industrial
implementation. Moreover, the same study showed that natural pigments have a
lower carbon footprint, and the energy consumption during the extrusion and
granulation of bio-colorants is lower than for their synthetic counterparts. Thus, the
combination of a biopolymer carrier and a natural colorant makes it possible to obtain
a fully biodegradable colored plastic, which is highly relevant for packaging and
single-use products [2].
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(a) ' A- (d)
Figure 1 — The extrusion process of superconcentrates based on natural
pigments in a PBS matrix using: (a) spirulina, (b) curcumin, (c) betanin, and (d)
chlorophyllin.

Another ecological trend is the incorporation of recycled polymers as carriers in
masterbatch production. Some manufacturers already offer concentrates where the
base polymer is partially or entirely composed of recycled materials (e.g., recycled
polyethylene). This increases the overall content of secondary raw materials in the
final product and promotes the circular economy. The use of a recycled carrier,
however, requires meticulous quality control—impurities or degraded fragments can
affect color stability and the extrusion process. However, provided the recyclate is
purified and uniform, twin-screw mixing technology allows for the production of a
high-quality concentrate based on it. Overall, the sectoral focus is shifting towards
"green" masterbatches: increasing attention is being paid to the development of
colorants compatible with bioplastics, the use of natural pigments instead of heavy
metals (cadmium and lead pigments are almost entirely phased out by regulations),
and the creation of concentrates for recycled plastics. For example, black
concentrates using carbon filler from tire waste have already appeared on the market,
as well as pigment mixtures that do not impede subsequent recycling (NIR-detected
colorants to facilitate sorting). These innovations are driven by both regulatory
requirements and consumer demand for more ecological colored plastics.

Optimization of the Extrusion Process and Pigment Dispersion
The quality of a color concentrate is primarily determined by the degree of
pigment dispersion within the polymer carrier. Therefore, contemporary research is
focused on refining the extrusion mixing process to achieve the highest possible
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homogeneity. One of the key parameters is the configuration and operating mode of
the twin-screw extruder, which is typically utilized for masterbatch production. By
selecting the optimal screw geometry (alternating mixing, kneading, and barrier
elements), rotation speed, and temperature profile, technologists can significantly
improve the quality of pigment distribution. The study by Safraoui et al. investigated
the influence of various twin-screw configurations, rotational speeds, and temperature
zones on the dispersion of a 40% color concentrate. The results showed that changing
the screw design and extrusion parameters measurably affects the degree of pigment
dispersion: the optimal variant provided the highest coloring power (colorimetric
saturation) and minimum residual pressure during the melt filtration test. This
indicates that, under this operating mode, the pigment was distributed in the finest
possible manner, without large agglomerates that could clog the filter. Thus, the
correct selection of twin-screw mixing parameters is critically important: modern
masterbatch production lines are equipped with flexible systems that allow the screw
assemblies and modes to be configured for a specific type of pigment and desired
concentration [3].
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Figure 2 — List of screw configurations used in the study to select the optimal
mixing parameters.

In addition to equipment factors, the composition of the mixture also
influences dispersion quality—specifically, the presence of dispersing additives,
pigment wetting agents, waxes, and so forth. Recent research focuses on the selection
of auxiliary agents that facilitate the wetting of pigment particles by the polymer and
reduce inter-particle interaction (as the tendency of pigments towards agglomeration
is a significant problem). For polyolefin concentrates, effective additives include, for
example, paraffin waxes or stearates: they act as lubricants, reducing the melt
viscosity and improving the polymer's penetration into pigment clusters. The study by
Yucetlrk et al. is dedicated to the systematic investigation of the influence of various
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factors—temperature, extrusion speed, and additives (lubricants)—on pigment
dispersion in a bio-polyethylene masterbatch. It was found that the optimization of
these parameters allows for a substantial increase in color homogeneity. Specifically,
the introduction of a small amount of wax into the composition reduces the
agglomeration of a hard-to-disperse pigment (copper phthalocyanine blue) and
facilitates the achievement of a more saturated and stable shade at a lower pigment
dosage [1]. Therefore, the comprehensive optimization of the process—from the
formulation to the extrusion modes—is currently a priority task for superconcentrate
manufacturers aiming to ensure the most intensive and uniform coloration of products
without defects (streaks, spots) and with minimal pigment consumption.

Influence of Pigments on Polymer Properties

Modern trends in the production of color concentrates take into account not only
the mixing process itself but also the subsequent influence of the concentrate on the
base polymer and the final product. Pigments are chemically and thermally stable
solid particles, and their presence, even in small amounts, can alter the behavior of
the polymer during processing and service. Specifically, it is well known that certain
pigments in semi-crystalline polymers act as nucleating agents, accelerating
crystallization and reducing the crystallite size. This can lead to changes in the
shrinkage of molded or extruded parts and even to some increase in the material's
stiffness. A recent study by Ullah et al. detailed the analysis of the impact of various
commercial pigment masterbatches (red, white, magenta) on the crystallization and
shrinkage of isotactic polypropylene (iPP). It was found that organic red and magenta
pigments (based on quinacridone and dioxazine) significantly increase the onset
crystallization temperature of PP and the nucleation rate, acting as strong nucleators.
In samples containing these pigments, the formation of a smaller spherulitic layer of
the polymer was observed, which correspondingly reduced the shrinkage of the
products upon cooling. Some pigments (pyrrole reds) even induced the formation of
the S-form of the polypropylene crystalline phase, which affects the material's impact
toughness. In contrast, inorganic white pigments (titanium dioxide, etc.) had a
significantly lower structural impact—they barely changed the crystallization
temperature or the shrinkage characteristics of PP. These results confirm that the
chemical nature of the pigment substantially influences the polymer matrix, and
this must be considered when developing new concentrates [4].

From a practical perspective, such an influence of pigments can be both
undesirable and beneficial. It is undesirable in the case of non-uniform shrinkage and
deformation of parts of different colors (it is known that components with different
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pigments may vary in size due to differences in shrinkage). Therefore, in the
production of precision products, these nuances are currently taken into account:
DSC testing is performed on pigmented materials to predict their shrinkage based on
the crystallization temperature. On the other hand, accelerated crystallization induced
by the pigment can increase the productivity of the molding process (faster
solidification in the mold) and improve mechanical properties due to a finer structure.
Some modern masterbatches deliberately contain special nucleating additives
(including those of a pigment nature) to enhance the characteristics of the base
polymer. Thus, concentrate manufacturers are now focusing on investigating the
"side" effects of colorants: efforts are underway to select pigments that have a
minimal impact on rheology and shrinkage (for critical applications), or, conversely,
multifunctional pigments are being introduced that simultaneously color and modify
the polymer (UV stabilization, acceleration of crystallization, etc.). This integrated
approach to color and material properties is a characteristic feature of modern trends
in this field.

New Types of Superconcentrates and Functional Additives

Beyond coloring, modern masterbatches increasingly carry additional
functions—a trend toward creating multi-component concentrates. For instance, a
color concentrate may simultaneously contain UV stabilizers, flame retardants
(antipyrenes), antistatic agents, or biocides. This offers convenience for processors:
instead of dosing several additives, it is sufficient to introduce a single complex
masterbatch that provides both color and the required functional properties.
Technologically, the manufacturing of such mixtures requires the compatibility of all
components and an optimal extrusion process (to ensure, for example, that the flame
retardant does not degrade when mixed with the pigment). Nevertheless, successful
examples exist: for instance, black concentrates containing a combination of carbon
black and antioxidants are produced for pipe stabilization, as are colored antibacterial
masterbatches for food packaging (containing pigment + nanosilver).

A recent innovation has been the use of hybrid fillers in concentrates, where
the pigment is anchored onto nanoparticles, forming a functional complex. For
example, researchers from Lodz University of Technology proposed modifying
layered double hydroxides (LDHs, a type of clay nanofiller) with organic pigments—
phthalocyanine green and quinacridone red. The resulting pigmented nanofillers were
introduced into the composition of a polypropylene masterbatch instead of traditional
pigments. It was found that these modified LDHs not only impart color but also
improve the thermal stability of the concentrate: the onset degradation temperature
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of the polymer is shifted to a higher value. The relaxation and rheological
characteristics of the melt also improve—the nanolayered particles contribute to more
efficient stress dissipation in the melt, which is important for uniform extrusion. This
approach opens the way for creating highly filled concentrates with enhanced
characteristics: pigmented nanofillers allow for the introduction of a larger amount of
colorant without the risk of agglomeration, while simultaneously acting as a
reinforcer or stabilizer. Other promising developments in this area include
masterbatches utilizing new types of pigments, particularly those based on recycled
materials (e.g., carbon black from biomass or pigments from secondary metals), and
special concentrates designed to improve processing (with lubricants that facilitate
the molding and extrusion of colored plastics) [5].

Conclusions

The contemporary production of polymer colorant superconcentrates by the
extrusion method is characterized by the combination of traditional knowledge about
mixing with modern demands for quality and sustainability. The industry is
confidently moving toward ecologization: the use of biopolymer carriers and natural
pigments makes it possible to create environmentally safer colored plastics without
sacrificing coloration quality. In parallel, the challenge of improving dispersion is
being addressed: through the optimization of twin-screw technologies, the application
of effective dispersants, and meticulous process fine-tuning, a uniform distribution of
even hard-to-mix pigments is achieved. Increasing attention is being paid to the
influence of concentrates on the final material: the nucleating effect of pigments and
their contribution to polymer crystallization and shrinkage are taken into account to
guarantee the dimensional stability and properties of the final products. Finally,
modern trends include the development of multifunctional masterbatches which, in
addition to color, provide the product with additional benefits (UV protection,
antimicrobial activity, flame retardancy), as well as the implementation of innovative
fillers and pigment systems (e.g., pigments on nanostructures) to achieve higher
indicators of stability and efficiency. Thus, the production of polymer
superconcentrates is confidently responding to the challenges of the time, combining
sustainable materials, high mixing technologies, and expanded functionality,
ultimately providing the plastics industry with high-quality and safe coloring
solutions.
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HauionanbHui TexHiYHMil yHiBepcuTeT YKpaiHu

«KuiBcbKuil nmoJriTexHivHui iHcTUTYT iMeHi Irops Cikopcbkoro»

AHOTANSA: po32siHymo mexHonoz2io 8ioHosnenHs ayemuneny 3 Co - ¢ppaxyii
napoeo2o kpekiney na ocrnosi npomuciosoi cxemu Linde AG, wo exmouac cmaoii
cenekmuenoi abcopoyii ¢ DMF, odecopbyii emuneny ma Oecopbyii ayemuneny.
MooepHnizosanuti X0N00UNbHUK — 00380J51€  NIOBUWUMU  NPOOYKMUBHICMb  OJIOK)
GIOHOB/ICHHSA ayemujleHy ma SMEeHWUnu HaaHmdasCeHHA.

K/IIOY0BI CJIOBA: ALIETWUJIEH; MOAEPHI3ALIA; XOJIOJANJIBHUK;
TEIUVIOOBMIH; KOHAEHCALIS; BIJHOBJIEHHA ALIETUJIEHY.

Abstract: the technology for recovering acetylene from C2 fractions of steam
cracking based on the industrial scheme of Linde AG, which includes stages of
selective absorption in DMF, ethylene desorption, and acetylene desorption, is
considered. The modernized refrigerator allows to increase the productivity of the
acetylene recovery unit and reduce the load.

KEY WORDS: ACETYLENE; MODERNIZATION; REFRIGERATOR;
HEAT EXCHANGE; CONDENSATION; ACETYLENE RECOVERY.

Auerunen (C2Hz) — 11e HeHacuueHui BYIJIEBOJICHD KJIacy alKiHIB, Oe30apBHUI
ra3 13 XapakTepHUM 3amaxoM. BiH € TepMmiyHO HecTaOUIbHHM, JIETKO
MOJIIMEPU3Y€EThCS Ta 3aTHUI BUOYXOBO PO3KJIagaTHCS MiJ TUCKOM. BomHouac nei
ra3 Ma€ OJHYy 3 HaWBHILMUX TEMIEPATYp 3TOPSHHSA B CyMIIIl 3 KUCHEM, IO POOUTH

HOro Ha/J3BMYANHO IIHHUM y TEXHIYHHX mporecax [1].
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OcHoBHa c(epa 3acTOCyBaHHS — Ta30IOJyM SHE 3BaplOBaHHS 1 pi3aHHS
METaliB, A€ aleThiieH 3abe3neuye nmouym’st 3 temrneparypoto nonag 3000 °C [2]. ¥V
XIMIYHIH TPOMHUCIOBOCTI HOTO BUKOPHUCTOBYIOTH SIK BUXIJHY CHPOBHUHY JUISI CHHTE3Y
IMIUPOKOTO  CIEKTpa  OpPraHiyHUX  CHOJYK:  BIHUIXJIOPUAY, AaKPUJIOHITPUIY,
aleTabJeriy, PI3HUX BIHUJIOBHUX Ta alleTUICHOBHUX MOXITHUX. Takoxk aleTHiIeH
3aCTOCOBYIOTH y BHUPOOHHMIITBI PO3YMHHHKIB, IIacTU(iKaTopiB 1 B Tpolecax
KapOropu3allii MeTaiB.

HalinomupeHnimuii  KI1acMYHUNA METOJ OTPUMaHHS aleTHWIeHy — TiIpoji3
KaJIbI[ii KapOiay, 110 3a0e3Medy€e BUCOKY YUCTOTY MPOJYKTY, alie CYIMPOBOIKYETHCS
3HAYHUM €HEProClOKMBAHHAM Ta MpoOIeMaMu yTUIII3allii BaIIHIHOTO HIIaMy.

Onuc TeXHOJOTiYHOr0 mpoiecy

VYcraHoBka npu3HAUYeHA IS BUJIYYEHHS alleTUJICHY, SIKUH YTBOPIOETHCS SIK
MOOIYHUIM TPOJYKT IIiJI Yac MapoOBOr0 KPEKIHTy y BHUPOOHMIITBI ETUJICHY.
He3Baxaroun Ha HeBenuKki KOHUEHTpauii anetuwineHy B Cp-(pakuii, yepe3 BeJuKi
00’eMu Ta3y oro cymapHui Buxin 3Haunuii. Cxema Linde AG (pucyHok 1) € oaHi€ero
3 HaOUIbII €PEKTUBHUX, IO BKIIOYAE TPU OCHOBHI CTaJli: aOCOPOILII0 alleTHIIEHY,

necopOIrio eTuJIeHy Ta AecopOliro aneTuiieny [3].
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Ha mepmiomy erami Cp-dpaxitis mogaerbess 10 abcopOepa, e KOHTAKTYE 3
XOJIOJIHUM CEJIeKTUBHUM po3uMHHUKOM (mepeBaxkHo DMF). Ilpouec BeayTh npu
tucky 0,6-3 Mlla. BepxHiii ra30Buil MOTIK YaCTKOBO KOHICHCYIOTh, IIO 3MEHIIYE
BTpaTH PO3YMHHMKA Ta 3a0e3neuye KoHLeHTpalito anetwieny <0,2 ppm. OuuiieHui
ra3 MoOBEpPTAEThCS B CUCTEMY MOJUTY €TWICHY W eTaHy, a 30aradeHuil pO3UYMHHUK
HAJIXOIUTH JAJIi.

Ha npyromy erari po34rMHHHUK MOJIAI0Th Y KOJIOHY JeCOpOIli €TUIIeHY, JIe TIPU
3HIKEHOMY THUCKY W TEIJIOBOMY MiZBOJI BUAAJSIOTH 3AJMIIKOBUN €TUJICH Ta JIETKI
BYIJIEBOAHI. ['a30BUl MOTIK MMOBEPTAIOTh HA KOMIIPECIIO, a YaCTUHY «XYIOTO»
PO3UMHHUKA PELMKITYIOIOTh Ha3ad y abcopOep Juisl MiIBULICHHS CEIEKTUBHOCTI.

Ha 3akmrouniii cranmii 30arayeHuil aleTWICEHOM PO3YMHHHMK TMOTpAaIuIsie B
KOJIOHY JiecopOuii aneTwieny. TyT alleTuaeH BIATaHAI0Th TEIJIOM 3HU3Y, a Y BEPXHIN
YACTHUHI KOJIOHH BCTAHOBJICHUM XOJOAWIBHUK, 1110 KOHACHCYE Mapu PO3YMHHUKA Ta
CTaOuII3y€e TEIJIOBUM PEXHUM. Y BEPXHbOMY MPOAYKTI OTPUMYIOTH alleTHIIEH
quCcTOTOIO ToHAM 99,9%, tomi sk «xyauit»y DMF moBepraetbcst B abcopbep uepes
TEMJI000OMIHHUKH, POPMYIOUN 3aMKHEHUH ITUKJI.

MopnepHi3oBaHUil  XOJOAWUIBHUK CTAOLII3y€ TEIUIOBI PEXKUMH BEPXHBOI
YACTUHU AalleTUJICHOBOTO CTpHUIIEpa, 3MEHIIYIOUM MeperpiB 1 KOJIMBAHHS THCKY.
[linBuieHa edeKTUBHICTh KOHAeHcalli 3MeHinye BTpatu DMF/NMP Ta nokpanrye
YUCTOTY TPOIYKTY. 3aBISIKA CTaOUTBHINIOMY OXOJOKCHHIO 3MEHIIYETHCS PH3UK
TEPMIYHOTO PO3KJIAAy aleTWIEeHy, 110 MiABUILye Oe3neky. MeHume TOMIIIOK y rasi
3HM)KY€ HAaBAHTAXXEHHS HA NOJAJIbII1 BY3/IM OYUIICHHS.
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AHOTAUIA: B oaniti pobomi HagedeHo cxema OMpuMAaHHs opmanivy 3a
yuacmi menjiooOMIHHUKA-NIOIZpieaua OKUCTIOBANbHUM 0e2i0pY8AHHAM MEeMUI08020
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MODERNIZATION OF THE HEATER FOR THE PRODUCTION OF
FORMALINE BY OXIDATION OF METHYL ALCOHOL

student Matviychuk V. S., assistant Podyman H. S.
National Technical University of Ukraine
“Igor Sikorsky Kyiv Polytechnic Institute”

ABSTRACT: This work presents a scheme for producing formalin using a
heat exchanger-heater in an oxidative dehydrogenation of methyl alcohol over a
silver catalyst.

KEYWORDS: HEATER, HEAT EXCHANGER, PRODUCTION,
FORMALINE, METHYL ALCOHOL.

CydacHe XiMiYHE BHPOOHMIITBO € CKJIQJHOIO OAraTOpiBHEBOIO CHUCTEMOIO, J€
e(eKTUBHICTh Ta Oe3IeKa MpOoIeCciB Oe3MocepeIHbO 3aleKaTh BiJ HAIIMHOCTI Ta
MPOJIYKTUBHOCTI oOnaaHaHHs. Cepell OCTaHHBOTO KIIIOYOBY pOJb BIAITPalOTh
TeriooOMiHHI amapatu. L{i mpuctpoi € ronoBHHMMH y 0araThOX TEXHOJIOTTYHHX
omepaisiX: HarpiBaHHSA, OXOJIOJDKEHHS, KOHJEHcallli, BHIApOBYBAaHHA Ta
pektudikamii. be3 iXHOT yd4acTi HEMOXJIUBUM Oyji0o 0 3a0€3MeYuTH ONTUMAIIbHI

TEMIIEpaTypHI YMOBHU IS Mepediry XIMIYHUX peakiliil, BIAAUIEHHS MPOIYKTIB Ta
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€KOHOMIi eHepropecypciB. TakuM YMHOM, TEIJIOOOMIHHUKH HE MPOCTO € «MICIISIMI)
y BUPOOHUYOMY JIAHLIOXKKY, a (yHIAMEHTAIbHUMH €JIEMEHTaMH, 110 BU3HAYAIOTh
1HTEeHCH]IKaIliI0 Ta peHTA0ENbHICTh XIMIYHOT TEXHOJIOTII.

['opu3oHTaNbHUI KOXKYXOTPYOHHI TEIUIOOOMIHHUK € OCHOBHUM THIIOM
amapaTiB [T TEIIOOOMIHY B XiMiuHiil npomucioBocti. Moro KoHCTpyKLis (PUCYHOK
1) ckiamaeTbes 3 30BHINIHBOTO IWIIHIAPUYHOTO KOPITyCy — Koxyxa 1, BcepemmHi
SAKOTO PO3MIIIEH] TpyOu 3, 3aKkpirieHi y TpyOHuX pemritkax 2. 3 000X KiHI[IB amapar
3aKpUBAETHCSA PO3MOAUTFYMMH KaMmepamMu 6 3 marpyOkamMu il MiABEICHHS Ta
BIIBEICHHS TEIUIOHOCIIB. s miABUILIEHHS €(QEeKTHUBHOCTI TEIUIOOOMIHY B
MDKTPYOHOMY TIPOCTOpPI  BCTAQHOBIIIOIOTBCS CETMEHTHI IEPEeropojaku 7/, SKI
30UTBLIYIOTh TYpOYJIEHTHICTh MOTOKY Ta Yac nepeOyBaHHA TEIJIOHOCIS B armapari.

[TpuHuMn po6OTH MOJIATAE B TOMY, 1110 OJIMH TEIJIOHOCIH PyXa€eThes MO TpyOax,
a 1HIIMHI - M0 MDKTPYOHOMY MPOCTOPI, MPHU IILOMY TEIIO0OMIH Bi0YBa€eThCA uepes
CTIHKH TPYO.

Y BUpOOHUITBI (opMaliHy Taki TEIUIOOOMIHHUKHA BUKOPHUCTOBYIOTHCS SIK
KOHJCHCATOPU-XOJOJMIBHUKN  JJI1  OXOJO/UKeHHS Ta  KOHJACHcallli  mapiB
dbopmanplieTiy MICHs peakTopa CHUHTE3y, a TaKOoX JUIs MiJIrpiBy CHPOBUHHUX
MOTOKIB.

JIo OCHOBHHX MepeBar LbOr0 TUNY TEIUIOOOMIHHUKIB BIIHOCSATHCA BUCOKA
e(eKTUBHICTb, HAJIWHICTh KOHCTPYKIIii, 3pYYHICTh Y 00CITyrOBYBaHHI Ta MOXKJIMBICTh
poOOTH NpH BHCOKMX THUCKaX, IO OCOOJMBO BAXJIMBO B MPOLECAX OJEPKAHHS
dhopmariny.

SckpaBUM TPUKIATOM TPOAYKTY, OTPUMAHHS SKOTO HEMOXJIHBE Oe3
3aCTOCYBaHHA TEIUIOOOMIHHMX amapariB, € @opMagiH — BOJHUH PO3YMH
dbopmanpreriny. Ll pedoBuHa € OJHIEID 3 HANBAXJIMBIIINX Y CBITOBIM XIMIUHIN
npomuciioBocTi. @opmanpaerin (Mmypamunuii anbaeriay) HCHO — 6e30apBuuii ras 3
pI3KUM crienu(piYHUM 3amaxoM, TapHO PO3UMHATHECSA y BOAl. OmHaK GopMalibaeria €

TOKCUYHOIO PEUOBHHOIO, IO TMOAPA3HIOE CIU30BI OOOJOHKK Ta MIKIpY, TOMY TpH
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po0OoTi 3 HUM TOTPIOHI 3aco0M ITHAMBIAYATLHOTO 3axXUCTy. DOpManbAeTiz, o
MICTUTBCS Y (OpMajiHi, BHUCTYIA€ CHPOBUHOK [IJII BHUPOOHUIITBA ILJIACTMAC
(manmpuknan, ¢eHoabopMaIbACTIAHUX CMOJd), JIKAPCHKUX 3aco0iB, OapBHHKIB,
EeMyJIBraToOpIB Ta SIK TMOTY)XHUH Ae3iHdikyrouuii 3aci6. TexHosoris Horo cuHTE3y
nependadae OKUCHEHHS METaHOJY, a TIOJAJIbIIE OXOJIOKCHHS Ta KOHJISHCAITis MMapiB

PEaKIiifHOl CyMillli BUMararoTh IHTCHCUBHOTO Ta TOYHOTO TETLIOOOMIHY.
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1 — xoxyX, 2 — TpyOHI1 peunTku, 3 — Tpyou, 4 — kpuiika, S — onopu, 6 —
PO3MOIiUTIOBAIbHA KamMepa, 7 — MeperopoKa

Pucynox 1 — I'opuzoHTanbHUM KOKYXOTPYOHHM TETITIOOOMIHHUK

[Ipouiec oTpumanHs hopMaliHy OKUCITIOBAILHUM JET1IPYBAHHSAM METUIIOBOTO

CIIUPTY Ha CpiOHOMY KaTaii3atopl € OAHUM 13 HaWMOIIMPEHIIIUX MPOMUCIOBUX

METO/IIB BUPOOHHUIITBA IBOTO BAXKIMBOTO XIMIYHOTO Tmpoaykry. Dopmanin

BUKOPUCTOBYETHCS y XIMIUHIH, papMalieBTUUHIH, 1epeBOOOPOOHI MPOMHUCIOBOCTI, a

TaKOX y BUPOOHHULTBI MOJiMeEpiB 1 cMOd. EQEeKkTuBHICTH Ta CTaOUIBHICTh MPOILECY

3HAYHOI0 MIPOIO 3aJIeKaTh BiJl MPABHIIBHOTO MiAOOPY TEXHOJIOTIYHOTO O0JIaTHAHHS

Ta MiITPUMaHHS ONTHUMAaJIbHUAX PSKUMHUX TapameTpis [1, 2].

Ha pucynky 2 mokazaHo cxeMy OTpUMaHHsS (OPMaliHy OKHUCIIOBAIHHUM
JIET1IPyBaHHSM METWJIOBOTO CIUPTY Ha CpPiOHOMY KaTamizaTopi. MEeTHIIOBUN CHUPT
yepe3 MIpHUK | MOJAa0Th Y BUIIAPHUK 2, IO OOIrpIBA€ThCS IIIYXOH Maporo ado

rapsiaoro Bosior0. OTHOYACHO Yepe3 BUMAPHUK IMPOIYCKAIOTh OYHUIINCHE BiJl MUY Ta
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IHIITMX JOMIIIOK TMOBITPs, IO HArHITAETHCS TOBITPOAYBKOIO 4. bapboTyroum uepes
map cnupty, Harpitoro A0 45-50°C, moBITpsi HACUYYETHCA MOro MapaMu 10 BMICTY
npubamsHo 0,5 T CH3OH B 1 am® mapo-noBiTpsHOI cymimi, 10 3HAYHO IEPEBHUILYE
BEPXHIH.

Jy’ke BaXJIMBO MIJATPUMYBATH MOCTIMHUI CKJIaJ MapO-MOBITPSHOI CyMillli, TaK
K TpH TMIABUIICHOMY BMICTI TapiB CHUPTY MOOIYHI peakuii MpOTIKAITh
IHTCHCHBHIIIIE, a TIPd 3HWKEHOMY BMICTI CHOUPTY MOXE  YTBOPUTHUCS
BUOYyXOHEOe3MmeyHa CyMill.

HaBiTb mnpu  HE3HAUHMX  KOJMBAHHAX  CKIAQy  Mapo-MOBITPACYMIII
NOPYLIYETbCA HOPMAJIBHUN Mepedir mpolecy, TOMY CHUCTEMYy 3a0e3ledyroTh
ABTOMATUYHUMH PETYJISATOPAMH PIBHS CIUPTY y BHUIIAPHUKY, TEMIIEPATYpPH TMOBITPS

Ta CIIUPTY, TUCKY B CUCTEMI.

1 — MipHUK; 2 — BUNIapHUK; 3 — QinbTp; 4 — MOBITPOYBKA; 5,7,9 —
TEITIOOOMIHHUK; 6 — KOHTaKTHHH anapart, 8,10 - abcopoep
Pucynox 2 — Cxema BupoOHHIITBA (hOpMATIIHY OKUCHEHHSIM METUIIOBOTO

CITUPTY
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[Ilo6 yHUKHYTH KOHJEHCAlli MapiB CHOUPTY 3 MApO-MOBITPSIHOI CyMimii ii
HiIrpiBatoTh B anapati 5 riyxoro mapoto 10 110°C 1 mpu i Temneparypi noJarTh
B KOHTakTHUH amapar 6. Ilpu mporieci OKHUCICHHS, IIO0 BCTAHOBHBCS, IMPOTIKA€E
ayrotepmiudo. TemmeparypHuii peXUM B KOHTAaKTHOMY amapari peryiroioTh,
3MIHIOIOUH TEMIIEpaTypy 1 KUIBKICTh TApO-ra30BOI CYMIillll, 110 MOJAEThCSA. Y Mepioj
MyCKy CHCTEMHM [JIsl 1HILIIOBaHHS pPeakili BHKOPUCTOBYIOTH IJIATHHO-a30€CTOBHIA
KOHTaKTHHI 3aman (3anpornoHoBanuil E. . OpioBum), 1110 BCTAaHOBIIOETHCS HA BXO/II
ra3y Iap kKaraiizatopa, abo eIeKTpo3amnal.

[IponykTy peaxiii, 0 BUXOJATH 13 KOHTAKTHOIO arapary, OXOJOIKYIOTh y
xonoauibHUKY 7 10 100-130°C. Ox00MKEeHHS J0 HUXKYOI TeMIepaTypu HeOaKaHo,
TOMY IO HpU IOMY MOXJIMBI ModiMepu3alis (QopMaibAerily Ta 3a0MBaHHS
TpyOOIIPOBO/IIB MOTIMEPAMH.

Hami B abcopbepax 8 1 10 KOHTaKTHUX Ta3iB MOTJIUHAETHCS (POPMAIBICTII.
AOGcopbep 10 3pomyerbecss Bomoro, abcopbep 8 po30aBIEHUM PO3UYHHOM
dbopmanpaeriay, Mo HaaxoauTh 3 adbcopoepa 10. s BiaBemeHHs Teria abcopOIii
BCTAHOBIIIOIOTh MPOMIKHUM XOJNOAWIBHUK. 3 abcopbepa 8 BuTikae popmainid. Buxiz
dopmamnbaeriay 6auszsko 90% [3].

OaHuM 13 KIIIOYOBUX amapariB y JlaHii  TEXHOJIOTIYHIA cXemi €
TEMJIO0OMIHHUK-IIAIrpiBay, SIKU 3a0e3nedye MOoNepeqHE HarpiBaHHs peareHTHOI
cyMmiIli MeTaHOIy Ta MOBITps Mepex Mmojadero 10 peaktopa. Moro po6Gora rapaHrye
JOCSITHEHHSI HEOOXIHOI TeMIlepaTypu i IHIMIAIli peakuli OKUCIIOBAIBHOIO
JeripyBaHHs Ha cpiOHOMYy KaTamizaTopi. OKpiM TOro, TEIJIOOOMIHHUK CIpHUSE
parioHaIbHOMY BUKOPHUCTAHHIO €HEPTIi 3aB/IsIKM peKyIiepallii Teria BiAXiIHUX Tra3iB,
10 MiJIBUILYE €HEProePEeKTUBHICTh YChOIO BUPOOHUIITBA.

[IpaBunbHE TPOEKTYBaHHS Ta EKCIUTyaTallisi TEeMI000MIHHUKA-TIAIrpiBaya
JI03BOJISIIOTh  3a0€3MEUUTH CTAOLIBHICTh TEMIIEPATYPHOTO PEXUMY, PIBHOMIPHICTH
MOTOKY pEareHTiB, 3HWKEHHS €HEPreTUYHUX BUTPAT 1 MIJBULIEHHS PECypCy poOoTH

KaramizaTtopa. ToMmy Iied amapaT Bifirpae BaXJIMBY pOJIb HE JIMIIE B MIATOTOBII
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CHUPOBMHH, a i y 3arainbpHiii e(eKTUBHOCTI Ta OE3MEYHOCTI MPOIecy BUPOOHUIITBA

dbopmaiiny.

Bukopucrani gxepeJia:

1. ®dopwmatin : nmpoaykiis / Alhim. — [Enexktponnuii pecypc]. — Pexum
noctymy: https://alhim.com.ua/uk/produktsiia/khimichna-produktsiia/formalin (gaTta
3BepHeHHs: 14.10.2025)

2. ®opmanin (popmangeria, SH20) / Klebrig. — [Enexrponnuii pecypc].
— Pexwum noctymy: https://klebrig.com.ua/ua/gl105944571-formalin-formaldegid-
sh20?srsltid=AfmBOoru0ca6r3QgiQJRy52kkoubNUEXNOCBPIPtpwglDQ jd8zhB-
a_(mara 3BepHeHHs: 14.10.2025)

3. HOxenncon 1. I. TexHomorust ocHOBHOTO opranudeckoro cunresa / L. 1.

FOxenbpcon. — M. : Xumnus, 1968. — 848 c.
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YJIK 663.5
MOJEPHIBALISA YCTAHOBKH 3 BUPOBHUILITBA XAPYOBOI'O
CIIUPTY 3 PO3POBKOIO PEKTU®IKAIIMHOI KOJIOHA

cryaent Benuuko T. JI., acuctent Kocenko B.B.
HamionanpHuit TeXHIYHUN YHIBEPCUTET Y KpaiHH
“ KuiBcbkuii momitexHi4HUN 1HCTUTYT iMeHi Irops Cikopcbkoro

AHOTAUIA: B oanuiii pobomi Hagedeno 00CNiOdiCeHHS npoyecy pekmupikayii
cnupmy. QObrpynmosano e6ubip pexmugbikayitinoi koaouu. Po3zenanymo
akmyanvhicms 1 OOYIIbHICMb — BUCOMOBICHHS — BUCOKOKOHYEHMPOBAHO20

cnupmy.

KJIFOUOBI CJIOBA: CITMPT, ETAHOJI, PEKTU®IKALIIS, EITFOPAIIMHA
KOJIOHA, CITMPTOBA KOJIOHA.

ETaHOI IPOKO 3aCTOCOBYEThCSA B IPOMHCIOBOCTI, MEIMIIMHI Ta 1106YTi. Moro
BUKOPHUCTOBYIOTH SIK MajMBO (010€TaHOJ), PO3YMHHUK, AaHTUCENTUK 1 CUPOBUHY IS
BUPOOHMIITBA XIMIYHMX pEYOBMH. TakoXk €TaHOJd Ma€ BEJIUKE 3HAYEHHS Y
(dapMakoJOriyHii Ta XapyoBiil MPOMMCIOBOCTI, 30KpeMa MpPU BHUIOTOBJICHHI
JKapChKUX 3aCO0IB 1 AIKOTOJILHUX HATOIB.

Icnye 2 cnocobu oOTpuUMaHHS €THJIOBOTO CHHUPTY: MIKpPOOIOJIOTIYHUN 3a
pPaxyHOK Ipoliecy OpOJiHHS Ta CHHTETUYHMI 3a paXyHOK TiJipaTalii eTUjiIeHa.

Jlnst BUpOOHMIITBA XapyOBOIO CIUPTY BUKOPUCTOBYETHCS (PepMeHTaiiss —
OloxiMiuHa mnepepoOKa OpraHiyHUX PEYOBHH 3a JONOMOToK (epMEeHTIB abo
MIKPOOPTraHi3MiB. ¥ CIUPTOBOMY OpOJiHHI TaKUMHU MIKpOOpPraHi3MaMu BHUCTYNAIOTh
OpiKmKi.  BoHm — po3knamaroTh  IMyKpHM, — Taki  SK IVIFOKO3a 1 PpyKTo3a 3
YTBOPEHHSM €THJIOBOTO CIIUPTY Ta BYTJIEKUCIIOTO Ta3y. Y pa3i BUKOPUCTAHHS METOIY
rigparaiiii eTusieHy BUAUISIOTHCS JOMIIIKH, 110 POOJSITh HEMPHUIATHUM CIUPT IS

BXXHWBAaHHA.
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JUis  ouMIneHHs COUPTY BiA BOAM Ta IHIIUX JOMINIOK Yy Opaxii
BUKOPHUCTOBYIOTh PeKTH(]iKaIlit0 — Mpoliec 6araropazoBoro BUMapOBYBaHHS CyMIIlli 3
Maco- 1 TeTI00OMIHOM.

Cxema pexTudikaiifHoi yCTaHOBKH IPE/ICTaBlIEeHa HA PUCYHKY |

Pucynoxk 1 Cxema 1BOKOJIOHHOI YCTaHOBKH O€3MepepBHOI A1l A peKTudikaiii
CIUPTY-CUPLIO:

1 — 3mimryBau; 2 — entopaliiiHa KOJIOHa; 3 — CIUPTOBA KOJIOHA; 4 — KOHAEHCATOP
eMopaIiiHoil KoJoHu; 5 — nederMarop enopaiiitHol KOJIOHH; 6 — KOHJIEHCATOP
CHHUPTOBOI KOJOHU; 7 — nederMaTop COMPTOBOI KOJIOHU; 8 — XOJIOAUIBHHUK
PEKTU(PIKOBAHOTO CIUPTY; 9 — XOJOAWIBHUK CUBYIIHOTO criupTy; 10 —
XOJIOMWJILHUK CUBYIIHOI (ppakiii; 11 — 3minryBau cuBymHoi ppakiii Ta Boau; 12 —

EKCTPAKTOP CUBYIITHOT OJIii.
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Cmuprt-cupenn(CC), monepenapo 3Mimanuii 3 Boaow(B) uepe3 3mimyBay 1
MOJIa€ThCAd JO0 emiopaliiiHoi KoJIOHM 2 1€ 3 Hboro 3a jgomnomororo napu(Il)
BHJTyYa€ThCS TOJIOBHA (DPAKIliS IIO0 BiIBOAUTHLCSA y AeduerMarop S5 i KoHaeHcartop 4
entopaniiioi kojgoHu. Coupr-cupenpb, 3BUIBHEHUH Bi ToJoBHOI ¢pakuii(l' D)
MOJIA€ThCA y COUPTOBY KOJIOHY Ji€¢ KOHIICHTPYETHCS 0 HEOOX1AHOI KOHIEHTpaIlii a
TaKOX M030aBISEThCA KIHIIEBUX AoMIMOK. CHByIIHA (QpaKilisi 30Mpa€eThCs 3 TapiIOK
no xonomunbHMKIB 9 Ta 10, ae BimBoguThbes sk cuBymHHN cnupT(CCro) abo
MiJ1a€THCS TOBTOPHIM mepepoOini Ijisi BUIYUYEHHS €TUJIOBOTO CIIUPTY B €KCTPAKTOPI
12 3aBngxu 3MimyBady 11. 3 HU3Y COMPTOBOI KOJIOHM BIABOAMTHCS JIIOTEpPHA BOAA
(JI). Iapa, a TakoX 3aJUIIKK TOJOBHUX Ta KIHIIEBUX JIOMIIIKIB Y CIIUPTOBIN KOJIOHI
BIIBOSTECA uepe3 neduiermatop 7 Ta KoHAeHcaTop 6, A€ Jesika 4acTUHA 3 HUX
MOBEPTAEThCSI HA BEpPX CMIOpAIlifHOI KOJIOHM 2 'y BUIJISAAl  3pOIICHHS.
Pextudikoanuit cniupt(CP) BigOuparoTh 3 BEpPXHIX TAPIIOK CIUPTOBOI KOJIOHU Y
X0J0MTbHUK 8. [1]

PexTudikariisi SKICHOTO Xap4oBOTO CIUPTY € KIIOUOBUM JUJIsi BUPOOHHUIITBA
BHCOKOAJIKOTOJIbHUX HamoiB Big epeKkTHBHOCTI IHOTO MPOILECY 3aJEKHUTh SIKICTh
KIHIIEBOTO TMPOJAYKTY, €KOHOMIYHI TIOKa3HUKH BUPOOHHUIITBA Ta €KOJOTIYHA
Oe3meuHicTh manpueMcTBa. CaMe TOMY JOCITIDKEHHS Ta ONTHUMI3allis IPoIecy
pekTudikalii € akTyaJbHUM Ha ChOTOIHIIIHIN 1E€Hb.

3aBgaHHs Ha TUIJIOMHE MPOEKTYBAHHS — TOIIYK CYYaCHUX KOHCTPYKIIH Ta
IHHOBAI[IMHUX PIIIeHb MJI1 MOJEpHi3alli yCTaTKyBaHHS Ta TIJBHUIICHHS SKOCTI
MPOJYKTY Ta MPOAYKTUBHOCTI pEKTU(IKALIITHOT KOJIOHHU.

Buxopucrani xxepena:

1. HurankoB I1.C., I{urankoB C.II. PykoBojaCcTBO 10 peKTU(UKAIIUKA CIHUPTA.
[Mumenpomuzaat, 2001. — 400 c.

2. Texuonoris cnupty. B.O.Mapunuenko, B.A.Jlomapeupkuit, I1.JL.IHusH,
B.M.lIeens, I1.C.Iurankos, 1.J.XKomuep. /Ilix pea. mpod. B.O.MapuHuenka. —
Binnuus: “Tloaumia-2000, 2003. — 496 c.
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V]IK 664.8.047

OCOBJIMBOCTI NPOLIECY CYIUIHHS FAHAHIB
10 HU3bKOI 3AJIMIIIKOBOI BOJIOI'OCTI

Cuexkin 10.®., akanemix HAH Vkpainu, Jabixka H.O.!, kang. Texn. Hayk.,

I'ycapoBa O.B.1'2, kann. rexn. Hayk, Magamyk H.C.}, PhD

uctutyT Texniunoi Ternodizuku HamionansHoi akagemii Hayk YKkpainu
2 HaioHanbpHUI TEXHIYHMI yHIBEPCUTET YKpaiHu

«KuiBChbKUI MOMITEXHIYHUM THCTUTYT IMeHI Irops CiKOpChbKOTro»

AHOTAUIA: V pobomi Oocniosxceno npoyec cywiinua 6aHAHi8 00 HU3LKOIL
3anuwkogoi eonococmi 6...7 % 3a pI3HUX pedcUMi6 3HEBOOHEHHA ma Gopmu
mamepiany. PekomeHO08aHO 3 Memol NPUCKOPEHHs Npoyecy eubupamu Heoo3pii
bananu 3i cmynenuamu 3pinocmi 2 ma 3. [locnioscenni 2iepomepmivHull pi6HOBANCHULL
cman (cmamuka) ma Kinemuxa cywinua oanawny. OOlepocana 3anencHicmov 0
BU3HAYEHHA 3a2albHOI mpueanrocmi npoyecy CYwinHa. Busnauewi 3anesxcnocmi
Kpumepito onmumizayii npoyecy CYWIHHA ma Z2yCMuHU menjio8o2co0 NOMOKY 6i0
gos10206Micmy OanaHa. 3a OaHUMU WOOO NUMOMUX 6UMPAM Menjiomu Ha
sunapogysants 1 ke 600U 3aNpoONnOHOBAHULL CIMYNEHEeBUL PeXHCUM CYUIIHHA OAHAHY 3d

memnepamyp 100/60 °C sax naubinbw enepeoeghexmusHull.

KJIOUOBI CJIOBA: FAHAH, COPBIIMHI BJIACTHUBOCTI,
KOHBEKTHMBHE CVYIIIHHA, CTVYIIEHEBI PEXMWMU 3HEBO/IHEHH,
KPUTEPII1 OIITUMI3ALII, [TNTOMI BUTPATU TEIUIOTH,
EHEPI'OE®EKTUBHICTD.
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FEATURES OF THE PROCESS OF DRYING BANANAS
TO LOW RESIDUAL MOISTURE CONTENT
Sniezhkin Yu. !, Dabizha N. 1, Husarova O. 12, Malashchuk N. !

Lnstitute of Engineering Thermophysics of the NAS of Ukraine
2 National Technical University of Ukraine

«lgor Sikorsky Kyiv Polytechnic Institute»

ABSTRACT: The work investigates the process of drying bananas to a low
residual moisture content of 6...7% under different dehydration modes and material
forms. To speed up the drying process, it is recommended to select unripe bananas
with ripeness levels 2 and 3. The hygrothermal equilibrium condition (statics) and
kinetics of banana drying were studied. The obtained dependence for determining the
total duration of the drying process. The dependencies of the drying process
optimization criterion and heat flux density on banana moisture content have been
determined. Based on data on the specific heat consumption for evaporating 1 kg of
water, a two-stage banana drying mode at temperatures of 100/60 °C was proposed

as the most energy-efficient.

KEY WORDS: BANANA, SORPTION PROPERTIES, CONVECTIVE
DRYING, STAGED DEHYDRATION MODES, OPTIMISATION CRITERION,
SPECIFIC HEAT CONSUMPTION, ENERGY EFFICIENCY.

Berym.
bananu € HalBa)XJMBIIIOK CUILCHKOTOCIOAAPCHKOIO KYJIBTYpPOIO MICIS PUCY

ta mmenumi. [lopiyno m'sta yacThHa OaHaHIB BUKHIAETHCS dYepe3 HEHAJICKHUU
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30BHIIIHIA BHTJIS, YEpe3 M0 BOHHW HE MIATAIOTH MPOJaxy. TOMy aKkTyaJdbHUM €
MOIIYK CMOCO0IB 30epeKeHHs Ta TMepepoOJICHHS HAJUIMIIKOBOI CHpPOBUHU Ha
MIPOYKTH XapuyBaHHS 3 IiIBUIIICHUM TEPMIHOM 30€piraHHs.

MeTtoro po0d0TH € JOCIIKEHHS CTATUKU T4 KIHETUKA KOHBEKTUBHOTO CYIIIHHS
M’SIKOTI OaHaHIB JI0 HU3BKOI 3aJUIIKOBOI BOJIOTOCTI, BU3HAYEHHS E€HEPreTUYHMX
XapaKTepUCTHK  TMpolLecy Ta  pO3pOOJIeHHS  E€HEeproeeKTUBHOTO  PEKUMY
3HEBOJIHCHHSI.

MeToau noc/riKeHHS.

Jns mocmikeHHs Oynu BiaiOpaHi OaHaHW 31 CTyNEHEM CTUriocTi 2...3 Ta
MOYATKOBOIO BIJTHOCHOIO BoJjoricTio 75...80%. bananu Oynu HapizaHi KyOuKamu
PO3MIpOM 5%X5X5 MM Ta CKUOOUKaAMHU TOBIIMHOIO 5...6 MM 1 JOBXKHUHOIO 65...75 mMMm.
[Ipo1tiec mpoBOAMBCS A0 JOCSITHEHHS MaTepiajioM HU3bKO1 BOJIOTOCTI 6...7%.

JlocniKeHHsT TIrpOTEPMIYHOTO PIBHOBAKHOTO CTaHy OaHaHy MPOBOIMIKCS 3
3aCTOCYBAaHHSM TEH30METPUYHOTO (CTaTHyHOTO) MeToly Ban bamenena.

JlocnikeHHsl KIHETUKHU TPOIIECY 3HEBOJHEHHS OaHaHIB 3 METOK BUBUYCHHS
OCHOBHHUX 3aKOHOMIPHOCTEH TEMJIOMAaCcONePEeHECEeHHS! MPOBOIWIN Ha EKCIEPUMEH-
TaJbHOMY CYIIWJIBHOMY CTEHAI mpu Temmeparypi cymmibHoro arenra 100, 80, 60,
100/60 °C, mBuakocti 1,0 m/c, BomorocTti 11 r/Kr cyxoro moBiTps.

3a eKCHepUMEHTAJIbHUMHU JIaHUMH OyAyBalld KpHUBI KIHETUKH CYIIIHHS
U = f(z), kpuBi mBUAKOCTI cyminusa du/dr = f(u), mo oTpuMaHi HUITXOM YUCEIBLHOTO
nudepeHIiIOBaHHSI KPUBUX CYUIIHHS, @ TaKOXX TEMIIEpaTypHI KpHUBI HarpiBaHHs
Marepiany t = f(z).

Pe3ysbTaTn Ta BUCHOBKH [1].

3a aHamizoM OaHaHy SIK 00’€KTY CYUIIHHSA PEKOMEHIOBAHO MPH BUPOOHMIITBI
YUIICIB BUOUPATH HEAO3PLIl TJIOU 31 CTYMEHSIMH 3pUIOCTI 2 Ta 3 ISl MPUCKOPEHHS
MpOLECy 3HEBOIHEHHS.

3a pesyiabTaTaMM EKCHEPUMEHTAIBHUX JIOCHIIKEHb 3 TIrPpOTePMIYHOL

piBHOBaru (cratuku) 3a Temneparypu 20 °C B giana3oHi BiIIHOCHUX TUCKIB P/Ps Bif
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0.4 o 0.9 MeTonOM XapaKTEPUCTUUHUX KPUBHUX OJEPIKaHHI 130T€pMHU copOLii mapu
Boau OananoMm 3a Ttemmeparyp Bim 20 go 80 °C, mo 103BOJSE BHU3HAYHUTH
PIBHOBOKHUM BOJIOTOBMICT, SIKMM JOCSTA€TbCS MpPH 3aJaHUX TEIUIOBOJIOTICHUX
napameTpax MoBITPS.

Ha miacraBi i30Tepm copOmii afs TIrpOCKOMIYHOI 00JacTi  ojepskaHa
3QJICKHICT, TapIiaJbHOIO THUCKY BOJSHOI Tapud Ha TMOBEpXHI OaHaHy BiA
BOJIOTOBMICTY 1 TemnepaTypu B aianazoni U = 0.03...1.11 kr/kr c.m. 1t =50...80 °C.

ExcniepuMeHTanbHO AOCHIPKEHUI BIUIMB TEMIEPATypu Ha KIHETUKY IPOLECY
CYLIIHHS KyOMKIB OaHaHy B mmapi. BcraHoBiieHo, 0 Temmeparypa CYLIHUJIbHOTO
arenta 100 °C iHTeHCcH}IiKye TMpollec 3HEBOJHEHHs OaHaHa, ajie OPraHOJICITHYHI
MOKa3HUKU MaTepiaidy He3aJ0BUIbHI.

Ha mizncraBi nociiKeHb KIHETUKH BOJIOTOOOMIHY CYIIIHHSI KyOWKiB OaHaHy
OoTpuUMaHo (HOpMYITy AJisl PO3paxyHKY 3arajabHOi TPUBAIOCTI MPOIIECY.

OpeprkaHi 3aJIEKHOCTI KPUTEPIIO ONTUMI3AIli Ta TYCTUHU TEIUIOBUX MOTOKIB
Ha MOBEpPXHI Marepiany BiJl BOJIOTOBMICTY OaHaHy B IMPOLECI CYLIIHHS 32 PI3HUX
TeMrepaTyp. 3a aHajlli30M OJIepKaHUX 3aJIeKHOCTEeH OOTpyHTOBaHA HEOOXIIHICTH
3HMOKEHHS TeMIepaTypd Ha 3aBepIlalibHIM CcTadil Ta JoBeJeHa JOIJIbHICTH
BUKOPHCTAHHS CTYNICHEBUX PEKUMIB 3HCBOTHEHHS.

3a JaHUMU 3 KIHETHKW TEIUIO0OOMiHY BH3HA4Y€HI MUTOMI BUTPATH TEIUIOTH HA
BUIMAPOBYBaHHSA | Kr BOJAW TiJ 4Yac CYyIIHHS KyOWKiB OaHaHa B IIapi 3a pi3HUX
TeMIepaTypHUX pexuMiB. BcTaHoBIeHO, 1m0 HaWOUIbII eHeproePekTudHUM €
CTYIEHEBUH PEKUM 3a Temneparyp cymuibHoro arenta 100/60 °C.

IlepeJiik mocujianb:

1. Cuexkin HO.®., labixxa H.O., I'ycapoBa O.B., Manamyk H.C. Craruka,
KIHETHKa Ta eHeproe(peKTUBHICTh MPOLECY CYLIIHHA OaHaHIB 10 HU3bKOI 3AJIUILIKOBOI

Bostorocti // Termnodisuka ta Temnoenepreruka. — 2025, — T. 47. — Ne 3. — C. 7-19.

https://doi.org/ 10.31472/ttpe.3.2025.1
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JOCJIIKEHHSA OXOJIOAKEHHS ITEPJITY TA PO3POBKA
OXOJIOXKYIOUOI'O OBJIATHAHHSA
3aBigyBad Jadbopatopii Maptuniok O. B., inxenep 3aiiues C. B.
HanionanbHui TexHiYHM yHIBepcuTeT YKpainu

«KuiBcbKuil noJriTexHivHui iIHCTUTYT iMeHi Irops Cikopcbkoro»

[lepnit — npupogHUil MiHEpan BYJIKAHIYHOTO TOXOJDKEHHS, Ma€ 4YylOBl
BractuBOCTI. [lepmiT BUKOpUCTOBYIOTH y Oaratbox cdepax rocmomapctsa. [lepmit
MO’K€ 3aCTOCOBYBATHCS B MPHPOJHOMY BUTIIAMI. AJie 4acTillle BUKOPHUCTOBYETHCA
CIIyYEHUU MEPIIT.

CriydyeHu# nepiiT BUTOTOBIISIOTH IIJISIXOM HarpiBaHHs HEPJIITOBOTO MICKY 10
Bucokux temmeparyp (950 — 1200 °C), saxkuii Opu UBOMY «CIYUYEThCS» 3a
npuHuunoM «llon-kopuy».

VYkpaiHncbkuil mepiiT skuil 100yBatroTh B ¢. Dorom beperiBcbkoro paiony
3akapnaTchKOi 00J1acTi, € CHPOBUHOIO /1711 BAPOOHUIITBA CITy4€HOTr'O 1 TEPMI30BAHOIO
nepiity Ha [IpAT “beperiBchkuii kap’ep”.

Jlnst BUpOOHMIITBA TEPMI30BAHOIO TEPJITY MPONOHYETHCA JBOCTAJ1MHA
TEXHOJIOT1s (pUCYHOK 1), 1110 ependayae nmonepeaHe BUCYITyBAaHHS CUPOTO MEPIIITY B
OapabaHHIl cymapii 3 HACTYITHUM TOJAPIOHEHHSIM, PO3CIIOBaHHSIM Ha ¢pakmii 1
TEPMIYHOIO OOpPOOKOIO MIJICYIIEHOrO0 MEpJITy B IeYax TEPMOMIATOTYBAHHS JIs
BUJIAJICHHS! 3B’S3aHOi KPHUCTAJOTIAPATHOI BOJIOTHM JO 1i KPUTHUYHOTO (3a7aHOTO)
BOJIOTOBMICTY. Bucymenuil (TepmizoBaHui) MEpIIT TMOJAETbCA B  OyHKEp-
HAKONM4YyBay, 3BIAKU (acyeThCsl B TPAHCIIOPTHYIO Tapy.

Tepmiuaa o6poOka mepiTy BiiOyBa€eThCs 3a JOMOMOTOI0 TUMOBHUX Ta3iB, IS
yoro B OapabaHHOI CylIapKd 1 Me4yax TEePMOIIArOTYBaHHA IepedadyeHi CUCTEMHU
CHaJICHHST NPUPOJIHBOTO razy. BapTicTb BUTpaT NPUPOAHBOIO Ta3y € CYTTEBOIO

CKJIaJIOBOIO COOIBApPTOCTI MPOJIYKTY.
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Onniero 3 mpobaeM BUPOOHMIITBA € OXOJOMKEHHS TEPMI30BaHHOTO TMEPIITY,

SAKUWA Ma€e BUCOKY TeMiieparypy (240 + 250 °C).

% ) 4 4 )

Jom
J-
-0
-—

-
M| =
L)

1 — cymmnbHuii 6apabaH 3 pexkynepaTopom; 2 — IUKJIOHM; 3 — 3aciliHKa
mubepna; 4 —  OyHkep; S - BIOpOXKUBWIBHHMK; 6 —  mid
TEPMOMIATOTYBaHHS; 7 — BEHTWIATOP, 8 — LMKIOH; 9 — Mmwuraika;
10 - mumococ; 11 — memOpana 3anob6ixkHa; 12 — 0X0M0KyBad MEPIITY;
13 — Tpy6a numoBa; 14 — terioreneparop; 15 — manbHUK ra3oBuii; 16 —
BeHTWIsATOP; 17 — BenTHnsaTOp; 18 - 3achinka perymoroua [, 200; 19 —

peryinoroua; 20 — cuctema acmipaiii

Pucynok 1 — Cxema BUPOOHMUTBA TEPMi30BAHOT0 MEPJIITY

BaxumBoto mnpoOieMor0 € TakoX BUKUAM B JOBKULIS BIANPallbOBAHOTO
TEIJIOHOCIA 3 MeYeld TepMOMIAroTyBanHs 3 temneparyporo 160 + 250 °C. OuunieHHs
3aMWICHUX Ta3iB 3 TaKUMH TeMIiepaTypaMmu TpoOiematudne. J[7as 0X0JI0IKEeHHS

TEepMi30BaHOrO TepiTy 3a 3amoBieHHsIM [IpAT «beperiBcbkuii kap’ep» po3po0JieHO
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OXOJIO/IXKYBay, IO MPU3HAYCHUN I OXOJOPKEHHS TPaHyJl TEPMi30BAHOTO TMEPIITY
micis medi TepMoniAroTyBanHs 10 temiepatypu 70 °C 3a 1omOMOro0 HoBiTps.

Jl5is 3MeHIIeHHsT 00CSTiB BUKOPUCTAHHS PUPOIHBOTO ra3y 1 CBIKOTO MOBITPS
Ta 00CSTiB BUKU/IIB MPOTOHYETHCS HOBA MPUHIIMIIOBA CXEMa CUCTEMH peKymneparlii
TEIJIOTH: BIANIPAIlbOBAaHUN TEIUIOHOCIA TMeYed TEepMOIMIArOTYBaHHsS 3MIlIaTH 3
BIIMPAIlbOBAHUM TETUIOHOCIEM OXOJIOJKYBadiB MEPIITY 1 BUKOPHUCTOBYBAaTH TaKy
CyMIII B SKOCT1 TEIUIOHOCIS 11 6apabaHHOI CyIIapKu 3aMiCTh CBIKOTO MOBITPS, 110
MOJIA€ThCS Ha pO30aBIICHHS IUMOBHUX Ta3iB. 3aMiHa CBIKOTO TMOBITPS CYMIIIIIIO
BiJIIPAIIbOBAHUX TEIJIOHOCIIB JO030JUTh 3MEHIIWTH BUTPATH TAaJMBa, 3HU3UTU
TeMmreparypy Ha BuUXOA1 3 OapabanHoi cymapku no temneparypu 100 °C 1
3aCTOCYBAaTH MPOCTUH (uUIbTp A €(EeKTHUBHOIO OUYMUICHHS BIANPALbOBAHOTO

TETUIOHOCIS, 1[0 BUKUAAETHCA B TIOBKULIS 3 0apabaHHOI CyIIapKHu.
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Vladyslav Denysiuk— PhD Student of the Department of Machines and
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Introduction

Polymer fibers produced by melt-spinning extrusion play a key role in modern
textile and technical industries. This process involves melting the polymer and
forcing it through spinnerets to form continuous filaments, which are then drawn to
increase their strength. Today, the production of synthetic fibers is influenced by new
challenges and requirements. On the one hand, there is growing awareness of the
environmental issues associated with synthetic fibers (for example, microplastic
pollution), which stimulates the search for sustainable alternatives [1]. On the other
hand, the industry aims to improve the quality and functionality of polymer fibers
through advancements in materials and technologies. This review highlights current

trends in polymer fiber extrusion, including the transition to more environmentally
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friendly materials, the introduction of new polymers and additives, optimization of
the spinning process, and the development of multicomponent fibers with
enhanced properties.

Environmental Focus and Production Sustainability

One of the leading trends is the shift toward more environmentally friendly and
sustainable solutions in fiber production. Traditional synthetic fibers based on
petrochemical polymers pose an environmental problem due to their extremely slow
degradation and the formation of microplastics. Currently, increasing attention is
being paid to the development of biodegradable polymer fibers, which can help
reduce the environmental footprint. In particular, extensive research is directed
toward the use of biopolymers (PLA, PHA, PBS, etc.) in fiber spinning. Such fibers
are capable of degrading within a relatively short cycle, reducing environmental
pollution, while their production can lower the consumption of non-renewable
resources. It has been established that fibers made from biodegradable polyesters (for
example, PLA, PGA) already reach strength and crystallinity levels comparable to
conventional polyesters, although optimization of the process is still required due to
the thermal sensitivity of certain biopolymers [1].

In parallel, the industry is increasingly turning toward the extensive use of
secondary raw materials. Recycled polymers (for example, recycled PET or
polyamide granulate) are being used more actively in yarn production, particularly in
the textile sector. Modern extrusion technologies make it possible to spin fibers
directly from recyclates. According to recent studies, the textile industry is
increasingly focused on producing yarns from recycled polymers as one of the
simplest and most effective approaches to «green» manufacturing. Importantly,
modern equipment allows the introduction of necessary additives (such as colorants
or stabilizers) directly during extrusion together with the polymer, ensuring uniform
distribution without additional processing stages. This approach improves efficiency:

as demonstrated in [2], spinning using recyclates with simultaneous incorporation of
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functional particles can yield high-quality fibers with minimal deterioration of
properties. Overall, the sustainability trend encourages fiber manufacturers to
implement circular technologies—from the use of biopolymers to waste recycling—to
reduce environmental impact [1].

Tenacity of PLA, PGA, and PLGA yarns by weathering time

Tenacity (mN/tex)
¥
>
S

Time {days)

Fig. 1 — Tensile strength of PLA, PGA, and PLGA yarns during the weathering

test.
New Materials and Additives for Polymer Fibers

Another direction of development is the emergence of new polymer materials
and nanoadditives that enhance fiber properties or provide them with new
functionalities. In addition to the previously mentioned biodegradable polymers,
researchers are actively exploring innovative polymers with circular-use potential.
For example, long-chain polyesters have recently been developed that combine high
crystallinity and thermal stability with the possibility of complete chemical
recycling under mild conditions. Strong fibers have already been produced from such
polymers: in particular, reports describe fibers with tensile strength of up to 270 MPa,

which after use can be enzymatically degraded into monomers within a few days.
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These results demonstrate the potential of a new generation of polymers for fiber
production—materials that are simultaneously strong and environmentally
compatible [3].

At the same time, considerable attention is paid to the functionalization of
fibers through the introduction of various additives into the polymer melt. Metal and
metal-oxide nanoparticles (ZnO, Ag, nanoclays, etc.), carbon nanotubes, liquid
crystals, and other fillers are incorporated into the fiber during extrusion to impart
special properties—antibacterial, conductive, UV-protective, and more. Importantly,
modern studies confirm the possibility of adding such nanoadditives without
critically decreasing the tensile strength or integrity of the fibers. For example,
modifying polyamide fibers with zinc oxide nanoparticles (up to 2 wt.% ZnO) has
virtually no effect on the mechanical stability of the polymer. In an experimental
study, fibers obtained from recycled PA6 with ZnO added demonstrated satisfactory
mechanical performance—the stiffness and strength of the yarns remained at control
levels, opening the way to creating fibers with new functionalities without loss of
guality. Such modification can provide antibacterial effects or UV resistance, which
are highly relevant for technical and medical textile applications [2].

Improvement of Extrusion Technology and Spinning Parameters

Progress in the production of polymer fibers is largely associated with the
enhancement of extrusion technological processes. Modern equipment allows more
precise control of fiber-forming conditions—temperature of the plastification zone,
yarn take-up speed, cooling profile, and so on—which makes it possible to deliberately
influence the internal structure and properties of the final product. Studies show that
increasing the spinning speed and optimizing the temperature regime can
significantly improve the mechanical characteristics of the fiber. For instance, in
polybutylene succinate (PBS) yarns, it has been established that lowering the
spinning temperature and increasing the winding speed enhance tensile strength due

to the formation of a finer and more ordered supramolecular structure. At a drawing
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speed of ~2500 m/min and optimized extrusion temperature, the strength of PBS
fibers increased by more than 30% compared to the standard regime. High spinning
speeds promote the formation of much smaller spherulites; after subsequent
orientational drawing, these fine crystallites are stretched into lamellae, resulting in
higher crystallinity and chain orientation, which ultimately increases strength. Thus,
the high-speed spinning method implements the principle of stress-induced
crystallization, increasing the degree of structural ordering in the fiber. This approach
IS now being introduced into industrial processes for producing polyester and
polyamide yarns: for example, in polyester, high drawing rates significantly
accelerate crystallization, enabling the production of highly oriented fibers without
loss of productivity [4].

In addition to process optimization, there is an ongoing evolution of extrusion
equipment itself. Modern extruders for fiber production are equipped with precision
temperature-control systems and yarn-tension control, which minimizes thickness
fluctuations and defects. Twin-screw extrusion systems are being implemented to
improve polymer—additive mixing immediately before fiber formation. Such
compounding extrusion is particularly useful when processing blends or introducing
high concentrations of additives: the twin screw provides intensive mixing and
degassing, improving melt uniformity. For example, when producing fibers with high
filler content (pigments, nanofillers), twin-screw extrusion ensures a more uniform
dispersion of additives in the polymer matrix compared to a single-screw extruder.
This is confirmed by industrial data and studies showing that, with 40% pigment
content in the melt, the optimal twin-screw configuration provided homogeneous
fiber coloration and prevented agglomeration [5]. Overall, the trend toward
technological precision manifests both in the careful selection of process parameters
and in the modernization of equipment—from spinneret design (for producing
complex-profile or hollow fibers) to real-time automated control of yarn thickness

and tension.
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Fig. 2 — Flowchart of PBS fiber production: (a) melting and spinning; (b)

subsequent drawing of pre-oriented PBS yarns.

Multicomponent and Specialized Fibers

To meet the increasing performance requirements of modern materials, the
production of multicomponent (hybrid) fibers using co-extrusion technologies is
actively developing. Such fibers consist of two or more polymers simultaneously (for
example, core—sheath or segmented fibers), allowing different useful properties to be
combined within a single filament. Recent studies emphasize the potential of polymer
co-extrusion for creating new fiber architectures. In particular, successful spinning of
PLA/PBS biopolymer composite yarns with a segmented cross-sectional structure
(the so-called pie-shaped fibers) has been demonstrated. These fibers outperform
traditional PLA/PP fibers in terms of phase compatibility and mechanical
performance. At a PLA:PBS ratio of approximately 50:50, it was possible to achieve
uniform component distribution and a stable fiber structure, resulting in an optimal
balance between tensile strength and elongation at break. Other examples include
composite fibers made from biopolymers with added functionalities—for instance,

incorporating biologically active substances into the fiber structure. It has been
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shown that coating PBS/PLA fibers with plant-extract layers imparts antibacterial
properties to the nonwoven material while maintaining over 90% of the fiber’s
biodegradability. This demonstrates the feasibility of creating dual-functional fibers,
which are simultaneously mechanically reinforced and endowed with special
properties without compromising environmental safety [4].

A review of publications [1-5] shows sustained scientific interest in
multicomponent and combined fibers. Technologies for forming bi- and tri-
component fibers, as well as “islands-in-the-sea,” core—sheath, and bicomponent
fibers, continue to evolve. These approaches make it possible, for example, to
combine in a single filament a high-strength polymer (for load-bearing capability)
with a polymer possessing specific surface properties (for dyeability,
pharmacological functionality, etc.). Such bi- and tri-component fibers are already
used in practice—from the production of microfibers (where one component is later
dissolved to obtain ultrafine filaments) to the creation of “smart” textile materials
with integrated conductive or optical elements. In recent years, a number of review
papers have summarized advances in multicomponent spinning and nanofiber
technologies. It is noted that combining polymers within a fiber enables property
tuning across a wide range that is unattainable for single-component filaments. Thus,
the trend toward innovative fibers is reflected not only in the development of new
materials but also in new fiber architectures that combine multiple materials and
thereby satisfy the multifunctional demands of modern industries—from medicine to
aerospace composites.

Conclusions

Modern production of polymer fibers by extrusion is rapidly advancing under
the influence of sustainable development requirements and progress in materials
science. A shift is occurring from traditional approaches toward innovative
environmental solutions—the introduction of biodegradable and recycled polymers

aims to reduce the negative environmental impact of synthetic fibers. At the same
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time, improvements in extrusion process parameters (high-speed spinning, precision
process control) make it possible to obtain fibers with enhanced mechanical
performance and refined internal structure. Another important direction is the
functionalization of fibers—through the incorporation of nanoadditives or the
creation of multicomponent filament structures, additional properties such as
electrical conductivity, antibacterial activity, and increased thermal stability can be
achieved. The combination of different materials within a single fiber opens
pathways to the production of “smart” textile materials and high-strength composite
structures. Therefore, current trends in polymer fiber extrusion are characterized by a
focus on sustainability, quality, and multifunctionality, ultimately contributing to
the emergence of a new generation of polymer fibers for various applications.
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ABSTRACT: The paper considers the design of a horizontal single-pass heat
exchanger for heating wort supplied to a fermenter for yeast cultivation. A
modernisation of the heat exchanger is proposed with the aim of improving heat
transfer conditions.
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MODERNISATION.

MOJEPHI3ANISA TEIINIOOBMIHHUKA
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Introduction

Feed yeast is a dry concentrated biomass of yeast cells, specially grown for
feeding farm animals, poultry, fur animals, and fish [1].

Yeast is an excellent source of protein, which is significantly higher in quality
than plant-based proteins and is close to animal proteins. At the same time, the unit
mass of yeast protein is significantly lower than that of animal-based feed [1-2].

In the feed yeast production process, before the wort is fed into the fermenter,
it must be heated to a temperature close to the yeast cultivation temperature in the
culture fluid.

Heat exchange is the process of transferring energy in the form of heat from a
hotter body to a cooler one. In industrial conditions, this process is implemented
using heat exchangers — devices in which the working media are heated or cooled.
The type and design of the heat exchanger are determined by the operating
conditions, types of heat transfer fluids and process efficiency requirements [3].

Description of the heat exchanger design

Shell-and-tube heat exchangers are an important element in heating systems
used in the energy, chemical, food and biotechnology industries. Their main purpose
Is to ensure efficient heat exchange between two heat carriers with different
temperatures without mixing them directly.

A single-pass horizontal shell-and-tube heat exchanger was selected for this
production. The advantages of such a heat exchanger include: high heat transfer
efficiency, the ability to operate at different pressures and temperatures, ease of
maintenance and cleaning of internal surfaces, and compact placement in the process
diagram.

This design is best suited for systems in which one heat transfer medium is a
liquid and the other is hot water, which is typical for heating, cooling or condensation

process lines [3].
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The heat exchanger diagram is shown in Figure 1.
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1 — casing; 2 — pipe grids; 3 — pipe bundle; 4, 5 — covers; 6 — supports

Figure 1 — Heat exchanger diagram

The principle of operation of a shell-and-tube horizontal heat exchanger is as
follows. Hot coolant (water) is fed into the inter-tube space, washing the outer surface
of the tubes, while cold coolant (wort) is fed into the tube space. As the coolants
move, heat is transferred through the pipe walls — the hot coolant cools down and the
cold coolant heats up. This system allows for effective control of the working
environment temperature and maintenance of the required thermal conditions in the
technological process. The process is stopped when the apparatus is released for
disinfection, after which it resumes operation.

The aim of the work is to modernise the heat exchanger for heating wort
before feeding it to feed yeast cultivation, followed by verification of the feasibility
of modernisation in the SolidWorks system.

Materials and methods

SolidWorks software was used to build a 3D model of the modernisation of a

horizontal shell-and-tube heat exchanger.
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This is a modern CAD system that allows you to create parametric 3D models,
assemblies and drawings, as well as perform strength, hydrodynamics and heat

transfer analyses [4].

The idea of modernising the heat exchanger

In this heat exchanger, the limiting stage of heat exchange is the low heat
transfer coefficient in the intertube space. Therefore, modernisation should focus on
eliminating this drawback.

It is proposed to replace the smooth outer surfaces of the pipes with spiral fins

(screw-type) in the inter-tube space, Figure 2.

Figure 2 — Modernised heat exchange pipe

This will provide additional surface area for heat exchange and ensure the
movement of heating water along a helical trajectory, breaking up the wall layer and
increasing the heat transfer coefficient.

Such modernisation will lead to an increase in hydraulic resistance, so during
the simulation, the optimal spiral fin pitch will be determined to achieve maximum
thermal efficiency with the minimum permissible hydraulic resistance. We will

compare three pitch options (25, 30, 35 mm).
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Conclusions

As a result of the work, a shell-and-tube horizontal heat exchanger design was
developed that provides efficient heat transfer between two working media. The
choice of this type of device was justified in view of its reliability, efficiency and
ease of operation.

It was proposed to replace the smooth outer surfaces of the pipes with spiral
fins in the inter-pipe space. A three-dimensional model was created in SolidWorks,
demonstrating the design features of the device and the idea of modernisation.

The proposed modernisation is aimed at improving the efficiency, energy

efficiency and ease of maintenance of the heat exchanger.
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HaunionanbHuUil TeXHiYHUI YHiBEpCUTET YKpaiHu
«KuiBcbkuii nojiitexHiyauii incruryT iMeni Iropst Cikopcbkoro»

AHoTamisi: : Posensinymo 06a namenmu, SKi ONUCYIOMb Memoou MOOepHI3ayii
nepemiuyo4o2o anapamy, npoaHanlizoeaHo NpuHyun Oii ma HABeOdeHo nepesazu ma
HeOOJliKU.

KJIIOYOBI CJIIOBA: MOJEPHI3ALIIA, 3MILIIYBAJIbHUI AITAPAT,
BUPOBHUILITBO AMIHOCMOJL.

Absrtact: Two patents describing methods for modernizing a mixing machine
were reviewed, the principle of operation was analyzed, and the advantages and
disadvantages were indicated.

KEY WORDS: MODERNIZATION, MIXING MACHINE, AMINO RESIN
PRODUCTION.

PosrnsHemo matent CN119260970A[1], sxuit onucye mpucTpiit mis mojadi,
3MINIYBaHHS Ta MEPEMILITYBaHHs sl BAPOOHUITBA MJIIACTUKOBOT KJIEHOBOI CMOJIH.

Jlanuii  amapar € CHeIiali30BaHUM  3MillyBaueM JJii  TOJIIMEPHOT
MIPOMMCIIOBOCTI, MPU3HAYEHUM JJii 1HTEHCHBHOIO TIEPEMIIIYBaHHSA TBEpPIAUX
TJIACTUKOBMX YACTHHOK 3 DPiIKMMH cMonlaMH. MOro KIIOYOBOIO OCOOIHBICTIO €
VHIKaJIbHa CHUCTEMa ra3oo00iry, ska BUpIIIye MpoOieMy MPUIHIAHHS B'SI3KOT CMOJHU
710 CTIHOK arapara Ta 3abes3neuye ieaqbHy OJTHOPIIHICTD CYMIIIIL.

[le cremianizoBaHuil 3MilTyBay Il TOJIMEPHOT TPOMUCIOBOCTI, PU3HAYCHHIA
JUIA 1HTEHCHUBHOTO MEPEeMIIIyBaHHS TBEPAUX IJJACTUKOBUX YaCTUHOK 3 PIIKUMHU
cmosiamu. CucTema BHpIIIYE KIHOYOBY MpOOJEMYy MPUIMIAHHS B'A3KOi CMOJIH [0

CTIHOK amapara MUISIXOM IO€JIHAaHHS MEXaHIYHOTO MepeMIIIyBaHHS Ta YHIKaJIbHOT
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CHUCTEMHU ra3000iry, 1o 3abe3mnedye BUCOKY OJTHOPIAHICTH cyMmimti. Cxema MpUCTpPOro
JUTS TI0/1a4i Ta 3MIITyBaHHS TBEPIANX YACTHHOK BUTOTOBJICHUX 3 IUIACTUKOBOI KJICHKOT

CMOJIM 300pakeHa Ha PUCYHKY 3.6.

1 — xopmryc 6apabany; 2 — mimanka; 3 — nBuryH; 11 — kopmyc mumiapa; 12 —
Kpuuika; 13 — BiBig noBiTps; 14 — kpitieHHs; 15 — OanancyBanbHU KianaH; 16 —
OTJISAJIOBE BiKHO; 17 — mok nojadi; 18 — pyuka;

Pucynok 1 — CxemMa npucTporo Jyisl ojayl Ta 3MIITyBaHHS TBEPAUX YACTUHOK

BUTOTOBJICHHX 3 TUIACTUKOBOT KJICHKOI cMoiH [1]

TexHonmoriyHuM  mporec  BiAOyBAa€TbCs  HACTymHUM  4yuHOM.  [licis
3aBaHTKEHHS CHPOBHHH Yepe3 3aBaHTAKYBAJIBHMI JIIOK Ta T€pPMETH3aIlii amapara,
BKJIFOUYETHCS HarpiBajgbHuUM 1map OapabaHa nais miaBieHHS cMoiu. OmaHOYacHO
3aMMyCKAeThCsl MIIIANBHUI MeEXaHI3M, SKAW 3a JOMOMOIOK BHYTPIIIHBOTO Ta
30BHIITHBOTO BaJia 3 JIOMATIMHU 00EPTAETHCS B MPOTHIICKHUX HAMPAMKaX, IHTCHCHBHO
nepeminryroun cymint. [lig gac 1poro mporecy 4acTuHa PiAKoi CMOJIM HEMUHYYE
MPWINIAE IO BHYTPIIIHIX CTIHOK. Y 1€ MOMEHT BMMKA€THCS CHUCTEMa ra3oo0iry:
HACOC CTBOPIOE PO3PIKEHHS B POOOUiid KaMepl Ta HAJJIMIIKOBUI THUCK B Ta30BOMY
mpocTopi MK Imapamu CTiHKA Oapabana. CTHUCHEHE MOBITPS dYepe3 CIelialbHi
KOHIYHI OTBOPH I11JT BACOKMM THUCKOM "37yBa€" MPUIMUILIL KPAIull CMOJIM, YTBOPIOIOYH

Ha iX MoBepxH1 OyJIbOAaIIKH, K1 JIONAIOTHCS Ta PO3MOPOIIYIOTh CMOJIY B IIEHTPAIbHY
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30HY nepeminryBanHs. J[ogaTkoBo, MOTIK razy ¢GopMye 3aXHCHY MOBITPSHY IUTIBKY Ha
BHYTPIIITHIN MOBEPXHI, 110 3aM1001rae MoAablIoMy HaJIUIIaHHIO.

[Tpuctpiii, onucanuii y maTeHTi, Ma€ psij mepesar, Kl BUALISIOTh HOro cepen
iHmmx. OJHIE0 3 KIIOYOBUX IIepeBar € BHUCOKUW CTYIIHB OJIHOPITHOCTI T'OTOBOL
CyMIiIIIll, TOCSATHYTHUH 3aBISKH MOEIHAHHIO MEXaHIYHOTO IMEpPEeMIIIyBaHHS 3yCTPIYHO
00epTOBUMHU MiIIAJIKAMU Ta MMHEBMATHYHOTO BIUIMBY, SIKHW TOBEPTAE MPHIIAILIHMA
MaTepian y 30Hy mnepeminryBanHs. Kpim Toro, repmMeTuyHa KOHCTPYKIIS J03BOJISE
MpaloBaTH 3 JETIOYUMH CIIOJIyKaMu Ta 3a0e3mneuye cTabUIbHICTh TeMIIEpaTypHOTO
PEXKUMY, IO € KPUTUYHO BXKJIMBUM JIJIS1 IKOCT1 MOJIIMEPHUX KOMIIO3HUTIB.

OpHax € i IeBH1 HEJOJIIKH, SIK1 BapTo BpaxyBaTu. Cepell HUX MOKHA BUIITUTH
MIJBUILEHI €HEPrOBUTPATH, 3yMOBJIEHI HEOOXIAHICTIO UBJEHHS CHUCTEMHU HArpiBy,
JIBOX TPUBOJIIB MIMIAJIKKA Ta MOTYXHOTO MOBITPSHOTO Hacocy. BHCOKI BUMOTH 0
SAKOCT1 MaTepialiiB JiJIsl BHYTPIIIHbOTO apy 6apadaHa, 110 KOHTAKTYe 3 a0pa3uBHUMHU
YaCTUHKaMU Ta XIMIYHO AaKTUBHUMHM CMOJIAMH, TaKOX MOXYTb 30UIBIIUTH
cobiBapTicTh amapara. Ille oaHMM HEIONIKOM € TEXHOJOTIYHA CKJIAIHICTh
KOHCTPYKIIli, OOyMOBJI€Ha HAasBHICTIO OaraToimapoBoro OapabaHa, MOABIMHOIO
NPUBOAY MIIMIAJIKM Ta CHUCTEMH Ta3000iry, 110 BHUMarae KBali(iKoBaHOTO
00CITyrOByBaHHS.

Posrnsnemo marent CN119425481A, sikuii onrcye 3MilTyBajibHy MaIluHy s
BHUPOOHHMIITBA Ta 00POOKHU apOH, CTIHKOI 10 BUCOKUX TemmepaTyp [2].

[e 3minryBay, npu3HaYEHUH AJI1 IPUTOTYBAHHSA )KapOCTIMKUX PpapO, OCHOBHUM
3aBAAHHSAM SIKOTO € 3a0e3NedYeHHs €(PEKTUBHOTO Ta OJHOPIIHOIO MEPEMillyBaHHS
KOMITOHEHTIB. HIoro Kiro4oBO0 0COGIMBICTIO € BOYIOBAaHHIT KOHTPOJIBHUH MEXaHi3M
y BUXITHOMY OTBOpI, SIKH{ 3amoOirae mepeIyacHOMY BUTIKaHHIO MaTepialy Mij 4ac
MPOLECY 3MIITyBaHHS.

[TpunHIIMT poOOTH 3aCHOBaHMM Ha KOMOIHAIlIl MEXaHIYHOTO TIEPEMIIITyBaHHS Ta
IHTEJIEKTYaJIbHOTO KOHTPOJIO BUBaHTaKeHHs. KIF0uoBOIO OCOONMBICTIO amapara €

BOY/IOBaHUII KOHTPOJBHUM MEXaHI3M y BHUXITHOMY OTBOpI, SIKUH CKIIQJA€ThCs 3

65



36ipuuk Te3 nonosineii XXXV Beeykpaincbkoi HayKOBO-IpakTUYHOI KOH(pepeHuii cTyaeHTIB,
acmipaHTiB i MoJsionux BueHux “O0JaTHAHHSA XiMiYHUX BUPOOHHMUTB i MiANPHEMCTB OyaAiBeIbHUX
MarepiaiiB”

PO3BaHTAXXYBAIbHOI THPKH, PO3JUIOBUX €JIEMEHTIB Ta mpuBoxy. [lin yac mporecy
3MIITYBaHHS PO3J1JIOB] TUTACTUHU MOBHICTIO OJIOKYIOTh BUX1IHI OTBOPH, 3a00Iral0uu
nepeIyacHOMy MOTPAIUIIHHIO MaTepiany B 30HY BUBaHTaxkeHHs. Konu 3minryBaHHs
3aBEpIICHO, MPHUBOJ] OIMYCKA€ TUIACTUHH, BIAKPUBAIOYHM KAaHAIH JJISI BUXOIY TOTOBOI
(dap6u. JlomaTkoBo, peryiboBaHi CKpeOKM Ha MIIaNbHIA paMill 3a0e3MeuyoTh

edeKTUBHE OUMIICHHSI CTIHOK BiJl MPUJIUILIOTO MaTepiaty.

1 — 3mimryBanbHMM Oapaban; 2 — KpHUIlIKa; 3 — By30JI IEpEMIITyBaHHS; 4 —
MIIHOMHHM CTPHXKEHB; 8 — TBUHT; 11 — ma3 MoHTakHOTO Kublis; 31 — ABUTYH
nepeminryBaHHs; 32 — paMa nepeMiiryBaHHs; 51 — onopHa KOHCTPYKIis; 52 —

MOPOXKHUHA; 55 — HanpAMHM ma3; 56 — KOB3yIOuuii OTBIp; 57 — OMOpHA OCHOBA; 61 —
riacTuHa; 64 — KoB3yrouui 0JI0K;
Pucynok 2 — Cxema 3MminryBaya ajisi BApOOHHUIITBA Ta 00pOOKU

BUCOKOTEMIIepaTypHol Gapou [2]
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[lepeBarn 1i€i TexXHOJOTIi MONATAIOTH y BHUCOKIA SKOCTI 3MINIyBaHHS,
JOCSTHYTOI 3aBJISIKY TTOBHIH 13011111 po00Y0i KaMepH IIiJT 9ac Ipoliecy, 110 3arnodirae
BTpati Matepiany. [lokpamiena cTabiIbHICT, POOOTH MIMIATFHOTO Baja 3a PaxXyHOK
JIOJIATKOBOi OMOpPWM B HIKHIA YacTWHI arapara 3MeEHIIye BiOparii Ta 3HOC,
M1JBUIIYIOYHM JIOBTOBIUHICTh OOjagHaHHsI. KpiM Toro, 3pydHICTh 0OCIyrOBYBaHHSI
3aBISKH MEXaHI3My MiTHOMY KPHILIKH 3 JOMOMOTOI0 T1APABIIYHOTO MITOKA CIIPOIILYE
OUMIIEHHS Ta OISl BHYTPIIITHBOI MOPOKHUHHU.

Cepen HEIOJIKIB BapTO 3a3HAYUTH TEXHOJOTIYHY CKJIAIHICTH BHTOTOBJICHHS
BCHOI'O By3Jla KOHTPOJBHOrO MexaHi3Mmy. IloTeHwiiiHE 3acMIYEHHS PYyXOMHX
€JIEMEHTIB IIbOTO MEXaHI3My B'A3k0l0 (apOo MOXKe YCKIATHUTH MOro
(yHKLIOHYBaHHS Ta BUMaratu perysipHOro yuiieHHs. EQeKTUBHICTh anapara Takox
MOke OyTH OOMEXKEHOI0 Mpu PoOOTI 3 JyKe B'SI3KUMHU Marepiajamu, sKi 37aTHI
YTPYAHIOBATH POOOTY PO3/IOBHX IIJIACTHH Ta OJOKYBATH BUX1/IHI OTBOPH.

BucHoBok:

PosrisHyBImIM MaTeHTH, MOXKHAa 3pOOUTH BHUCHOBOK, IO MOJEpHI3aIli
MEPEMIIIIYIOUOr0 amapary s yCTaHOBKM BHUPOOHHUIITBA aMIHOCMOJIE BaXKJIMBUM
HaIMpsIMKOM TSI 3a0€3IeUeHHs] SKOCTI Ta e(PEeKTUBHOCTI y BUPOOHUITB. OOuiBa
BUHAXOJW MPOIOHYIOTh I1HHOBAIlIHI PIMIEHHS Jis KJIOYOBUX MPOOJIEM Tay3i:
nepuui — jis  00poTHOM 3 MPUJIUIAHHIM MaTepiany, JIPyTuidl — JJIs TOYHOTO
KOHTPOJIIO TIPOILlECY BHBaHTaKeHHS. He3Bakaroum Ha HasgBHI TEXHOJOTIYHI
CKJIQHOCTI Ta TMIJBUILEHI BUTPATH, iX BIPOBAIKEHHS CHpPUSE PO3ZBUTKY
1HHOBAIIMHUX TEXHOJIOT1! y Tally31 IPOMUCIIOBOTO 3MIIITYBaHHS, 10 € BAXKJIUBUM JIJIsI
I IBUIIICHHS MTPOAYKTUBHOCTI Ta SIKOCTI TOTOBOT MPOTYKIIIi.

Ilepesik mocuanb:

1. Feeding, mixing and stirring device for manufacturing plastic adhesive
resin: matr. CN119260970A Kwuraii : B29B7/18; B29B7/80; B29B7/84;.
Ne CN202411795383A,; 3asBn. 09.12.2024 ; omy6s1. 07.01.2025. 13 c.
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URL.: https://worldwide.espacenet.com/patent/search/family/094109877/publication/
CN119260970A?q=pn%3DCN119260970A

2. Stirring machine for producing and processing high-temperature-
resistant paint : mat. CN119425481A Kuraii : BO1F27/96; BO1F35/12; BO1F35/42;
BO1F35/45; BO1F101/30;. Ne CN202411638401A ; 3asBn. 17.11.2024 ; omyOq.
14.02.2025. 17 C.
URL.: https://worldwide.espacenet.com/patent/search/family/094513801/publication/
CN119425481A?0=pn%3DCN119425481A
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MODERNIZATION OF THE BOILED SALT PRODUCTION
PLANT WITH THE DEVELOPMENT OF A DRUM DRYER AND
CYCLONE
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ANNOTATION.The use of table salt in the food industry is described and
characterized.
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MOJIEPHIBALIISI YCTAHOBKHW BUPOBHULITBA TIOBAPEHOI
COJII 3 PO3POBKOIO BAPABAHHOI CYLLIAPKHU TA
LUKJIOHY

cryneHnt ['ninenko C. B, no., k.1.H., Crenantok A.P.
HauionanbHU TeXHIYHUI YHIBEPCUTET YKpaiHH

«KuiBcbKuM noJtiTexHivHui iIHCTUTYT iMeHi Irops Cikopcbkoro»

AHOTAINIA. Onucano 1 oxapakTepu30BaHO BUKOPUCTAHHS MOBAPEHOI COJIl
y Xap4oBiil MPOMHUCIOBOCTI.

K/IIOYOBI CJIOBA: IIOBAPEHA CUIb, ITPU3HAYEHHA COJII,
XAPYOBA TITIPOMUCIIOBICTDb, TEXHOJIOI'TYHA CXEMA, LAPABAHHA
CVYIIIAPKA, LIKJIOH.
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Table salt(NaCL, sodium chloride) is a key ingredient in virtually all
technological processes in the food industry and catering. It is widely used as an
electrolyte, which increases the electrical conductivity of the solution, especially in
cases where improved ion exchange and better efficiency of electrochemical
processes are required.

Salt effectively changes the physicochemical properties of solutions, therefore
it is important in evaporators, where controlling the boiling point allows you to
regulate the intensity of evaporation and avoid overheating of components [1].

The main methods of obtaining table salt are evaporation of brine, solar
evaporation of seawater, or extraction of rock salt from deposits, and freezing salt
from various solutions [2].

In Ukraine, brine was extracted at the beginning of the 11th century in the
oldest mines of the Carpathian region (the city of Drohobych and the village of
Tustanovichi), which was used for boiling salt. During the evaporation of the purified
brine, table salt was obtained, which was used in everyday life to enhance the taste of
cooked food.

Over time, this process has undergone numerous changes: methods for
purifying salt have been improved, and apparatus designs have been improved, which
has increased the efficiency of evaporation and crystallization processes and ensured
the production of a high-quality final product [3].

Description of the technological scheme for the production of table salt [4].

The technological scheme of the process of extracting table salt is shown in
Figure 1.1.

The salt solution is fed into the filter 1, heated in the heater 2 and fed to the
evaporator 3, where a concentrated solution is formed. Then the mixture enters the
heat exchanger 4 and the crystallizer 5, where crystalline salt is formed. Water is

separated from the resulting mixture in a centrifuge 6, purified in a water washer 7
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and centrifuged again in a centrifuge 6. The salt is fed into a drum dryer 8, where it is

dried with hot air by a heater 9. As a result, the final product is obtained - table salt.
To prevent the emission of salt gases into the atmosphere, a cyclone 10 is

installed, designed to capture salt particles, and a wet dust collector 11, in which an

aqueous salt solution is formed.
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1 — filter; 2 — heater; 3 — evaporator; 4 — heat exchanger; 5 — crystallizer; 6 —
centrifuge; 7 — water washer; 8 — drum dryer;

9 — heater; 10 — cyclone; 11 — wet dust collector.

Figure 1.1 — Technological scheme of the production of table salt by evaporation of

brine

Selection of type and description of device design

A simplified diagram of a drum dryer is shown in Figure 1.2 [5].
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Figure 1.2 shows a simplified diagram of a drum dryer designed for drying
table salt. It consists of a cylindrical drum 2, installed with a slight inclination to the
horizon to ensure gradual, smooth movement of the material along its length. The
drum is supported on rollers 5 by means of bandages 3, which ensure stable rotation
of the apparatus. The rotation of the drum is carried out by an electric motor 7

through a reducer 6 and a drive ring gear 4.(1,5 — 5°)

The material is fed into the drum through the loading tray 1, where it is
captured by the internal blades and evenly distributed across the cross-section of the
apparatus. During the rotation, the material is intensively mixed and comes into

contact with the drying agent moving in countercurrent.

Bonorui
marepian

3 B 4 BignpauboBaHi rasmu

~- \ T/

=2 /// -
CylinnbHUA ;ﬂ - - 1 \

areHT
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marepian

1 — loading tray; 2 — drum; 3 — bandage; 4 — drive crown gear; 5 —rollers; 6 —

gearbox; 7 — electric motor.
Figure 1.2 — Simplified diagram of a drum dryer

Under the action of the rotation of the drum and the inclination of the
housing, the dried material gradually moves to the output part of the dryer, from

where it is discharged through the unloading device [5].
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A simplified diagram of a cyclone is shown in Figure 1.3 [6].

Figure 1.3 shows a cyclone for cleaning exhaust gases from solid particles of
table salt by centrifugal forces. The main elements of the device are a cylindrical
housing 2 and a conical bottom 3. The dusty gas is fed through the inlet pipe 1 into
the upper part of the housing. Entering the cyclone, the gas flow twists and moves
along a spiral trajectory from top to bottom along the walls of the device. Under the
action of centrifugal force, solid particles are separated from the gas, settle on the
inner surface of the housing and fall into the conical part 3, from where they enter the

dust collection hopper.
The gas purified from solid particles is directed upwards and discharged from

the cyclone through exhaust pipe 4 [6].
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1 —inlet pipe; 2 — cylindrical part of the housing; 3 — conical part of the housing; 4 —

exhaust pipe.
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Figure 1.3 — Simplified diagram of a cylindrical-conical cyclone
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MODERNIZATION OF POLYMERGASINOL PRODUCTION PLANT
WITH THE DEVELOPMENT OF A TUBULAR REACTOR AND HEAT
EXCHANGER
student Nefyodova K.V., Ph.D., associate professor Stepanyuk A. R.
National Technical University of Ukraine
""Igor Sikorsky Kyiv Polytechnic Institute"

Annotation: The paper considers the modernization of a tubular
polymerization reactor by improving the design of the intertube space using helical
baffles. The aim of the study was to increase the efficiency of heat transfer and
stability of the temperature regime by intensifying the movement of the cooler. Based
on computer modeling in SolidWorks Flow Simulation, it was determined that the
introduction of baffles provides an increase in the heat transfer coefficient by 30—
35% and improves the uniformity of the reactor thermal field.

KEYWORDS: POLYMER GASOLINE, TUBULAR REACTOR,
MODELING, HEAT TRANSFER, SCREW BAFFLES, HYDROPIGGING,
SIMULATION EXPERIMENT.

MOJIEPHI3AIISI YCTAHOBKHU BUPOBHUIITBA
HOJIIMEPBEH3UHY 3 PO3POBKOIO TPYBYACTOI'O PEAKTOPA TA
TEINJIOOBMIHHUKA

crynentka Hedrvomosa K.B., k.T.H., fonient Crenaniok A. P.
HaunionanbHuUil TeXHiYHUI YHiBepcUTET YKpaiHu
«KuiBcbKuil nmoJiTexHivHuid iHcTUTYT iMeHi Irops Cikopcbkoro»
AHoTanisi: ¥V pobomi pozensnymo mooepHizayito mpyouacmoz20 peaxmopa
noaimepuzayii waaxom YOOCKOHANIEHHS KOHCMPYKYIl MidcmpyOHO20 npocmopy 3a
00NOMO2010 2B8UHMOBUX Nepe2opolok. Memoro OocniddcenHs 0yY10 NiOBUUYEHHS.
ehekmusHocmi menioooMiHy ma CmabilbHOCMI MEeMNepamypHO20 pedCuUMy 3d
PAaxyHox —inmencugixayii pyxy oxonoodxcysaua. Ha ocnosi xomn’romeprozo
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mooemosanusa vy SolidWorks Flow Simulation eusnaueno, wo 6npo8adiceHHs.
nepe2opoook 3abesneyye 3pocmanHs Koegiyichma mennonepedadi Ha 30-35 % i
NOKpawye pI8HOMIPHICIb MENI06020 NOJISL peaKkmopd.

KJIFOUOBI CJIOBA: TIOJIMEPBEH3UH, TPYBUYACTHUU PEAKTOP,
MO/JEJIITOBAHHA, TEIINIOOBMIH, I'BUHTOBI I[TEPETI"OPO/IKMH,
TTIPOINIITIHT, CUMYJISALIMHNN EKCITEPMEHT.

Modernization of a tubular reactor involves the implementation of two key
technical solutions aimed at increasing its efficiency and reducing operating costs.
The first step is the installation of helical baffles in the intertube space. This design
solution allows you to direct the coolant flow along a spiral trajectory along the tube
bundle. This eliminates stagnant zones, where there is usually an uneven temperature
distribution, equalizes the thermal regime and significantly increases the efficiency of
heat removal. This is especially important for exothermic polymerization processes,
where temperature control determines the stability of the reaction and the quality of
the final product. [1]

The work involved modeling thermal and hydrodynamic processes in a tubular
polymerization reactor using SolidWorks Flow Simulation. The purpose of the
simulation experiment was to evaluate the effect of helical baffles in the intertube
space on the uniformity of heat transfer and the feasibility of using hydropigging for
cleaning pipes without dismantling.

For the calculation, a 3D model of a tubular reactor was created (Figure 1),
containing 187 tubes with a diameter of 0.05 m and a length of 9 m, placed in a
casing with a diameter of 1.2 m. The working medium is a mixture of isobutylene and
butylene at a temperature of 450 K and a pressure of 0.5 MPa; the coolant is water

(inlet temperature 298 K, flow rate 0.5 kg/s per section).
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Figure 1 — Geometric 3D model of the reactor

As a result of the computer simulation, a comparison was made between the
basic and modernized designs of the tubular reactor. The analysis showed that the
introduction of helical baffles in the intertube space significantly affected the thermal
and hydrodynamic characteristics of the installation. In particular, the average heat
transfer coefficient increased from 410 to 545 W/(m2-K), which corresponds to an
increase in the efficiency of the heat exchange process by approximately 33%. Due to
improved coolant mixing and the elimination of stagnant zones, the temperature
difference along the working length of the reactor decreased from 19.2 °C to 6.4 °C
(see Fig. 2)

This indicates a significant improvement in the uniformity of the thermal field,
which is critically important for preventing local overheating and unwanted

uncontrolled polymerization of reagents.
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Figure 2 — Simulation:
a- comparison of the temperature field before and after the modernization; b -
temperature dependence along the length of the reactor, T(L) (normalized length

L/L0€[0.1]) before and after modernization.

The maximum tube wall temperature has decreased from 462 K to 446 K,
which not only reduces the thermal loads on the reactor material, but also extends its
service life. The helical baffles, located at 250 mm intervals, create a rotational
motion of the cooling flow, which contributes to the formation of more intense
turbulence.

Calculations showed that the level of turbulence in the intertube space
increased from 8% to 22%, i.e. almost three times. This provides a more active
renewal of the boundary layer and increases the rate of heat transfer from the tube

walls to the cooler. (see Fig. 3)
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Figure 3 — Velocity field in the intertube space with helical baffles

At the same time, pressure losses in the system increased slightly - from 13.8
kPa to 14.5 kPa (by 5.1%), which is acceptable for industrial operation of the reactor.
Thus, the modernization did not lead to a significant increase in energy costs for
pumping the coolant, while maintaining the economic feasibility of the process.

The results obtained confirm that the modernized tubular reactor with 187
tubes (50 mm diameter and 9 m long) and a helical baffle system demonstrates a
noticeable improvement in performance in all key parameters. In particular, the
uniformity of the temperature field increases threefold, local overheating is
practically eliminated, and the load on the catalyst is reduced.

The heat transfer coefficient increases by 30-35%, which ensures stability and
controllability of the polymerization process.

In addition, the modernization helps reduce energy consumption for cooling by
an average of 10-12%. Thanks to the possibility of using a hydropigging system for
cleaning pipes without dismantling, equipment downtime is reduced by 20-25%,

which has a positive effect on the economic performance of production.
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Thus, the simulation conducted in SolidWorks Flow Simulation confirmed
both the technical and economic effectiveness of the proposed reactor design

improvements.
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MOAEPHI3BALIA JE®JIEI'MATOPA BUPOBHULITBA ®EHOJIY TA
ALIETOHY

Crynent lIBenuncekuii [. O., acuctent [loguman I'. C.
HamionanpHuit TeXHIYHUN YHIBEPCUTET Y KpaiHH
“ KuiBcbkuil momitexHi4Hui 1HCTUTYT iMeHi Iropst Cikopcbkoro

AHOTAUIA: B oaniu pobomi wnagedeno ingopmayyito npo penon ma
ayemon €  KIOYOBUMU  NPOOYKMAMU  OP2AHIYHOI  XIMil, WO  WUPOKO
BUKOPUCTMOBYIOMbCS Y 8UPOOHUYMET NONIMepI8, apmayesmudnux npenapamie ma
pozuunHuKie. Ixne ompumanna nepedbauae Kommaekc 6a2amocmadiiiHux npoyecis,
cepeo AKUX KPUMUYHO 6AXNCIUBY pOTb 6i0iepac pexmuikayiss 3 8UKOPUCMAHHAM
Ooepneemamopa. Bepmuxanvhuii  kodxcyxompyouuti  depneemamop  3abeznevye
eghexmueHe po30ineHHs Napie CymMiui WIsIXoM YACMKO80I KOHOeHCayil, Wo 00368015€
ompumysamu npoOyKmMu 8UCOKOI YUCMOmu ma nioeuwyumu 3a2aibHy eq)ekmueHicms
MexXHON02TUHO20 npoyecy.

KJIIO4Y0BI  CJIOBA: ®EHOJI, ALIETOH, BHWPOBHUILTBO,
JIEDJIETMATOP, KOXXYXOTPYBHUM TEIIJIOOBMIHHUK.

MODERNIZATION OF THE REFLUX CONDENSER FOR THE
PRODUCTION OF PHENOL AND ACETONE
Student Shvedynsky D. O., Assistant Podyman H. S.
National Technical University of Ukraine
“Igor Sikorsky Kyiv Polytechnic Institute”

ABSTRACT: This paper provides information about phenol and acetone,
which are key products of organic chemistry, widely used in the production of
polymers, pharmaceuticals, and solvents. Their production involves a complex of
multi-stage processes, among which rectification using a reflux condenser plays a

critically important role. A vertical shell-and-tube reflux condenser provides effective
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separation of mixture vapors by partial condensation, which allows obtaining high-
purity products and increasing the overall efficiency of the technological process.

KEYWORDS: PHENOL, ACETONE, PRODUCTION, REFRACTION
CONVERTER, SHELL-TUBE HEAT EXCHANGER.

®deHoJ € OJHUM 3 KIIIOYOBHMX MPOJYKTIB OPTaHIYHOTO CHHTE3Y. 3a 3BUYAHHUX
yMOB 1ie 6e306apBHi KpHCTAIM 3 XapaKTEepHHUM 3amaxoM. Moro Monekyna IoemHye
apoMaTHYHE SJIPO Ta TIAPOKCUIBHY Tpymy, IO 3yMOBIIOE crenudiyHi XiMidHi
BIIACTUBOCTI. DEHOJ MPOsBIsi€e cIabKi KUCIOTHI BIACTUBOCTI, YTBOPIOE (HEHOJSITH 3
JyramMu, BCTYINa€ B peakilii enekTpoduibHOro 3amiileHHs. DOeHOon 3HAXOIUTh
3aCTOCYBAaHHS B PI3HHMX Tally3sX HMPOMHCIOBOCTI. BiH € KJII0OUOBOIO CUPOBHUHOIO IJIs
BUpOOHMITBA  (DEHOIPOPMATBIETIAHUX CMOJ, $KI BHKOPUCTOBYIOTHCA IIpH
BUTOTOBJICHHI TUTacTMac, QaHepu Ta OyIIBEIbHUX MartepiaiiB. 3Ha4yHI 00csru
(deHoy CHpsIMOBYIOTbCS Ha CHUHTE3 OiC)eHOTy A - OCHOBHOIO KOMIIOHEHTY MAJIs
BUPOOHUIITBA TMOJIKApOOHATIB Ta EMOKCHUIHUX CMOJ. Y dapMaueBTuill (¢GeHou
CIIY’KUTh CHPOBHUHOIO IS OTPUMAHHS JIKApChKUX 3aco0iB, 30KpeMa acHipuHy.
Takox BIH BUKOPUCTOBYETHCA MPU BUPOOHUUTBI AHTHOKCUIAHTIB, IMOBEPXHEBO-
AKTUBHHMX PEYOBHUH 1 IK KOHCEPBAHT JiJIst aepeBunu [1,2].

AlIETOH - TpEeACTaBHUK KETOHIB, Oe30apBHA JieTKa pPiIMHA 3 XapaKTepHUM
3anmaxoM. Bosojie BUCOKOIO 31aTHICTIO 10 PO3YMHEHHS OPraHIYHUX CIOIYK. XIMIYHO
aKTUBHUI, BCTYIIA€ B PEaKIlii MpU€ETHAHHS, KOHJEHCAIl1, BITHOBJICHHS.

ALIETOH Ma€ IUPOKE MPOMUCIOBE 3aCTOCYBaHHA SIK YHIBEpCalbHUUI
PO3YMHHUK. BiH aKTHBHO BHKOPUCTOBYETHCS y JIakopapOOBI MPOMHUCIOBOCTI IS
PO3YMHEHHS CMOJI, MAacTUK Ta JIAKOBUX IOKPUTTIB. 3HA4YHY YacCTHHY alleTOHY
CIIO’KMBA€E XIMIYHA MPOMHUCIIOBICTH ISl CHHTE3y METHJIMETaKpUJIaTy - MOHOMEPY IS
BUPOOHMIITBA OPTAHIYHOTO CKJIA. Tako areToH 3aCTOCOBYEThCS y (hapMalleBTHUHIN
Ta KOCMETUYHII MPOMUCIIOBOCTI, P BUPOOHUIITBI MIIHUX KJIEIB, a B JIAOOPATOPHIii

NPAKTHUII - K e(DEKTUBHUIN POZUMHHHMK ISl MUTTS XiMI4HOTO Ttocyxy [3, 4].
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OOuaBa NPOAYKTH € CTPATETIYHO BAKIUBUMU JIJISI XIMIYHOI IPOMUCIIOBOCTI, a
iX CIUJIbHE OTPUMAaHHS KyMOJBHHUM METOJIOM 3a0e3reuye eKOHOMIYHY €(eKTUBHICTh
BUPOOHMIITBA.

Beprukanbauii KOXyXOoTpyOHMI jAeduierMarop € KIIOYOBUM amapaTtoM y
cucteMi pekTtudikalii nmpu BUpOOHUITBI (EHOTY Ta alleTOHY KYMOJBHHM METOJIOM.
Moro ocHOBHe 3aBJaHHS TIONATAaE y 3abe3NeueHHi eeKTUBHOTO MOMINY BHXiTHOI
CYMIlIII IIJIAXOM YaCTKOBOI KOHICHCAIIIT IapiB Ta MOBEpHEHHs (JIerMu B KOJIOHY [5].

Amnapar mpencTaBise cobl BEPTHKAIbHUN TEMJIOOOMIHHHK, y SKOMY MapoBa
CyMIlll HAIXOJIWUTh Y MDKTPYOHUH MpOCTIp, a OXOJIOJKYIOUa BOJA IUPKYJIIOE I10
TpyOax. KoHcTpykilis mnpeicTayise MeTaieBUN IWIHAPUYHUN KOPIYC B SIKOMY
pO3TallloBaHl ABI TPYyOHI peunTku (AOWIKK) 2 3 MapajieIbHUMHU HarpiBaJlbHUMU
TpyOkamMu 3, KIHIIl SIKMX 3aBaJIblIbOBaHI B penriTkax. PinuHa, sika HarpiBa€eThCs
HiBOIUTHCSA 1 BIIBOAMTHCS uepe3 IITyLepu 4, a rpioya mapa IMOJA€EThCS 4Yepes
mryuep 8. 3 000X TOpLIB KOPOYC 3aKpUTHA KpuIIKamMd S5 3 QuaHmsmu 7.
YurinpbHeHHST MK TpPYOHHMMHM peunTkamMu 1 (IaHISIMH  KPHIIOK JTOCSTA€ThCS
npokiaakamu 6. Kopmyc aist kpirieHHst Mae onopHi Jjianu 9. Konjencar 311BaroTh 31
mryuepa 10. [ns mokpaieHHs mpolecy TeIIo00MiHY B MIKTPYOHOMY MpOCTOpi

BCTAHOBJICH] TIEPETOPOJIKHU, K1 CIIOBUIBHIOIOTH PyX TEIJIOHOCIS [6].
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1 — kopmyc, 2 — TpyOHi pemriTky, 3 — HarpiBajibH1 TpyOKH, 4, 8, 10 — mrynepu,
5 — kpuiku, 6 — npokaaku, 7 — duaui, 9 — onopHi1 Janu
Pucynok 1 — BepTukainbHuii KO)XyXoTpyOHUI fAediaermMarop
Ha pucynky 2 mnoka3zaHa TEXHOJOTIYHa CXeMa BUPOOHHITBA (eHoy Ta
alleTOHY uepe3 T1IpomnepeKuc i3omponiiden3ony. B amapari 1 npu iHTEHCUBHOMY
MepeMIITyBaHH1 TOTYIOTh €MYJIbCIIO 130MponiideH30ay y Boai. i uporo B anmapar
MOJAIOTh CBDKUW 130MPOMIIOCH30JT 3 1eXy ajKUTyBaHHS O€H30Jy, 3BOPOTHHUU
130MPOMNUIOEH30J1, OYHWIIEHUN TIAPYBaHHSIM BiJl a-METWICTUPOIY, €MYJIbraTop
(maypuicynbdar abo HaTpit0 cTeapaT) 1 BOAY, B SKiil MONEPEIHBO PO3UUHSIOTH
kapOoHat Hatrpiro. CIIBBIIHOIIEHHS CBIKOTO Ta 3BOPOTHOTO 130MPOMIIOSH30ITy
npubnu3zno 1:4. Emynbcito 130mponiniOeH30/y TepekadyroTh B amapar 6 s
okucHeHHsA. Tyt npu 130°C yepe3 piauHy MiJl TACKOM MPOMycKaroTh moBiTps. [licns
TOTO SIK y TAPOIEPEKHC MEPETBOPUTHCS OMM3BbKO 25% 130IPOIIOCH30ITy, peaKIliiHy

PIAMHY HaNpaBJSAIOTh HA PO3KIIAJaHHA CIPYaHOIO KUCIOTOIO B amapar 9.
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1 — emynscop; 2 — duteTp; 3 — anapar 11 rigpysanus; 4,7,8,16 —

TEIJIO0OMIHHUK; 5 — cenaparop; 6 — amapart JJi1 OKUCHEHHSI 130IPOIUIOeH30ITy; 9 —
amapar Juisl po3Kiaay rigponepekucy, 10 — amapar ajs omusneHHs penoiy; 11 —
posnimoBay; 11 — po3aimoBay; 12,13,14 — pekTudikariifHa KkoioHa; 15 —
mudaermarop; 17 — kun’ sTwibHUK; 18 — 6ak ansa penomny; 19 - npocens

Pucynok 1 — Cxema BUpOOHUIITBA PEHOTY Ta allETOHY YePe3 T1APONEePEeKUc
130MPOIIOEH30TY
Po3knaganHs rigponepeKkucy 130mponuioeH3oly Ha (DeHOJ Ta aleTOH MPOTIKAE
3 BHUIUICHHAM BeauKkoi KiabkocTi Terua (400 kkam Ha 1 Kr TiIpomepexucy).
[IBuakicTh peakiii 3alleKUTh BIJ KOHIIGHTpAIlli 3aCTOCOBYBAaHOI KHCJIOTH 1
rigponepekucy. [lpu npomnyiieHHi ra3onoAidHOro CIPYUCTOrO aHTIAPUIY Yepes
KOHIICHTPOBAHUHN TIAPOMEPEKUC PO3KIAJIaHHS CYNPOBOKYETHCS BHOyXOM. Y
NpUCYTHOCTI 1%-HOi CIp4YaHOi KHUCIOTH PO3KIAJaHHsA TpHUBAa€E S5 ToA, TpH
BukopucrtanHi 10%-Hoi kuciaotu BoHO TpuBae 1 rona. Tomy mpolec po3kiagaHHS

rigponepekucy Ha (EHOJT 1 ameToH Yy BUPOOHMYMX YMOBax TMPOBOASTH TIpU
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JOTPUMaHHI BIATOBITHUX 3aMO01KHUX 3aX0/11B (IHTCHCUBHE BIJBEICHHS PEAKIIIHHOTO
TEIJia, 3aCTOCYBaHHS JIOCUTh PO3BEJEHOI CipyaHOi KUCIOTH 1 T. 1.). Hajpnmuimikose
TEIUIO BIIBOJATH Yy 3BOPOTHOMY XOJIOAUIIBLHUKY §.

3 amapary 9 piguHa neperikae posautoBad 11; cipuaHa Kkuciora, Mo
BIJIOKPEMITIOETHCS, 3HOBY MOKE OyTH BUKOPHUCTaHAa JJisl PO3KIAAaHHS T1IPOTEPEKUCY.
[IpomykTn peakinii, Mo MICTATH MICIsS BUIUICHHS cipyaHoi Kuciotu: 8% ameTony,
14% d¢enony, 76% HenpopearoBaHoro izomnponinoeHzony 1 g0 2% pomimok (a-
METUJICTUPOJ, areTopeHoH Ta 1H), HaNpaBlsAlOTh Ha pekTudikamio. Y
pexkTudikaiifHiii KonoH1 12 BIATaHAIOTH alETOH; B KOJOHI 13 mpu po3piaKeHHI
BIITAHSIOTH 130MPOMUIOCH30J1 3 JOMIMIKaMU a-MeTWwiIcTupony Ta denomy. Ll
JOMIIIKK  3aBa)alOTb HOPMaJIbHOMY Mepediry peakiii OKHCHEHHS, TOMY
130MPOIIOEH30J1 MiA1al0Th OYUIIIEHHIO.

B amaparti 10 #ioro o6poOsit0Ts BOJHUM PO3YHMHOM JIYTY, B PE3yJIbTaTl 4Oro
(eHON TEepeTBOPIOETHCS HA (PEHOJAT 1 MEPETBOPIOETHCS HA PO3YUH, SKUU Yy
PO3AUTIOBAILHOMY TOCYAMHI BIJOKPEMIIIOETHCS BiJI BYIJIEBOJHEBOro mapy. B
amapaTi 3 4epe3 130MPOMNUIOEH30J Y MPUCYTHOCTI CYCHEHJOBAHOI'O METaJeBOIO
HIKeIN0 (KaTani3aTop) MpOIyCKaTh BOJIeHb. [Ipu 1IbOMy a-METHIICTHPOI T1APYETHCS
B 13omponutoen3on. Jlam i3ompomninben3on uepe3 GiabTp 2 HAMpaBiIsglOTh Ha
3MIIIYBaHHS 31 CBIKUM 130MpoNija0eH300M anapar 1.

Ky6oBa pinnna 3 kononu 13 meperikae B KoJIoHY pekTtudikarmii 14, ne npu
pO3piIKEeHHI (DEeHON BiIOKpEeMITIOeThes Bl anetogpeHony. [lapu denony BIABOAATSH 3
BEPXHbOI YaCTUHU KOJIOHM 1 KpUCTAI3YIOTh y npuiiMayi 18. KyboBa piguHa 3 KOJOHU
MICTUTH 14 rOJIOBHUM YMHOM aIeTo()eHOH.

Ha 1 T ¢eHomy, mo OTpUMYe€ThCS 32 KyMOJBHUM METOJIOM, BHTPAYa€ThCs
1,288 T 13ompomniinOeH30dy; NMpU IBOMY JOJATKOBO BUXOAUTH Onau3bko 600 kr

arieTony [7].
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EdextuBHa pobota pgeduermatopa Oe3mocepeHbO BIUIMBAE HA  SKICTb
IPOJIYKIIli Ta €KOHOMIYHI MMOKa3HUKHW BUPOOHUIITBA, 1110 POOUTH HOr0 MOJEpHI3aIliIo

BaXXJIMBUM HAlIPpAMOM YIAOCKOHAJICHHA TEXHOJIOTTYHOIO IIponccy.
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YK 678.023
JOCJIKEHHSI TAPAMETPIB EKCTPY3II XAPYOBOI IVIIBKH 3
PLA: BI/I CUPOBUHHU 10 'OTOBOI'O NPOAYKTY
A.JO. Abaes, ML.II. IlIBen
HanionansHuil TeXHIYHUNA YHIBEPCUTET YKpaiHU
«KwuiBcekuii [lomitexuiunit iHCTUTYT iMeHi [ropst CikopchKoro»
03056, Kuis, np. bepecreiicbkuid, 37, kopi 19
ixf@kpi.ua

B ymoBax 3pocTarodoi €KOJOri4HOI CBIJOMOCTI Ta MOCHJIEHHS BHMOL J10
3MEHIICHHS IUIACTUKOBUX BIJIXOJIB 3HAYHOI YyBaru HaOyBa€ BHUKOPUCTAHHS
O0lopo3kiiaguux TmoJjiMepiB. OmHMM 13 HAWMNEPCHEKTUBHINIUX MaTepialliB s
BUPOOHHMIITBA Xap4yoBoi ynakoBku € momigaktun (PLA) [1]. Bin BuroroBiseThes 3
BiJTHOBJIIOBAHUX JIKEPEJI, TAKUX SIK KYKYPYI3IHUNA KpOXMallb a00 IIyKpoBa TPOCTHHA,
Ta MO’KE€ TIOBHICTIO PO3KJIaJIATUCS B YMOBAX IPOMHUCIOBOTO KOMIIOCTYBAaHHS.

XapuoBa munBka 3 PLA wmae psag  mepeBar mnepen  TpaaMLIHUMHU

HadTOXIMIYHUMU TIOJIIMepaMu, TakuMH sk nosietusieH (PE) ta mominpomninen (PP):

BHCOKA MPO30PICTh 1 OJIUCK, IO MOKPAILY€e TPE3ECHTAIII0 POTYKTIB;

- Xopouuii Oap'ep 11 3amaxis 1 KUPIB;

- BIJMOBIJIHICTh BUMOTaM IIOA0 0€3MEYHOCTI XapUuOBHUX YIAaKOBOK;

- MOXIJHBICTh KOMIIOCTYBAaHHS TICISI BUKOPUCTAHHS, M0 3MCHIIYE

HETaTHUBHUH BILJIUB Ha JOBKIJUIS.

Pazom 3 TuMm, mporec ekcrpysii PLA Mae cBoi TexHOJOTrIYHI OCOOJIMBOCTI,
OB’ s13aH1 3 MOr0 HU3BKOK TEPMOCTIHKICTIO, BUCOKOI B’SI3KICTIO Y PO3ILJIABJICHOMY
CTaHi Ta HEOOXIAHICTIO TOYHOTO KOHTPOJIO TeMmIepaTypu. Y Mmiil poOoTi
PO3IIIAIAI0THCS OCHOBHI TEMIIEPATypHI Ta MBUJIKICHI MMapaMeTpH eKCTPy3ii XapuoBoi

aiBKY 3 PLA, 1110 BIUTMBAIOTh Ha AKICTh KIHIIEBOTO MIPOIYKTY.
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Oco0nMBYy yBary npuauIsIIOTh IPOLECY MIATOTOBKH CUPOBUHU — BUCYIIYBaHHS
PLA nepen excrpysieto, Tak sk PLA € rirpockomniyHuM mojiiMepoM, TOOTO aKTUBHO
MOTJIMHAE BOJIOTY 3 HaBKOJUIITHROTO cepenoBuia. HaBiTh He3HaUYHA KiIBKICTh BOJU
(monax 250 ppm) MOXe CIPUYMHHUTH TIAPOJII3 MM Yac €KCTpy3ii, 10 MPU3BEIE 10
3MEHIICHHS] MOJIEKYJISIPHOI MAacH, 3HM)KCHHS B'SI3KOCTI Ta MOTIPIICHHS MEXaHIYHUX
BJIACTMBOCTEH IUTIBKM (3HMKEHHS MIIIHOCTI Ha pO3TAT, YTBOPEHHS Ta30BHX
Oynp0amoKk y IUTBII, 3HIKEHHS ONTHYHOI IPO30poCTi). BHKOPUCTOBYIOTH
ascopOIiiHI cymapku 3 Toukoio pocu -40°C abo HIDKYE, TEMIEpaTyporO CYIIIHHS:
60—-80°C, tpuBaiicTio 4—6 TOAMH, MPHU MIBUIKOCTI MOTOKY OCYIIEHOTO MOBiTps 1,8—
2,5 M?/kr PLA Ha ronuny.

PLA wmae By3bKkuil TeMmmepaTypHH JAiana3oH MepepoOKH, TOMY TOYHHIMA
KOHTPOJIb TEMIIEpAaTypu € KPUTHYHO BaXJIuBUM. lleperpiB Moke BUKIUKATH
TEPMIUHY JECTPYKIIi}0, a HEIOCTaTHE HarpiBaHHS — MpoOJeMH 3 TEKYYICTIO Ta
dbopmyBanHsM 1uriBKM. PLA Mae T1ceBAOIIACTHMYHY TOBEIIHKY — B'A3KICTh
3MEHIIIYEThCSL MPU 30UTBIIEHHI MBUAKOCTI 3cyBY. IIpM HaATO BHUCOKIN IIBHUIKOCTI
3cyBy PLA Moxe nerpaayBaTu Ta BTpadyaTh MEXaHI4H1 BJIACTUBOCTI. ToMy Ba)KJIMBO
migi0paT ONTUMAaJbHE CIIBBITHOIICHHS TEMIIEpaTypyd Ta IIBHJIKOCTI 0OEepTaHHA
ITHEKA.

Kadenporo mammH Ta anmapariB XIMIYHUX 1 HadTOnepepoOHUX BHUPOOHHUIITB
HTYY «KIIl» Oyno mpoBeaeHO moCiiKeHHS 3 BUpoOHuITBa PLA  mmiBKu B
eKCTpY31iHIi yCTaHOBLI, $Ka po3po0jieHa Ha OCHOBI BHUCOKOE(EKTUBHOTO Ta
YHIBEPCATBFHOTO KACKaJHOTO JUCKOBO-IIIECTEPEHYATOTO EKCTPYACPA, IO CKIATAETHCS
3 JIMCKOBOTO PO3IUIABIIIOBAYa, YEPB SIYHOTO EKCTpYJepa-AoMilllyBadya Ta JO3yKYOro
[IECTePEHYAaCTOr0 HAacOoca HAa OCHOBI METOMY eKCTpY3il pykaBa 3 pO3MyBaHHSIM 3a
CXeMOI «3HU3y — Haropy». [Iporec ekcTpysii 6i0- Ta (GOTOPO3KIATHUX TUIIBOK 3
PLA mnepenbadae BCTaHOBJICHHS MEBHUX TEMIIEPATypHUX 1 MIBUAKICHUX TMapaMeTpiB
JUIS KOJKHOTO eTamny. B sIkocTi cupoBHHU OYyJI0 BUKOpUCTaHO TpaHyiu Ingeo 2003D

Bimx kommanii NatureWorks LLC. B mnpomeci mocmimpkeHHS IS 3a0e3ledeHHS
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ONTHUMAJIBHOTO IIIaBJeHHs Ta TpaHcnopTyBaHHs PLA Ingeo 2003D otpumanu
HACTYITHUM TemmepaTypHuil mpodiias Hamoro ekctpyaepa (Tabi.1):

Tabmung 1. Temnepatypuuii npodinb ekcTpyaepa

3oHa ekcTpy3il Temmnepatypa, °C
30Ha nojaul 185-190
3ona mactudikarii 190-195
3oHa KoMIpecii 195-205
30Ha J03yBaHHS 205-210
Marpurs 210

3a pe3yiibTaTaMu IIOCJIiI[)KCHB pO3pO6J]€HO HOMOI'paMy IJII BHU3HAYCHH:A

Y3TOJDUKEHUX PEXHUMIB pOOOTH KaCKaJHOI'O JUCKOBO-IIECTEPEHHOIO EKCTpyAepa, UL

po3IuIaBy PLA Ingeo 2003D, IIpUBEJECHA Ha
puc. 1.
MacoBa MPOJAYKTHBHICTb KYTOB& HIBH/IKICTH B'ev'-'_"l”"m o e
YCTAHOBKH, KI/TOJ ‘ ‘ mHeKa jo3atopa, 06/xs 3a30pY, MM
T : 5.0
,D"' ;nln.l\ 4‘5
/ 4.0
L . / 35
L 1, 3,0
2,5
i 2,0
1.5
1,0
/ 0,5
\ 2
70 60 50 40 30 20 10 80 90 100 110 120 130140 150 160 170 180
KYTOBA WIBHAKICTh LICCTECPEHDb, 00/XB KYTOBA WBH/IKICTh AMCKA, 00/XB

Pucynok.l. Homorpama nnsi BH3HAa4YeHHS pPEXHUMIB poOOTH JUCKOBO-

HIECTEPEHHOT0 EKCTPYIepa
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Cucrema M03BOJISIE THYYKO KEpPYBATH MPOIECOM EKCTpy3ii. Xoua OCHOBHI
napameTpu (0OepTH NIHEKa, Hacoca, eKCTpyJepa Ta 3a30p) 3aJar0ThCs 3TIAHO 3
MPOIYKTUBHICTIO, OINEpaTop MOXKE INBHAKO BIUIMBATH HA TEMIEPATypy 4YH
OJTHOPIJIHICTh PO3IUIAaBY. /{1 IbOro HE MOTPIOHO 3MIHIOBATH Hi MPOJIYKTUBHICTb, Hi
TeMmrepaTypy B 30Hax OOIrpiBy — JOCTaTHbO BIJKOPUTYBaTH OOEpPTH Ta poOOUUit
3a30p ekcTpyaepa B Mexax 10%. Ile 3a0e3neduye 3HauHy OnepaTUBHY MAaHEBPEHICTb.

PLA Ingeo 2003D wmae nceBAOIJIaCTUYHY TTOBEIHKY — B'SI3KICTh 3MEHIITY€E€ThCS
npu 30UTbIIEHH] MIBUAKOCTI 3¢yBY. [Ipu HaaTO BHCOKIHM mBHIKOCTI 3cyBy PLA Moxe
JerpaJlyBaTd Ta BTpadyaTH MEXaHIYHI BJIACTUBOCTI. TOMYy BaXJIMBO MigiOpaTH
ONTUMAJIbHE CHIBBIIHOIICHHS TEMIEpaTypd Ta MIBUAKOCTI T0Jladl PO3IUIABY
IIECTEPEHYACTUM HACOCOM, IO JOTOMAara€ yHUKHYTH TEPMOJICCTPYKIlii Ta OTpUMAaTH
aKicHy TTiBKy. Il yac poboTH oTpuMany OoNTUMaIbHUN TeMrepaTypHuil mpodiib
st PLA Ingeo 2003D B gianmazoni 185-210°C Ta onTuManbHy HIBUIKICTD
o0epTaHHs MIECTEPHI JO3YI0UOro ImecTepeHyacToro Hacoca n = 0,75 06/c, mpu upomy
omip ¢opmyrodoi rojgoBku ckiaaB P = 25,3 Mlla, a npoayktuBHicTh miHii Q = 0,011
Kr/C.

3anpornoHoBaHa TEXHOJOTIS J03BOJSE BUPOOJISATH PI3HOMAHITHI €KOJIOT1YHO
Oe3reyHi TUIIBKU, KOPUCHI Ui BUPOOHMKIB, CHOKMBadiB Ta Topriii. KiroduoBoro
repeBaroo € Te, Mo BUPOOHUIITBO 0i10- Ta (HOTOPO3KIATHUX TUTIBOK MOKHA JIETKO
IHTErpyBaTH B ICHYIOY1 TEXHOJIOT14YHI1 JIiHIi 6€3 3HAYHUX 3MiH, III0 pOOUTH MEepexiy Ha
HOBI MaTepiajii €KOHOMIYHO BUTIAHUM. OHOYACHO BJAOCKOHATIOIOTHCS 1 TPaIUIIiiTH1
MaTepiajii: BOHU CTAlOTh MIIHIIIUMH, TOHIIUMH 1 JIETIIUMH, 3'SIBJISIOTHCS HOB1 BUJIU
Oaratopa3oBoi ymakoBku [2]. Takum uumHOM, O10- Ta QoromomiMepu — 1
MEePCIEKTUBHUI KPOK J0 CTIMKOrO pO3BUTKY B MaKyBallbHIN ramysi. He3Baxatouu Ha
BUKJIMKH, IXHE BIPOBAHKCHHS € BAXJIUBUM IHCTPyMEHTOM Yy OOpoThOl 3
3a0pyIHEHHSIM TUTACTUKOM.

Jliteparypa:

1. 3amortaeB I1.B. Ilomumepsl, paspyluaroniecs moj IeMCTBUEM MPUPOAHBIX

91



36ipuuk Te3 nonosineii XXXV Beeykpaincbkoi HayKOBO-IpakTUYHOI KOH(pepeHuii cTyaeHTIB,
acmipaHTiB i MoJsionux BueHux “O0JaTHAHHSA XiMiYHUX BUPOOHHMUTB i MiANPHEMCTB OyaAiBeIbHUX
MarepiaiiB”

dakTopoB // YnakoBka — 1999. — Ned4, — C. 34-37.
2. I'aa O.M. llInsxu BAIOCKOHAJICHHS Ta PO3BUTKY TEXHOJIOT1H 1 00JaHaHHS
nakyBaHHs / Marepianu  HaykoBO-TIpakTHUHOI KoH(epeHmii «llakyBanbHa

iHaycTpis». — Anymra, 2007. — C. 162-175.
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BUKOPUCTAHHS KABITAIIMHOTO OBJAIHAHHA JJIA
MNIABUIIIEHHSA E®EKTUBHOCTI BOJOIIIAIOTOBKHA Yy
BUPOBHHUITBI COKIB

k.T.H. b. Llenens, k.1.H. A. Hexbaitno, k.1.H. JI. 'oxxenko, k.T.H. H. Paguenko,

roi. mex. B llymnsk, romn. texaomnor B. Illenkin

Inemumym mexniunoi mennogizuku HAH Ykpainu

AHOTAIIA: ABTOpamMu PO3TJISIHYTO MOYKJIUBICTH T IBUIIEHHS
e(heKTUBHOCTI Jiera3ailii BOJY B TEXHOJIOTISX BIAHOBJICHHS KUCIHUX COKIB 32 PaXyHOK
BUKOPUCTAHHA B IHMKJIl BaKyyMHOI jerasaiii 1HTEHCU(DIKYIOYOr0 BIUIMBY
TIAPOAVMHAMIYHOI KaBiTalii, $Ky 3alpONOHOBAHO PEali30BYyBaTH B KaBITal[lHHOMY
amapari poTOPHO-ITYJIbCAIIHHOTO TUITY 31 CHEIIaIbHO PO3POOJIECHOI0 KOHCTPYKIIIETO.

ABSTRACT: The authors considered the possibility of increasing the
efficiency of water degassing in acidic juice recovery technologies due to the use in
the vacuum degassing cycle of the additional intensifying effect of hydrodynamic
cavitation, which is proposed to be implemented in a specially designed rotary-
pulsation type cavitation apparatus.

KJ/IFOY0BI CJ/IOBA: nerazaitis, Bojia, pOTOPHO-ITYJIbCAIlIHHUN anapaT

KEYWORDS: degassing, water, rotary pulsation apparatus

Bona € kimo4y0BMM KOMIIOHEHTOM B TEXHOJIOTISIX BUPOOHHUIITBA XapuyOBUX
MPOJIYKTIB, OCKIIbKA BUKOPUCTOBYETHCS MPAKTUYHO Ha BCiX eranax. SKICTh ii
MIITOTOBKK BIUIMBA€ HA CMAaKOBl XapaKTEPUCTUKU TMPOJYKTY Ta TEPMIH HOro
npugaTtHocTi. OJHMM 3 BaXJIMBHUX €TaliB IMJATOTOBKM € BWJIYYEHHS 3 BOJU
po3unHeHux rasziB. Lleit npouec HaOyBae Aepani OUIBIIOT aKTyaJdbHOCTI B CydacHId
XapyoBId MPOMUCIIOBOCTI Yepe3 3pOCTar0dl BUMOTH JI0 SKOCTI Ta 0€3MeKH MPOTYKIIii.
Ocob6muBO 11e cTOCy€eThes cdepr BUPOOHHUIITBA COKOBMICHUX HAroOiB, BWH, THUBA,
BIIHOBJICHHSI PI3HOMAHITHUX KOHIIEHTPATIB, MOJIOYHUX MPOIYKTIB, KOHCEPBIB TOIIIO.

[IpucytHicTh HaBiTh He3HAYHOI KiTbKOCTI O2 yn CO2 y BOJI IpU BUPOOHUIITBI ITHX
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IOPOAYKTIB BUKIMKAE OKHUCICHHS OpraHIYHUX CIONYK, MOTIPUICHHS CMaKOBHUX
AKOCTEH, KOJIbOPY, KOHCUCTEHLII MPOIYKTY, CTBOPIOE YMOBH PO3BHUTKY UIKIJJIMBOI
Mikpoduopu. B geskux Bumax BHUPOOHUIITBA, HANPUKIAA, B TEXHOJOTISIX
BIJIHOBJICHHSI COKIB, MOJIOYHMX IIPOJYKTIB MpPH PO3YMHEHH1 Ta 3MIIIyBaHHI
KOMITOHEHTIB, MPUCYTHICTh PO3YMHEHUX Ta31B y BOJI CHPHUYMHSE YTBOPEHHS ITiHH,
10 TaKOX CTBOPIOE Psil MPOOIIEM.

Ha cborojHinHiil 1eHp B IPOMUCIOBUX YMOBaX J€ra3alito BOJU IPOBOJASTH
MEePEeBaKHO Yy BAaKyyMHHUX Jerazaropax 1 pijJiie mepeBary BiJJalOTh MEMOpPaHHHUM
TeXHOJIOT1sIM. Taka audepeHiialis MosACHIOETbCS BUCOKOIO BapTICTIO MEMOPaHHOTO
o0JiaiHaHHS, HEOOXITHICTIO CUCTEMHOT0 OYHIIEHHS MEMOpaH Ta 4acToi iX 3aMiHH.
Halimenmr 3aTpeOyBaHOIO BBaXKA€ThCS TEpPMIYHA JIerasaiisi d4epe3 BHUCOKI
eHeprosutrpaTi. Ha oCHOBI mpoaHai30BaHOTO, aBTOpaMHU PO3MVISHYTO MOXJIMBICTb
NiJBUIICHHA €(QEeKTUBHOCTI MPOIECY BaKyyMHOi Jerasaiii BOJU 3a pPaxyHOK
BUKOPUCTAaHHA y KOMIUIEKCI 3 HEI0 POTOPHO-IyJbcaliiiHoro anapary. E(ekTuBHICTD
MPOIIOHOBAHOTO MiIX0/ly OL[IHIOBAJIM HA OCHOBI KOHLEHTPALlIl 3aJIUIIKOBOTO KUCHIO.

Meroau. AHam3 Ta JOCHKEHHS MPOBOJIMIUCH 3 BUKOPHCTAHHIM
METOANYHUX ITIIXO/IB.

Pe3yabTaTH noka3anu epeKTUBHUM BHKOPUCTAHHS POTOPHO-ITYJIbCALIHHOTO
amapaTy B KOMIUIEKCI 3 BaKyyMHOIO Jera3amicl0 3a JAWHAMIKOI 3HIDKEHHS
KOHIIEHTpaIli KucHio 3 5.6 10 2.0 mr/n. Jlns mopiBHSHHS, Ipu 00poOIli BaKyyMHOO
Jlera3aifi€ero 3HMWKEHHS CTaHOBWIO 10 4.7 MI/n 3a aHajJoriyHuid dyac oOpoOKw.
PekoMengoBanuM € mHKI OOpPOOKM MpOTATOM 4 XBUJIWH 3 PO3NUIIOBAHHSAM Y
BaKyyMHy kamepy npu tucky 0.014 MlIa.

BucnoBku. /loBeneHo e(heKTUBHICTh BUKOPUCTAHHS KaBITALIIMHOTO amapary
POTOPHO-ITYJIbCALIMHOTO TUIY B KOMIUIEKCI 3 BAKYyMHOIO JIera3alfi€ro Ha MpUKiai

BITHOBJIEHHS KHCJIUX COKIB.
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MOJEPHI3ALISA YCTAHOBKU BUPOBHUIITBA KAYCTUYHOI CO/IA 3
PO3POBKOIO BUITAPHOI'O AITAPATA TA AITAPATA 3BOPOTHOI'O
oCcMOcCy

6akanaBp Cemenos /I.I1., mor., k.1.H. ['ymienko C.B.,
HauionanbHui TexHiYHMil yHiBepcuTeT YKpaiHu
«KuiBcbKuil nmoJriTexHivHui iHcTUTYT iMeHi Irops Cikopcbkoro»
AHoTanisi: Pozenanymo mpu namenmu, sKi ONUCYIOMb Memoou MoOepHi3ayii
Mpaouyitinoco 8UNApHo20 anapamy 3 HU3Xioworo niaiexkoro. Illpoananizoeano ix
npunyun 0ii ma HageoeHo nepesacu ma HedoiKu.
KJIOYOBI CJIOBA: MOJIEPHIBAIISL, MACOOBMIH, BUITAPHUN
AITAPAT 3 HU3XIJHOIO IVIIBKOIO, ITOTIK.

Posrnsaemo nmarent CN120324925A [1], sikuii onucye TUTIBKOBUH BHUIIAPHUK Ta
Horo po3noaiabHUK (pUCYHOK 1). '0JJOBHOIO HOTO MATEHTY € CTBOPEHHS MPHUCTPOIO,
aKkui Ou 3a0e3neurB piBHOMIpHE Ta cTabuibHE (HOPMYBAHHS PIIUHHOI IUIIBKH Ha
BHYTpIIIHIM CTIHLI TEIIOOOMIHHOI TpyOM, WIO0 € 3alopyKor €(EeKTUBHOIO
BUIIAPOBYBAHHSI.

BunapHuk ckinagaeTbes 3 TPbOX OCHOBHUX YaCTHH:

1. Cekuist mogaui (10) po3ramoBaHa y BEpXHid YacTHWHI, Ma€ BXIJ AJs PIAMHU

(11) Ta Bxixa ms mapu (12)
2. Cexkiist HarpiBy (20) MIiCTUTH YHCJIEHHI BUmapHi Tpyou (21). Ycepeauni nux
TpyO BCTAHOBJIEHUH pO3NOAUIBHUK (22).

3. Cekist po3nutenHs (30) posramoBaHa BHM3Y Ta BIJNOBIJA€ 3a BiAJIIJICHHS

napu BiJ] KOHIIEHTPOBAHOI PIAUHM.

[lin wac poboTHM pinMHA HAAXOAWTH Yy CIIpajdbHy TOJOBKY, ii oOepTaHHS Ta
BIJIIICHTPOBa cuia (GOPMYIOTh PIBHOMIPHY IUTIBKY Ha CTiHKax. OJHOYACHO Tapsua
napa, 0 pyXxaeTbcsi BHU3, MIIITOBXYE 110 TUIBKY, 0 POOUTH ii O1IbI CTaOUTEHOIO

Ta 6e3nePEPBHOIO
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~ct

Pucynox 1 — [1niBkoBU#l BUTTApHUK Ta HOTO PO3MOIILHUK

[lepeBaramu BUHAaXO0/1y € BUCOKA PIBHOMIPHICTb IUIIBKHU 32 PaxyHOK BIJIIEHTPOBOI
CWJIH, 1O 3a0e3Ieuy€e PIBHOMIPHICTh MOKPUTTS BHYTPILIHIX CTIHOK TPYOH PIJIUHOIO.
CnuibHMI pyX TMmapd Ta pPIAMHA B OJHOMY HAMNpPSMKYy IIJICUIIIOE TIPOIEC
BUITAPOBYBAHHS Ta 3a100irae po3puBy IUIIBKU.

Cepen HenoJIKIB BapTO BUAUIMTH CKIAAHY OyJOBY pO3NOJIIBHUKA YepEe3 BEIUKY
KUIBKICTh PYXOMHX YacTHH. Takok poOoTa BUMAPHHUKY 3HAYHOIO MIPOIO 3aJICKUTH
B1JI MOTOKY IapH, OCKUIBKU MPHU MO0 HECTAOUTLHOCTI MOKYTh BUHUKHYTH TIPOOIEMH
B po0OOTI amapary.

[Matenr CN120393469A [2] omucye BUMapHUK i O€3MEpPEepBHOTO HArpiBy
MOJIMEPHOTO PO3IUIABY Ta BUAAQJICHHS JIETKUX KOMIIOHEHTIB (pucyHok 2). Ilei
BUIAPHUN amapar 3aCTOCOBYETHCS B XIMIYHIA MPOMHUCIOBOCTI MJii BUPOOHHUIITBA
MoJiMepiB 1 MPU3HAYCHUHN JUIs BUJAJICHHS 3aJMIIKOBUX JICTKUX KOMIIOHEHTIB —
MOHOMEPIB Ta PO3YMHHHKIB — 13 MOJTIMEPHOTO po3iiaBy. KOHCTPYKITiS CKIaaaeThCs
3 KOXYyXOTpYyOHOTO HarpiBaua, J€ Marepiajl pO3IUIABISEThCS Ta HArpiBa€ThCs, 1

OCHOBHOI'O KOPITYCY BHUIIAPHUKA, 3’€IHAHOTO 3 BAaKyyMHOIO CHCTEMOIO. ¥YcCepeauHi
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KOPIyCY BCTAHOBIICHI OaraTosipyCHI TpaTdacTi IJIaCTUHU 3 OTBOPAaMH, IMUIbHICTH
SIKUX TTOCTYTOBO 3MEHIIIYETHCS Bl BEPXHIX IIAPIB JO HUXKHIX.

VY mporeci pobOTH pO3IIIABICHUHN TMOJIMEP CTIKA€ MO TPaT4acTUX IIACTHHAX,
GbopMyrO4YH TOHKY IUTiBKY, IO CTBOPIOE BEIUKY ITOBEPXHIO JJIi BHUITAPOBYBAaHHS
JCTKUX KOMITOHEHTIB. Y BaKyyMHOMY CEpEIOBHUIII MOHOMEPH Ta PO3UMHHUKU
IHTCHCUBHO BHJAJSIIOTHCS, a OYMIIEHUN TOJIMEp HAKOMUYYEThCS BHU3Y IS
nojaibinoi mepepodku. Taka OararospycHa KOHCTPYKIS 3a0e3ledye TpHhBae
nepeOyBaHHS pO3IUIaBYy B amapaTi Ta NiABUINYE €()EeKTHBHICTh OUYMIIEHHS 0e3

3HAYHOT'O 30UTBLIEHHS] EHEPTrOCIOKUBAHHS.

10

Pucynok 2 — Bunapauk i1 6e3nepepBHOTO HarpiBy MoJiiMEpHOTO PO3ILJIaBy Ta

BUAAJICHHA JICTKUX KOMITOHEHTIB

HepeBaraMH INaTCHTY € BHCOKaA e(l)ﬁKTI/IBHiCTB 3aBASKN IpaTdyaCTuM ILIaCTUHAM,

10 JT03BOJISIIOTH 301IBIINUTH IJIONLY TEIIOOOMIHY 1 BUJIaJI€HHS JIETKUX KOMIIOHEHTIB.
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['paTuacra cuctema 3abe3neuye piBHOMIPHUN PO3MOALT MOJIMEPY YCYBalOYH MEpTBI
30HHU.

Cepen HENONIKIB BapTO 3a3HAYUTH CKJIQJAHICTb KOHCTPYKII $K TIpU
BUTOTOBJICHHI, TaK 1 MOHTaxy. B cBow depry 1me 30UIbllIye BapTICTh amapary y
MOPIBHSIHHI 3 aHAJIOTAMH.

[TatenT CN119733255A [3] onucye iHTENEKTyalbHUN MPUCTPIN JUIST PO3IIOILTY
PIIMHU y TIUNIBKOBOMY BHHIApHUKY (pucyHOK 3). ['0JI0BHOIO 0COOIMBICTh ¥
MOPIBHSHHI 3 TPAAMIIMHUMU KOHCTPYKLISIMH € BHUPIMICHHS MPOOJIEeMH PO3MOJALTY
piauHu. KirouoBoro mpoOriema TpaauliiHUX IJIIBKOBUX BUITAPHUKIB € MOKJIAaJIaHHS
Ha TpaBiTamito ab0 Ha MPOCTI PO3MOALILYI TAPLIKUA. SIKIIO K TMOTIK CHPOBUHU
HECTaOUIbHUI, TO pIAWHA PO3MOAUIAETHCA HEPIBHOMIPHO: €Kl BHUIIApHI TpyOu
OTPUMYIOTH 3a0araTo piAWHU (YTBOPIOETbCA TOBCTa IUIIBKA, W10 3HUXKYE
TEIUI000MiH), a iHIIl — 3aMalio (IUTIBKA PBEThCS ad0 BUCHXAE, IO MPU3BOIUTH JIO

MEpPErpiBy Ta YTBOPEHHS HAKHUILY).

Pucynok 3 — [11iBKOBUI BUTTApPHUK 3 IHTENEKTyaIbHUM IPUCTPOEM IS

PO3IOITICHHS
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[Ipuctpiii sBisie 0000 GAaraTOCTYNMEHEBY CUCTEMY PO3IOALTY PIAUHU B KOPITYCl
BUIAPHHUKA, IO CKJIAJA€ThCS 3 TPHOX MOCHITOBHUX OJokiB. CrouyaTKy pianHa
HAJXOJIUTh y TIEPBUHHUN PO3MOAUIBHUHN MiJI0H, 1€ GOPMYETHCS PIBHOMIPHUM 1Iap 1
3rJ1a/KYIOThCSI KOJIMBAHHS MOTOKY, IMICJIS YOTO BOHA MPOXOAUTH KpPi3b OTBOPU BHHU3.
Jlani pianHa moTparuise 10 MiJCHITIOBAIBHOTO OJIOKY, JIe HACOC 31 3MIHHOIO YaCTOTOIO
HIIBHUINYE THUCK, POOJSYM TOMAJIBIIMA  PO3MOAUT  OUIbII  CTAOLIBHUM  Ta
KOHTPOJIbOBAHUM.

Ki1t040BOIO YaCTHHOIO € 1HTEJNEKTYalbHUW OJIOK PO3MOAUTY: PiAMHA MiJ TUCKOM
HAaKOMUYY€EThCSI B TIJJIOHI Ta dYepe3 CHUCTeMy TpyO 13 BHUTpaTroMipaMu i
PETYJIIOI0UNMH KJIallaHaMU MoAaeThes 70 BUnapHux tpyo. I1I/{-KoHTposb mocTiiiHO
KOPUTYE BIJKPUTTS KJalaHiB Ha OCHOBI IIOKa3lB BUTPATOMIpIB, 3a0e3Medyrouu
ONTUMAJIbHY MOja4y B KOxkHY TpyOy. Lle mo3Bosisie GpopmMyBaTu piBHOMIPHY IUTIBKY
Ha CTIHKAX 1 NIATPUMYBAaTH BUCOKY €(DEKTUBHICTh BUIAPIOBAHHS.

[lepeBaramu TEXHOJIOT1i € aBTOMAaTUYHE KOPUTYBAHHS MMOTOKY 0€3 HEOOX1THOCTI B
3ynuHUl anapaTy. llepBUHHME 1 NIACWIIOBAIbHUN OJIOK pPOOJISATH CHCTEMY
HEYYTJIUBOIO JI0 HECTAaOlIBHOTO BXITHOTO TMOTOKY piaunau. [lpuctpiii 37aTeH
pPEryJIloBaTH TIOTIK Yy KOXHIM 13 TpyO0 HE JIONMyCKAloUd «IEpPEeuBY» Ta
«BHICYIIYBaHHS» MIOTOKY.

Cepen HemOMIKIB BapTO BHJUIUTH BUCOKY BapTICTh y BUTOTOBJICHHI MPUCTPOIO
MOB’SI3aHY 3 HEOOX1IHICTIO BEJIMKOI KIIBKOCTI AaTYMKIB, CEHCOPIB, KOHTposiepiB. [lpu
OMY L}0 BCIO €JIEKTPOHIKY MOTPIOHO TPUMATH B YUCTOTI Ta 3aXUCTUTH BiJl BIUTUBY
arpecMBHHX pEUYOBMH. B pe3ynbpTaTi BIIOYBATHUMETHCS 3acMIu€HHS JAPIOHUMU
YaCTMHKaMHM B PIAWHI, KpUCTaTi3allisl OKPEMHUX €JIEMEHTIB Ha EJEKTPOHIIl, M0

3MEHIIUTHh TOYHICTh KOHTPOJIIO Ta MOTIPIINTH ABTOMATHYHE PETYIIOBAHHS.

BucHoBok: [lateHTH, 110 CTOCYIOThCS TUJTIBKOBUX BHUIApPHUKIB 30CEpEKEHI Ha

JIOCSITHEeHHI 17IeaTbHOI CTaO1IBHOCTI Ta PIBHOMIPHOCTI PITWHHOI ITiBKU. [HHOBAITIHHI
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pIIIEHHS TMOAUIAIOTECA Ha JBAa HANPSAMKH: BHKOPHUCTAaHHS OOEPTOBUX CHipajJIbHHUX
TOJIOBOK Ta KEPOBAaHWX TMOTOKIB mapu s (GOpMyBaHHS i/€albHOI IUTIBKM Ta
O00poTHOM 3 HAKUIOM Ta aBTOMaTU30BaHl y Burisaal cucrem IIIJ[-konTtpomio, ski
BUKOPHUCTOBYIOTh HACOCH-ITIICHITIOBAYl Ta 1HAMBITyaJIbHI BUTPATOMIPHU 3 KilallaHAMH
JUISL KOPEKIlli MOTOKY B peXumi peanbHOro 4dacy. OOujBa MiAXOAW BIAXOIATH BiJl
3aJIeKHOCTI BIJ TpaBiTallli Ta PyYHOrO HaJalITyBaHHs, 3a0e3neuyoun Oe3nepepBHyY

poOOTy Ta HU3BKY Y4acTh OMEpaTopa B MPOIIECI.

Cnucoxk BUKOPHMCTAHOI JiTepaTypu:

1. LYU Haiyong, ZHANG Jingyi ta 1. Falling film evaporator and distributor
thereof : mar. CN 120324925A / ZHEJIANG BOKE HEAT EXCHANGE
TECH CO Ltd. — Kwuraii. — Ne CN 202510502186A; 3assn. 21.04.2025;
omy06. 18.07.2025.

2. SUN Jianfeng, XIAO Daming Ta in. Evaporator for continuous melt polymer
heating falling film light component removal : mat. CN 120393469A / CHINA
TIANCHEN ENG CORP. — Kuwurait. — No CN 202510566868A; 3asBi.
30.04.2025; omy6a. 01.08.2025.

3. WANG Tao, FANG Mengxiang ta iH. Intelligent liquid distribution equipment
for falling-film evaporator and use method of intelligent liquid distribution
equipment : matr. CN 119733255A / UNIV ZHEJIANG; XIZI CLEAN
ENERGY EQUIPMENT MFG CO LTD. — Kwurait. — Ne CN
202510027779A; 3asB1. 08.01.2025; omy6u. 01.04.2025.
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VIIK 66.063

PO3POBKA TEXHOJIOI'II BAPOGHUIITBA COHIIE3AXUCHOI'O
KPEMY 3 PO3POBKOIO IIEPEMIIITYBAYA
ctyaeHT XykaieHko I. O., acuctent Kocenko B.B.

HamionanpHuit TeXHIYHUN YHIBEPCUTET Y KpaiHH
“ KuiBcbkuil momitexHi4Hui 1HCTUTYT iMeHi Iropst Cikopcbkoro

AHOTAUIA: B oaniti pobomi HageOeHO 00CNiOHCEHHS npoyecy CMEOopPeHHs
conyesaxucrnozo 3acody SPF (3 anen. Sun Protection Factor). Obrpynmosano eubip
OCHOBHUX KOMHOHEHMIB Kpemy ma 6U3HAYEHO ONMUMATbHY KOHYEHMPAYilo aKkmueHux
pevosut, wo 3abe3neuyroms eeKmusHUll 3axucm wKipu 6i0 yiompagioniemosozo
suUnpominosanus. Pozensnymo akmyanvnicms i OoyinbHicmsb po3pod.ieHHs 3aco0i8 i3
sucoxum pigrnem SPF.

KJIFOUOBI CJIOBA: COHIIE3AXMCHUM KPEM (SPF), TEXHOJIOT'IS
BUPOBHUIITBA, EMVIJIbCIA, PEAKTOP-3MIIIIYBAY, TTEPEMIINTYBAHHA,
JUCTIEPCHI CUCTEMU.

Conne3axucHuii kpem (SPF) mmpoko 3acTOCOBY€TBbCS Y KOCMETHYHIN Ta
epMATONOTiuHii ramy3sx. MOro BHKOPHCTOBYIOTH JUIS 3aXHCTy IIKIpH Bi
HIKITUBOTO yibTpadioneroBoro (V@) sunpomintoBanns tuny A (UVA) 1 B (UVB).
Takoxk coHLe3aXHCHI 3aCO0M MalOTh BEJIMKE 3HAYEHHS Yy MEIULMHI Ta MOOyTl A
3anmo0iraHHsl COHSIYHUM OIiKaM, (JOTOCTAPIHHIO Ta 3HKEHHIO PU3HKY PaKy HIKIPH.

IcHye 2 OCHOBHHUX THUIIM COHIIE3aXHMCHHUX 3acO0IB: HAa OCHOBI XIMIYHHX
¢ubTpiB (MoriMHaTh Y @-MpOMEH] Ta MEepeTBOPIOIOTH iX Ha TEIMJIO) Ta HAa OCHOBI
MiHepaiabHuX (¢i3uuHux) QuIbTpiB (BiAOMBAIOTH Ta po3Cioi0Th Y D-npomeHi).
MinepanbHi GUIBTPU BBAXKAIOTHCS OB O€3MEYHUMU Ta CTa0lJIbHUMU, OCKIJIBKH, Ha
BIIMIHY BiJl XIMIYHMX aHaJoOriB, BOHW HE MPOHUKAIOTh Yy IIKIpy Ta pijaie

BUKJIMKAIOTh aJlepTiuHi peakiiii.. [1]
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Came TomMy po3poOieHa B JaHii poOOTI KOMIO3UIlSA Oa3yeThcs Ha
MiHepanbHUX PinbTpax. B saxocti Y®-dinbTpiB Buctymnae komoinaiiss OKcuay HUHKY
(10) ta diokcumy tutany (11).

TexHOJIOTIuHO, KpeM SBJISIE COOOI0 eMYJIBCII0 — JHUCIIEPCHY CHUCTEMY 3 JIBOX
a0o Oumpllle pIAWH, 0 HE 3MIMYIOThCA. [l CTBOpEeHHs CTaOLIBHOTO Kpemy
BUKOPHCTOBYIOTh TIPOIIEC €MYJIbI'YBaHHS 3a JOIMOMOTOI0 CICIIAJIbHUX PEUYOBUH
(emynbraropiB). Jlanuii mpoaykT € 3BOpoTHOIO emylibeiero (W/O), ne kpamn BoaHoi
®azu (W) nucneprosasni y cyuuibHii Macnsniit ®asi (O).

Cxema ycrtanoBku mis BupoOHuinrrea W/O SPF kpeMy mnpencraBieHa Ha

pucyHky 1.
TD 70 —>
{—H(‘O
: “c
“CDE ,
.
PR——
T1]
; I
Al > | BN
S ms . -..‘

W———— T 4.

SPF

1 — PeaxTop-3mimryBau (aist Macnsinoi ®asu); 2 — Peakrop-3mimnyBau (s Bonnoi
®da3n); 3 — PeakTop-3minnyBad (a1 emyasryBanHs); 4 — Hacoc (momaui MacistHoi

®da3n); 5 — Hacoc (noxaui Bonnoi ®a3n)
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Y Peaktop-amimryBauy (1), 1m0 OCHamleHWH COPOYKOI  HArpimy,
3aBaHTAXKYIOThCSA KOMIOHeHTH Macinsanoi ®asu: (TD) Jucnepcis miokcuay TUTaHY,
(ZO) Oxkcua nmuky, (HCO) T'ipporenizoBana punmuaoBa oiis, (C) Koxorminepuam,
(CC) Koxo-kampunar, (DE) uxanpuwiuioBuit edip ta (PR) Ilomirmiuepun-3
puimHosiear. BMICT HarpiBa€ThCsi Ta TMEPEMINIYETHCS 1O IOBHOTO TLIABJICHHS
TBEPIUX KOMIIOHEHTIB Ta IOCATHEHHS OJTHOPITHOI CyCTICH3I].

[TapanensHo y Peaktop-3minnyBad (2) (Tako)X 3 HarpiBoM) 3aBaHTaKYIOThCS
komrioHeHTH Boanoi ®aszu: (W) Boxa, (MS) Cynedar marnito ta (AS) SPF-Oycrep.
Bwmict mepeminnyeTsCcsi 10 TOBHOTO PO3YMHEHHS COJIEH, MTUCTIEpryBaHHA OycTepa Ta
HarpiBa€eThCs JO TI€T K TeMneparypH, o i Macnsna ®aza (1151 rapssyoro mporecy).

[To roroBHOCTI 00MBI (ha3u mojaroThes 10 Peaktopa-3minryBaua (3), sikuil €
o0'ektoM pocnimxeHHs. [apsua Macnsna @®aza 3 Peaktopa (1) 3a momomororo
Hacoca (4) nogaetscst y Peaktop (3). Onpa3y micns 1poro, rapsiya Bonna daza 3
Peakropa (2) moBinsHO monaetrbcsi Hacocom (5) y Peaktop (3), ne BinOyBaeThes
npoiiec 3MinTyBaHHs ¢a3 (eMynbryBaHHs).[2]

[Ticns 3aBepiieHHs 3MilryBaHHs, y Peaktopi (3) BMUKAaeTbCcs COpOYKa st
oxonomkeHHs. Ilpu nocsraenHi temneparypu ~40°C B OoTpuUMaHy eMyJbCiIO
nonaetsesa (BaE) benswnoBuit cniupt Ta Etunrexcunrminepud. ['oToBuil mpomykt
(SPF) BuBanTaxxyetncs 3 Peakropa (3) Ha (hacyBaHHs.

AHami3 TEXHOJIOTIYHOTO TMpOIeCy II0Ka3aB, M0 KIYOBUM €TaroM
BUPOOHUIITBA COHIIE3aXHCHOTO KpeMy € TIpolec eMynbryBaHHs y Peakrtopi-
smimyBadl (3), ne BigOyBaeThcs 0O'enHaHHS MacisiHOT Ta BogHOI (a3. SKicTh
KIHIIEBOTO TMPOAYKTY KPUTUYHO 3aJICKUTh Bl €(PEKTUBHOCTI MEPEMIIIyBaHHS, SKE

HOBUHHE 3a0€3IICYNUTH:

° pIBHOMIpHE AMCIIEPryBaHHs BOAHOI (ha3u y MaCISHIN;

° CTaOUIBHICTh eMyJbcii Tuy B/M;

° OJIHOP1AHMM po3noalt MiHepanbHuX Y @-dinbtpiB (ZnO ta Ti02);
° 3amo0iraHHs CeAMMEHTAIllT TBEPANX YACTUHOK.
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Omxke, IicHyloue OOJaJgHAHHS HE TIOBHICTIO 3aJI0BOJIBHSIE  BHMOTH
TEXHOJIOTIYHOTO TIPOIeCy, IO NPHU3BOJUTH JO HECTaOUIBHOCTI eMyJbCcli Ta
HEPIBHOMIPHOTO PO3MOJLTY aKTUBHUX KOMIIOHEHTIB. TOMY aKTyaqbHUM 3aBIaHHSM €
po3poOKa MOJEPHIZ0BAHOTO MEPEMIIIYIOYOr0 MPUCTporo st PeakTopa-3mimnryBada
(3), sxkumii 3abesnedye ONTUMaNbHI TiAPOAWMHAMIYHI yMOBH JISI OTPUMAaHHS

BHCOKOSIKICHOTO COHIIe3axucHOT0 kpemy 3 SPF > 30.

Bukopucrani xxepeda:

1. Lowe N. J., Shaath N. A, Pathak M. A. Sunscreens:
Development, Evaluation, and Regulatory Aspects. 2nd ed. CRC Press, 1996.

2. Guardado Yordi, E.; Guambuguete Guaman, 1.S.; Freire Fuentes,
M.E.; Radice, M.; Scalvenzi, L.; Abreu-Naranjo, R.; Bravo Sanchez, L.R.;
Pérez Martinez, A. Conceptual Design of the Process for Making Cosmetic
Emulsion Using Amazonian Oils. Processes 2025, 13, 1770.
https://doi.org/10.3390/pr13061770

3. Kalichem Sunscreen Formulations Book.
URL.:https://www.kalichem.it/wp-content/uploads/2022/11/KALICHEM-
SUNSCREEN-FORMULATIONS-BOOK.pdf... (mara 3BEPHECHHS:
20.11.2025).
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YJIK 678.027.3:519.876.5:532.135

FEATURES OF THE VALUE OF SLIP DEFORMATION CALCULATING
WHEN USING THE STEPWISE APPROXIMATION
Ph.D. student Trachuk Y. V., Ph. D., associate professor Shved M. P.
National Technical University of Ukraine
“Igor Sikorsky Kyiv Polytechnic Institute”

ABSTRACT: The calculation scheme for determining the amount of
accumulated deformation when a polymer passes through the flat gap of a disc
extruder is considered. The nature of the dependence of the amount of accumulated
deformation on the technological parameters of the process using mathematical
models of Newtonian and non-Newtonian fluids is analyzed. The correctness of the
selected method for calculating the average shear deformation is confirmed.

KEY WORDS: DISK EXTRUDER, CLEARANCE BETWEEN DISKS,
STEP APPROXIMATION, AMOUNT OF SHEAR STRAIN
OCOBJIMBOCTI PO3PAXYHKY BEJIMUHUHU JJE®OPMAIIIL 3CYBY IIPU

3ACTOBYBAHHI CTYINEHEBOI AITPOKCUMAIIIT
acmipant Tpauyk €. B., k.1.H., nou. [lIen M. I1.
HanionanpHuit TeXHIYHUN YHIBEPCUTET YKpaiHU
“KuiBchkuil nomiTexHiyHui iIHCTUTYT iMeH1 [ropst Cikopcbkoro

AHOTAMUIA: Posensanymo po3paxynkogy cxemy 6USHAYEHHs BeIUHUHU
HaxonuweHoi Odeghopmayii npu NpoxoONCeHHi NOTIMepPoOM NIOCKOWINUHHO20 3A30DY
ouckogoco excmpyoepa. Illpoananizoeano xapakmep 3aNeHCHOCMI  BEIUHUHU
HaxonuueHoi  Odegopmayii  6i0 MeEXHON02IYHUX napamempie npouyecy npu
BUKOPUCAHHI  MAMEMAMUYHUX MOOeneli HbIOMOHIBCbKOI MaA HEeHbIOMOHIBCLKOL
pioun. Iliomeepoddiceno KopekmHicmb 00paHo20 Memoody pPO3PAXYHKY CepeoHbol

oeopmayii 3cysy
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KJIFOUOBI CJIOBA: JIJUCKOBUI EKCTPYJEP, TVIOCKOIIIJIMHHUI
3A30P, CTVIIEHEBA AIIPOKCHUMAIIA, HAKOIIMYEHA JIE®OPMAIILA
3CYBY

PosrisiHeMo mporiec pyxy HoJiiMepy y TUIOCKOIIUIMHHOMY 3a30pi JMCKOBOTO
eKcTpynepa. Matepian pyxaeTbes Bia nepudepii pododoro 3a3opy A0 BiCi CUMETPIi.
[Ipomec Teuii y MIOCKONTITMHHOMY 3a30py € BiCECUMETPUYHUM. BpaxoByroun e Ta
3aCTOCOBYIOYM METOJ CTyIeHeBoi ampokcumamii [1, C. 51] goumiieHO pPO3IIIUTH

po0Oounii 00’eM Ha CMyrW TOBIIMHOIO dr, KOTpl y CBOIO 4YEpry MOAUISIOTHCS Ha

€JIEMEHTH TOBIIMHOIO dT™ 1 IIUPUHOIO dZ, PUCYHOK 1.

Pucynoxk 1 — Cxema po30UTTS MIIOCKOUIUIMHHOTO 3a30pY Ha PO3PAXYHKOBI €JIEMEHTH

VY BUMNaAKy NpUHHATOI pO3PaXyYHKOBOI CXEMH MPOIYKTHUBHICTh KOXKHOI CMYyTH
TOBUIMHOIO dr € OJHAKOBOIO 1 NopiBHIOE Q. Toxi 3 OYEBHIHUX TEOMETPUUYHUX
MIpKYBaHb MPOAYKTHUBHICTb KOKHOTO €JE€MEHTa TOBIIMHOW dr 1 HIUPUHOW dZ
BH3HAYAETHCS PIBHIHHAM

AQL':Z'?T'Ri'dZ'VT-i (1)

Yac mepeOyBaHHs Marepially MpH yMOBaXx, IO JiIOTh BCEPEIUHI €JIEMEHTA,

PO3PaxOBYETHCA 3da NOIMOMOI'OKO HACTYITHOT'O piBHHHH?II
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MarepiaiiB”
dar (2)
t; = —
Vr‘i

Y AMCKOBOMY €KCTpyAepl HaWOUIbII CYTTEBOIO € 3MiHA MMapaMeTpiB MO MIUPUH]

kaHamy. Tomy HaiOinbIIe 3HAYeHHs MaTHUMYTh TOXigHI ¥, = dV./dz Ta
¥, =dV./dz. [1, 2] 3a BimoMux WIBHIKOCTI TOTOKY 1 dYacy mepeOyBaHHs
MepepoOIOBAHOTO  MaTepiary B 3mimryBadi  t  jgedopmairisi 3CyBy  JIETKO
PO3PaxOBYETHCS 3a POPMYJIIOIO

y=v-t, 3)
ne t — TpUBaNICTh 3CYBY, C.

BianoBiiHO A0 TpaHUYHOI YMOBH MPO NPHWIKIAHHS, IIBUJKICTh MaTeplaly Ha
CTIHKaX MpUIMAeTbCs PIBHOIO HYJNIO. TakuM 4YMHOM, MPAKTUYHO Y OyAb-sSIKOMY
3MilIyBaul HEMepepBHOi Jii Marepiajd y CTIHOK CIpUMae 3HAYHO OLIBIIN 3CYBHI
nedopmaliii, aHiXK MaTepiai y HeHTpi MOTOKYy. [3]

OnHak yepe3 Majly LIBUIKICTb, LIApU OUISI CTIHOK XapaKTEpU3YIOThCS MaJIOIO
IPOAYKTUBHICTIO, BIANOBITHO, BOHM MAalOTh HE3HAUHUM BIUIMB HA 3arajbHy SIKICTb
3MINIYBaHHS B eKCTpyAepi. Tomy cepennHio aedopmaliiio 3CyBy y marepiaii Ciij
pO3paxyBaTH He K cepeaHe apupMETUUHE, a 3a JIOTIOMOTOI0 PIBHSIHHS

AQ; Y (4)
ch = Z T
i

[Ipy MopentoBaHHI pyXy PpIAMHU B  IUIOCKOIIUJIMHHOMY  3a30pl 13
3aCTOCYBAaHHAM  MOJIEJIl  HBIOTOHIBCHKOI ~ PIAMHM Ta 3  BUKOPUCTAHHSAM
MOAM(IKOBAHOIO PEOJIOTIYHOTO PIBHSHHS JIPYroro Mopsaky y (opMylitoBaHHI
PiBnina-Epikcena [4] Oyyio BUSBIEHO 3HA4YHI BIIMIHHOCTI B XapakTepl 3ajieKHOCTI

nedopmMariii 3cyBy BiJ pajiyca (pUCYyHOK 2).
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o0 o9
25 ° o—0—0—0—0—0 0000

15 ——a—a—aaa 5 a

0
0,09 0,1 0,11 0,12 0,13 0,14 0,15

—@—PeororiuHe piBHAHHA Apyroro nopaaky, dR = 0,003 M, dz=0,00012 M, Q = 1Q
#-Herotonieeska pianna, dR = 0,003 M, dz=0,00012 M, Q=1Q
Peonorrude pisHAHHA Apyroro nopsaaky, dR = 0,0012 M, dz = 0,00012 M, Q = 1Q
HerotoniBeska pianHa, dR = 0,0012 M, dz=0,00012 M, Q= 1Q
Pucynox 2 — 3anexHicts nedopmaiiii 3cyBy B paiialiIbHOMy HApsSIMKY 3aJ71€KHO BiJl

paziyca Ta BETMYMHU KPOKY PO3paxyHKyY B pajiaibHOMy HanpsiMKky dR

Sk BUAHO 3 pUCYHKa 2, MPU 3aCTOCYBaHHI MOJIEIl HBIOTOHIBCHKOI PiJIMHU
nedopmMaliis 3CyBY He 3aJIe)KUTh BIJl 3HAUCHHS pajiyca 1 TOpPiBHIOE TIeBHINH KOHCTaHTI,
KOTpa 3aJIeKUTh Bl BenuduHu dR. Ilicns mijacTaHOBKU piBHSHB 1-3 B piBHSIHHA 4 Ta
MOJAJTBIITUX CIPOIICHDh CTA€ OYCBUIHKM, IO ISl KOHCTaHTA 3aJICKUTh Bl BEITMUYWHU
KpOKy AR Ta ONUCYETHCS PIBHAHHAM

v _Zﬂ‘-Q:"T:‘ _Zz'H'R:'dz'Vr:'?:'f:_
=) ——— = =
P 0

1

3- dR
2-m-Ridz- Vi — 23 Q |2z, — H| -3 (5)

_Z -RI-H3 r[_
. Q

1

6-|2z;, —H|-dR -dz
P
I
3 HaBeACHOTO pIBHAHHSA TaKOX BHUIHO, IO TMPHU 3aCTOCYBaHHI MO
HBIOTOHIBCHKOI PIAVMHU BEIWYMHA HAKONMUYEHOi Aedopmallii He 3alIeKUTh Bij
MPOYKTUBHOCTI E€KCTPyZiepa, IO BHKINKAE CYMHIBU Y KOPEKTHOCTI TaKOTo

pe3ynbTary.
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[Ipu po3paxyHKy 3 ypaxyBaHHSM B’SI3KONPYKHUX BIIACTUBOCTEH Ha SKICTb
3MINIyBaHHS BIUIMBA€E SIK 3HAYEHHs pajiyca, MpHU SKOMY BU3HAYAETHCS JAepopMallis

3CYBY, TaK 1 IPOJYKTHUBHICTH (PUCYHOK 3).

1,2
11 o a.0-0-00889T
= - ooo000 8080
. aa o TTT "
= 00090009 TT
- o S-55FC
o L a ad
. o 8-

09 | ST
- WWMWM
07
e L e e e
A e e e '
05

0,09 0,1 0,11 0,12 0,13 0,14 0,15

—8— Peonoriune piBHSHHES Apyroro nopsaaky, AR =0.0012 M. dz=0.00012 M. Q=2Q
—4— HrrotoniBebka pimnHa. dR = 0,0012 M. dz=10.00012 M. Q=2Q
—e— Peornorigne piBHESHAA Apyroro nopaaky. dR =0.0012 m, dz=0.00012 M. Q=1Q
HeroToniBerka pumHa. AR = 0,0012 M. dz=0.00012 M. Q= 1Q
Pucynox 3 — 3anexHicts nedopmaiiii 3cyBy B paiialIbHOMy HalpsIMKY 3aJ71€KHO BiJl

pajiyca Ta IpoayKTUBHOCTI

Bapro BimMiTuTH, 110 TpU PI3HUX 3HAYEHHSIX KPOKIB dZ Ta dR pe3ynbTaTu

PO3paxyHKIB IPSIMYIOTh 0 OJHOIO IMEBHOTO 3HaYEHHS (PUCYHOK 4), 110 MIATBEPAXKYE

KOPEKTHICTh 00OPAaHOI0 METOAY PO3PAXYHKY CepeHbO1 AeopMaliii 3CyBY.
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1

Peonoriune piBHAHHA ApyTOro mopaaky, dR = 0,003 », dz =0,00012 M, Q= 1Q
Peonoriune piBHAHHA ApyToro mopaaky, dR = 0,0012 m, dz =0,00012 M, Q = 1Q
Peonoriuse piBHAHHA ApyTOro mopaaky, dR = 0,0012 m, dz =0,00012 M, Q = 2Q

B Peomoriuae piBHAHHA Apyroro mopaaky, dR = 0.0012 M, dz =0,00006 v, Q = 2Q
HrroToHiBchKa pignHa, dR = 0,003 M, dz = 0,00012y, Q= 1Q
HrroToHiBchKa pianHa, dR = 0,0012 M, dz=0,00012 M, Q= 1Q

® HrroToHiBehKa piguHa, dR = 0,0012 ., dz=0,00012 M, Q =2Q

Pucynox 4 — Pe3ynbpTaTu po3paxyHKy 13 3aCTOCYBaHHSAM PI3HUX MOJCIIEH PIANHH,

MPOYKTUBHOCTEN Ta BEJIMYMHU KPOKY pO3paxyHKy dR 1 dz
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UDC665.777.4
MODERNIZATION OF COKE PRODUCTION PLANT WITH
DEVELOPMENT OF DRUM DRYER AND CYCLONE
student Stepura H., associate professor, candidate of technical sciences Stepaniuk A
National Technical University of Ukraine

"Igor Sikorsky Kyiv Polytechnic Institute™
ANNOTATION: The use of coke in the chemical industry is described and

characterized.
KEYWORDS: COKE, COKE CHEMICAL INDUSTRY, COKE USES,
FUEL, CHAMBER FURNACES.

MOJEPHIBAIIA YCTAHOBKHN BUPOBHUIITBA KOKCY 3
PO3POBKOIO BAPABAHHOI CYIIAPKH TA IUKJIOHY
crynent Crenypa ['. A, gou., K.T.H. Crenaniok A.P.
HauionanbHU TeXHIYHUH YHIBEPCUTET YKpPaiHU

«KuiBcbKuil mosiitexHiyHuii iHcTuTyT iMeHi Iropsa Cikopcbkoro»
AHOTAMNIA: Onucano i xapakmepuzo8ano 6UKOPUCMAHHA KOKCY 8

XIMIYHIU NPOMUCTIOBOCTI.

K/IIOY0BI CJIOBA: KOKC, KOKC XIMIHHA TIIPOMUCJIOBICTD,
KOKC BUKOPUCTAHHA, ITAJIMBO, KAMEPHI ITEYI.

Petroleum coke (English refinery coke) is a solid porous substance from dark
gray to black in color, which is a product ofcoking (calcination) of heavy
residuesoil. It is used: in the production of anodes for aluminum smelting, special
graphitized electrodes for electrolytic steel production, etc. Degassed oil, residues of
primary processing are used as raw materials for petroleum coke.fuel oils, semi-tars
andtars, secondary products origin — cracking residues, heavy gas oil
catalyticcracking, pyrolysis resins, as well as naturalasphalts and oil residues

production (asphalts,extracts[1].
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Uses as a reducing agent. Coke reacts with the oxygen in iron ore (iron
oxide) to form carbon monoxide, which in turn reduces the iron oxide to (iron). This
chemical process is necessary to convert iron ore into molten iron. The carbon in

coke also helps form the chemical bonds needed to reduce iron from the ore [2].

Description of the technological scheme of coke production [3].

The coke production scheme is shown in Fig. 1.

S

Ly
1,2,3 — pumps, 4 — heat exchangers, 5 — refrigerator, 6 — distilvlationmwln, 7 —right
pair of furnaces, 8 — right pair of furnaces, 9 — coke chambers, 10 — centrifuge,

11 — drum dryer, 12 — cyclone. 20 — gas, 21 — gasoline, 22 — jet fuel, 23 — diesel fuel,
24 — liquid, 25 — cooled heat agent, 26 — hot heat agent, 27 — purge gas.

Fig. 1. Technological scheme of coke production

The raw material is fed in two parallel streams by pumps 1 into recuperative
heat exchangers 4, where it is heated to a temperature of 425 °C, enters the right pair
of furnaces 7, where it is heated to a temperature of 515 - 520 °C. After that, the raw
material enters the rectification column 6. From the lower part of column 6, the
bottom residues are fed by pumps 2 into furnace 8, where they are heated again to a
temperature of 520 °C and through distribution valves are fed in pairs into columns
9 (coke column). While one pair of columns 9 is being filled, the process of coke
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formation is underway in the second pair. Before unloading the coke, the chambers
are gradually cooled to a temperature of 400 °C, and the steam is returned back to
the rectification column 6.

Now the coke is sent to centrifuge 10 to be dehydrated, at the exit of the
centrifuge we get dehydrated coke, and liquid 24. After that dehydrated coke enters
the drum dryer 11 where the drying process takes place in parallel; for this purpose,
a hot heat agent is supplied to the drum dryer.

26. At the exit of the dryer, we will receive the output of dry coke and
cooled heat agent 25. And finally, the starting material enters the cyclone 12, where
an additional drying process takes place and moisture is separated from the input
material and the output of the cleaning gas 27 is released, in parallel with this, the
dried coke exits the cyclone.

Choice of device type and design

The design diagram of the drum dryer is shown in Fig. 2 [4].

Bonozuli
MomTian
\}. el s

BucyweHuii l
mamepion

1 —drum; 2 — bands; 3 — support rollers; 4 — gears; 5 — support-thrust rollers;
6 — feeder; 7 — blades; 8 — fan; 9 — cyclone; 10 — unloading chamber; 11 — unloading
device.

Fig. 2. Design diagram of a drum dryer
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The drum dryer is installed to dry the input material, namely petroleum coke.
The principle of operation of this device begins with the fact that the cylindrical
drum 1 is supported by means of bandages 2 on rollers 3. The drum is driven into
rotation by means of an electric motor, its position in the axial direction is fixed by
thrust rollers 5. The material is fed into the drum by a feeder 6, pre-dried, mixed by
blades 7 of the receiving screw nozzle, and then fed to the internal a nozzle located
along almost the entire length of the drum. The nozzle ensures uniform distribution
and good mixing of the material across the cross section of the drum, as well as its
close contact when pouring with the heat agent. The dried material is removed from
the chamber 10 through the unloading device 11, with the help of which the
chamber 10 is sealed and air from the outside is prevented from entering it.

The cyclone design diagram is shown in Fig. 3 [5].
Buxid o4ucyenozo 2a3y

A

4 7

Bxid pevoburu

Buxid m&e'pdm gparyll
1 —inlet pipe; 2 — cylindrical part of the housing; 3 — conical part of the housing;
4 — exhaust pipe;
Fig. 3. Cyclone design diagram
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The main elements of the cyclone are the housing, which consists of a
cylindrical part 2 and a conical part 3, a pipe for removing the purified gas 4 and a
dust collection hopper, which is attached to the lower part of the housing. The gas
enters the upper part of the housing 2 through the inlet pipe, installed tangentially.
The dusty flow moves along a curved trajectory. As a result, a centrifugal force
arises, which acts along the radius and causes the deposition of solid particles on the
inner surface of the cylindrical part 2 of the housing and their movement along a
spiral into the conical part of the cyclone 3, and then to the hopper [5].
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ABSTRACT: This study highlights the importance of accelerating the drying
of carotene-containing raw materials while maintaining product quality. The
scientific study of this process is outlined, along with its main objectives. It
establishes the relevance of this topic to the national economic strategy.
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IHTEHCU®IKALIA CYIIIHHSA KAPOTUHOBMICHOI
CUPOBUHHU
K.1.H., monienT HoBoxat O.A., actiipantka Tumko H0.A.
HauionanbHuil TEXHIYHUNA YHIBEPCUTET YKpaiHU

“KuiBchkuii momiTexHiunuii iHCTUTYT iMeH1 [ropst Cikopcbkoro”
AHOTALIA: VYV poboTi HaBeneHO  aKTyalbHICTh  1HTEeHCHiKaIii
KApPOTUHOBMICHOT CHUPOBUHHM 31 30€peXKEHHSIM SAKICHUX TMOKA3HUKIB MPOIYKIIIi.
CdopmynmboBaHO METYy HAYKOBOTO JOCHIDKCHHS IIhOTO TMPOIeCY Ta OCHOBHI

3aBJaHHsA. BCTaHOBJIEHO BIAMNOBIAHICTH JAaHOI TEMHU HAIIOHAJIBLHOI E€KOHOMIYHOI

CTpartertii.
KJIIOYOBII CJIOBA: KAPOTUHOBMICHA CHUPOBHHA,
KOMBIHOBAHE CVYILIHHA, YJIbTPA3ZBYKOBE CVYIIHHA,

IHTEHCU®IKALIA CYIIIHHA, EHEPITOE®OEKTUBHICTD
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AKTyalbHICTh TeMH. KapoTHHOBMICHa CHpPOBHHA € JOCTYITHUM JKEPEIOM
OPUPOJHUX OapBHUKIB 1 OIOJOTIYHO AaKTUBHUX PEUOBUH JJI1  Xap4doBOi,
dbapmanleBTUYHOT Ta KOCMETUYHOI MPOMUCIOBOCTI. TpamuiliiiHe KOHBEKTHBHE
CYIIIHHS TPU3BOAUTH JI0 TEPETPiBY MPOIAYKTY, OKMCHEHHS KapOTHHOIJIB, BTPaTU
KOJBOPY Ta apomaTry, M0 3HIKY€E SKICTb TOTOBOi MPOAYyKIii Ta ii
KOHKYPEHTOCIIPOMOXHICTH [1].

Ormsin  BITYM3HAHMX 1 3apyODKHHMX JOCHIDKEHb CBIIYUTH TIPO CTIWKY
TEHJCHIII0 10 3aCTOCYBaHHS KOMOIHOBAaHHMX METOJIB CYIIIHHA KapOTHHOBMICHOI
CUPOBHHHM (KOHBEKTHBHOI'O, 1H()pPauepBOHOTO, MIKPOXBUIBOBOIO, BAaKyyMHOI0) Y
MOETHAHHI 3 YJIBTPAa3BYKOBOIO 0OPOOKOIO Ta IHIMMMH (PI3UYHUMH BITUBAMHU 3 METOIO
1HTeHCcU(DiKalli MacoOOMIHY, CKOPOUYEHHSI TPUBAJIOCTI MPOLIECY 1 €HEProBUTPAT MpPH
30epexeHHl SKOCTI Ol0aKTUBHMX KOMIIOHEHTIB [2, 3]. 3okpema, YKpaiHCBbKI
JTOCIIKEHHSI  JIGMOHCTPYIOTh ~ €(EeKTHBHICTh  KOMOIHOBAHOTO  CYIIIHHS  Ta
nonepeaHb0i 00poOKU MOPKBH, rapOy3a Ta O1IKOBO-KapOTHUHOBMICHOI CUPOBUHU JIJIs
3MEHIIICHHS BTPAT KQpOTUHOIMIB 1 MIABUIIECHHS eHeproeeKTUBHOCTI MpoIeciB [2, 3].

Pe3ynpTatm poOIT 3apyODKHUX JOCHIJHUKIB TaKOX MIATBEPIKYIOTh
JOIUIBHICTh BUKOPUCTAHHS MIKPOXBHIJIBOBOTO, 1H(GPAUYepPBOHOTO, BAaKyyMHOTO Ta
VJIBTPA3BYKOBOTO CYIIIHHS JJI1 MOPKBH, rapOy3a, MEpIi0 Ta IHIIUX OBOYIB, IIO
3a0e3mnedye CKOPOUCHHS 4Yacy CYIIIHHS, 3HWKCHHS MMUTOMUX CHEPrOBUTPAT 1 Kpalie
30epekeHHsT KapoTuHOiniB [4, 5, 7, 8]. BogHodac BcTaHOBIIEHO, IO crerudivHi
pPEXKUMHU KOMOIHOBAHOTO CYUIIHHSI caM€ KapOTHMHOBMICHOI CHPOBMHHM Ta KIJIbKICHI
KIHETMYHI ~ MOJEJIl NPOTHO3yBaHHSA Jerpajamii KapoTHHOIAIB  3aJIUIIAIOTHCS
HEJIOCTaTHHO OMPAIILOBAHUMH, 1110 00YMOBIIIOE€ HEOOX1THICTh MOAAIBIINX CUCTEMHUX
JOCIIKEHD Y IbOMY Hampsimi.

[cHyroul cymapku Opi€HTOBaHI MEPEBaXHO Ha TEIUIOBY 10 3 OOMEKECHUM
KepyBaHHSIM MacOOOMIHHUMH TIpoliecaMu. BHpoBa/KeHHsS yIbTPa3BYKOBOTO IOJIS
Jla€ 3MOTY MPUCKOPUTH TU(PY3110 BOJIOTH 32 PaXYHOK KaBiTallli Ta MIKPOMEXaHIYHUX

epeKTiB, 3HHU3UTH pPOOOUYY TEMIEpaTypy CYIIHHS Ta 3MEHUIMTH TEpPMIuHE
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pYHHYBaHHS KapOTUHOI/11B, 3SMEHILIUTH TPUBAIICTH MPOIIECY i MUTOMI €eHEPrOBUTPATH
[6, 7].

[le moTpeOye HAyKOBO OOIPYHTOBAHOI KIHETHYHOI MOJENI IS ONTHUMI3aIli
KOHCTPYKTHUBHHUX 1 PEKUMHUX MapaMeTpiB.

Meta gpociimkeHHsi. Po3poOuTH Ta BIOCKOHAIWUTH METOJIU 1HTEHCH]IKarii
CYUIIHHSI KapOTUHOBMICHOI CHPOBHHHU 3 METOIO MiABHUINEHHS €()EeKTUBHOCTI MPOIIECY
Ta 3HUKEHHSI €HEPrOBUTPAT MpHU 3a0e3MeYeHH] MAKCUMAJIBLHOTO 30€peKeHHS SKOCTI
KapOTHUHOIMIB, a TakoX chopmMymoBaTH peKOMEHmalii Ioa0 MOJEpHi3allii
MIPOMHUCIIOBUX CYIIHJIBHUX YCTaHOBOK.

OCHOBHMMM 3aBJAHHSIMH J0CJIIIKEHHS €:

1. OxapakrtepusyBaTu (PI3MKO-XIMIYHI BJIACTUBOCTI KapOTUHOBMICHOI
CUPOBHHHM (BOJIOTICTh, MIKPOCTPYKTYpa KapOTHUHOI/11B) Ta BCTAHOBUTH iXHI/ BIUIUB HA
CYILIHHS.

2. IlpoanamizyBaTu ICHYIOYI METOIM CYIIHHS Ta OOIpYyHTyBaTu
JIOIIJIBHICTh BUKOPUCTAHHA KOMOIHOBAaHUX METOMAIB (MIKPOXBUJILOBE, IH(PpauepBOHE,
BaKyyMHE, KOHBEKTHBHE, yJIbTPa3BYKOBE).

3. Jocmiautu KiHeTUKY KOMOIHOBAHOTO CYIIHHS 32 PI3HUX TEXHOJOTTYHUX
pPEXKHUMIB, 30KpeMa: PI3HUX TeMIlepaTyp CyIIMJIbHOro areHTa (Hampukian, 40 — 80
°C); IHTEHCUBHOCTI YJbTPa3BYKOBOI Aii (aMIUIITyJa, 4acTOTa, TPUBAIICTh OOPOOKN);
pIBHIB BakyymMy a00 THCKy TIOBITpS Yy CYIIWJIBbHIM Kamepi; TOTYXHOCTI
MIKPOXBWJILOBOTO BHUIPOMIHIOBAaHHS a00 WIIJILHOCTI 1H(QPAYEPBOHOTO TOTOKY;
IIBUJIKOCTI TOJiayl TMOBITPS YW Ta30BOTO CEPEAOBHINA; MOYATKOBOI BOJIOTOCTI Ta
TOBIIUHU I1apy CUPOBUHHU.

4. TlopiBHSATHM  €KCIIEpPEMEHTAIbHO  MIKPOXBUJIBOBE, 1H(padyepBOHE,
BaKyyMHE, KOHBEKTHBHE Ta YJIbTPa3BYKOBE 13 KOMOIHOBaHMMH MeETOJaMHu 13
3aCTOCYBAaHHSAM/0€3 3aCTOCYBaHHS yJIbTPa3BYKy 1 OOIpYHTYBaTH BHOIp pallioHaIbHUX

CXEM CYUIIHHS.
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5. Omnucaty KIHETUKY Jerpajaaiii KapOTHHOINIB HA OCHOBI peE3yJIbTaTiB
EKCIIEpUMEHTAJIBHUX  JOCHIKEHb 32  PI3HMX  YMOB  CYIIIHHS,  30Kpema:
TEMIIEPATYPHOTO PEKUMY (HU3BKO-, CEPEIHBO- Ta BHCOKOTEMIIEpAaTypHE CYIIIHHS);
TUIY CYIIIHHS (KOHBEKTHBHE, 1H(pauepBoHE, MIKPOXBUILOBE, KOMOIHOBaHE 3
yIBTPa3BYKOM);  TPUBAJIOCTI  NPOLIECY Ta MIBUAKOCTI  BUJAJIECHHS  BOJIOTH;
IHTEHCUBHOCTI YJIbTPa3BYKOBO1 00pOOKH (aMILTITYa, YaCTOTa, TPUBANICTD); TOCTYILY
KHCHIO (aepoOH1 1 aHaepoOHI YMOBH); OCBITJIECHOCTI Ta BOJIOI'OCTI MOBITPS Mif 4Yac
CYLIIHHSI.

6. BcraHOBUTH 3aKOHOMIPHOCTI BIUTUBY PEXXHMIB CYIIIHHS Ha 30€peKeHHS
SAKICHOTO BMICTY KapOTHHOI/IIB Ta iX OpraHOJICNITUYHI TOKA3HUKHU.

7. Ckiactu MaTeMaTUYHUN OMUC KIHETHKU CYHIIHHA KapOTMHOBMICHUX
MIPOJTYKTIB.

8. IlpoBectn omnTUMi3alil0  PEXUMIB 32  KpUTEPIAMH  “SKICThb-
eHeproe()eKTUBHICTD 1 MIATBEPAUTH ONITUMYM €KCIIEPUMEHTAIIBHO.

9. Po3pobutu Ta 0GOPMHUTH TPOEKT TEXHIYHUX YMOB Ha BUPOOHUIITBO
CYyXUX KapOTHHOBMICHHUX MPOJYKTIB METOI0M KOMOIHOBAHOTO CYIIIHHSM.

BinnmoBignicts HaumioHanbHuM mnpiopuTeram. HamioHaipHa eKOHOMIYHA
ctpareria Ha niepion 10 2030 poky, 3aTBepmkena Kabinetom MinicTpiB Ykpainu y
oepe3ni 2021 poky moctanoBoro Ne 179 (mami — Crparterisi), BU3Ha4a€e LUISIX 0
1HHOBAIIHHOTO, Pecypcoe(EeKTUBHOTO Ta OPIEHTOBAHOTO HA EKCIOPT 3pPOCTaHHS
yKpaiHCchKO1 ekoHOoMikH [9].

OTpumasni pe3yJIbTaTh JOCJT1JIPKCHHS 1HTeHCcH (KAl CYIIHHS
KapOTHHOBMICHOT CUPOBHHH 0€3MOCEPEHBO CIPUITUMYTh peaiizailii mpiopuTEeTHUX
HanpsmiB CtpaTerii Takux, SK  BUPOOHUIITBO MPOIYKII 3 BHUIIOK J0JaHOIO
BapTICTIO, TIABUIICHHS €HEProe(EeKTUBHOCTI Ta 3MEHIICHHS PECYPCOEMHOCTI
MIPOMHKCIIOBUX TIPOIECIB, BIPOBAKCHHIO 1HHOBAIIMHUX TEXHOJOTIH (30Kpema

KOMOIHOBaHE CYIIIHHS 3 BHUKOPUCTAaHHSAM  YyJbTPa3BYKy) B  YKpaiHCBbKIH
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CALCULATION OF THE EFFICIENCY OF DUST AND WATER
VAPOR CAPTURE IN CYCLONES WITH LOCAL WALL IRRIGATION
Postgraduate student Dmytruk Andriy V.,
Ph.D., Associate Professor Stepaniuk A. R.
National Technical University of Ukraine
"Igor Sikorsky Kyiv Polytechnic Institute™

ANNOTATION. The improvement of the dust and water vapor capture
process in cyclones with local wall irrigation is considered. The formation of a thin
water film increases the efficiency of particle deposition and reduces their re-
extraction. Modeling confirmed the effectiveness of this technology in fertilizer
production and other industrial sectors.

KEYWORDS:CYCLONE, GAS PURIFICATION, WATER STEAM, FINE
DUST, IRRIGATION, ECOLOGICAL EFFICIENCY, MINERAL FERTILIZERS,
RESOURCE SAVING

PO3PAXYHOK E®OEKTUBHOCTI BJIOBJIOBAHHA IIAJTY TA
BOJSAHOI NAPU B IIUKJIOHAX I3 JIOKAJIbHUM 3POILIEHHSIM
CTIHOK

acipant Jmutpyk Aupapiii. B., k.1.H.. nouent Cremaniok A. P.
HauionanbHU TeXHIYHUI YHIBEPCUTET YKpaiHH
«KuiBcbKui noJtiTexHivHui iIHCTUTYT iMeHi Irops Cikopebkoro»
AHOTAIIS. Pozensanymo yoockouanenus npouecy Va0GMOBAHHS NULY Md
B005IHOI NApu 8 YUKIOHAX 13 JOKAIbHUM 3POUEHHAM CMIHOK. DOpMYB8aHHs MOHKOIL
B00AHOI NNIBKU NIOBUUWYE ePEeKMUBHICb OCAONCEHHS YACMUHOK [ 3MEHUYE ix
nosmopHe GuHecenHs. Modentoeanus niomeepouno epekmusHicmy 3aCmoCcy8anHs

yiei mexuHono2ii y 6upoOHUYmMeEi 000puU6 ma iHWUX NPOMUCTIOBUX 2AT1Y35X.
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In modern conditions of industrial development, increasing the efficiency of
technological equipment, reducing environmental impact and reducing operating
costs is of great importance. One of the key areas is the improvement of gas flow
cleaning systems from dust and solid impurities.

The work investigates the operation of a cyclone, a device that separates solid
particles and fine dust from gas by centrifugal force. During the rotation of the flow,
heavier particles are directed to the walls of the housing, settle and are removed,
while the purified gas exits through the central pipe. Due to the simplicity of the
design, reliability and efficiency, cyclones are widely used in industrial processes for
cleaning air and gases, and can also be integrated into complex dust and steam
cleaning systems.

The purpose of thesesis to increase the efficiency of the extraction of fine
solid particles and water vapor in the equipment used during the processes of
dehydration and granulation of liquid media. To achieve this goal, it is planned to
create a two-stage gas flow purification system, develop physical and mathematical
models of the process, as well as perform engineering calculations of cyclone
parameters to optimize its operation.

The study considered three types of cyclones — TsN-11, TsN-24 and SK-TsN-
33, designed to capture solid particles from gas flows. The cleaning efficiency
depends on the type and diameter of the cyclone: with increasing diameter, it
decreases. To work with large volumes of gas, cyclones can be combined into groups
of several elements.

The TsN-11 cyclone, shown in Figure 1, is a versatile and reliable device with

a cleaning efficiency of 80-95%. Its operating principle is based on the action of
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centrifugal forces, which throw dust particles to the walls of the housing, where they

settle, and the cleaned gas is discharged through the central pipe.

Rice. 1 - Cyclone I1H-11

In the central zone of the cyclone TsN-11, the gas flow changes direction by
180°, which contributes to the complete separation of dust particles under the
influence of inertial forces. The deposited dust enters the storage hopper. Such
cyclones are not recommended for fibrous or sticky dust, as well as in the presence of
a drop-liquid phase or vapor condensation.

Cyclones of the TsN-24 type are characterized by high reliability, versatility
and economy. They differ in productivity and dimensions, do not require significant
energy consumption and are characterized by long-term operation, which ensures

their wide application in industry, as shown in Figure 2.

Rice. 2 — Cyclone IIH-24
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Cyclones of the TsN-24 series can operate as separate devices or in groups,
have a left- or right-hand design. With an increase in diameter, their efficiency
decreases. The gas-dust mixture is fed tangentially, moves in a spiral, and particles
under the action of centrifugal force settle on the walls and then fall into the bunker.
Such cyclones effectively clean the air from dust, including fine fractions.

The SK-TSN-33 cyclone has an elongated spiral cone and is characterized by
high efficiency of solid particle removal - up to 98%, shown in Figure 3. It is used in
industrial systems for intensive purification of gas flows and reduction of dust

emissions.

T

-

Rice. 3 — Cyclone SK-ITH-33

Cyclones SK-TSN-33 are used in pneumatic conveying, aspiration and boiler
systems, as well as in the metallurgical and chemical industries for cleaning gases
from soot and combustion products. They provide the highest efficiency when
working with particles over 10 microns and are recommended for the extraction of
materials with a density of about 2.7 g/cm3. Thanks to the spiral swirler (“snail"), a
degree of purification of up to 98% is achieved even at moderate flow rates.

According to the results of the analysis, it was found that the cyclones TsN-11
have the best technical and economic indicators with average requirements for
cleaning, while TsN-24 is advisable to use at the first stage of cleaning with high
dustiness of the flow. For fine capture of fine dust (5-6 microns) and increased

environmental requirements, the use of cyclones SK-TsN-33 is optimal.
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To confirm the choice of the optimal type of cyclone, engineering calculations
were carried out for three models - TsN-11, TsN-24 and SK-TsN-33. For the
convenience of calculations, a program was developed in the C# language that
automates the input of initial data and the determination of the main parameters,
presented in Table 1.

Table 1 — Initial data for calculation

Cyclone V, dt, pu | WITH, LGon Eg,
type m3/h 103 | um | kg/m3 | g/m3 C
CN-11 25 26 | 1930 | 175 | 0.36 | 75
SK-CN-33 25 26 | 1930 | 175 | 0.34 | 75
CN-24 25 26 | 1930 | 175 03 | 75

Symbols in the table:

V — volumetric flow rate of the gas being purified, m3/h - 103;

dr — median cross section at which the mass of all dust particles is less than or
greater than 50%;

pr— density of solid particles, kg/m3;

C — Initial gas dust content, g/m3;

LGon is a quantity characterizing the dispersion (Ig2om) of the quantity 1gon in
the function of the fractional characteristic;

tg — gas temperature, °C.

The results of the calculation of particulate matter are presented in Tables 2
and 3.

Table 2 — Results of solid particle calculations

Cyclone | D, N, W, J, W np, | d50,
type m | number | m/s 5 |APPal PW m3/h % | um

CN-11 | 0.7 6 3.8 [208.2|1548.3|82183.7| 4828 |97.2| 4
SK-CN-33| 1 6 1.8 |387.4| 691.5 | 367085 | 217.1 |96.6| 4.4
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CN-24 |0.6 8 3.9 | 645 | 499.7 | 35366.8| 2195 92 | 8.7

Table 3 — Results of calculations of condensed water vapor

Cyclone | D, N, W, ¢ | AP, Pal P,W J, W np, | d50,

type m | number | m/s m3/h % um
CN-11 |[0.7 6 3.8 208.2|1548.3|82183.7| 555.2 | 845 | 56
SK-CN-33| 1 6 1.8 |387.4| 6915 |367085| 2534 | 827 | 6.1

CN-24 |0.6 8 39| 645 | 499.7 | 35366.8 | 284.5 711 | 121

Symbols in the table:

D — cyclone diameter, m;

N is the number of cyclones;

W — actual flow velocity, m/s;

& — coefficient of hydraulic resistance;

AP — hydraulic resistance of the cyclone, Pa;

P — power of the cyclone battery, W;

J — efficiency of the cyclone battery, W m3/h;

np — dust collection efficiency in the cyclone, %.

Based on the calculations, the following general conclusions can be drawn. All
three types of cyclones — TsN-11, TsN-24 and SK-TsN-33 — provide a high level
of air purification, which is 92-97.2%. The highest efficiency was shown by the TsN-
11 cyclone, while the TsN-24 has the lowest hydraulic resistance. Both cyclones,
TsN-11 and SK-TsN-33, are capable of capturing particles with a size of about 4
microns.

During calculations for capturing condensate droplets from water vapor, it was
found that the efficiency of all three types of cyclones decreases to 71.1-84.5%. The
best performance is retained by the cyclone TsN-11, although it has the highest
resistance, and TsN-24 again demonstrates minimal pressure losses. The efficiency of

capturing droplets increases with increasing size - the optimal formation of droplets
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over 10 microns is, since for smaller particles the cleaning performance is
insufficient.

The results obtained confirm the feasibility of using cyclones in two-stage
purification systems, where the combination of CN-11 and SK-CN-33 provides the
optimal balance between efficiency, energy consumption, and process stability.
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3D MODELING OF A MODERNIZED HEAT EXCHANGE TUBE OF AN
EVAPORATOR WITH TURBULENCE PROMOTERS IN SOLIDWORKS
Oleksandr Nesteruk, Sergey Gulienko
National Technical University of Ukraine
«lgor Sikorsky Kyiv Polytechnic Institute»

Abstract. The work describes in detail the process of creating a parametric
three-dimensional model of a modernized heat exchange tube of an evaporator
designed for the production of barium chloride. The main purpose is to increase the
efficiency of the heat transfer process by creating turbulizing protrusions that disrupt
the laminar mode of fluid movement and reduce the thickness of the film formed on
the heat exchange surface. 3D modeling was performed in the SolidWorks
environment. Increasing the area of the heat exchange surface due to a smooth tube
effectively increases the intensity of heat transfer.

KEY WORDS: SOLIDWORKS, 3D MODELING, HEAT EXCHANGER,
EVAPORATOR, TURBULENCE PROMOTERS, CFD ANALYSIS, DIGITAL TWIN.

3D MOJEJIOBAHHSI MOJEPHI3OBAHOI TEIJIOOEMIHHOI TPYEH
BUITAPHOI'O AITAPATY 3 TYPBVYJII3YIOUUMHU BUCTYIIAMU B
SOLIDWORKS
crynent Onekcannp Hectepyk, k.1.H., nout. Cepriit ['ynienko
HauionanbHU TeXHIYHUI YHIBEPCUTET YKpaiHH
“KuiBcbkuil noJiitexHiynuii iHcTuryT iMeHi Iropsa Cikopcbkoro”
AHnomauia. Y pobomi OemanbHo  po32AAHYMO  Npoyec  CMBOPEHHs.
napamempuyHoi mpusuMipHoi Mooeni MOOepHI308aHOI Menio0OMIHHOI mpyou
BUNAPHO20 anapamy, NPUHAYeHo20 OJisi 8UPoOHUYmMea xaopudy oapiro. OcHO8HOW
Memow € niOBUWeHHs epexmusHocmi npoyecy menjionepeoadi 3d PpPaxyHOK

CMBOPEHHS MYypOYVII3YIOYUX BUCYNIB, WO NOPYULYIOMb JAAMIHAPHULL PEeXCUM PYX)
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piOuHU ma 3MeHuLyioms MOBWUHY NIIBKU, SIKA YMBOPIOEMbCA HA Menji000OMIHHIl
nogepxti. 3D moodenosanns euxonano 6 cepedosuwyi SolidWorks. 30invuienns
naowi meniooOMIHHOI NOBEPXHI NOPIGHAHO 3 21A0KOI0 mpyOoI0 C8IOUUMb HPO
nomeHnyiline NOKpaweHHs IHMeHCUBHOCMI Menionepeoay.

KJIIO40BlI  CJIOBA: SOLIDWORKS, 3D  MOIEJIFOBAHHA,
TEIIJIOObMIH, BHIIAPHUH AIIAPAT, TYPEYJII3VIOYI BHUCTYVIIH, CFD-
AHAJII3, [IHDPOBA MO/IEJID.

Beryn

MopepHizalliss BUIIAPHOTO arapaTta BUKOHYBajacsi 3 METOI MiJBUILCHHS
e(heKTUBHOCTI Mpollecy TeIIonepenayl miji yac BUPOOHHUIITBA XJIOpHUAY Oapito, e
OCHOBHOIO TPOOJIEMOIO € 3HIDKCHHS Koe(dillleHTa Terulonepeaadl  BHACIIIOK
YTBOPEHHS PIAMHHOI TUTIBKM Ha MOBEPXHAX TEIUIOOOMiHY. Y Mpolleci eKcIuryaTarii
TaKHMX arapaTiB Ha CTIHKaX TEIIOOOMIHHUX TPYO (OpPMY€EThCS MIap piIMHU, IKUI Ma€e
HU3bKY TEIUIONPOBIIHICTH 1 CTBOPIOE TOAATKOBUM TepMiuHMil omip. Lle mpuzBoauth
70 3MEHIIEHHS 1HTEHCHUBHOCTI TEIUIOOOMIHY, 30UIbIIIEHHS BUTpaT €Heprii Ta
HeCTaOlIbHOI POOOTH yCTaHOBKU. TpaguuiiiHi METOIM MIABUIIEHHS €(PEKTUBHOCTI
BUIIAPHUKIB TOJISTAIOTh y 30UIBIIEHH] IMBUJKOCTI PyXy pilMHUA ab0 TeMIiepaTypu
TEIJIOHOCIS, TPOTE€ Takl CHOCOOM CYMPOBOKYIOThCS 3HAYHUM 3POCTAaHHSIM
€HEProcroKUBaHHS 1 HE 3aBXKIU 3a0€3MeuyroTh CTaOUIbHHUI pexuM podotu. Tomy
OyJI0 3ampoIrOHOBAHO KOHCTPYKTHBHE pIIIEHHS, SIK€ HE IMOTpedye T0daTKOBHUX
EHEePreTUYHUX BUTpPAT, ajie J03BOJIAE€ 1HTEHCU(IKYBATU MPOIEC TEIulonepenayl 3a
pPaxyHOK 3MIHU T€OMETP1i TEMII00OMIHHOI MOBEPXHI.

CyTb MopepHi3allli moysira€ y CTBOPEHHI HOBOi KOHCTPYKIIIi TETJIO0OMIHHOT
TpyOM BUIApPHOrO amapara 3 TypOyni3ylOUUMHU BHUCTYIAaMH, PO3TAlIOBAHUMHU MO ii
30BHIIIHIN MOBepxHi. Taki BUCTYIIM MatOTh KIJIbIEBY (hOPMY 1 PIBHOMIPHO PO3MIIIEHI
B310BXK OCi TpyOu. IxHs (yHKIis monsrae y CTBOpPEHHI JOKaIbHUX TYpOYIeHTHHX
30H MOTOKY, SIKI MOPYWIYIOTh JaMiHApHUN PEXUM pyXy pIOAUHU. Y pe3yJbTari

BiJI0YBA€ThCSl PyHHYBaHHs PIAMHHOI TUTIBKH, 110 MOCTIHHO YTBOPIOETHCA HA CTIHKAaX
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TpyOH, a TAKOK aKTHBHE TIEPEMILTYBAHHS APy PIAMHH OIS MOBEPXHI TEIUIOOOMIHY.
Lle 3abe3mneuye peryisipHe OHOBJICHHSI PIIMHHOIO IIAPy, 110 KOHTAKTY€ 3 HArpiTolo
MMOBEPXHEI0, 1 MPU3BOIUTH 10 30UTbIIIEHHS KoedimieHTa Teronepenavi. Budip came
TaKoTO Ccroco0y MojiepHi3allli 00OyMOBJIEHHI MPOCTOTO WOTro peaizallii, HU3bKOI
BapTICTIO BUTOTOBJICHHS Ta BUCOKOIO HAJIMHICTIO B €KCIUTyaTarlii, aJike KOHCTPYKIIIS
HE Ma€ PyXOMHX YaCTHH 1 HE MOTPeOye CKIATHOTO TEXHIYHOTO OOCITYyTOBYBaHHSI.

Y Xoni BUKOHaHHS poOOTH Oyio po3poOJICHO MapaMeTpUyHy TPUBUMIPHY
MOJIeNTb MOJEPHI30BaHOi TpyOm y mporpamHomy cepenoButli SolidWorks. Moxens
J03BOJISIE 3MIHIOBATH OCHOBHI T€OMETPUYHI MMapaMEeTPH - 30BHIIIHIA J1aMETp, BUCOTY
BHCTYIIIB, iX KIJIBKICTh Ta KPOK po3MimieHHsS. Lle 3a0e3neuye MOXKIUBICTh MiAOOPY
ONTUMAJILHOI T€OMETPIi JJIsSI JOCSITHEHHSI MaKCUMAaIbHOT €(DEKTUBHOCTI TEIJIOOOMIHY.
Bucora BHUCTYMIB cTaHOBWJIA OJU3BKO OJHOTO MUIIMETpa, a TOBIIMHA KUIbIS —
OJIM3BKO OJTHOTO MUTIMETpa, WI0 JO03BOJISIE 3a0€3MeYuTH MOTPIOHUN  edeKT
TypOymi3anii 6e3 ICTOTHOrO MiABUIIEHHS T1IpaBIIgYHOrO OIOpY.

Bubip TypOymi3ytouux BHUCTYIIB SIK OCHOBHOI'O €JIEMEHTa MoJiepHi3ailii OyB
3po0JIeHHIA  MICHS  aHaji3y KUIbKOX albTEpPHATUBHUX MiAXOAIB. 30Kpema,
pPO3IUIAIATIUCS  BaplaHTH BUKOPUCTAHHS BHYTPINIHIX TypOYJEHTHUX BCTaBOK,
pebpuctux TpyO 1 3MIHM Marepialy MOBEepxHI TemiooOMiHy. [Ipote 1 pimeHHs
noTpeOyBaiy CKJIAJHIIIONO BUTOTOBJICHHS, MiJABUILYBAJM BapPTICTh a00 BUMAarajiu
3MIHM TEXHOJOTIi CKJIaJaHHs amapaTta. Y TOW 4Hac AK TypOysi3yroul BHCTYIH Ha
30BHIIIHIM TOBEpXHI TpyO MOXHA peani3yBaTH 3a JOINOMOTOK CTaHJIApTHUX
TOKapHUX a00 (Ppe3epHux omeparlii, 10 3HaAYHO CIIPOIIYE MPOIIEC BUTOTOBJICHHS 1 HE
noTpedye 3MIH y KOHCTPYKIli BCchoro amapara. KpiM Toro, Taka MojepHizaiis €
JIOBTOBIYHOIO, OCKIJIbKM BHUCTYNHM HE 3HOILIYIOTHCA B MpPOLIECI €KCIUTyaTallli Ta He
3MEHIIYIOTh  TPOXITHUW  Tepepi3 TpyO, IO BaXIMBO JJIsT  30€pEKCHHS
MPOTYKTUBHOCTI CHCTEMHU.

VY pe3ynbTaTi BUKOHAHOTO MOJCIIOBAHHS OTPUMAHO JICTaIbHY TPUBHMIPHY

napamMeTpuiHy MOJENb TEMI000MiHHOT TpyOu. KOHCTpyKIlisi Mae BUCOKHIA PiBEHb
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THYYKOCTI JUIsI TOAANBIINX 3MiH 1 mpuaaTHa 11t nposeaenHs CFD-ananizy noTokis.

Moaenb A03BOJISIE:  TOCHIKYBATH PO3MOJIT IMIBUAKOCTI W TeMIlepaTypu
pIIMHU B 30HI BUCTYINB; OIIHIOBAaTH 30HH JIOKAJIBHOTO TMEpErpiBy abo 3acTolo;
3MIHIOBaTH KOHCTPYKTHBHI TlapaMeTpu JUIS IJ00pY ONTHMajbHOI TE€OMETIii,
BUKOPUCTOBYBATH 11 SIK OCHOBY JJIsi TOOYAOBH 301pKM TPYOHOTrO IMy4Ka BHUIAPHOTO
amapary. Ha pucynky 1 mnpeactaBieHO MoJIeiab YSBHOTO KaHalIy, B SIKOMY
B1I0yBaeThCcsl pPyX IUTIBKM piauHHU. Ll Mopenb 03BoJisie Bi3yasi3yBaTH BILIWB
TypOyJIOI0OUMX BUCTYIIB Ha CTPYKTYpY MOTOKY 1 MEXaHi3M pyHHYBaHHS TIUTiBKH.
Bukopucranus Takoi MOJeNll € BaXJIMBUM €TaloM ONTHUMI3AIli TEMIO0OMIHHOTO
oOnagHaHHS, OCKIUIBKM BOHA JIONIOMAarae IpPOTHO3YBaTU €(EeKTUBHICTH POOOTH

amaparty 3a pi3HUX YMOB €KCILTyaTallii.

Pucynok 1 —Mojenb yABHOr0 KaHaily pyXy IUIIBKU
byno 3monmenroBaHO Ta mMpoaHali30BaHO 4 BapiaHTH 3 PI3HOIO KIIBKICTIO

BuctyniB Ha 100MM TpyOwu, iX pe3yJbTaTH HABEJEHO HA PUCYHKAX 2-5

Pucynok 2 — Mogenb TypOyni3yrounx BUCTYIIB 3 KUIbKICTIO 4 Ha 100MM
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U Mograuce

Pucynox 5 — Moaens TypOyni3yrourX BUCTYIIB 3 KITBKICTIO 7 Ha 100MM

Ha ocHOBI mpoBeAeHUX JOCHIPKEHb OYJI0 BCTaHOBJEHO, M0 HAWUOUIBII
e(pEeKTUBHUM € pO3TalllyBaHHS TypOYJIOIOUMX BUCTYMIB y KIJIBKOCTI 7 Ha KoxHI 100
MM JIOBXKMHU TpyO TeruiooOMiHHMKA. Taka KUIbKICTb BHUCTYIMIB BHUSIBUJIACS

ONTUMAJILHOKO  JIJI1  CTBOPEHHS TYpOYJIEHTHOTO pyXy PpIAMHH Yy KaHajax
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TEIJIOOOMIHHOTO  amapaTry. [ypOyJeHTHI  MOTOKHM  CYTTEBO  TOKpAIIyIOTh
XapaKTePUCTUKH TEIJIOOOMIHY, OCKIIBKHM CIPUSIIOTh IHTEHCUBHOMY IE€pPEMIITYBaHHIO
piakoi ¢asu 1 3a0e3meuyroTh piIBHOMIPHHUM PO3MOILT TEMIIEPATYPH Y TMOTOLII.

Ieit miaxig m03BOJISE 30LIBMIATH €(EKTUBHICTh MPOIECIB TEIUIO0OMIHY 0e3
HEOOX1THOCT1 CYTTEBOTO MiJBUILECHHS eHeproBuTpaT. OnTuMizallis T'iApoauHaMIYHUX
YMOB y KaHaji TEIIOOOMIHHMKA TaKOXX TO3WUTHUBHO BIUIMBAE€ HA EKCIUTyaTalliiHI
XapaKTEepUCTUKHU anapary. 3aBAsSKU OLIbII PIBHOMIPHOMY MPOTPIBAHHIO 1 MIBUIIOMY
BIJIBEICHHIO TEIUIA 3HAYHO 3HWXKYETHCS HMOBIPHICTH JIOKAJIBHOTO TEperpiBy abdo
3aCTIMHUX 30H y TEIJI0OOOMIHHUKY, IO MiABUILY€E MOTO HAAIHHICTD

BucHoBknu:

Y pe3ynbTaTi CTBOPEHHS MOJETI Ta MOJANBIINX PO3paxyHKIB Oylio JOBEICHO,
[0 BIPOBAKEHHS TYypOYyNi3ylOUMX BUCTYIIB JO3BOJISIE MIIBUIIUTH KOEQIIIEHT
TeIIonepeayl y MOpiBHSAHHI 3 IJIaJIKOI0 TPyOOI0, a TAKOXK 3MEHIIUTHA BUTPATH MapH.
[le cBiAUMTH MPO 3HAYHE MOKPALIEHHS €HEPreTUYHOI ePeKTUBHOCTI mpouecy. Okpim
TOTO, 3aBJISIKA PIBHOMIPHOMY IE€PEMIIITYBaHHIO MOTOKY YCYBaIOThCS 3aCTiHI 30HU, 110
3MEHIIY€E IMOBIPHICTh YTBOPEHHS HAKHUITY 1 MIJBUIIY€E TOBMOBIYHICTh POOOTH amapara.
BaxxnuBo, 110 Taka MojepHi3allisi He 3MIHIO€ MPUHIIUII /i1 BUIAPHUKA, TOMY 11 MOXKHA
BIIPOBAJIUTH Y BXKE 1CHYIOY1 ITPOMUCIIOBI CUCTEMHU Oe3 TOTpeOu B iXHIM IMOBHIM 3aMiHi
abo pexkoHcTpykuii. OTKe, MOAEpHI3allisl BUNAPHOIO amapara noJisraia y CTBOPEHHI
KOHCTPYKIIi TeJI000MIHHOT TpyOu 3 TypOyIi3ylOYMMHU BUCTYIIAMHU, SIK1 3a0€3MeUyI0Th
pyWHYBaHHS PIAUHHOI IUIIBKM Ta (OpMyBaHHS TypOyJeHTHOro notoky. Lle pimeHHs
Oy710 NpUMHATO A MiABUIIEHHS €()EeKTUBHOCTI TMpolecy Temionepenaydl 0e3
30UIBIIIEHHSI €HEPTOCIIOKMBAHHSI, TIOKPAIICHHS CTAaOUIBHOCTI TUIIBKOBOTO TOTOKY Ta
3HIDKEHHS TepmiuHoro omopy. IlpoBegene 3D MopentoBaHHS B CepeIOBHIII
SolidWorks mo3Bonmuno onTumizyBaTd TeOMETpPil0 BHUCTYIIB 1 MATBEPIUTH
e(peKTUBHICTh TAKOTO MiIXOTy. 3alPOIIOHOBAHA KOHCTPYKIIIS MOXKe OyTH 1HTErpoBaHa
B MPOMMUCIIOBI BUIMAPHI CUCTEMH BUPOOHMIITBA XJIOpHUIY Oapit0 Ta 1HIIMX XIMIYHUX

PEYOBHH, IO MOTPEOYIOTh KOHIIEHTPYBAHHS PO3UYUHIB, 1 € MPUKIATOM €(EeKTHBHOI Ta
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€KOHOMIYHO JIOLTFHOT MOJIEpHI3allii eHeproMiCTKOTO TEXHOJIOTIYHOTO 00IaHAHHS.

List of links:
1. US 3302701A “Turbulence promoter for increased heat and mass transfer”-

Astop: D. G. Thomas.

2. Selection of turbulence promoters for retrofit applications (2023) - M. Picén-
Nufiez

3. US 10976115 “Heat exchanger tube”

4. Counteracting Downstream Effects Using Turbulence Promoters in

Shell-and-Tube Heat Exchangers (2024) — J. L. Garcia-Castillo
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MOJEPHI3ALISA YCTAHOBKU BUPOBHUIITBA METAHOJIY 3
PO3POBKOIO PEKTU®IKALIMHOI KOJTOHU TA IAPOTEHEPATOPA
ctyaeHt Tpynin A.O., k.T.H., nou. Crenaniok A.P.
HaunionanbHUil TeXHiYHUI YHiBEpCUTET Y KpaiHu

«KuiBcbKuil nmotiTexHivHui iHcTUTyT iMeHi Irops Cikopcbkoro»

Metanon (CHs;OH) € BaxJIMBOIO pPEUOBHMHOIO, KA BHUKOPUCTOBYETHCS Y
0araTbOX Taly3sX MPOMHCIOBOCTI. BiH cioyrye cupoBHHOIO Jii BHPOOHHUIITBA
dbopmanpaeriay, TpeTOyTUIMETUIIOBOTO €TEPY, POZUMHHUKIB, CMOJ 1 MECTUIUIIB, SIKi
€ OCHOBOIO Ui OaraThbOoX BUPOOHHWYUX TMpoleciB. Takok B eHEpreTulll BiH
3aCTOCOBYETBCSl K €KOJIOTIYHO YHCTE TMajiuBO, J00aBKa J0 NaidbHOro, abo y
BUPOOHMIITBI OioMaInBa.

OxkpiM TpaguIIIHHOTO 3aCTOCYBaHHS, BHUKOPUCTAHHA METAHONY MUISTXOM
YIIOBJIIOBAHHSI 1 MEPETBOPEHHSI BYTJIEKUCIIOTO Ta3y y KOPUCHY CHPOBHUHY CIIpHSIE
exosorii. Came Taka yHIBEpPCAJIbHICTh POOUTH METAHOJ HE3aMiHHUM Yy OaraThbox
ramy3ax [1].

OpHi€r0 3 KIIOYOBHUX CTalii BUPOOHUIITBA METAHONY € pEeKTU(IKaIlis, 0
3a0e3neyye OTpUMaHHs BUCOKOYUCTOIO METaHOMY 3 CHUPIIIO.

Metoto poboTH € MozepHi3alisd pPeKTU(DIKALIKHOT KOJOHU IJsl MiABUIICHHS
e(eKTUBHOCTI MacOOOMIHY Ta 3HMIKEHHS C€HEProBUTPAT IUIAXOM YAOCKOHAJIECHHS
KOHCTPYKIIIi TapiJIoK.

VY pexkTudikaniiHii KOJOHI Mpolec BiAOYBa€ThCA 3aBASKH OararopazoBoMy
KOHTaKTy MapoBoi Ta piakoi (a3 Ha Tapinkax. Bix edekTuBHOCTI poOOTH IUX CaMHX
TapiJIOK 1 3aJE€XKUTh SKICTh PO3JIJIEHHS, CTaOUIbHICTH POOOTH YCTAaHOBKH Ta

CHEPreTUYH1 BUTPATH.
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KyboBui 3anuiiok
1 — xopmyc, 2 — nHuile, 3 — KpuIika, 4 — TapiJIKi KOBMAYKOBI, 5 — EepesIuBHA CTIHKA,
6 — KOBITaYKH.
Pucynoxk 1 — Cxema Tapiuactoi pekTudiKaiiitHoi KOJIOHU

Konona cknanaerscs 3 kopmycy (1), y sSIKOMy pO3TalloBaHi KOBIAYKOBI
Tapiiku (4) 3 nepenuBHUMH CTiHKamH (5), kpumku (3) ta nauma (2). MetaHon-
CHpellb TIOJIA€EThCSI B CEPENHI0O YaCTHHY KOJIOHM, J€ pPIAWHA CTIKa€ BHHU3 uepe3
TapiJKd, a TMapa IMiJHIMAETbCS Kpi3b KOBMAauku (6) 1 Kpi3b MpOpi3d B HUX,
O0apOoTyrOun Kpi3b MAp piauHU. Takuil KOHTAKT (a3 3abe3neuye cTadLIbHUI IpolLiec
MacooOMiHY HaBITh MPHU 3MiHI HABAaHTAKEHHS TApH.

VY BepxHiil 4acTHHI KOJIOHM Ta3oBa ¢aza OXOJOIKYETHCS, 1 KOHJICHCYETHCS
YUCTUNA MeTaHOI. YacTHHA CKOHAEHCOBAHOTO MaTepialy MOBEPTAETHCS B KOJIOHY Y
BUTIISIAL (brierMu it 3a0e3meueHHs OUTbI IHTEHCHMBHOTO TPOIECY MacooOMiHy, a
peliTa moJAa€eThCs Ha BUX1J1 SIK TOTOBHU NPOJIYKT [2].

IlepeBaru:

1) Bucoka epeKTHBHICTb PO3IIICHHS P MOMIPHUX BUTpaTax CHEpTil.

2)  CraOinpHuil 6apOOTaXK MPU 3MIHHMX HABAHTAXKCHHSX MapPH.
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Henomiku:

1)  Jlemuro OinbIIKi Hepenaj TUCKY HOPIBHSHO 3 IHIIMMU THIIAMH TapiJIoK.

2) MoxiarBa HEpIBHOMIPHICTh poO3MOJiTy 0OapOoTaky 3a IUIOIIHHOIO
TapiIIKH.

Jns  yCyHEHHsS HENOJIKYy HEpIBHOMIPHOTO 0apOoTaky Ta 3MEHIICHHS
€HEepProCIOKUBAaHHS 3allPOIIOHOBAHO MOJEPHI3YBaTH KOBMAuKoOBi Tapiaku. CyTh 1€l
MOJIEpHI3allli Mojsrae y 3MiHI KOHCTPYKIIi KOBIAyka: Ha HOro OIYHIM TMOBEpPXHI
BUKOHYIOThCSI Tpopi3u mig KyToM (45-60°) no BepTukaii, IO 03BOJIIE Tapi
BUXOJWTH HE JIMIIE Bropy, a W YacTKOBO BOIK, CTBOPIOIOUM OLIbII AKTUBHE
nepeMilTyBaHHs PIAVHH.

Takuii HampsM TIOTOKY CTBOPIOE 3aBUXPEHHS ITOTOKIB TMapy ITiABHUIIIYE
CTYIiHb KOHTAKTY (pa3 Ta MoKpalrye TermioMacoo0MiH. Y pe3ynbTaTi KOJIOHA MPaloe

CTaOUIbHIIIE ITPU MEHIINX BUTpaTaX Teria.
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=
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3.1
CORCIRCIRCIRCIRCIRCY
® ® @ ®@IE @& @ D
(D-0-X)-Gb-00--X)
® ® @& @®|E @ @ @D
QRAPPOO®®

1 — rapinka; 2 — oTBip; 3 — KOBITAYKH.

Pucynok 2 — CxeMa MoziepHi3alii KOBMAUYKOBOI TapIIKK KOJIOHHU.
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BucHoBoK:

3anponoHoBaHa MOJIEpHI3AIlisl yCYBAa€ HENONIK HEPIBHOMIPHOTO 0apOoTaxy
Ta MIABUIICHUX CHEPTrOBUTPAT. 3aBISIKU MOXWIMM IIPOpi3aMm, IO CIPSIMOBYIOTH Mapy
0 JOTUYHIN, piMHA 3aKPY4YyeEThCS HABKOJIO CTOsAKA, 3a0€3Meuyroud PiBHOMIPHHIMA
TypOynenTHHi OGapbotax. Lle mokparye mMacooOMiH, 3MEHIIye Mepemnajg THUCKY 1

M1JBHIIY€E eHeproe)eKTUBHICTh KOJOHHU.
IlepeJik pecypciB:

1. Student A.O. Trunin, Ph.D., Assoc. Stepaniuk A.R. Modernization of the
methanol production installation with the development of a rectification column and
steam generator. - 2024

2.  Pexrtudikamiitna xonona [Enexrponnuii pecypc] // Autoclav.com.ua —
omor. — Pexxum noctymy: https://autoclav.com.ua/ua/blog/rektifikacionnaya-kolonna-

rabota. — Jlata noctymy: 07.10.2025.
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UDK 661.72
INCREASING THE BIOCONVERSION OF WHEAT STRAW THROUGH

THE APPLICATION OF DISCRETE-PULSE ENERGY INPUT
Oleksandr Obodovych, Vitalii Sydorenko

Institute of Engineering Thermophysics of National Academy of Science of

Ukraine, Ukraine
KEYWORDS: BIOCONVERSION, WHEAT STRAW, PRETREATMENT,
CELLULOSE CONVERSION, ROTARY PULSATION APPARATUS, FUEL
ETHANOL

Abstract: The effect of alkaline pretreatment of wheat straw before hydrolysis
in a rotary-pulsation apparatus on the rate of enzymatic hydrolysis of cellulose was
investigated. It was found that increasing of alkali concentration led to a higher

degree of lignin removal and increased rate of cellulose conversion.

3BLJIBIIEHHS BIOKOHBEPCII COJIOMHU NIIEHUYHOI HIJISIXOM
3ACTOCYBAHHSA JJUCKPETHO-IMITYJIbCHOI'O BBEJJEHHS EHEPIII

I-p T€XH. HayK, ¢.H.c. ObogoBud O.M., kana. TexH. Hayk Cunopenko B.B.

Incruryr Texnivnoi remogizuku HAH Ykpainun

AHoTaNmisi: /locniodceno 6naus JaYHCHOI NonepeoHvboi Ni020MOSKU CONOMU
NUuieHU4YHoi 00 2I0poJli3y 8 POMOPHO-NYIbCAYIUHOMY anapami Ha UWEUOKICIb
Gpepmenmamusnoco 2ioponizy yenronosu. Bcmawnosneno, wo 30 30i1bULEHHAM
KOHYeumpayii Jjy2y 3pocmae CMYniHb BUIYYeHHs JIcHIHY ma Ni08UUyEMbCs
WBUOKICMb KOHBEPCIl Yenton03uU.

KJIFOYOBI CJIOBA: BIOKOHBEPCIA, COJIOMA [JIIIEHNYHA,
ITOIIEPEAHA  IIIAT'OTOBKA, KOHBEPCIA HEJTIOJI0O3M, POTOPHO-
[IYJIBCALIIMHUI AITAPAT, ITAJINBHUU ETAHOJI

Beryn

BupoOHUIITBO €TaHONy 3 JITHOLENIOJIO3HOI CHUPOBUHHU  YCKJIAIHIOETHCS

HAsSIBHICTIO B Hii TEMIIIEIIONIO3U Ta JITHIHY.
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OCHOBHOIO METOIO TOTEPEIHBOI OOPOOKH JTHOIEIIONIO3HOI CHPOBHUHU 0
TIApOJIi3y € pyHHYBaHHS T'€TEPOreHHOI MaTpulli, 30UIBIICHHS IUIOIII MOBEPXHI Ta
MMOPHUCTOCTI IIENIOJIO3HOTO MaTepially, a TaKOX BHBIJIBHEHHS BYIJICBOMIB 3 IX
JITHIHOBOI acoliarlii, THM caMUM TOKpalllyloun (pepMeHTaTHBHY 3aCBOIOBaHICTS [1].

[leperBopeHHst  momicaxapuaiB  BijgoOpakae  €deKTHUBHICTb  TIIpOJIi3y
JITHOLENIONO3HO01 6ioMacH, 10 0a3yeThesl Ha ii monepeaHiin 00poOIll Ta TOCTYITHOCTI
st hepMeHTIB. 3a 1JleaJbHUX YMOB YyCi TMOJIICaxapuau B JITHOLENON03H1A Oiomaci
T1IPOJI3YIOTHCSA Ha MOHOCAaXapuIu. 3a3BUUail He BCl MOJicaxapuad MOXKHA KUTbKICHO
riAposi3yBaTd Ha MoOHocaxapuau. Jleski moJiicaxapHHl JAHIIOTH 3aJIMIIAI0ThCS,
0COOJIMBO HAMMEHIII JJOCTYITHI.

OnuuM 13 METOJIB 1HTEHCUPIKAIlT XIMIKO-TEXHOJIOTTYHUX MPOLIECIB € METOJ
JTUCKPETHO-IMITYJILCHOTO BBEACHHS €HEPTii, SIKUU peani3zyeThCs, 30KpeMa, B pOTOPHO-
MyJIbCAllITHUX amnaparax. BMB KOMIUIEKCY TEIUIOBUX Ta (I3MYHMX SIBUI HAa PIAKI
TETEPOTreHHI CEpPElIOBMINA, a CcaMe€ JUCIepcCii, eMyJbCii TOIO, JI03BOJISIE
iHTeHCU(DIKYBaTH TIPOLIECH JUCIIEPTyBaHHS, TOMOTEHI3allil, MepeMillyBaHHs,
30UTbLIY€E MIBUJKICTh XIMIYHUX PEAKI1N Y 30H1 (pa30BOT0 KOHTAKTY [2].

Mertoro 11i€i poboTH Oyn0 BU3HAYMTH BIUIMB OOpPOOKM IY>KHOI CyCHeH3ii
MIIIEHUYHOI COJIOMU B POTOPHO-ITYJIbCAIIIHHOMY arapaTi Ha IMBUAKICTh IEPETBOPECHHS
LIEJTI0JIO3H B pe3ysibTaTi (PEepMEHTATUBHOTO T1IPOITI3Y.

Materials and methods

CupoBuHOIO Oyna nmonepeaHbo NoApPiIOHEHA 10 CEPETHBOTO PO3MIPY YaCTUHOK
0,1...0,4 MM mmeHuyHa cojoma HactynHoro ckiany (% w/w) : nemtonosza 45,6%,
nirain 17,1%, excTpakTuBHI peuoBUHH 5,4%, reminentonos3u 25,8% ta 3oma 4,2%.

O6poOka  Jy)XHOI  CyCIleH31i TMIIEHWYHOI COJIOMH  BigOyBajgacsi B
EKCIIEPUMEHTAIFHIA YCTAaHOBIII 3 PEaKTOPOM-3MINTyBa4eM, IO SBJsi€ COOO0IO
POTOpHO-TIyJIbCAI[INHUN  amapar. Koncrpykiis  Tta  mpuHIMO — poOOTH

€KCIIEpUMEHTAJIbHOT YCTAHOBKH OIHUCAaH1 B [3].
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[Topsinok 00poOku OyB HacTynmHUM. Macy NIIEHUYHOI COJIOMH 3aMOYyBajd y
BOJ1 /10 YTBOPEHHS OAHOPIIHOI CyCIeH31i mpoTAroM a00u. Pemty Boau 3anuBaiu B
OpuiManbHy TMOCYJWHY YCTaHOBKH, 3MIIIyBaJdd 3 TIAPOKCHAOM HATpil0 Yy
CHIBBIAHOIIEHHI, BU3HAYEHOMY EKCIEPUMEHTAIbHUMHU YMOBAaMH, Ta HarpiBajid 10
TEMIIepaTypy, BHU3HAYEHOI EKCHEPUMEHTAIbHUMHU yMOBaMH. BimokpemiieHi micis
MoTepeIHboi 00poOKHM, HEHTpamizoBaHi, BiA(UIFTPOBaHI, MPOMHUTI Ta BUCYIIEHI
3pa3Kku mijjgaBaiu GepMEHTAaTUBHOMY TiApOIII3Yy.

depMeHTaTUBHUI TiIpOJi3 TMOMEpPeIHbO OOpPOOIEHOI MIIEHUYHOT COJIOMHU
3T1AHO 3 METOJAUKOIO, HaBEJICHOIO B [4].

Results and discussion

Ha pucynky | moka3aHO 3aJ€XHICTh IIBHIKOCTI TIEPETBOPEHHS IENIONIO3U B
pe3ynbTari (PEepPMEHTATUBHOTO TIAPOTI3y MiJ dYac OOpOOKM JIy)KHOTO PO3YUHY
MIIIEHUYHOI COJIOMH B POTOPHO-IYJIbCAIITHOMY arapati Mpu MIBUIKOCTI 0OEpTaHHS
poropa 47,75 00/xB Ta Temmneparypi 90°C mnpu pi3HUX KOHIIEHTpALISX JYTy.
KoHnuentparis tBep1oi peuoBuHu ctaHoBmwia 10%; nonepeaHs o0poOka BigOyBanacs
MPOTATOM OJIHI€T roAuHU. J[0JJaTKOBO HABEJAEHO KUIBKICTh 3aJMIIKOBOrO JITHIHY Yy
3pa3Kax B pe3yJbTaTi MONepeaHbOi 00POOKH.

301bIIIeHHsT KOHIIGHTpAIIli YTy B JY>KHOMY PO34HKHI MIIIEHUYHOT COJIOMU Bif 1
10 4 (% w/wW) IpuU3BOAUTH 10 30UIBIIEHHS MIBUAKOCTI IEPETBOPEHHS LIEIIOJIO3H i
gac (GepMeHTaTUBHOTO Timpomi3dy 3 38 mo 65,8%. BiamopigHe 3MEHIIICHHS BMICTY
JirHiHy y 3paskax (Big 17,1% y nHeoOpoOaeHiit cupoBuHi a0 2,3% micis nonepeaHboi
00poOKM) 103BOJISIE 3pOOUTH BUCHOBOK, 110 30UJIBIIICHHS IIBUIAKOCTI MEPETBOPEHHS
I[EJTI0JI03U 3YMOBJICHE PYHHYBAHHSAM JIITHOIICITIOJIO3HOTO KOMIUIEKCY, BUBIJIbHEHHSIM
O1J1bI1I0T YACTUHU JITHIHY B PO3YMH, BIUIMBOM OUIBIIOT JOCTYIHOCTI Ta 301JIbILIEHHAM
MOBEPXHI KOHTAKTy IICJIOJNIO3M Ta IEMIONOMTHYHNX (depmeHTiB.IlopiBHAHHS
pPE3yNbTATIB MOMEPEaHHO0I OOPOOKM MIIEHWYHOI COJOMH JUIsl TIAPOII3y METOI0M
JTUCKPETHO-IMITYJIbCHOTO TIJBEACHHS eHeprii mpu Temieparypi oOpooku 90°C Ta

aBTOKJaByBaHHsS Tpu Temmeparypi 121°C mpencraBieHo Ha puc. 2. 3 puCyHKa
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MOKHa 3pOOMTH BHCHOBOK, IO 00poOKa METOIOM AHCKPETHO-IMITYJIBCHOTO
MiJIBEJCHHS C€Heprii MNpU3BOAUTH JI0 3OUIBIIEHHS IIBHJAKOCTI IE€PETBOPEHHS
LEJTI0JIO3U /ISl BChOTO Jiama3oHy KOHIIEHTpallii ayriB. Tak, mpu KOHIEHTpalli Jyry
1% 3017bIIeHHST MIBUAKOCTI MEPETBOPEHHS WENI0N03u cTaHoBwiIO 48,7% mia yac
aBTOKJIaByBaHHS Ta 53,4% mig yac oOpoOku. [l koHueHTpaiii ayry 2% HIBHAKICTb
MIEPETBOPCHHS 1IEII0I03U cTaHoBmia 57,8 Ta 63,85% BiamosimHo. [[ns KoHIEHTpaITii
ayry 4% MBUAKICTb TEPETBOPEHHS Leoyio3n craHoBwia 64,6 ta 72,59%
BIJITTOBITHO.

Bwmict nirHiHy micns momepenHboi 0O0poOku uis KoHIeHTpamii ayry 1%
ctaHoBuB 3,9% mig dyac aBTOKJIaByBaHHS Ta 3,67% mig yac oOpoOku. Jlis
KOHIeHTpaii ayry 2% BMICT JirHiHy ctaHoBuB 3,45 Ta 2,99% Bignosimno. s

KOHIIEHTpaIii Jyry 4% BMICT JIirHIHYy cTaHOBUB 2,6 Ta 2,3% BiJIOBITHO.

70 64,6
60
50
40 B conversion rate of
cellulose, %
30 M cellulose
20
7 lignin

10

0

0
raw wheat 1 2 4
straw

NaOH concentration, %

FIGIRE 1. Dependence of the cellulose conversion rate as a result of
enzymatic hydrolysis during processing in a rotor-pulsation apparatus at a rotor
speed of 47.75 rps and a temperature of 90°C of alkali concentrations 1, 2 and 4 (%

w/w).
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FIGURE 2. Dependence of the cellulose conversion rate as a result of
enzymatic hydrolysis after pretreatment by autoclaving (121°C) and discrete-pulse
energy input (90°C; rotor rotation speed 47.75 rps) at alkali concentrations 1, 2 and
4 (% wiw).

Conclusions

B pesynbrati mocmimkeHHs Oyno BHU3HAYEHO, 1O 301IBIICHHS KOHIIEHTpAIli
JYry MiA Yac TMONEpeAHbOi JY>KHOI OOpPOOKM MINEHUYHOI COJIOMH METOIO0M
JTUCKPETHO-IMITYJIbLCHOTO BBEJCHHSI €HEPrii MPU3BOJIUTH 10 30UIBIIECHHS IIBUIKOCTI
MEPETBOPEHHS 1IEIONIO3U 1] Yac MOAAIBIIOT0 (epMEHTATUBHOTO TiApomi3y. bymo
BCTAHOBJIEHO, 10 0OpoOKa chopusie 30UIBIIEHHIO IIBUIAKOCTI MNEPETBOPEHHS
O EJII0JI03HU HOpiBHHHO 3 aBTOKJIaBYBaHHSIM.
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MODERN DIRECTIONS OF EVAPORATOR MODERNIZATION
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«lgor Sikorsky Kyiv Polytechnic Institute»

Abstract. The modern methods of upgrading evaporators are presented. The
use of improved evaporator designs leads to increased productivity and efficiency of
refrigeration machines.

KEY WORDS: EVAPORATOR, EQUIPMENT MODERNIZATION, STEAM.

CYYACHI HAIIPSIMKU MOJIEPHI3AIIII BUTIAPHUKIB
crynenT Onekcanap benpuenko, K.T.H., gou. Irop AHznpees
HaunioHanbHUil TeXHiYHUI YHiBepCUTET YKpaiHu
“KuiBcbKui noJiiTexHiyHui iHcTutyT iMeHi Irops Cikopebkoro”
Anomauia. Haeseodeni cyuachi wnaxu mooepHizayii eunapHux anapamis.
3acmocyeannua  yOOCKOHANEeHUX  KOHCMPYKYIU — 6UNAPHUKIE  Npu3800ums 00
nio8UWeHHs: NPOOYKMUBHOCMI | eqheKmUsHoCmi poboOmu X0100UIbHUX MAUUUH.
KIIFOYO0BI CJIOBA: BUIIAPHUK, MOJ/EPHI3ALIA OBJIA/ITHAHHA,
1IAPA.

Devices designed for liquid evaporation are widely used in the chemical, food,
pharmaceutical, and other industries. Despite the large number of existing evaporator
designs, their improvement continues constantly. In recent years, specialists from the
United States working in the field of refrigeration technology have made a significant
contribution in this area, and the main results of their research are presented below.

An evaporator is one of the components of a refrigeration machine in which the
working substance boils due to heat supplied from a low-temperature source. The
vapor formed during the boiling of the refrigerant is drawn from the evaporator by a

compressor to perform further processes in the refrigeration cycle.
146



36ipuuk Te3 nonosineii XXXV Beeykpaincbkoi HayKOBO-IpakTUYHOI KOH(pepeHuii cTyaeHTIB,
acmipaHTiB i MoJsionux BueHux “O0JaTHAHHSA XiMiYHUX BUPOOHHMUTB i MiANPHEMCTB OyaAiBeIbHUX
MarepiaiiB”

A method has been proposed to increase the performance of a DX refrigeration
system by using a two-phase refrigerant (liquid + vapor) as the driving flow for an
ejector (patent US2025290671A1 “Direct-Expansion Evaporator Coil with Ejector-
Enhanced Capacity for Low-Temperature and Economized Systems”). A direct
expansion (DX) cooling system is a type of air-conditioning system that removes heat
from a room through the evaporation and condensation of a refrigerant. The system
includes an inlet separator connected to the outlet of an expansion device; a liquid
refrigerant outlet that directly supplies the evaporator; a two-phase mixture outlet that
feeds the ejector; and an evaporator outlet divided into liquid and vapor lines (the
vapor goes to the compressor, while the liquid returns to the ejector). The invention
enables the use of a two-phase refrigerant as the driving force of the ejector, ensuring
liquid refrigerant recirculation, increased performance, and efficient operation of a
DX evaporator in economized systems. The advantages of the method include: an
increase in evaporator cooling capacity by up to 38% due to liquid recirculation; the
ability to operate with low-temperature liquid—suitable for economized systems;
uniform refrigerant distribution among evaporator circuits; and prevention of liquid
entering the compressor. The invention enables the use of a two-phase refrigerant as
the ejector’s motive flow, ensuring liquid recirculation, improved capacity, and
efficient DX evaporator operation.

The evaporator and refrigeration device described in patent US2025297787A1
includes an evaporator housing, a condensate inlet tube, a gas pipeline tube, and a
refrigerant zone. The refrigerant zone is located around the inner wall of the
evaporator housing; together with the evaporator housing, the refrigerant zone forms
at least one refrigerant channel. The refrigerant channel has an inlet connected to a
condenser via the condensate inlet tube and an outlet connected to a compressor via
the gas pipeline tube. The proposed technical solution improves heat-transfer
efficiency and the cooling capability of the evaporator while offering a simple design

and low manufacturing cost. Implementation of the invention reduces the number of
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layers through which heat must pass (increasing cooling efficiency); simplifies the
channel and reduces cost; increases the contact area between the refrigerant and the
walls; and results in a more compact construction.

Patent UA129246 “Evaporator Control Means” includes determining whether
the evaporator is within the communication range of a second device. The method
additionally includes locking the evaporator in response to detecting that the
evaporator is within said communication range; receiving information associated with
the evaporator user; and activating the evaporator based on the received information.

Further literature and patent research in this direction will broaden the possible

avenues for modernization when designing modern evaporative equipment.

148



36ipuuk Te3 nonosineii XXXV Beeykpaincbkoi HayKOBO-IpakTUYHOI KOH(pepeHuii cTyaeHTIB,
acmipaHTiB i MoJsionux BueHux “O0JaTHAHHSA XiMiYHUX BUPOOHHMUTB i MiANPHEMCTB OyaAiBeIbHUX
MarepiaiiB”

UDC 663.1

CONTINUOUS TECHNOLOGY OF BAKER’S YEAST CULTIVATION
Ph.D. Husarova O.V. %2, student Kononenko M.S.!
! National Technical University of Ukraine
«lgor Sikorsky Kyiv Polytechnic Institute»
2 Institute of Engineering Thermophysics of the NAS of Ukraine

ANNOTATION: Continuous cultivation technology for baker's yeast is
considered. The main stages of the process are described, including media
preparation, automated parameter control, and biomass extraction. The advantages of
continuous cultivation over periodic cultivation are shown: reduced cost, stable
quality, increased yield and reduced energy consumption. The prospects for
implementation in Ukraine are presented.

KEYWORDS: BAKER'S YEAST, CONTINUOUS CULTIVATION,
FERMENTER.
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AHOTANIA: Posrnsinyro 0Oe3nepepBHY  TEXHOJIOTIIO  KYJIbTHBYBaHHS
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BuniieHHs Oiomacu. [lokazano mepeBarm Oe€3mepepBHOTO KyJIbTUBYBAHHS Haj
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MepIOIUYHUM: 3MEHIIIEHHSI CO0IBapTOCTi, CTallabHA SKICTh, MIABUIIECHUN BHXIJT 1
3HI>KEHHSI eHeproBUTpat. HaBelieHo nepcreKTUBY BIPOBAHKEHHS B Y KpaiHi.

KJIIOUOBI CJIOBA: XJIIBOITEKAPCBKI JPDKJIXKI, BE3IIEPEPBHE
KVJIbTUBYBAHHS, DEPMEHTEP.

Introduction. Bread is one of the most important food products, providing a
significant portion of calories and micronutrients for humans. In bread production,
the key factor is dough leavening, which in most cases occurs due to yeast
fermentation. Saccharomyces cerevisiae, in the form of baker’s yeast, produces
carbon dioxide and promotes the formation of a soft, porous structure. Thus, the
efficiency and reliability of the yeast directly affect the final product quality [1].

Types and production of yeast. Baker’s yeast is a purified culture of
microorganisms (mainly Saccharomyces cerevisiae) that ferment sugars, releasing
carbon dioxide and alcohol. This ensures dough rising, forming a porous structure,
pleasant aroma, and volume. In the food industry, yeast is classified by form of
release: compressed (wet), dry, and instant (fast-soluble). Another classification is by
purpose (for bread, for pastry) and by environmental tolerance (osmo- or
thermotolerant strains) [2].

The technologies for baker’s yeast production include batch cultivation, semi-
continuous growth with multiple inoculation stages, and modern continuous
cultivation, which significantly increases productivity due to automated maintenance
of optimal growth parameters. Separately, technologies using food-industry by-
products as nutrient media are distinguished, improving both environmental and
economic efficiency [3, 4].

Description of the technological process. All existing schemes involve
continuous biomass accumulation. The process usually proceeds in three stages (A,
B, C), which yield respectively: A — seed yeast of pure culture (PC) and natural-pure

culture (NPC); B — inoculum yeast; C — commercial yeast.
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Below is a description of one of the most typical technological schemes for
producing baker’s yeast Saccharomyces cerevisiae. According to this process, the
Kyiv-21 and Odesa-14 strains of baker’s yeast are cultivated. This scheme belongs to
continuous types and was developed by E.A. Plevako and N.M. Semikhatova [5, 6].

The technological process of yeast production is highly complex and includes
many auxiliary operations, such as obtaining inoculum, preparing the nutrient
medium, preparing washing solutions (caustic soda, nitric acid, mineral salts, aqueous
ammonia), antifoam preparation, and air supply for aeration.

The principal technological scheme of baker’s yeast production is shown in Figure 1
[4-7]. The scheme provides for the production of seed and inoculum yeast by the
batch method, and commercial yeast in two phases.

The first phase — the accumulation stage — aims to cultivate in the generator
vessel a “working mass” of yeast with high generative activity, capable of providing
hourly biomass growth according to the production schedule (e.g., 500 kg h™!'). The
feed rate of the nutrient medium corresponds to the expected biomass increase.

The second phase involves continuous culture growth and withdrawal of the
product into a separation vessel. In this apparatus, the yeast matures for about one
hour and is directed to separators. For normal maturation, two alternating separation
vessels are installed. The continuous cycle lasts 10-14 hours, after which feeding
stops, the yeast in the generator matures, and is then sent to the separators.

Process efficiency is ensured by balancing the culture growth rate with the
outflow rate of the medium. Increasing the outflow rate causes yeast washout from
the generator. Seed yeast is prepared from a pure culture free from bacteria and wild
yeast that reduce yield and negatively affect leavening power. Mother yeast of pure
(PC) and natural-pure (NPC) cultures is first obtained under laboratory conditions
and then in the pure-culture department. In this department, mother yeast is
propagated according to the scheme: small inoculator — large inoculator — PC-1

apparatus (mother inoculator) — PC-2 apparatus (intermediate stage of mother
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yeast). The final stage is carried out in the main production facility. Inoculators are

special vessels designed for yeast propagation under sterile conditions.
Commercial yeast is then separated from the fermentation broth, washed with

water, pressed, and shaped [4]. The process of baker’s yeast cultivation shown in

Figure 1 is described in more detail below.
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1 — molasses storage; 2 — molasses pressure tank; 3 — mixer; 4 — pump;

5 — sterilizer; 6 — cooling heat exchanger; 7 — nutrient medium feed apparatus;

8 — two-stage feed apparatus; 9 — nutrient medium sterilizer; 10 — small inoculator; 11
— large inoculator; 12 — first-stage yeast cultivation fermenter; 13 — second-stage
fermenter; 14 — first-stage commercial yeast fermenter (B); 15 — second-stage
commercial yeast fermenter (C); 16 — separation apparatus; 17 — separator;

18 — intermediate tank; 19 — drum filter; 20 — collector

Figure 1 — Principal technological scheme of baker’s yeast production

Molasses from the storage (1) is pumped through the pressure tank (2) into the
mixer (3), where it is clarified, diluted with water, acidified, and then pumped by (4)

to the sterilizer (5). Afterwards, the molasses is cooled in the heat exchanger (6).
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The clarified and diluted molasses is divided into two flows: one directed to the
nutrient-medium feed apparatus (7) for producing PC and NPC yeast, and the other to
apparatus (8) for two-stage commercial yeast production. In the pure-culture
department, the nutrient medium is sterilized in sterilizer (9) and then transferred to
the small (10) and large (11) inoculators. Pure yeast cultures are grown sequentially
In two stages in cultivation fermenters. PC-1 and EPC-1 yeast are sent to fermenter
(12), while PC-2 and EPC-2 yeast are sent to fermenter (13).

The natural-pure culture I is pumped to separator (17) for concentration and
then to intermediate tank (18). At the second concentration stage, separator 171 and
concentrate tank 181 are used. After cooling in heat exchanger 61, the yeast
suspension enters fermenter (14) for the first stage of commercial yeast growth. From
this vessel, the yeast mass with higher microorganism concentration is pumped
through separator 172 and concentrate tank 182 via pump 42 to cooling exchanger 62
and then to fermenter (15) for the second stage of commercial yeast cultivation. From
fermenter 15, the yeast is directed to separation apparatus 16.

Concentration of commercial yeast proceeds in three stages through separators
173, 174, and 175. In the first two stages, the yeast suspension is washed with water
and sent sequentially to tanks 183 and 184. The thickened yeast milk from tank 185 is
cooled and pumped to drum filter 19. Pressed yeast from collector 20 then goes to
automated lines for molding and packaging.

Water, according to the technological regulations (flow 1), is distributed to
various units (9—13, 15-18 and others). Air is a critical technological factor in baker’s
yeast production. Filtered air is supplied by the blower to the technological cycle
(positions 9-13, 15, 16; flow 3). Exhaust air containing CO. and impurities is
discharged into the atmosphere.

Stations for nutrients, antifoams, antiseptic and salt solutions are equipped with
special measuring tanks. Solutions from these tanks are fed to apparatus 9-13, 15, 16
(flows 28-31) [4-T7].
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The designed fermenter is located after inoculator 11, where primary biomass
growth occurs. The primary biomass then enters the first-stage yeast cultivation
fermenter 12, where the first-stage PC yeast is grown. The main task of the apparatus
Is to ensure culture growth under specified parameters. This study involves the design
and modernization of the mentioned fermenter.

Conclusion: The process of baker’s yeast production is multi-Stage,
technologically complex, and requires strict control of parameters at each step — from
nutrient-medium preparation to yeast biomass separation and pressing. In continuous
cultivation schemes, particularly by the Plevako—Semikhatova method, high
productivity is achieved through the combination of batch production of seed yeast
and continuous growth of the commercial culture in a two-phase mode. The key
efficiency factors include the balance between growth and medium outflow rates,

sterility, and precise control of aeration and temperature.
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Jerasanii BOAY B TEXHOJOTISAX BIJHOBJICHHS KUCIUX COKIB 32 PaXyHOK BUKOPHCTAHHS
B IIMKJI1 BaKYyMHOI Jiera3allii IHTeHCU(]IKyI0uoTo BILUTUBY T'APOAMHAMIYHOI KaBiTallii.
3anporoHOBAaHO pPEali30BYBaTH IMpOLEC B KaBiTaliHOMY amapaTi pOTOPHO-
MyJIbCAIIITHOTO THITY.

ABSTRACT: The authors considered the possibility of increasing the
efficiency of water degassing in acidic juice recovery technologies due to the use in
the vacuum degassing cycle of the additional intensifying effect of hydrodynamic
cavitation, which is proposed to be implemented in a rotary-pulsation type cavitation
apparatus.

KJIFO49O0BI CJ/IOBA: nerazaiisi, BoJa, pOTOPHO-MYIbCAIlIMHUAN arapat
KEYWORDS: degassing, water, rotary pulsation apparatus

Bona € omHuM 3 TOJIOBHUX KOMIIOHEHTIB B TEXHOJIOTISIX BHUPOOHMIITBA
XapyoBUX MPOAYKTIB, OCKIJIBKM MPHUCYTHS Ha BCiX eTamax. SKICTh ii MiATOTOBKH
BHU3HAYa€ CMAKOBI BJIACTUBOCTI MPOIYKTY Ta CTAOUIBHICTh MPOTITOM BCHOTO TEPMIHY
30epiranas. OJHUM 3 HEBIJI€MHHMX €TamiB ii MATOTOBKHU € Jierasarlis, sika BKIIFOYA€E
BUJTYYEHHSI PO3YMHEHUX Ta3iB (BYIJIEKUCIOrO rasy, KHCHIO, a30Ty). JlaHuii mpoiec
HaOyBae Jefai OUTBIIOI aKTyaJbHOCTI B Cy4acHiM Xap4oBiil MPOMHUCIOBOCTI 4epes
3pOCTaroul BUMOTH JI0 SKOCTI Ta O€3MEeKH MPOAYKIli, a 0COOJIMBO 1€ CTOCYEThCS
chepu BUPOOHHUIITBA COKOBMICHUX HAmoOiB, BUH, MHBA, BITHOBJIEHHS KOHIIEHTPATIB,
MOJIOYHUX TPOIYKTIB, KOHCEPBIB. [IpUCYTHICTh PO3UMHEHUX Ta3iB y BOMAI MiJ Yac
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BUPOOHMIITBA IMX MPOMYKTIB CIPUYUHSIE B TOMATBIIIOMY OKHCICHHS acKOpPOIHOBOI
KHUCJIOTH, TOTIPIICHHS] CMAaKOBHUX $IKOCTEH, KOJIbOPY, KOHCHUCTEHIIi MPOAYKTY,
CTBOPIOE YMOBH PO3BHUTKY IIKIIIHBOI Mikpodmopu. B neskux Bumax BUpPOOHHIITBA,
HAIlpUKJIaJ, TIPM BIJIHOBJICHHI COKIB Ha e€Taml pPO3YMHEHHS Ta 3MIITyBaHHS
KOMITOHEHTIB, MPUCYTHICTh PO3YMHEHUX Ta31B y BOJI CHPHUYMHSE YTBOPEHHS ITiHH,
0 3HAYHO YCKIAJHIOE Tpolec BHUPOOHUITBA. B mpomucioBuX ymoBax Ha
CHOTOAHIIIHINA JIeHb JIera3allilo BOJM MPOBOASATH IEPEBAKHO Y BaKyyMHHX
gerazaropax. Ha migmpueMcTBax MEHIIOI TMOTYXKHOCTI TepeBary BiJJaloTh
MeMOpaHHOMY o0OJsiagHaHHIO. [IpuunHOIO Takoi cuTyalii € morpeda y CUCTEMHOMY
OUMIIEHHI MEMOpaH Ta iX YacToi 3aMiHU, 10 YCKJIAJIHIOE MpolleC BUPOOHUIITBA Ta
BHUMarae J0JaTKOBUX KamiTaJOBKIaJAeHb. HalilMeHII pO3MOBCIOKEHOI0 € TepMidHa
Jeraszaifis, 110 TOSCHIOEThCS  BHUCOKMMH  €HeproBuTparamu. Ha  OCHOBI
MPOAHAJII30BaHOT0, ABTOPAMU PO3IIISTHYTO MOKJIUBICThH MIJBUINEHHS €(PEKTUBHOCTI
BaKyyMHOI Jerasaiii BOAM 3a paxyHOK BHKOPHCTaHHS POTOPHO-MYIbCAI[IHOTO
amapary Ha OCHOBI OIIIHKM KOHIICHTPAIIi] 3aJIUIIIKOBOTO KHUCHIO.

Meroaun. AmHam3 Ta JOCHKEHHS MPOBOJMIUCH 3 BUKOPHCTAHHIM
METOANYHUX ITIIXO/IB.

Pe3yabTaru. JloBeneHo e(eKTUBHICTh BUKOPHUCTaHHA  POTOPHO-
MyJIbCALIIITHOrO amapaTty B KOMIUIEKCI 3 BAaKyyMHOIO J€ra3auli€lo 3a JIMUHAMIKOIO
3HMKEHHS KOHIIGHTpaIlli KucHI0 3 5.6 mo 2.0 mr/m. i mopiBHSHHS, pu 0OpoOIT
BAKYYMHOIO JI€Ta3alll€l0 3HWXEHHS CTaHOBWIO 10 4.7 MI/i 3a aHaAJOTIYHUM 4ac
00poOku. PexoMeH10BaHUM € IIUKJI, 110 nepeadadae oOpoOKy NpoTAroM 4 XBUIIUH 3
PO3MUIIIOBAHHAM y BaKyyMHY Kamepy npu Tucky 0.014 MIla. BcranoBieno, o ass
MIPOTIOHOBAHOTO PEXUMY MOXJIUBO jocsiraTu miasuineHHs pH Ha 1.18, 3HMKeHHS
OBII Ta enextponpoBimHocTi. OTpuMaHa JWHaAMIKa WX TMOKAa3HUKIB JO3BOJHUTH B
MOJAJBIIOMY 1HTEHCU(IKYBAaTH TIPOLEC PO3ZYMHEHHS Ta JIOCATTH II1IBUIICHHS
MacoBOI YaCTKH PO3UYMHHHUX CYXHUX PEUOBHH B TEXHOJIOTISIX BIJIHOBJICHHS COKIB.

BucnoBku. JloBeneHo e(pexTUBHICThP BUKOPUCTAHHS KaBITAIIWHOTO amapary
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POTOPHO-ITYJIBCAIIHHOTO THITY B KOMITJIEKC] 3 BAKYyMHOIO JIETa3alli€r0 Ha TMPHUKIaIi

BITHOBJIEHHS KHCJIUX COKIB.
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YK 532.538
OCOBJIMBOCTI IHIIIIIOBAHHSA KABITAIIIL Y
YJIbCAIIMHOMY EKCTPAKTOPI 3 KOMBIHOBAHUM
I'TAPOANHAMIYHUM ITPUCTPOEM
np.H.c., A.T.H. [Banuupkuii I'. K., c.H.c., k.T.H. 'o)kenko JI. I1., c.H.C., K.T.H.
Papuenxo H. JI., ip.H.c., k.T.H. [{enens b. 4., c.H.c., k.T.H. Hegbaitno A. €.

IncTuryT Texnivnoi Temnodizuku HAH Ykpainun

Anomauia. Bukonano ananimuyni 00cnioxcents, wjo 003605A10Mb GUIHAYUMU
000amKo6i cnocoou inmencugikayii xagimayiunux egexkmis y nyaibCayitlHOMY
eKCMpaKmopi, AKUU Npayloe 8 pedcumi Kasimayiinozo peaxkmopa. Poszensinymo
NPUHYUN poOOmMuU NYIbCAYiliHO20 eKCMpaKmopa 3 KOMOIHOBAHUM 2i0OPOOUHAMIUHUM
NPUCMPOEM, 8 AKOMY THIYIIOEMbCA NOMYHCHUN KOMNIIEKC KABIMAYIUHUX MeXaHi3MI8,
wo iumencuiKye npoyec exkcmparkyii pi3HOI CUPOBUHU 3 WIUPOKUM CHEKMPOM
gracmusocmell npu NOPIBHAHO HEGEIUKUX eHep203ampamax.

KurouoBi cioBa: mnynbcaliiHui €KCTPAKTOp, TIAPOAMHAMIYHA KaBiTallis,
corio BeHnTypi, Mojie/ntoBaHHS, eHeproe(heKTUBHICTD.

Ha cporomni  HaykoBO  OOIPYHTOBAHO  JOIUIHHICTH  3aCTOCYBAHHS
KaBiTaIIHHOTO MeXaHi3My B TeXHOJIOT uHuX amapatax [1]. B ITT® HAH Vkpaiuu Ha
OCHOBI Moau@ikaiii ICHYIOYOTO KaBiTaI[lHHOTO TyJbcatopa [2], CTBOpPEHO
MPUHIMIIOBO HOBUN THI E€KCTPAKTOpPA MyJbCALIMHOIO TUIY, B SIKOMY BIEpILE, IJIs
MOCWJICHHSI KaBITallliHUX €(EeKTIB, 3aCTOCOBAHO KOMOIHOBAHMM T1pOJMHAMIYHUN
npuctpiii. HoBU3Ha KOHCTpYyKUii MoyiArae B TOMY, LII0 B CEPEAUHY 3’ €IHYBAJIbHOT
TPyOM MIXK KaMEpoIo Ta EMHICTIO pO3MillleHO coruio BenTypi 3anpanoi reometpii. [lpu
MIPOXOJDKEHHI B TpyOl PIAWHM, MBHAKICTH SKOI IEPIOJUYHO 3MIHIOETHCS 3a
BEIIMYMHOIO 1 HAmpsMOM, Yy COIUTI BiAOyBaeThCs TMepioAMYHA 3MiHA THCKY 1
CTBOPIOIOTHCS IMHAMIYHI KaBiTalllHI €(EeKTH, 1110 CYKYITHO CIPHUsi€ KOHBEKTUBHOMY

MEePEHOCY IUIHOBOI PEUYOBUHU 4Yepe3 KamuIsipu 1 MOPHU YAaCTUHOK CUPOBHHH. K
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MOKa3ajdy TIOMEpeNHl JIOCIIKeHHS arapaTa, 3acTOCyBaHHS B IyJIbCALlIHHOMY
eKCTpakTopi coria BeHTypi CyTTEBO CKOpOUye Yac €KCTpakKiiii, CTBOPIOE MOKIUBICTh
PO3ApiOHIOBATUCS YACTHHKH 1 CYTTEBO 30UIBIITUTH 32 PAXYHOK I[HOTO BUXIJI IITLOBOI
peuoBuHU. Ille ogHIEIO 0COOMMBICTIO KOHCTPYKIIII anapara € Te, 1110, Ha BIJIMIHY Bij
TPaTUIIIMHOT CXeMH, poO0Uy KaMepy PO3MIIICHO 111 3aBaHTAXKYBAIBHOIO €EMHICTIO.

HoBa koHCTpykKllisi amapaTta HE BIUIMBAaE Ha MOro peXuMu poOOTH, aie
3ano0irae HaKOMMYEHHIO TTOBITPS BCEPEIMHI poOOUYOT KaMepu B IpoIieci poOOTH, 110
MOCUJTIOE  €(DeKTUBHICTh KaBiTaliiiHOi naii. Y maHomy Bumaaky B coruni BeHtypi
MEePIOAUYHO 3MIHIOETHCS IIBUKICTh 1 HAMPSIMOK TEUli yepe3 CoIio, M0 moTpedye
CHeLIaJIbHOT PO3POOKU aHATITUYHOI METOAMKH PO3PAXYHKY ONTHUMAIBHHUX PEXKUMIB
poboTu amapata. 3a3Buuail comsio BeHTypi, mpu 3acTOCyBaHHI HOro B CHCTEMax
PELMPKYJSLIl B AKOCTI KaBiTaTopa, Mpalloe B yMOBaX, KOJM 4Yepe3 COILIOo
0e3nepepBHO MPOXOAUTH CTALIOHAPHUN TYypOYJEHTHUH 1 OJAHOCHPSIMOBAHMM MOTIK
pinuHu. lle 103BOJIsi€e BU3HAUWUTH PALIOHATIBHY T€OMETPII0 COIUIA 1 ONTHUMAaJIbHI
pEXKUMU HOTO poOOTH.

VY nynbcanifHOMy €KCTPaKTOpl 3 KOMOIHOBaHUM T1APOJUHAMIYHUM MPUCTPOEM
THIIIOETHCS IITMPOKUH KOMIUIEKC KaBITAIlIHHUX MEXaH13MiB, 10 JI03BOJISIE OOPOOIIATH
CUPOBHHY 3 IIUPOKHUM CIEKTPOM CTPYKTYpHO-MEXAHIYHMX 1 PEOJOTIYHUX
XapaKTEPUCTHUK TIPU MOPIBHSHO HEBEJIMKUX eHeproButparax. (OcoOnauBICTh
IPOEKTYBAHHS TEIJIO TEXHOJIOTIH 3 BUKOPUCTAHHSIM HOBOIO amapara Mojsrae y
JOCIIKEHH OCHOBHUX JIMHAMIYHUX €(EKTIB y MyJIbCallliHOMY EKCTpakTopi 3
KOMOIHOBAaHUM T1IPOJIMHAMIYHUM HPUCTPOEM 3aJIEKHO BiJ 3MIHM THUCKY B PiMHI 3
4acoM, 3aJIeKHOCTEN 3MIHU 3 YaCOM po3Mipy Oynb0aIiok KaBiTallIHHOTO KiacTepa Ta
IMITyJICIB TUCKY TpPH KaBITAlITHOMY 3aXJIOMyBaHHI OynbOallloOK Kiactepa y LHX
30HaX.
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SELECTION OF AHEAT EXCHANGER FOR HEATING SULFURIC ACID
INAHYDROGEN FLUORIDE PRODUCTION UNIT
Student Pakholchenko T. O., Ph.D., Associate Professor Novokhat O. A.
National Technical University of Ukraine
“Igor Sikorsky Kyiv Polytechnic Institute”

ABSTRACT: This work indicates the role of hydrogen fluoride at the present
time. The process of hydrogen fluoride production is described. A type of heat
exchanger for heating and cooling substances is proposed and a description of its
design and heat exchange processes in it is given.

KEYWORDS: HYDROGEN FLUORIDE, CALCIUM FLUORIDE,
SULPHURIC ACID, SHELL-TUBE HEAT EXCHANGER, HEAT EXCHANGE.

BUBIP TEIIVIOOEMIHHUKA JIJIS1 HAT'PIBY CIPYAHOI KUCJIOTH
YCTAHOBKHU BUPOBHUILITBA ®TOPUCTOI'O BOAHIO
Crynenr [Taxonpuenko T. O., k. T. H., noueHT HoBoxart O. A.
HauionanbHui TEXHIYHUNA YHIBEPCUTET YKpaiHu
“KuiBChKHI MOMITEXHIYHUN 1HCTUTYT iIMeHI [rops Cikopchkoro”

AHOTANIA: B oaniti pobomi exazana poab @GmMoOpUcmozo 600HI0 HA
menepiwni  yac. OnucaHo npoyec  U2OMOBIEHHA  (HMOPUCMO20  BOOHIO.
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HABEOEeHO ONUC 11020 KOHCMPYKYIL | Men1000MIHHUX NPOYeCié 8 HbOM).

KJIOYOBI CJIOBA: ®TOPUCTUI BOJEHB, ®TOPUJI KAJIBIIIIO,
CIPHAHA KHCJIOTA, KOXYXOTPYBHMI TEITJIOOBMIHHUK,
TEITJIOOBMIH.

Hydrogen fluoride plays an important role in the modern technology of
fluorine and fluoride compounds production. It is used in industry to obtain various
fluorides, primarily aluminum fluoride, cryolite, uranium tetrafluoride, without which

it is impossible to create a modern aluminum industry and nuclear power.
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The technological scheme of hydrogen fluoride production is shown in

Figure 1.
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1 —hopper; 2, 3 — mixers; 4 — furnace; 5 — repulper-settler; 6 — thickener;
7 — scrubber; 8 — collector; 9 — sulfuric acid tank; 10, 11, 15 — condensers;
12, 13 — absorbers; 14, 16 — rectification columns; t/o — heat exchanger
Figure 1. Technological scheme of the production of anhydrous hydrogen
fluoride by sulfuric acid decomposition of fluorite
Sulfuric acid entering the tank is divided into three streams. In the first stream,

it is heated in a heat exchanger to 120-130 °C and then enters the first mixer. Fluorite
fluorspar is dosed here from the bunker.
The second stream is directed to the second mixer, where it is heated to a

temperature of 135-140 °C. Oleum, bottoms residue and mudstone acid are also fed

here.
The reaction mixture from the second mixer enters the drum furnace, in which

the temperature is maintained at 200-250 °C due to external heating to a temperature

of 700°C.
During mixing in the mixer, hydrogen fluoride is released into the gas phase.
The remaining hydrogen fluoride is released in the drum furnace. These gas streams

are combined into one and sent for purification and  drying.

First, the flow enters the scrubber, where it is cooled and undergoes primary

purification. After compaction in the collector, solid particles are sent to the repulper-
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settler, and the acid, called mud acid, to the mixer and to the scrubber irrigation.
Hydrofluoric acid is supplied for cooling and further rectification. For this, the gas
from the scrubber is fed to heat exchangers-condensers, which are cooled with a
calcium chloride solution.

For better extraction of hydrogen fluoride, the gas is moved to absorbers. The
last absorber is fed from the tank with cooled sulfuric acid. Gases from the
rectification column are also fed for absorption.

The absorption solution is mixed with liquid hydrogen fluoride obtained at the
condensation stage. The result is raw hydrogen fluoride, which is first fed for
rectification into a rectification column, in which high-boiling impurities are
separated. Hydrogen fluoride vapors with impurities of silicon fluoride and sulfur
dioxide enter a heat exchanger, in which a calcium chloride solution with a
temperature of minus 20 ° C circulates. Then the formed gas enters a second
rectification column, from which an anhydrous hydrogen fluoride solution flows out.

The bottoms from the column enter the mixer. The furnace also produces
fluorogypsum with hydrogen fluoride, calcium fluoride, and sulfuric acid. The
fluorogypsum is discharged into a repulper, where it is sequentially treated with
water, then sent to a neutralizer-mixer for treatment with chalk suspension, soda
solution, or milk of lime. [1]

Analyzing the process of producing hydrogen fluoride, we can conclude. It is
necessary to choose a heat exchanger that takes into account significant temperature
stresses. For example, a heat exchanger with U-shaped pipes, or with a compensator
(expansion bellows), with a floating head. It was decided to choose a shell-and-tube
heat exchanger with a floating head.

The shell-and-tube heat exchanger with a floating head is characterized by
compensation of temperature differences in heat exchanges, which ensures its
effective functioning in a wide range of temperatures and pressures during heat

exchange between both liquid and vapor media. High resistance to temperature
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influences is due to the design features of the device - the presence of a floating head,
which compensates for the thermal expansion of the tube bundle relative to the
housing. This allows you to avoid the occurrence of thermal stresses, which increases
operational reliability and extends the service life of the equipment. It also provides
convenient access for cleaning the external and internal surfaces of the tubes or
replacing damaged tubes. The structure of the shell-and-tube heat exchanger with a
floating head consists of the casing itself (housing), tube bundle, floating head, fixed
tube grid (which is located at the opposite end from the floating head), covers (front
and rear), partitions, and nozzles. Figure 2 shows a shell-and-tube heat exchanger
with a floating head, designed for cooling (heating) liquid or gaseous media without
changing their state of aggregation.

A shell-and-tube heat exchanger with a floating head operates on the principle
of indirect heat transfer between two working media separated by the walls of the
tube bundle. One medium moves inside the tubes (internal circuit), while the other
circulates in the intertube space formed by the casing.

The floating head provides free axial movement of one of the tube grids. This
allows to compensate for temperature deformations that occur due to the temperature
difference between the tubes and the casing, and also prevents the appearance of
internal stresses and damage to structural elements.

Heat transfer is carried out from a hot to a cold medium through the tube walls
under the influence of their temperature difference, which is the driving force of the
heat exchange process.

This heat exchange process is called heat transfer, which affects the heat
transfer from the coolant (steam) to the outer surface of the tubes, thermal
conductivity through the tube wall and heat transfer from the inner surface of the tube
to the cold medium. It is advisable to use water vapor as a heat carrier. After all,

during its condensation, a large amount of heat is released. Due to the properties of
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heat carriers, water vapor is supplied to the intertube space, and sulfuric acid to the

tube space.
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1 — distribution chamber cover; 2 — distribution chamber; 3 — casing; 4 — heat
exchange pipes; 5 — partition with segmental cutout; 6 —fitting; 7 — floating head
cover; 8-casing cover.
Figure 2 — Shell-and-tube heat exchanger with floating head

References:

1. Automation of typical technological processes: technological control
objects and automation schemes [Text]: a teaching aid for students of higher
educational institutions studying in the field of “Automation and computer-integrated
technologies” / M. V. Lukinyuk. — Kyiv: NTUU “KPI”, 2008. — 236 p.: ill. —
Bibliography: p. 230-231. — 200

2. Floating Head Heat Exchanger Design Authors: Alseddig Oday University
of Tikrit
https://www.researchgate.net/publication/373238714 Floating_Head Heat Exchang

er_Design
3. Design and Analysis of Floating Head Heat Exchanger

https://papers.ssrn.com/sol3/papers.cfm?abstract i1d=4285106

4.https://www.dfctank.com/news/complete-quide-to-floating-head-heat-

exchanger.html

166


https://www.researchgate.net/profile/Alseddiq-Oday?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/institution/University-of-Tikrit?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/institution/University-of-Tikrit?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/publication/373238714_Floating_Head_Heat_Exchanger_Design
https://www.researchgate.net/publication/373238714_Floating_Head_Heat_Exchanger_Design
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4285106
https://www.dfctank.com/news/complete-guide-to-floating-head-heat-exchanger.html
https://www.dfctank.com/news/complete-guide-to-floating-head-heat-exchanger.html

36ipuuk Te3 nonosineii XXXV Beeykpaincbkoi HayKOBO-IpakTUYHOI KOH(pepeHuii cTyaeHTIB,
acmipaHTiB i MoJsionux BueHux “O0JaTHAHHSA XiMiYHUX BUPOOHHMUTB i MiANPHEMCTB OyaAiBeIbHUX
MarepiaiiB”

PROCESSES OF HEAT TRANSFER IN THERMAL ENERGY STORAGE
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Igor Sikorsky Kyiv Polytechnic Institute

ABSTRACT. The purpose, object, and subject of the study have been
formulated. The key research directions are described. The work focuses on
determining heat-transfer parameters and developing principles for the efficient

utilization of excess thermal energy.

KEY WORDS: HEAT TRANSFER, THERMAL EXCHANGE, THERMAL

ENERGY, EFFICIENCY.

HNPOLECH ITIEPEJAYI TEIIJVIA B TEIIVIOAKYMWJIIOIOYOMY
OBJAJTHAHHI
AcmipanT A.B. TapaceHko, K.T.H., 1o11eHT A. P. PomaHok
HaunionanbHui TeXHIYHUI YHIBEPCUTET YKpaiHH

«KuiBcbKui nmoJritexHivyHui iHcTutyT iMeHi Iropst Cikopcbkoro»

AHOTANIA. Chhopmynvosano memy, 06'ekm ma npeomem 00CHiONCEHHS.
Onucarno Hanpsamu docrioxcens. Poboma cnpamosana Ha 8U3HAYEHHs napamempie
Meni000OMIHy ma po3pooKy NPUHYUNIE eeKmMuUEHO20 BUKOPUCMAHHS HAOIUUKOBOT
Meniosoi enepelil.

KJIFOUOBI CJIOBA: TIEPEJIAYA TEITIA, TETIJIOOBMIH, TEITJIOBA
EHEPT' 151, EGEKTUBHICTb

Introduction. Efficient recovery and storage of thermal energy are crucial for
reducing energy losses in modern systems. A significant portion of the heat generated
by power plants and boiler facilities remains unused, particularly during periods of
low thermal demand. To address this, it is recommended to employ materials with

phase transition properties. Phase change materials (PCM) can absorb and release
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heat during phase transitions, enabling thermal energy accumulation during low-
demand periods and its release during peak consumption. The practical application of
PCM requires studying its heat-exchange conditions to ensure the required
technological parameters and to guarantee reliable and long-term operation of the
system [1].

Purpose, Object, and Subject of the Study. The purpose of the study is to
substantiate the principles of designing efficient thermal energy storage systems and
to determine optimal heat-transfer parameters. The object of the research is the heat
exchange between the PCM-based thermal storage device and subsequent household
energy utilization during charging and discharging cycles. The subject of the research
comprises technological parameters affecting heat-transfer efficiency, such as
geometry, material properties, and flow regimes. The experiments are planned using
equipment that enables the determination of latent heat of fusion, phase transition

temperatures, and thermal-cycling stability [2].
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Figure 1. Heating mode of the apparatus from the thermal source: 1- inlet of the
heating heat-transfer fluid, 2 — outlet of the heating heat-transfer fluid. Cooling mode

(heat release to the room): 1 — inlet of cold air, 2 — outlet of warm air.

The device is designed for studying the processes of thermal energy
accumulation and release in a phase change material (paraffin). It consists of an
insulated chamber equipped with a heat exchanger through which a heat-transfer fluid
circulates. During the charging stage, the heated working fluid transfers thermal
energy to the paraffin, which melts and accumulates latent heat.

During the discharging stage, the paraffin solidifies and releases energy
through the heat exchanger into the surrounding environment.

Expected Results and Practical Significance. The experimental results will
provide data on the thermophysical properties of the heat-transfer medium, allow
evaluation of heat-transfer efficiency under static and dynamic conditions, and enable

identification of optimal heat-exchanger configurations.
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The research outcomes are aimed at creating a thermal-storage module for
reusing waste heat from boiler facilities and applying it for autonomous room
heating [3].

Conclusions

1. A conceptual framework for studying heat transfer in thermal energy

storage systems using PCM has been developed.

2. Adescription of the thermal-storage apparatus has been presented.
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ABSTRACT. The paper is devoted to identifying characteristic wastes and
considering various aspects of creating a sustainable system for their recycling, as
well as predicting environmental, social, and economic consequences for the

development of territories.
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TPOMAJTH.

The purpose of the work. The main goal of our work is to help convert as much
of the widespread annual waste as possible, which is currently subject to destruction,
into the category of valuable raw materials for the cost-effective production of
commercial products.

Results. The work is devoted to defining typical wastes and considering
various aspects of creating a sustainable system for their recycling, as well as
forecasting the environmental, social and economic consequences for the
development of territories.

In particular, the following issues are highlighted:

v' widespread local resource-value waste on the territory of united
territorial communities and alternative methods of their processing;

v expected impact of the production and use of local alternative fuel based
on illiquid renewable forestry waste on the development of united territorial
communities;

v utilization of solid waste of biological origin, as an opportunity to
significantly reduce the negative impact of landfill operation;

v use of solid waste of biological origin typical for urbanized areas in the
production of biofertilizers, as a factor in improving the environment and social
situation;

v coordination of the disposal of various local waste of biological origin,
as a condition for the sustainable development of united territorial communities;

v measures and risks in the disposal of waste of biological origin [1,2,3].

Conclusions.
Substantiation of the prospects for the utilization of each type of waste requires

the development of a set of technical solutions based on a systemic approach,
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organizational and technical measures and business plans, which are a necessary
condition for attracting private capital to public-private partnerships in solving the
problem of disposal of widespread waste of biological origin.

In our opinion, such a partnership is possible in the form of territorial targeted
scientific and technical programs involving local communities, scientific institutions

and business representatives.
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ANNOTATION: The design of a reactor with a stirring device for producing
a Ziegler-Natta catalyst used in the production of high-density polyethylene under
low pressure is considered. Based on a review of the literature, an idea for
modernizing the stirring device is proposed, followed by modeling to confirm the
feasibility of the proposed idea.
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muckom. Ha niocmasi y3aeanvHenHs nimepamypHux OAHUX 3anponoHO8AHO I0€r0
MOOepHI3ayii nepemiuyouoco HNpucmporw 3 NOOANbUWUM MOOENI0BAHHS O
niomeepodicents 0OYLIbHOCMI 3aNPONOHOBAHOI 10ei.

KJIIOYOBI CJIOBA: PEAKTOP, KATAJI3ATOP LUIJIEPA-HATTA,
MOJIEPHI3ALIIA ITEPEMILIYIOUOT'O I[TPUCTPOIO, ITOJIIETUJIIEH BUCOKOI
I'VCTUHHA

Introduction

High-density polyethylene is a thermoplastic polymer that is widely used due
to its physical and mechanical properties, such as high strength, chemical resistance,
and low moisture permeability. This type of polyethylene is produced by low-
pressure polymerization of ethylene in the presence of Ziegler-Natta catalysts [1-3].

The catalytic complex is obtained in a reactor with a stirring device based on
diethylaluminum chloride and titanium tetrachloride. It precipitates from the solution
as a dispersed (colloidal) dark powder with a rather complex structure. This catalyst
provides an ion-coordination polymerization mechanism, which allows obtaining
linear polymers with a high degree of crystallinity [1-3].

An important factor affecting the course of the process and the properties of the
polymer is the ratio of the starting materials in the preparation of the catalyst. The
preparation of the catalyst complex is carried out at a temperature of about 30 °C.
The reaction is accompanied by the release of heat, since it is exothermic [1-3].

During the preparation of the catalyst complex, it is important to ensure the
quality of the final product, hydrodynamic mixing conditions, optimal time,
temperature, component ratio, and heat removal.

Description of the reactor for obtaining the catalyst complex
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To perform the specified catalyst manufacturing process, the optimal choice
would be a reactor with a propeller stirrer, which provides the necessary
hydrodynamic mixing conditions and U-shaped

Description of the reactor for obtaining the catalyst complex

To perform the specified catalyst manufacturing process, the optimal choice
would be a reactor with a propeller stirrer, which provides the necessary
hydrodynamic mixing conditions, and a U-shaped jacket that effectively removes the
heat generated during the reaction. During operation, heat exchange occurs between

the catalyst complex and the cooling water. The reactor diagram is shown in Figure 1.

| \“"\_ /‘//
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e

1 — body; 2 — reactor cover; 3 — drive; 4 — gland seal; 5 — hatch cover; 6 — coupling;
7 — propeller agitator

Figure 1 — Structural diagram of a reactor with a mixing device

The reactor consists of a body 1 with a jacket welded to it, four supports, and

fittings for supplying and removing cooling water to the jacket; a cover 2 with fittings
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for introducing reagents and a thermometer sleeve; a mixing device with a propeller
stirrer 7; a vertical drive 3 with a V-belt transmission and a stand for its mounting.
The agitator shaft is connected via a coupling 6 to the drive shaft and equipped with a
gland seal 4, which is installed in the cover of the apparatus. Additionally, the cover
has a hatch 5, which is used for visual observation of the internal volume of the
apparatus and performing auxiliary operations.

Purpose of the work

The purpose of the work is to modernize the reactor mixing device for the
preparation of the Ziegler-Natta catalyst and further computer simulation of the
process in the SolidWorks environment.

Materials and methods

SolidWorks is a powerful CAD (computer-aided design) software package, its
main purpose is to automate the work of industrial enterprises at the stages of design
and technological preparation of production, providing an end-to-end process for
designing products of any complexity.

SolidWorks is a solid parametric modeling design system that allows engineers
to develop 3D models of parts and assemblies, create 2D drawings from them,
perform engineering analysis (e.g., strength, dynamics of mechanisms) using modules
such as SolidWorks Simulation and SolidWorks Motion, and simulate sheet metal
parts [4].

Modernization of the mixing device

To improve the hydrodynamic conditions of mixing, it is proposed to
modernize the mixing device. The idea of modernization implemented in SolidWorks
Is shown in Figure 2.

The mixer contains a standard propeller mixing device 2 in the lower tier,
which provides axial fluid flows and thoroughly stirs up the sediment, and a blade
(radial) device 3 in the upper tier, Figure 2a. Three straight rectangular blades 3 are

arranged in a staggered order relative to the lower tier, Figure 2b. The blades are
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oriented to create a downward flow, counter to the upward flow from the propeller

mixer.

1 —shaft, 2 — propeller mixer, 3 — blades, 4 — stiffening ring

Figure 2 — Modernized mixing device

For the rectangular blades of the upper tier, a metal stiffening ring 4 is
provided, connecting their outer parts. This is necessary to prevent bending and
vibration of large blades, ensuring their durability and stability of hydrodynamic
performance.

To identify possible shortcomings and achieve optimal efficiency, a simulation
experiment in SolidWorks is planned. By changing the angle of inclination of the
upper agitator blades (30°, 45°, 60°, 90°), the optimal angle will be determined,
which ensures the best suspension homogeneity with minimum power consumption.

Expected result of modernization

The propeller agitator lifts the sediment, while the paddle agitator captures the
upper phase and directs it downward. This forms two intense circulation circuits that

completely cover the volume of the apparatus and prevent liquid stagnation. Creating
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counterflows is more effective than using a single type of agitator. Thanks to
intensive mixing in the central zone, the mixing speed increases significantly.
Reducing the time by up to 20% increases the reactor's productivity. This leads to a
decrease in specific energy consumption per unit volume.

Conclusions

It was proposed to modernize the reactor's mixing device. The modernization
of the mixing device is based on the use of a combined two-stage agitator, which
creates counter-axial flows to ensure maximum intensity of mixing of components to
obtain a catalyst.

Such a mixer will improve the hydrodynamic conditions of the mixing process,
increase the quality of the catalyst, reduce the time spent on the process, and reduce

energy costs.
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AHOTANIA: Po3risgHyTO akTyallbHI TEXHOJOTIYHI acneKTH (OopMyBaHHS
0araTOKOMIOHEHTHUX JUXAlOYWX OOOJOHOK JJii HACiHHS TIIEHWIl B YMOBax
MOCWJICHHSI BUMOT JI0 TPENM3IAHOTO >KUBJICHHS, OlOCTUMYJIALIl Ta OOMEKEHHS
necTuuuaHux o0poOok. IIpoaHanizoBaHO mepeBarn HAHECEHHS IOKPUTTIB Y
MICEBIIO3P1HKEHOMY IIapl Ta BIUIMB T1IPOJAMHAMIKY ¥ MMapaMeTpiB AUCTIEPryBaHHS Ha
PIBHOMIPHICTh IIIapy, arjoMepalil0 Ta TeIJIOBE HaBaHTAXEHHS Ha HACiHHS.
3anporoOHOBAaHO  BUKOPUCTAaHHS  HEOJHOPIIHOIO  CTPYMEHEBO-ITYJIbCAI[IHOTO
TICEBIIO3P1HKCHHS JUISl TIBUIIEHHS €(PEKTUBHOCTI TETNIOMACOOOMIHY Ta 30€pEKEeHHS
SIKOCT1 HACIHHSI Ta POTALIMHOTO YalloBOTO JAMcCIepraropa 3 00KOBOW mnepdopariiero
JUTSl pO3LUMPEHHS 30HU 3POLLUEHHS 1 3amo0iraHHs arjioMepartii.

ABSTRACT: The study examines relevant technological aspects of forming
multi-component breathable coatings for wheat seeds under increasing demands for
precision nutrition, biostimulation, and reduced use of pesticide treatments. The
advantages of applying coatings in a fluidized bed are analyzed, along with the
influence of hydrodynamics and atomization parameters on coating uniformity,
agglomeration tendencies, and thermal load on the seeds. The use of nonuniform jet-
pulsation fluidization is proposed to enhance heat-and-mass transfer efficiency while
preserving seed quality, as well as a rotational cup-type disperser with lateral
perforation to expand the effective spraying zone and prevent agglomeration.
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CydacHl  arpoTeXHOJOTIYHI  MIAXOAM /O  BHPOIIYBAaHHS  MILEHHUII
XapaKTEepU3yIOThCS MIABUIICHUMH BHMOTaMU JI0 MPEHU3IMHOrO KUBJICHHS Ta
OlOCTUMYJISIIIT HACIHHSA, Ha TJ1 TIOCWUJICHHS PETYJSITOPHUX OOMEXEHb 100
3aCTOCYBaHHSA TMECTUIMIHUX MPOTPYWHHUKIB 1 HEOOXIJHOCTI palliOHaNi3yBaTH
BUKOPHUCTAHHSA MIHEpAJIbHUX JOOPHUB. Y IIUX YMOBAaX 3pOCTa€ IHTEPEC O CTBOPEHHS
IUXarounx 0araTOKOMIOHEHTHUX OOOJIOHOK 13 KEpOBaHMMHU MapaMeTpaMu BOJO- Ta
razooOMiHy.  HaiiOGuibll  TEXHOJOTIYHO  KEpOBAaHOKW Ta  MNPUJIATHOIO  JIO
MacIITa0yBaHHs 3aJUIIAE€THCS METOANKA HAHECEHHS MIOKPUTTS y TICEBAO3PIIHKEHOMY
mapi 3 BBEIEHHSAM piakoi ¢da3um BCEpelUHY 30HU PyXy YaCTHHOK (cxeMu
Wurster/bottom-spray Ta iH.), Ie TIAPOJMHAMIYHI PEKUMH Ta XapaKTCPUCTHUKH
JUCTIEPTYBaHHS BHU3HAYalOTh OJHOPIAHICTh IIAapy, CXWIBHICTh Marepiany 1o
arsiomepariii Ta piBeHb TEPMIYHOTO HABAHTAXKEHHS Ha KUTTE3ATHE 3€PHO.

AKTyanpH1 JITEpaTypHi J1aHi BKa3ylOTb Ha KPUTUYHUN BIUIMB TOJIOXKCHHS
JUCHEpraTopa, po3Mmipy Kpameib, BUTpaTH piakoi (a3u Ta IIBUAKOCTI Ta30BOI0
MOTOKY Ha CTAaOLIBHICTH MpOIeCy Ta AKICTh chopmoBaHoi obosonku. [lapanensHo
(bIKCyeTbCs 3pOCTalOUUi 1HTEpEC A0 MOKUBHUX 1 O10JIOTTYHO aKTUBHUX MOKPHUTTIB,
3aTHUX TIABUIIYBAaTH CTPECOCTINKICTh POCIMH Ta €()EKTUBHICTh BHKOPUCTAHHS
no6puB.  BogHouac — KOMIUIEKCHE  3aBHAHHS ~ Y3TOJDKEHHS ~ 1HTEHCHBHOTO
JUCTIepryBaHHS 3 (1310J10T0-TEXHOJOTTYHUMU OOMEXKEHHSIMU (GKMBOTO» HACIHHSI —

3a0e3Ie4YeHHsT KHCHEBOIO PCKUMY, YHUKHCHH: JIOKAJIbHOI'O IICPC3BOJIOKCHHA Ta
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meperpiBy — Jnoci He cHOpMyIThLOBaHE Y BUTIISIAI HAAIWHUX IH)KEHEPHUX KPUTEPIiB
[5].

['moGanpHUI pUHOK MaTepiaiiB AJisi MOKPUTTS HAciHHS (OapBHUKH, MOJTIMEpH,
HamoBHIOBaul Ta 1HII 106aBku) y 2019 poui omintoBascs y 1,8 mupa gonapis CIIA,
1 3a mporno3zamu a0 2025 poky Mae 3poctu a0 3,0 mapn nonapis CIIIA. OcHoBHY
YaCTKy aKTHBHHMX IHTPEIIEHTIB CTAHOBJIATH XIMIYHI 3aco0u Ui 0OpOOKHM HACIHHA,
pUHKOBA BapTicTh skux y 2020 pori oniHtoBanacs B 3—5 mipna nonapis CILIA, ToOto
HE MEHIIe HiX 2/3 Bij 3araibHOTO PUHKY [6].

HpaxyBanHs GopMye KEpOBaHE CEPENIOBUIIE JIJIsI CTAPTOBOTO POCTY (BOJIOTA,
ra3000MiH, MOKUBHI PEYOBHHHM, 3aXUCT), aJi€ VIS MIICHUII OCOOJMBO BaXKJIMBUMH €
MOBITPO-  Ta  BOJIOTONPOHUKHICT  OOOJIOHKM,  YHUKHEHHS  JIOKaJIbHOTO
MEpPE3BOJIOKEHHS Ta TEperpiBy, a TaKoX 3amoOiraHHs arjomepaiiii. THUIOBI
MIPOMMCIIOBI CIIOCOOU BBEACHHS PIAMHU B amaparax 13 MCEeBAO03PIKEHUM IapoM —
posnuiieHHs Haj mapom, y mapi (tun ProCell) Ta nupkynsuiitai cxemu Wurster —
0OMEXYIOTh aKTHBHE 00’ €MHE MepeMIlllyBaHHS 1 YaCTO peali3yloTh arjioMepaliiHui
MEXaHI13M, 110 Ul FE€TEPOreHHUX CYCHEH31d 1 HACIHHS MIABUIIYE PHU3UK 3aCTIMHUX
30H 1 HanmumaHHg [3].

Cepen pi3HHX MIIXOMIB 3aCTOCYBaHHS HEOJHOPITHOTO CTPYMEHEBO-
MyJIbCAIIMHOTO TICEBIO3PIKEHHS J1a€ 3MOTY MIJBUIIUTH IoHaiimeHie Ha 50%
BUKOPUCTAHHA  TEIJIOTM TMpU  30€peKEeHHI  PIBHOMIPHOT  PYIIIHHOI  CHIIK
TEIUIOMacOOOMIHY Y BCbOMY 00’ €Mi 3€pHUCTOTO IIapy TPaHyIsITOpA.

Y TNOpiBHSHHI 3 AUCKOBUMH pPO3NWIIOBAYAMH, YalIOBUWA JUCHEPraTrop 13
OlyHOIO Tmepdopalliero CyTTEBO PO3MUPIOE 00’€M  «e(PEKTHUBHOTO» 3POIICHHS 1
3abe3rneuye CTallIbHY KIHETHKY TMOIIIApOBOrO0 HApOCTaHHs Oe3 aryioMmeparii; y
BIIMOBITHUX pOOOTaX ISl TETEPOTCHHUX CHCTEM 3a(iKCOBAaHO BHCOKI KOE]iIliEHTH
TPaHyJSIIT Ta KpaTHE 3pOCTAHHS MPOIYKTUBHOCTI CaMe 3aBISKHU 301TBIIICHHIO 30HU
3pOIICHHS 1 peUUPKYIISALIT yepe3 vamy [2].

Tox 100 yCyHyTH HasiBHI OOMEXKEHHS, IPOMOHYETHCS MOETHATH:
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— HEOJIHOPIMHE CTPYMEHEBO-IyJIbCAIliiHE TICEBIO3PIIHKCHHS, M0 ITHKJIIYHO
«CKaHye» I1ap 1 3amooirae 3acTor Ha ra30po3noAuIbHIN permnTii [1];

— poTalifHUN YalIoOBUN AMCIIEpPraTop 3 nephopoBaHOIO OIYHOIO MOBEPXHEIO,
SKUW 1CTOTHO 301JIBbIIY€E TeOMETPII0 30HM 3POIICHHS Ta (PopMye BEHTHIICTIOMIOHUMN
BUKHJI 3BOJIO)KEHUX YAaCTUHOK Yy IIap 13 MOJAJBIIUM iX PO3BEACHHIM CYXUM 3€PHOM,
3a0e3meuyrour TIOMAapOoBe HAPOCTaHHS 0€3 PIAMHHMX «MICTKIB» 1 arjomMepartii;
CepeliHii po3Mip Kpaneib Y palioHAIbHUX pexkuMax — < 50 MKM.

[mote3a monsrae B TOMy, IO Ui 3amoOiraHHs aryiomeparii 3epHUCTOTO
Marepiany LUISIXOM (OpMYBaHHSA pPIAMHHUX «MICTKIB» pO3MIp Kpamejib Ma€ He
nepeBunryBatu 50 Mkm. Hapami ne npumnymieHHs Ta BUOIpP MICIS BCTaHOBJICHHS
aucnepraropa 0yayTh TEOPETUYHO OOTPYHTOBAHI.

Tosx 3ampoIrOHOBAaHO MPOBECTU PO3PAXYHKHU Ta EKCIEPUMEHTATHHUM IUISIXOM
BU3HAYUTH:

— KomnonoBka mgucnepratopa: 3ouud |-l po3mimienns Tta Bucotu wyaril,
nepdopariis, JiHIHHA MIBUIKICTh KpakKi, IEpioan Mybcallii, Toio; [1]

— Po3mip kpanens: HamiaeHHs Ha < 50 MKM.

Takox moTpedyroTh MPOBEAEHHS JOCIIKEHb THIII KPUTEPIi, AK:

— TemnoBuil pexxumM: TeMIepaTypy MOBEpXHI 3€pHa, MiAOUpaIOYn TeMIlepaTypy Ta
BUTpATy TEIUIOHOCIS, II00 YHUKHYTH NEPErpiBy i BUCYIIYBAaHHS 3apPOJIKa;

— T'ippomunamika: po0odYi MIBUAKOCTI Trayy — y Jiama3oHi  CTIAKOTO
MICEBNIO3PIKEHHST 0€3 BHHOCY HACIHHS, AaBTOKOJMBAJIbHA IUPKYJALIS IS
PETYJIIPHOTO «PO3BEICHHS» 3BOJIOKCHHX 3epeH cyxumu; [1]

— BrnactuBocTi 000JOHKH: KOHTPOJIOBATH MOPHUCTICTh, BOJOEMHICTH, MIIHICTh
Jpake y CyXOMY Ta 3BOJIO)KEHOMY CTaHaXx; Il TEXHIKO-TEXHOJIOT1YH1 MOKa3HUKU
BU3HAYaJIbHI JIJIsl €HEPril MPOPOCTaHHS Ta MOJIbOBOT CX0XKOCTI;[4]

— MeTponoro-TexXHONOTTYHUN CYMPOBI: KapTH TEeMIEpaTypH y 30HI Yalli/B mapi;
MIKPOCTPYKTYypa MOMNepeyHux NuIi(iB; KamiOpyBaHHsS MPOIYKTUBHOCTI MOJAayl

pinunu.[3]
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OdiKyeThCsl OTPUMAaHHSI PIBHOMIPHOT MOBITPONPOHUKHOI OOOJIOHKM Ha 3€pHi
MIIEHUI 0€3 BTPaTH KUTTE3JATHOCTI, 3 MIHIMAJILHOIO arjoMepalli€io Ta cTadliIbHOO
KIHETUKOIO TPOIIECY 3aBIAKH PO3LIMPEHIA 30HI 3pOIICHHS Ta KOHTPOIIO Haj
PO3MIpOM Kpameib. 3anporoHOBaHa KOMIIOHOBKA € MacIITabOBaHOIO Ta MPHUIATHOIO

JUTSL PI3HUX THUITB MTOKPUTTIB 1 KYJIBTYP.
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VYJIK 66.06

CFD-AHAUJII3 BIIVIUBY PAAIYCA 3AOKPYIJIEHb BEPIHIUH
TPUKYTHOI'O CHHEMCEPA JJ1s1 MEMBPAHHUX MOJYJIIB
noil. K.T.H. ['ymienko Cepriii, actiipanT Slcenpuyk Bitamii

HamionaneHuit TexHiuHiN yHIBepcuTeT Yikpainu « KuiBCbKHM MOMITEXHIYHUT

1HCTUTYT 1MeH1 [ropst CikopchbKOTO»

AHOTANIA: B oOaniu pobomi po3ensinymo 6naue 2eomempii cneticepa Ha
2IOPOOUHAMIYHI  XAPAKMEPUCUKY KAHATY CHIPAIbHO-320PHYMO20 MeMOPAHHO20
mooyna. Ocobausy yeazy npuoiieHo mpuxymHii opmi nonepeuro2o nepepizy HUmKU
cneticepa ma 6naUBY paoiyca 3a0KpY2leHHs i 6epulur HA GeIUYUHY 2Ii0pABIIYHO20
onopy.

KJIOYOBI CJIOBA: MEMBPAHU, TPUKYTHUI CIENCEP, CFD,
T'TJIPABJITYHUUA OITIP.

Creiicepu € KIIOYOBUMHU €JIEMEHTaMU CIIpaIbHO-3TOPHYTUX MEMOpaHHHX
MOJIyJIIB, OCKUIBKM CaM€ BOHM BH3HAYalOTh T1IPOJIMHAMIKY MOTOKY B KaHall MiX
MeMOpaHaMK Ta iHTEHCHBHIiCTh 3MimyBaHHA [1]. IX ocHOBHa ¢yHKIS momsarae y
CTBOPEHHI TypOymi3allii Ta MmepenrkokaHH1 YTBOPEHHIO 3aCTIMHUX 30H, II0 B CBOIO
Yyepry BIUIMBA€E HA MPOAYKTUBHICTH MEMOPAH Ta iX CXHJIBHICTD /10 3a0pYIHEHHS, TOMY
JOCUTH BAXKJIMBUM 3aBJAaHHSM € JIOCIIKSHHS TEOMETPUYHUX TTapaMeTpiB creiicepa.

3 METor TMOKpaIIeHHS 3MIIIyBaHHA Ta 3HIDKEHHS TiJPaBIIYHOTO OMOpY
OpOBOMATH Jyke Oararo JOCHiPKEeHb Ha CTBOPEHHS HOBUX T€OMETPUYHHUX
napameTpiB cIielicepiB, cepell HUX € CIeHcepH y BUIVISAA1 KOpalliB, cripaliei, 3SMiHHIX
nepepisis Ta iH. [2-3].

OnHak BaXIMBO TMIIKPECIUTH, M0 OaraTo 3amporOHOBAHHWX Y JiTeparypi
KOH}ITYypaIrid crencepiB, Xo4a 1 JEMOHCTPYIOTh TMOKpaIeHl TiApOoJUHaMIYHI
XapaKTEePUCTUKH, € CKIAQAHUMH Ta BHCOKOBAPTICHUMH y BUTOTOBJIEHHI, III0 B CBOIO

4epry, YCKIAAHIOE X MUPOKE BIPOBAKEHHS Y TPOMHCIIOBICTD.
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OnHUM 13 TEPCIEKTUBHHUX BapilaHTIB TeoMeTpii € TpuKyTHHM creiicep. Ha
BIIMiHY BiJl KJIACMYHOI KPYIJIOoi HUTKH, TPUKYTHUH Tepepi3 3AaTHUN 3MEHIITyBaTH
KUIBKICTh 3aCTIMHUX 30H y HWXKHIA YacTHHI KaHaly, MPO IO OIMHCYBajlocCs B
pobori[4].

OnHak OUIBIIICT, OTPUMAHMX PE3YABTATIB MIOJ0 TPUKYTHHUX CIIEHCEpIB
0a3yloTbCsl Ha 17eaii3oBaHiii TeomeTpii, TOOTO Oe3 BpaxyBaHHA MOBEPXHEBHUX
ne(deKTiB, 3a0KPYIVICHb Ta TEXHOJIOTTYHUX OOMEXKEHb BUPOOHUIITBA. Y PEaTbHOCTI XK
dbopMa HUTKH cCrieiicepa Maibke HIKOJM HE € a0CONIIOTHO TOCTPOI — I dYac
ekcTpy3ii a00 3D-1pyKy KyTOB1 BEPIIMHU 3T/ IKYIOTHCS.

[ITo6 BM3HAUMTH BIUIMB pealibHO1 GopMHU crielicepa Ha TIAPOJUHAMIKY, OYJI0
MIPOBE/ICHO YHUCEJIbHE MOJIEIIOBAHHS 3 Bapialll€elo pajaiyca 3a0KpYIVIEHHS BEpIIMH

TpukyTHOTO niepepizy Bix 0 10 0.1 mm.
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Pucynok 1. [lepepizu gocnimkyBaHuX crieicepin
Ha rpadiky mpencraBiieHO 3MiHU T1IpaBITYHOTO OMOPY 3aJIEKHO B BETUYHHU
3a0KpYTJIEHHS. SIK BUHO 3a0KpYIJICHHS Ha creiicepi A0 Benmuna 0,03 MM mokaszasno
MO3UTHUBHUM €(PEeKT 1 3MEHIIECHHS TiIPaBIIYHOrO OMOpPY, MPHU 3POCTAHHI X pajaiyca
TPUKYTHUH TIepepi3 HUTKA MPsSMYE 10 KPYrjaoro Imepepidy B TOMY X YHCIHI

30UTBLIY€ETHCS OIIp, SIKAW MPSAMYE 10 OMOPY KPYTi0i HUTKU.

188



36ipuuk Te3 nonosineii XXXV Beeykpaincbkoi HayKOBO-IpakTUYHOI KOH(pepeHuii cTyaeHTIB,
acmipaHTiB i MoJsionux BueHux “O0JaTHAHHSA XiMiYHUX BUPOOHHMUTB i MiANPHEMCTB OyaAiBeIbHUX

MarepiaiiB”
0,12
0,1
0,08
m
= 0,06 TpuRyTHMIA 3
% paajycamm
0,04 Kpyrui
cneiicep
TpURYTHUIA
0,02
0

0 0,01 0,02 0,03 0,04 0,05 0,06 0,07 0,08 0,09 0,1
Pagiyc, mm

PucyHnok 2. 3anexHiCTh BEIMUUHHU T1JIPABIIYHOTO OMOPY BiJ pajaiyca
3a0KPYITICHb BCPIIHUH TPHUKYTHOI'O cneﬁcepa
BUCHOBOK: Ortox miICyMOBYIOUM PE3yJbTaTH MOXXHA CKa3aTH, IO
HC3HAYHC 3d0KPYIJICHHA HHTKH J4€ MO3UTHUBHUN e(i)eKT, ajIc IIpu 30UIBIIECHH]
3a0KPYTJICHHS PO3MHUBAETHCS PI3HUILS M1k KPYTJIUM 1 TPUKYTHUM CIIEHCEpOM
Iepeaik aireparypu
1. Huisman, K. T.; Franco-Clavijo, N.; Vrouwenvelder, J. S.; Blankert, B.
Improved quantitative evaluation of the fouling potential in spacer-filled
membrane filtration channels through a biofouling index based on the
relative pressure drop. Journal of Membrane Science 671 (2023), 121400
2. Chong, Y. K.; Liang, Y. Y.; Fimbres Weihs, G. A. Validation and
characterisation of mass transfer of 3D-CFD model for twisted feed spacer.
Desalination, 2023, 554, 116516.
3. Thomas, N.; Swaminathan, J.; Zaragoza, G.; Abu Al-Rub, R. K.; Lienhard,
J. H. V.; Arafat, H. A. Comparative assessment of the effects of 3D printed
feed spacers on process performance in MD systems. Desalination, 2021,
503, 114940.
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4. I'ymienxo C.; Scenpuyk B.;CFD-anamiz edekTHBHOCTI KOHCTPYKIIIi
crieiicepa 3 HUTKaMH TPHKYTHOTO Tepepidy I MEMOpPaHHHX MOJYIIB.
Mixuapoana koHbepeHIis «BoaHi TEXHOIOTIi: Bl TPAIUIIHHUX METOIB

JI0 CydacHHUX TeHeHI i, Kuis, 28-30 >xoBTHs 2025 p.
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MODERNIZATION OF THE DRUM DRYER OF THE COKE PRODUCTION
PLANT
Master's student Mykyta KEKUKH, Ph.D., Associate Professor Andriy
STEPANYUK
National Technical University of Ukraine
"Igor Sikorsky Kyiv Polytechnic Institute"

Annotation: A brief description, advantages and disadvantages of the drum
dryer are given. A method for upgrading the drum dryer of a coke production plant is
described.

KEYWORDS:MODERNIZATION, DRUM DRYER, PRODUCTIVITY.

MOJIEPHI3AILISI BAPABAHHOI CYIIAPKH YCTAHOBKH
BUPOBHHUITBA KOKCY
MarictpanT Mukuta KEKY X, k.1.H., notient Aunpiit CTEITAHIOK
HaunionanbHuil TeXHiYHUI YHIBEpCUTET YKpaiHH
«KuiBcbKui nmoJritexHivyHui iHcTutyT iMeHi Iropst Cikopcbkoro»
AHoTaunin: HasedeHo KopomKy Xxapaxmepucmuky, nepeeazu ma HeOONiKU
bapabannoi cywapxu. Onucarno cnoci6 mooepuizayii bapabanHoi cywapxu
VCMAHOBKU BUPOOHUYINEA KOKCY.
KJIFOUOBI CJIOBA: MOJIEPHI3ZALIAA, BAPABAHHA CVYIIAPKA,
[MPOAYKTUBHICTS.

COKE is a solid, strong porous mass, a product of coking or cracking of
natural fuel or its processing products at temperatures of 950-1100 °C without access
of air. It is used as a fuel and reducing agent in blast furnace production, as a fuel in
foundry production, for sintering ores, rolling of polymetallic waste, as a raw material
in electrode production. Depending on the type of raw material, coke is distinguished:

coal, pitch (electrode) and petroleum [3].
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Coking raw material is pumped by centrifugal pumps in two parallel streams
through heat exchangers and furnace coils and from there enters the rectification
column onto cascade trays. Contacting with vapors and gases entering the column
from chambers with a temperature of 425 °C, the raw material is heated to 400 °C.
Condensed high-boiling coking products (recirculate) mixed with the raw material
form the raw material of the coke chambers (secondary raw material). From the
bottom of the column, the secondary raw material is sent to the furnace pumps. Each
of these pumps pumps the raw material through the coils of the tubular furnaces,
where it is heated to 510 °C, and then enters the corresponding chambers, which
operate in pairs [1].

To obtain coke with a low content of volatile substances and high mechanical
strength, additional heat is supplied to the chambers, with heavy gas oil vapors
serving as the heat carrier. Heavy gas oil from the lower stripping column is pumped
through the furnace coils, where it is heated to 515-520 °C, and through switching
valves, after mixing with secondary raw materials, it is sent to the coke chambers [1].

Before unloading the coke, the chambers are first cooled to 400 ° C with
steam. The steam is directed into the column. After that, the coke is cooled with
water. Using special devices, the coke is removed from the coke ovens and sent to a
centrifuge to remove moisture from the material for further drying. Then the coke is
sent to a drum dryer, where the drying process is completed. Heaters are used to
produce hot air. After drying, the dusty air is blown into a cyclone, where it is cleaned
of coke dust [1].

The purpose of the work is to modernize the drum dryer of the coke
production plant.

Rotating drum apparatuses (Figure 1) consist of a drum 1, the overall
dimensions of which are determined by the required size of the working or reaction
space. Inside the drum may have a nozzle for better movement and pouring of the

material in order to improve heat transfer [2].
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The drum is inclined to the horizon at a small angle of 1...5 °. The drum
rotates using a crown gear 8, which is connected to a gear sitting on the gearbox
shaft. To transfer pressure from the masses of all rotating parts of the apparatus, the
drum is equipped with bandages 4, which rest on support rollers 5. To prevent axial
displacement of the drum, a thrust roller is installed on one of the support stations.
The support and thrust rollers are made on sliding and rolling bearings, mounted on a
common foundation plate, forming a support and thrust station 6. The thrust station is
placed near the gear crown of the drive 7 so that there is no displacement of the gears
[2].

At both ends of the drum, chambers are installed, necessary for loading and
unloading of the material (pos. 2, 9, 3), as well as for supplying and removing the
drying agent. The gap between the rotating drums 10 and the stationary chambers is

sealed with labyrinth, gland or lip seals [2].

1 —body, 2 — loading head, 3 — unloading chamber, 4 — bandage, 5 —
support rollers, 6 — support and thrust station,
7 — drive (motor-gearbox group), 8 — crown gear,
10 — gap between the device body and the loading chamber
Figure 1 — Drum rotary apparatus (dryer)
The advantages of drum dryers include:
- high productivity with stable final moisture content;

- unpretentious appearance;
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- low energy consumption.
The disadvantages are:
- large dimensions;
- noise of the device;
- high capital costs.
The essence of the modernization is to gradually increase the length of the
blades from the beginning of the drum to the end. This will increase the drying
efficiency, as the coke becomes more loose during the drying process, and a gradual

increase in the length of the blades will increase the area of contact of the coke with

the coolant.
A 8_ c
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Figure 2 — Schematic arrangement of drum dryer blade zones.
a — initial zone, b — main drying zone, ¢ — final zone.
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YK 66.047: 631.563
BIIJIUB KOHCTPYKIIII T'A30PO3MOJIJIBHOI'O IPUCTPOIO HA
I'iIaPOANHAMIKY IICEBAO3PIZKEHOT'O ITAPY ITPU IPA’KYBAHHI
HACIHHA
npod. a1.1.H. Kopnierko S. M., norr., k.1.H. ["aitnait C. C., acii. Cemenenko /. C.

National Technical University of Ukraine «lgor Sikorsky Kyiv Polytechnic Institute»

AHOTAUIA. Oorpynmosano nepesacu 3acmocysanns I'PII winunnozo muny
y anapami 3 NCe8O03PIONCEHUM UWAPOM NPU OPAXCYBAHHI HACIHHA NULEHUYI.
1liomeepooiceno pobouy cinomesy inmencugikayii npoyecy menjio- ma MacooOMiHy
npu epanynayii 6ionoeiuHo2o 06’ €Kmy 3a paxyHox 30LNbUeHHs NOBEPXHI KOHMAKMY
Qas.

KJIIOYOBI  CJIOBA: JIPAXXYBAHHS,  T'A30OPO3IIOJIIJIbHUI
[IPUCTPIN, HEOJHOPIJTHE IICEB/JO3PIJ[)KEHHSI.

THE INFLUENCE OF THE GAS DISTRIBUTION DEVICE
CONSTRUCTION ON THE HYDRODYNAMICS OF THE FLUIDIZED BED
FOR SEED PELLETIZING
Professor Kornienko Y.M., Associate Professor Haidai S.S., Graduate Student
Semenenko D.S.

National Technical University of Ukraine «lgor Sikorsky Kyiv Polytechnic Institute»

ABSTRACT. The advantages of using a slit-type gas distribution device in a
fluidized bed apparatus for pelletizing wheat seeds have been proposed. The work
hypothesis of intensifying the heat and mass transfer process during the granulation
of a biological object by increasing the phase contact surface has been confirmed.

KEY WORDS: PELLETIZING, GAS DISTRIBUTION DEVICE,
INHOMOGENEOUS FLUIDIZATION.

JlpasxyBaHHSI HACIHHS — TEXHOJIOTTYHHM TIPOIIEC IUKIIYHOTO HAHECEHHS P1AKOT
¢da3u (po3uMHHUKA, MOKUBHUX PEUOBHUH, CTUMYJISTOPIB POCTY) HA MOBEPXHIO 3€pHA 3

HAaCTyTHUM BHIIAPOBYBAaHHSAM pO3UYMHHUKA (Boau). B pesynbrari Ha MNOBEpXHI
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HaciHHA (OPMYETHCS KOMITO3UTHA TBepAa ¢aza 3 MIKpOIIaApOBOIO CTPYKTYyporo. Jliis
IILOI'0 HEOOX1HO 3a0e3MeunT ePEKTUBHY IUPKYJISAIII0 36PHUCTOTO MaTepialy MIX
30HAMHU 3pOUICHHS Ta CYIIIHHS, YHUKAIOUYM HOTO0 MEXaHIYHOTO IOIIKOJKEHHS.
OcCKUIbKM HacCiHHA € O10JIOTIYHUM O0’€KTOM TO TpPH BHECEHHI B IPYHT IOBHHHO
AKTUBHUM. ToMmy mpoliec 3HEBOJHEHHS MOXKE BI1IOYBA€ThCA TUIBKUA TNIpU
temnepatypi He Bume 40°C. [Ipu oMy HEOOXiZTHO CTBOPHTH YMOBH IIOO TEIUIOTA
70 TIOBEPXHI 3BOJIOKEHOTO 3€pHa  MaKCUMaJbHO HAJIXOJuja BiJ Ta30BOIO
TEIUIOHOCISL.

BpaxoBytoun, 1m0 KoeillieHT TEMJIOBiAAaul o BiJ Ta30BOr0 TEIUIOHOCIS Mae
oOMeKeHEe 3HAYeHHS, TO 30UIBIIECHHS KUIBKOCTI MIJBEICHOT TeIJIOTH MOKHA JOCSITTU
HUISIXOM 30UIBIICHHSIM 3arajibHoi moBepxHI KoHTakTy (a3 F, to0to moOyrok aF
npsimye 10 max. OCKUIBKM BCEpeAMHY IICEBIO3PIHKHEHOro Iiapy Oe3nepepBHO
JIUCTIEPryeThCsl pika (asza, To Juisd 3a0e3MeueHHsl CTanoi KIHETUKH MpolLecy 3
MOIIAPOBUM MEXaHI3MOM TpaHyJIOBaHHA HEOOXIJTHO AKTUBHE OHOBIIEHHS POOOYOi
nmoBepxHi (a3 B 30HAX 3pOIICHHS Ta CYUIIHHA TpPU BUCOKIM PYHINHIA CHII TIO
MacooOMiHy. Lle 103BOJAUTH 30UTPIIMTH KOE(MIIIEHT BUKOPUCTAHHS II1/IBEACHOI
TEIJIOTH 3 HATPITUM TEIIJIOHOCIEM.

Bcim mium BUMOTaM BIAMOBIAA€E amapat i3 MCeBI03PIIHKEHUM IIapoM, B SIKOMY
CYLIIJIbHE Ta30BE CEPEOBUINE BUKOPUCTOBYETHCS SIK 3PIKYIOUHI areHT, TeTIOHOCIH
1 ¢da3a, gaxa npuiiMae Bojory. Bimomo, mo KkoedilieHT BUKOPUCTAHHS ITiJIBEICHO1
TEIJIOTH Takoro amapaTty Mmoxke gocsrath 50% 1 Ounblie, a B pasi 3aCTOCYBaHHS
HEOJHOPIAHOTO TCEBAO3PIIKEHHA KOE(IIEHTH TNEPEHECEHHs TEeIJIOTH 1 MacH
30UIBIIyIOTECS B 1.5-2 pa3u [1-3]. Bucoka edeKkTUBHICTh MPOIECIB MEPEHECCHHS B
amapaTi 3 TCEBIO3PI[DKEHUM IIapOM  JOCSATAETHCS  3aBISIKM  3aCTOCYBAHHS
HEOJITHOPITHOTO CTPYMEHEBO-ITYJIbCALIIMHOTO T1IPOIUHAMIYHOTO PEKUMY.

["azoposnoainpHa pemritka (I'PIT) — kimrouoBWil eIeMEHT Takoro amapary 3
MCEBNIO3PIIHKEHUM  [IapoM, M0 3a0e3nedyye piBHOMIPHUI pO3MOALT MOBITPS IO

BCHOMY TI€pepi3y Ta CTIMNKUN pPEeXHM TICEeBIO3pipKeHHS. Halmommpeninn Tumnu
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ra3o0po3MNOIILHUX PENNTOK — mepdopoBaHi MIACKi IJIACTUHU 1 METajeBi CITKH —
MarTh CYTTeBI Henodiku. [lepdopoBaHi MIACTHHU 3 BEIMKOI KIIBKICTIO OTBOPIB
3a0e3MeyyloTh BIIHOCHO PIBHOMIPHHUN TIOTIK TOBITPS, ajieé CYMPOBOKYIOTHCS
3HAYHUM TIPABIIYHUM ONOPOM 1 BEIMKUM majgiHHAM TucKy [4]. Cituacti
KOHCTPYKIIi MOXYTh MPHU3BOJUTU JO YTBOPEHHS «MEPTBUX 30H», HECTIMKUX
Oynp0aIIoK Ta HEPIBHOMIPHOCTI TEIUIO- 1 MAaCOOOMIHY.

OnTtumansHui BUOIp AJiA mpolecy JpaxyBaHHs HaciHHA — ['PII urimmHHOTO
tuny (pucyHok la), anmsa sakoi Oyno MPOBEACHO PO3pPaxXyHOK KOHCTPYKIIIHHUX
nmapaMeTpiB B 3aJICKHOCTI BiJ TapaMeTpiB THITy 3epHa (a came Bucora h; = 0,01 m Ta
mpuna |y = 0,085 M ms minuau 1 1 Bucora h, = 0,005 M ta mmupuna ;= 0,11 M s

IIUTAHA 2).

] A

h b { . h>
L=077B s

aa)

I

3/5/ 7]

1 — xamepa rpanynaropa; 2 — IpaBuil KOJIOCHUK; 3 — JIIBUIl KOJIOCHUK;
4 —nnacTuHa; 5 — 3BYXKyro4a BCTaBKa.
Pucynox 1 — Koncrpykiist ['PII minimaHOrO THIY

CTBOpEHO JOCIIHY YCTAaHOBKY (PUCYHOK 2) i IEPEBIPKU pOOOUOT TiMnoTe3n
peanizaiiii HEOAHOPITHOTO TMCEBAO3PIIHKEHHS ISl 3€pHUCTOrO Marepialy pi3HO1

reoMeTpu4Hoi (HopMu, 30Kpema, sl JOCHIKEHHS BIUIMBY (OpMHM YacTHHOK Ha
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0COOJIMBOCTI TIAPOAMHAMIKK B amapari 3 ICEBAO3PIIKEHMM IIapoM Ta Ha BHUOIp
KOHCTpYKTUBHUX napameTpiB ['PII. YcTaHoBKa ckiaaeTbes 3 KaMepu rpaHyssiTopa
1, mo mae opmy mapasnesemninena, CIOPsKEHOr0 ra30pO3NOALIBHUM MPUCTPOEM 2.
JUis mepeHeceHHsl MaTepialy B HaJAIIapOBOMY IPOCTOpI, KaMepa rpanyisropa 1y
BEpXHIN YacTHHI CHOps/KEHA Hampamistoyoro BctaBkoio 3. Ilositpst uepes T'PII
BBOJUTHCS JI0 amapaTy acCUMETPUYHO, TUM CaMHUM 3a0e3Ieuyloud HampaBlIeHUN pyx
TEIUIOHOCISI Ta 3€pHUCTOrO Marepialy 3 aKTUBHUM MOro mnepeminryBaHHsAM. Jlns
OYUCTKHU BIANPALbOBAHOTO TOBITPS BUKOPUCTOBYETHCA LUKIOH 4. 3a JIOMOMOTOIO
BiJlcOKaMepU 3IIHCHIOEThCS Bijeodikcaliss craHy mapy B amapati. s mporo, y
SKOCTI MIEPEIHbOT CTIHKHU arapara, BCTAHOBJIEHO MPO30py IUIacTUHY 5. BuMiproBaHHs
TUCKY B mIapi Ta miadparmi BimOyBaiocs 3a IOMOMOrow KoHTposiepa Arduino 6 ta

TpyOuactoro U-noaioHoro nudgmanomerpa 7.

a) Ho = 0,47 m; Ky, = 1,59; 6) Ho = 0,52 m; Ky, = 1,65;
Wy = 1,57 m/c; ws = 36,95 m/c; y = 18,7 wy= 1,63 m/c; ws= 38,3 m/c; y = 19,4
1 — xkamepa rpanynsaropa; 2 — I'PII; 3 — mHanpaBnsroda BcTaBka; 4 — IUKIIOH; 5 —

po30pa MmiacTuHa; 6 — kouTposep Arduino; 7 — nudmanomerp.

Pucynox 2 — ExciepuMeHTanbHa yCTaHOBKA JJIS JJOCIIIKEHHS T1APOIMHAMIKA

TMICEBI03P1KEHOTO 1Iapy
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B nanwmit yac mpoBOASATHCS MOCHTIKEHHS TiIPOJWHAMIKK TICEBIO3PIIKEHOTO
mapy B amaparti 13 3actocyBaHHaIM ['PII miinuHHOTO THIY 3 KOE(IIIEHTOM KHUBOTO
nepepizy ¢ =4,24%. Y AKOCTI 3€pHHCTOTO IIapy BUKOPHCTOBYETHCS MIICHULS 3
ekBiBajeHTHUM fiameTpoM Oe = 3.621 MM (pucyHOK 3), rycTHHOIO p, = 1270 xr/Mm3,

HACHMITHOIO LIIIBHICTIO py; = 762 kr/M3, moposHicTio ¢ = 0,4.

Pucynoxk 3 — Jlocmigauii 3pa30k 3€peH MIIESHUIT MicIIs TPOBEICHHS TOCIITIB

3a pesynbTaTamMu JOCHIJKEHb OOrpyHTOoBaHO KOHCTpyKIito ['PII, ska
3a0e3neuye CTIMKUNA PEXUM ICEBAO3PIIKEHHSI 3 1HTEHCUBHHUM IEpPEMIITyBaHHSIM
3epeH MUIEHUI 1 IPAKTUYHO BIICYTHIMU «MEPTBUMU 30HaMu». OTke, MIATBEpANIAC
poGoya rimore3a iHTeHcU(ikalii Mporecy MacoOOMIHY 13  IMiJABUIICHHIM
IHTEHCUBHOCTI OHOBJICHHSI IOBEPXHI MiK(a30BOT0 KOHTAKTY.
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VJIK 621.928.9

WATER VAPOR AND PARTICULATE MATTER CAPTURE FROM THE
GAS STREAM IN THE PACKED BED SCRUBBER

postgraduate Ivan Tisnyi, Ph.D., associate professor Andriy Stepaniuk
National Technical University of Ukraine
"Ihor Sikorsky Kyiv Polytechnic Institute»

Annotation: The basic design and working principle of new packed bed

scrubber are described, as well as hypothesis of the innovative proposal.

KEY WORDS: SCRUBBER, PACKING, PRESSURE DROP, VAPOUR,
CAPTURE.

BJIOBJIIOBAHHS BOJISAHOI ITAPU TA TBEPJIUX BKJIIOUEHD 3
I'A30BOI'O IIOTOKY B HACAJIKOBOMY CKPYBEPI

acnipanT Ticumii I.C., x.T.H.. ntoueHT Crenanok A.P.
HaunionanbHUil TeXHiYHUI YHiBepcUTET YKpaiHu
«KuiBcbKuil nmoiTtexHivaui iHcTutyT iMeHi Irops Cikopcbkoro»

AHoTtanisi: Onucano 6a308y KOHCMPYKYIIO  3aNpPONOHOBAHO20  HOB0O20

HACaoKko8020 CKpybepa ma cymo 2inomesu iHHOBAYIUHOI NpOno3uyii.

Kmouosi cioBa: CKPYBEP, HACAJIKA, TTIJIPABJIIYHUM OITIP, TIAPA,
KOHAEHCAILIIA.

Based on analysis of modern research directions for developing cost-effective
and efficient wet scrubbers, three main directions for enhancing scrubber
performance can be highlighted: use of CFD modeling for optimizing hydrodynamics

and mass transfer, application of 3D printing technologies for developing innovative
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packing structures, and implementation of advanced structured packings with

improved properties [1].

A schematic diagram of new wet packed bed scrubber structure based on the
analysis is provided (Figure 1). Main area for such scrubbers is fertilizer production
(particularly ammonium sulfate and humates), where capturing water-soluble

residues of these compounds from gas streams is critically important.
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Figure 1. Proposed Packed Bed Scrubber
The main elements of the proposed nozzle scrubber are:

1, 9 — pollution measuring ports
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2, 8 — pressure measuring ports

3 — mist eliminator

4 —flang

5 — liquid distributor

6 — unstructured packing with different diameter

7 — gas distributor and support screen

10 — valve and port for target substance concentration measurement
11 — pump for liquid re-usage

12 — transfer line to the granulator or mixer

Usage of unstructured (random) spherical packing of two different diameters
(larger diameter along the sides of the filtration column and smaller diameter in the
center) partially implements the concept of structured packing, but it is more cost-
effective. Current approach increases hydraulic resistance at the column center which
resulted in more uniform distribution of the gas flow across the plane of the column’s
cross section, thereby reducing the height of the ‘dry cone’ and expanding the phase
contact area [2]. A cylindrical mesh (screen) inside the packing chamber separates
packings of different diameters and facilitates easy unloading, washing, and loading

of random packing when needed.

Need to admit, that together with contaminated air, water vapor also enters the
scrubber chamber. This vapor will be condensed and used for additional irrigation of

the packing layer.

Waste solution can be reused in the granulator to produce the next batch of

fertilizer or as a liquid for dissolving raw materials.
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In conclusion, proposed design is cost efficient and environmentally friendly
and is also adapted to the specifics of the Ukrainian industry. It is expected to reduce
water consumption, enhance the efficiency of fertilizer residue capture with their

subsequent reuse, and facilitate the washing of the packing layer.
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UDC 66.047.541

DEHYDRATION OF CRYSTALLINE BISCHOFITE UNDER HIGH-
TEMPERATURE DRYING

PhD student Filipov V.V., c.t.s. associate professor Novokhat O.A.
National Technical University of Ukraine
"lhor Sikorsky Kyiv Polytechnic Institute™
ABSTRACT: The process of dehydration of crystalline bischofite
(MgCl>-6H:0) during high-temperature drying is examined. The main temperature
stages of the sequential removal of crystalline water, the formation of intermediate
hydrates (MgCl>4H.O, MgCl:*2H:0), and anhydrous MgCl> are presented.
Experimental and theoretical data on the dehydration mechanism and the influence
of high temperature on the stability of the crystalline structure are summarized.
KEYWORDS: BISCHOFITE, MAGNESIUM CHLORIDE, DRYING
DEHYDRATION
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AHOTAUISA: Pozenanymo npoyec oeziopamayii kpucmaniuHo2o oiwoghimy
(MgCl::6H-0) nio wuac eucoxomemnepamypnoeo cywinus. Hasedeno ocHosHI
memnepamypHi emanu NOCII008HO20 BUOANEHHS KPUCMANIYHOI 800U, VMBOPEHHs
npomiochux ~ ciopamie  (MgCl>4H-O, MgCl:'2H>0) ma 6e3600n020 MgCl.
Y3aeanvneno excnepumenmanvHi i meopemuyri OaHi WOOo Mexanizmy oe2iopamayii

ma 8nuUBy UCOKOI memMnepamypu Ha CmadiibHICMb KPUCIALIYHOL CMPYKMYpPU.
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Bischofite (MgCl.-6H20) is a natural mineral and an important raw material
for obtaining anhydrous magnesium chloride, which is used in the production of

metallic magnesium and magnesium alloys.

a -
Fig.1 The crystal packing of MgCl.-6H-O in a parallel projection
approximately down the crystallographic c axis [1].

The principal difficulty in drying crystalline bischofite arises from its
pronounced susceptibility to dehydration at elevated temperatures, during which
water molecules are progressively removed from the crystal lattice of MgCl.-6H-0,
initiating the transformation of the hexahydrate into the tetrahydrate (MgCl.-4H-0)
[1,2]. Further heating leads to the disruption of the crystalline structure, accompanied
by the formation of oxychlorides (MgOHCI) and MgO [1,3].

The dehydration process of MgCl.-6H-O occurs stepwise with increasing
temperature. According to thermogravimetric studies [1], four successive stages can

be distinguished:
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1. 25-125 °C — removal of free (physically bound) water, formation of
MgClz-5H:0;

2. 125-175 °C — transition MgCl.-6H.0 — MgCl.-4H-0O, accompanied by a
mass loss of approximately 23.8%;

3. 175-205 °C — formation of the dihydrate (MgCl.-2H-0), during which a
total of five water molecules are removed,;

4. 205-260 °C — final removal of bound water and partial hydrolysis, which
may lead to the formation of Mg(OH)CI and MgO in the absence of a
protective atmosphere.

Thus, the dehydration of MgCl.-6H-O is completed at temperatures above
250-300 °C, when all six water molecules are lost from the crystal lattice [1].

Under industrial conditions, dehydration is carried out in fluidized-bed dryers
with controlled heating. According to the studies of Adham K. et al. [3], two key
stages are distinguished:

1. At114-120 °C — formation of the tetrahydrate MgCl.-4H-O;
2. At 175-180 °C — transition to the dihydrate MgCl.-2H-O.

Further heating above 320 °C leads to complete dehydration and the formation
of anhydrous MgCl.. However, at high temperatures (>300 °C), hydrolysis may occur
with the formation of MgOHCI. Therefore, in industrial installations, hot HCI gas or
an inert atmosphere is often used to shift the reaction equilibrium toward the
preservation of MgCl. [3].

The addition of KCl and NH4Cl salts helps stabilize MgCl. during high-
temperature dehydration. As shown in the study by Zhang Z. et al. [2], in the
MgCl.-:6H.0-KCI-NH4CI system, a complex NH.Cl-MgCl.'nH.O forms at
temperatures up to 300 °C, which suppresses hydrolysis. At 400-700 °C, a stable
compound KMgCls is produced, preventing the formation of MgO even at 700 °C.
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Thus, high-temperature drying in the presence of KCl and NH4Cl ensures
almost complete dehydration at 720 °C without magnesium loss and with an MgO
content of only 0.02% [2].

During the drying of crystalline bischofite (MgClz:6H20), it is extremely
important to maintain an optimal temperature regime that ensures the removal of
excess moisture without destroying the crystalline structure of the hexahydrate.

When the temperature rises above 110-120 °C, a gradual loss of crystalline
water begins (formation of MgCl.-4H-0O and MgCl.-2H-0), and further heating above
180-200 °C leads to partial dehydration and hydrolysis of MgCl. with the formation
of MgOHCI or MgO.

Therefore, to obtain high-quality, stable, and non-dehydrated bischofite, it is
necessary to maintain the drying temperature below the threshold of thermal

dehydration, thereby preventing the transition to lower hydrates.
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AHoOTanisA: PoszenaHymo numauHs — KOHYEHMpayituHoi noaspusayii  ma
MacooOMiny 6 bapomemMOpawHux npoyecax, ma OYIHEHO 6NIU8 Nnapamempis
MACOOOMIHY HA BeIUYUHY ONOPY WAPY KOHYEHMPAYIUHOI NOAApU3ayii.

KJIIOYO0BI CJIOBA: MEMBPAHA, MACOOBMIH, KOHL[EHTPAL[IPIHA
[TOJIAPU3ALLLA, OIIIP

Abstract: The issues of concentration polarization and mass transfer in
pressure driven membrane processes were considered, and the influence of the mass
transfer parameters on the value of the concentration polarization layer resistance
was evaluated.

KEY WORDS: MEMBRANE, MASS TRANSFER, CONCENTRATION
POLARIZATION, RESISTANCE

bapomeMOpaHHi MpolecH WUPOKO BUKOPUCTOBYIOTHCSA B XIMIUHIM, XapyoBiH,
(dapMareBTUUHIA TPOMHUCIOBOCTI, @ TAaKOX B KOMYHAJIbHOMY TOCIOJApPCTBi, MpHU
YoMy 3HAayHa 4YacTKa 3aCTOCYBaHHSA IIMX TIPOIECIB TMPHUIATAE HA CHCTEMH
BOJIOMMATOTOBKK Ta BOJOOYHINCHHS. [locmimoBHE 3pOCTaHHS BHKOPHUCTAHHS ITHX
IIPOIICCIB TIOB’s3aHE 3 PSAJIOM TEXHOJIOTTYHHX Ta €KOHOMIYHHX IIepeBar, TaKuX SK
BHCOKa €(eKTUBHICTh PO3JUICHHS Ta BIJIHOCHO HHU3bKI BUTpaTh eHeprii. OJHak,
ICHYIOTh eKCIUTyaTaIliiiHi mpoOaeMu, siKi 0OMEXYIOTh €(hEeKTUBHICTh Ta PO3IIMPEHHS

MOJIMBOCTE MEMOpaHHUX TeXHOJIOTii. B mepury yepry, po6ora 6GapomeMOpaHHUX
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MpoLEeciB OOMEXYEThCSl SIBUIIAMHM KOHIEHTPALIWHOI mossipu3anii Ta 3a0pyaHEHHS
noBepxHi MemOpaH [1].

B momepennix po6orax [2-3] Oyyo 3miliCHEHO crpoOy BUMIPSATH OIMIp IIapy
KOHIIEHTpAIIHHOI MOoJIApU3allii Ta BCTAHOBUTH BIUIMB Ha MOr0 BEIMYHUHY POOOYMX
napameTpiB. OTpuMaHi pe3yNbTaTH MOKA3ylOTh, 110 T1IPOJWHAMIYHI MapaMeTpH Ta
CKJIaJ PO3AUTIOBAHOTO pPO3YMHY Ma€ BIUIMB HAa BENUYMHY Rgp. OpHak B 1ux
JOCJIIDKEHHSAX HEJIOCTAaTHS yBara MpHAUIIIAcs MUTAaHHSAM MacooOMiHy, TOMY B IIii
poOOTI pO3TIASHYTO OIiHKAa KOe(DIIiEHTIB MacoBijaadi Ta BIUIMB iX 3HAYCHb Ha
BEJIMYMHY ONOPY 1Iapy KOHIIEHTPALIMHOI MOJISIpU3aliii.

Jlns  omiHKM 3HauYeHb KOEQIIIEHTIB MAacOBIAa4li BHKOPHUCTOBYBajacs
METO/IMKA, 3anponoHoBaHa Matcyyporo Ta [3mainom [4], sika rpyHTY€eTbCA HAa MOJAEII
po3unHEeHHS AUdY3ii, IKa OMUCY€E MPOIIEC 3BOPOTHOTO OCMOCY, Ta IUIIBKOBIA MOJE1
KOHIIEHTpAIifHOT mosisipu3aliii. TakoX BUKOPHUCTOBYBAJIUCSA EKCIIEPUMEHTAIBHO
OTpUMaH1 3Ha4€HHsI OTOKIB Yepe3 MeMOpaHy JiJIsl PO3UYMHIB XJIOPUIY HATPIIO.

3a pe3yabpTaTaMu PO3PAXYHKIB Ta €KCIEPUMEHTIB OTPUMAHO 3aJICKHICTh OTIOPY
mapy KOHIEHTpaliiHOT Toyspu3ailii B BeIWYMHU KoedillieHTa MacoBijaadi

(pucynox 1)

Pucynox 1 — 3asiexkHicTh onopy 1mapy KOHIEHTPaLIiHOI moasipu3anii Bij
KoedirieHTa MacoBiIayi
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Croctepiraerbcss 3MEHIICHHS BEJIWYMHHM OMNOPY IIapy KOHILEHTpPALiiHOT
noJisipu3aliii 31 30UIBIICHHSIM 1HTEHCUBHOCTI MacooOMiHy (30UIbIIeHHS KoedilieHTa
MmacoBignadi). Taki pe3ynpTaTH JO3BOJISAIOTH MPUITYCTUTH, IO ICHY€E 3aJIEKHICTh MIXK
UMU TIapaMeTpaMH, $Ky MOKHa OyJe BCTAaHOBUTH 3a pe3yJibTaTaMH OlIbIIOq
KUIBKOCTI €KCIIEpUMEHTIB, MpHU 00poOIll KX Oyjae BUKOPUCTaHA METOJIMKA, ONMCaHa
B pobOoti [4]. Takox AOUUIBHO MPOBECTH AaHAJIOTIYHE IOCHIHKEHHS IS PI3HUX
CKJIaJIIB PO3JIUIIOBAHOTO PO3YMHY, SIK I1e poOusiocs B poooTi [2].

OxpemMo BapTO BiJ3BHAYUTH, IO OTPUMaH1 pe3yNbTaTh MOXHA TPAKTYBAaTU SIK
TaKl, 10 A00pe Y3roKYIOThCS 3 TAKUMH MOITUPEHUMH MOJEISIMUA KOHIICHTPAIIHHOT
noJisipy3aliii sk TUTIBKOBA TEOpisl Ta MOJENb MOCIIJOBHUX OMNOPIB, K1 OINKCaHI B
pobori [1].
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JOCJIIKEHHSA TEIIVIOBUX BTPAT B OTOYYIOUYE CEPEJOBUIIE
NP MOBIJIBHOMY TPAHCHOPTYBAHHI TEIIJIOBOI EHEPTII
CTaplIvdi BUKJIagady, K.T.H., C.H.Cc. Konuk A.B.

HauionanbHui TexHiYHMil yHiBepcuTeT YKpaiHu
«KuiBcbknii mostitexnHiyauid iHcTUTYT iMeHi Iropst Cikopcbkoro»
IncTutyT Texniynoi tensiopizukn HAH Ykpainun

AHoTaNiA: V ceimi axmusHo po36UBAEMbCA HANPAMOK MPAHCHOPMYGAHH
mennoeoi enepeii 6i0 Oxcepeil 3eleHol eHepeemuKku 00 Bi00AIeHUX CNONCUBAUIE 3d
00NOMO02010 MOOINbHUX Menaosux akymyaamopis. Taki mennosi axKymyaiamopu
npayroioms y dianazoni memnepamyp 0o 200 °C i axymynsyiinum cepedosuujem €
MenioaKymyniondi peyosunu. B Oaniil cmammi npedcmasenieHo mamepianu
YUCEIbHUX MA eKCNEPUMEHMATIbHUX O0CTIONCEHb 3 BUSHAUEHHST MONCIUBUX MENIO08UX
empam npu pooomi MoOLIbHO20 mennogoco axkymyramopa MTA-0,5MBm e
omouyioue cepedoguwe. Heobxionicmv 00CNiONCeHb 3YMOBNEHA  BANCIUBICINIO
PO3YMIHHA ACNeKmy GNIUBY I30JAYIUHUX 3aX00I8 HA npoyec axymyasayii 6 npoyeci
MPAHCNOPMYBAHHS MENJ0B0I eHepaii y 3UMOBUl Nepioo.

KJIFOUYOBI CJIOBA: TEIUJIOBI BTPATHU, MOBUILHUM TEIJIOBUI
AKYMVIJIATOP, TEINIOAKYMVIIFOKOUA PIIMHA.

RESEARCH OF HEAT LOSSES TO THE ENVIRONMENT DURING
MOBILE TRANSPORTATION OF HEAT ENERGY
Senior Lecturer, Ph.D., S.N.S. Konyk A.V.
National Technical University of Ukraine
""Igor Sikorsky Kyiv Polytechnic Institute"
Institute of Engineering Thermophysics of the NAS of Ukraine
Abstract: The world is actively developing the direction of transporting

thermal energy from green energy sources to remote consumers using mobile thermal
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energy storage. Such thermal accumulators operate in the temperature range up to
200 °C and the accumulation medium is heat-accumulating substances. This article
presents materials of numerical and experimental studies to determine possible heat
losses during the operation of the mobile thermal energy storage MTA-0.5MW into
the surrounding environment. The need for research is due to the importance of
understanding the aspect of the influence of insulation measures on the accumulation
in the process of transporting thermal energy in winter.

KEYWORDS: HEAT LOSSES, MOBILE THERMAL ENERGY STORAGE,
HEAT-ACCUMULATING LIQUID.

Mema oOocnidsycenv — NOCHIAUTH TEIUIOBI BTPaTH B OTOYYIOUE CEPEIOBUIIE
MpU TPAHCMOPTYBAHHI TEIUJIOBOI €HEPTii 3 ypaxyBaHHSAM CTEMEHI aKyMyJAlii Mmpu
3aCTOCYBaHHI TEIJIOAKYMYJIIOIOUOI PIAMHY Y TTOPIBHSHHI 3 BOJIOIO.

Ha cporoaHimHiii JeHb y CBITI AKTUBHO pPO3BUBAIOTHCS TEXHOJIOTI, IO
J03BOJISIIOTh aKyMYJIIOBaTH TEIJIOBY EHEPril0 OJHOYACHO TPAHCHOPTYIOUU ii 10
BIITAJICHUX CMOXWBaviB. OJHUM 3 TEPCHEKTUBHUX 1 IIMPOKO JOCIIIKYBAaHUX
Croco0iB TPaHCHOPTYBAHHS TETUIOBOI €HEprii € 0e3TpyOHui crocid 3a J0MOMOTOI0
MOOUTRHUX TETUIOBUX akKyMyJsiTopiB [1, 2]. PoGounm «Tijom» mpu TakoMy CrocoOi
aKyMYyJIALIi 1 TPAaHCTIOPTYBAHHI, K MPABWIO, € TEIUIOAKYMYJIIO0UI pedoBUHH [3-5],
0 CHeIlaJbHO MiA0UPAOThCA ab0 CTBOPIOIOTHCA I TIEBHOTO Jliama3oHy
temnepatyp [6,7].

BaxxnuBuM acnekToM TpU TPAHCHIOPTYBAaHHI € BTPAaTH TEIJIOBOI €Heprii B
OTOYYIOUE CEpEeJOBUIIE, IO € OJHUM 3 KPUTEPIiB €(DEKTUBHOCTI 3aCTOCYBaHHS
MEBHOI KOHCTPYKUII MOOILIBHOTO TEIIOBOr0 akymyJisitopa. OLIHUMO MOKJIHMBICTb
TEIUIOBUX BTPAT MPHU TPAHCHOPTYBAHHI TEIUIOBOI €HEPTii 3a JOIMOMOTOI0 JTOCIITHOTO
3pa3ka MOOUTHHOTO TerioBOTO akymyisitopa MTA-0,SMBt y 3umoBwuii mepiog.
[IpoBeneMO poO3paxyHKOBI 1 EKCHEPUMEHTANIbHI JOCHIIKCHHSI JJII BHU3HAYEHHS

MOKJIMBHUX BCJINYHUH BTpPAT.
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[IpoBeneno pospaxyHok TtemioBux BTpar MTA-0,5MBT uepes kopmyc 3
ypaxyBaHHSIM pPEaJbHOrO poOOUYOro Jlana3oHy TEMIEpaTyp BCEPEIUHI TEIUIOBUX
aKyMyJIATOpIB €MHIiCHOro Tumy B Mexax Big 30 g0 90 °C. B mepimomy BuUmaaky
PO3paxyHOK IPOBOAWIM 3 YPAaxXyBaHHsAM, IO Yy TEIUIOAKYMYJIOIOUUX €MHOCTSIX
po3ramoBaHa Bojaa, puc. 1. Jlpyruii po3paxyHOK BpaxOBYBaB 3aCTOCYBAHHS
CTBOPEHOI TEII0AaKyMyJII0r0uoi pifuHu [8], puc.2. B pe3ynbrati Oyno BCTaHOBIIEHO,
00 B IbOMY BHIAJKy 3HAUEHHS BTPAT 3MEHIIYIOTHCS, IO MiITBEPIKYETHCS
eKCIIepUMEHTaJbHUMH  JaHuMH, puc.3 1 4. Po3paxyHKu MNpOBOAWINCH 3

BUKOPUCTaHHSM aJITOPUTMY MpoIucaHoro y mporpami Excel.

Q, kBT
640,00

320,00
160,00
50,00
40,00

20,00

1-1,4m3;2-2.5m% 3—5m% 4 — 1003,
Pucynok 1 — Po3paxyHkoBa 3aiexxHiCThb TerioBux BTpat MTA-0,5MBT Big 00’emy
€MHOCTI TEIUIOAKyMYJIIOI0YO1 PITUHU — BOJIU
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Q, kBT

640,00

320,00

-3
160,00

80,00
=2
40,00

20,00

1-1,4m%2-25m%3 — 5m% 4—10M°
Pucynok 2 — Po3paxyHKoBa 3a1exHICTb TeI1oBUX BTpaT MTA-0,5MBT Bi7 00’emy
€MHOCTI TEIUI0aKyMyJtor04oi piguau — TAM

3 MeTO 3arno0iraHHs MOMKIIMBHUX TEIJIOBUX BTPAT B KOHCTPYKIIII AOCIITHOTO
3pazka MTA-0,5MBT nependaueno map 130yl B CEKIIi aKyMyJsmii, SKy
3aMOBHUIM 3aIMBHUM TiHononiyperanom Elastopor H 1701/9 minenictio 10kr/m®
mapku Elastospray. Elastopor H 1701/9 mpusnadeHo aisi TEpPMOI30JIAIT BEITUKUX
00’eMiB. JlomaTKOBO B CEKIlli aKyMyJISIlii y MICIX BCTAHOBJIEHHS TEXHOJOTTYHHUX
poiietiB BMoHTOBaHO naneni JJCII Ta map BigOMBa0uoro yremitoBaya.

EdekTuBHICTh MpOBEAEHUX 3aXOAiB OyJIO0 MEpPEBIPEHO EKCHEPUMEHTAIbHUM
IUIIXOM, a caMe MPOBEACHO JOCHIDKCHHS 3 Bi3yalli3allielo 300pakKeHHS 3a
noroMororo cuctemu MoHiTopuHry OKO-PRO-X, temosizopy Ti-160 Ta mipometpy
CEM DT-8867H, y HiuHMiI Yac TIpu TeMmIeparypi OTodyrodoro cepemosumia «-1,0
oCx.

Ha puc. 3 naBegeno ckpinmot exkpany [IK cucremu monitopunry OKO-PRO-
X BCTAHOBJICHOTO y JOCJIITHOMY 3pa3Ky MOOIJILHOIO TEIIOBOro akymyinsaropa MTA-
0,SMBT y pexumi, MmO IMITYIOE TPAaHCIOPTYBaHHS MOOUIHHOTO TEIIOBOTO
aKyMyJISITOPY Ha BEJIHKY BiJICTAHb.
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Pucynox 3 — JlocnikeHHs TEIUIOBTPAT IIPHU TPAHCTIOPTYBAHHI MOOLITEHOTO
TertoBoro akymynsaropa MTA-0,5MBT

[TouaTkoBa TemmepaTypa aKyMyJIIOIOHOi PIIMHU B TEIJIOBHX aKyMYJSITOpax
emHicHOrO TUIy 61M36K0 72 °C. Uepes 13 romun iMiTamii TpancmopryBanas MTA-
0,5MBt Temmneparypa B emHocTax 3meHmmiaca Ha 1,0 °C. Illo cBimuuTh mpo
JOCTAaTHIM pIBEHb 130JIALIMHOINO Marepiady B CEKI[li akyMyJdlii 1 aJeKBaTHICTb
poootu MTA-0,5MBT.

ExcnepyMeHTanbHl  JOCHIJDKEHHS TEIJIOBUX BTpaT 3  3aCTOCYBaHHSAM
temioizopy Ti-160 ta mipomerpy CEM DT-8867H mns Bizyamizailii pe3ysbTaTiB
BUNPOOYBaHb, MPEACTABICHO Ha puc. 4. Sk BUIHO 3 UIHOCTpaIlii IPUCYTHI TEIUJIOBI
BTpaTH y BEPXHIN YaCTHHI KOPIYCY CEKI[ll aKyMyJIsIlii Ta B CEKIIii € BCTaHOBJIEHO
IHAUBITyaIbHUIA TersioBUM MyHKT. HeoOXxinmHO BpaxyBatu 11 A€EKTH 1 JOJATKOBO

YTETUIMTH KOHCTPYKIIIIO Ta TPYOOIIPOBOIN 1HAWBIIYATHbHOTO TETJIOBOTO MYHKTY.
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—

Pucynok 4. — TenoBi3iiiHa 3iil0MKa KOHCTPYKI[ii MOO1JILHOTO TEIJIOBOTO
akymyJsitopa kKouteiiHepHoro tuny MTA-0,5MBT

YepBoHi 30H Ha puc. 4 € B MICHAX aKyMYJSILIMHOI CEKIlli, J€ OYEBHIHO €
MOPOXKHUHU HE 3alOBHEHI TIHOMOJIypEeTaHOM Ta B CEKIli 1HAWBITYaJbHOTO
TEIJIOBOTO MYHKTY BHPI3HSAEThCA TPyOONpOBI 3 rapsuuM TerioHocieM. Jls
YCYHEHHSI BKa3aHUX HEJOJIIKIB HEOOX1AHO BXKUTU JOJATKOBUX 3aXOJIB JJIsI 130JISII11

TpyOOTIIPOBOY Ta 3aMIOBHEHHS HASIBHUX TTOPOXKHHH.

Ilepenik nocunanw
1. Li H., Wang W., Yan J., Dahlquist E. (2013). Economic assessment of
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CEKIIIS 2
«EKOJIOT'ISI TA TEXHOJIOTISI POCJIMHHMX MTOJIMEPIB»
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YAK 676.27

VYIOCKOHAJIEHHSI TEXHOJIOI'II BUPOBHUIITBA
EJEKTPOI3OJISIIIMHOIO KAPTOHY

MmaricrpanT Maptusiok B.B., cT. Buki. Ocranenko A.A.
HarnionanbHuit TeXHIYHUN YHIBEPCUTET YKpaiHu

«KuiBcbkuii monmiTexHiyHU 1HCTUTYT iMeH1 [ropst CikopchKoroy

AHOTAUIA: V pobomi posensinymo nanpsamu mMoOepHizayii mexHoni02iuHo20
npoyecy OMPUMAHHA — €l1eKMPOI30NAYIUHO20 KAPMOHY HA OCHO8I HeDileHOl
cynvpammuoi yemonosu. Illposedeno amaniz cyyacHux MmMexHiUHUX piuleHb O
B00CKOHANIEHHS NIO20MOBKU  BOJIOKHUCMOI MAcCU, ONMuMizayii po3mento8anHs,
nio8uUeH s pieHOMIpHOCMI CMpyKmypu ma 3HUNCEHMHSL nUMoOMOI
eLeKmponpo8IOHOCMI 20M0B0I NPOOYKYIi.

KJIIOYOBI CJIOBA: EJIEKTPOIZOJISILIMHUIN KAPTOH, LIEJIIOJIO3A,
PO3SMEJIIOBAHHSA, AIEJIEKTPMYHI BJIACTHMBOCTI, OYMIIEHHA MACH,
CTPYKTYPOYTBOPEHHA

EnexTpoizonsiiiHuii KapToH — II€ CHeIliaji30BaHui JUCTOBHI Martepial,
BUTOTOBJICHU 13 BUCOKOSIKICHOT JJOBrOBOJIOKHUCTOI IETIOJIO3U (3a3BUYaid Cylb(aTHOi
HeBuOUIeHo1). KapToH npuszHaueHuid aig 3a0e3MEUeHHS] €JEKTPUYHOI 1307111l B
CHEPreTUYHNX YCTAaHOBKAxX, 30KpeMa Yy CHJIOBHX TpaHchopMaropax, e 1301
MiITAETHCS BIUIMBY BHCOKOI HAINPYTH, TEMIIEpaTypH i TpaHCHOPMATOPHOTO Macia.
[30ms111iHUIT KQpPTOH BUTOTOBISAETHCS O€3 BBEICHHS XIMIYHUX JOTMOMIKHUX PEYOBHH,
11e MPAKTHYHO YHCTA IIEJI0JI03a BUCOKUM CTyIIeHeM ouMIeHHs [1].

VY 3B’SI3Ky 13 3pOCTaHHAM BHUMOT JO HAJIIMHOCTI CHJIOBHX 1 PO3MOIIIBIUX
TpaHc(opMaTopiB aKTyaJbHUM € IMIJABUIICHHS SKOCTI Ta CTa0IBHOCTI MOKAa3HHUKIB
€JICKTPOI30JIAIIMHOTO KapTOHY, IKUH € OCHOBHUM TBEPIUM 130JIALIIHHUM MaTepiajom

y TpaHcpopmaropoOynyBaHHi [2]. BiT4n3HsAHI BUPOOHUKHM MEPEBAKHO MPALIOIOTh HA
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oOnamHaHHI, MO eKcIuTyaTyeThes moHan 20—30 pokiB, 10 3yMOBIIIOE OOMEXEHHS 3a
TOYHICTIO MIATPUMAHHA TEXHOJOTIUHMX TMapaMeTpiB Ta pPIBHEM KOHTPOIIIO
BOJIOKHHCTOI cycrensii [3].

Jlnst  yImoCKOHAJEHHS TEXHOJIOTIT BUPOOHHUIITBA KAapTOHY 3alpONOHOBAHO
KOMILJIEKC TEXHIYHUX PIllIeHb, 110 OXOILUTIOE €Talu MPUoMy Ta PO3MYCKY Cylb(aTHOi
IIEJTI0I03HM, 0araToCTyneHeBe OYMINCHHS Mach, MOJEPHI30BaHE pPO3MEIIOBAHHS Ta
cTabumi3aIlil0  KOHIIGHTpaIlli Teped mnojader0o Ha  (HOpMyBaHHS  IOJOTHA.
BrnpoBamkeHHsT CydacHMX TiIPONMKIIOHIB O3BOJISIE €(DEKTUBHINIE BUIAISITH
MiHEpaJIbHI BKJIIOYEHHS Ta METaJIeBl YAaCTUHKH, [0 TO3WTUBHO BIUIUBAE Ha
JENeKTPUYHI TIOKa3HUKU. ABTOMATH30BaHE KEpPYBaHHsS 3a30poM Yy padiHepax
3a0e3neuye CTaOUIBHICTh CTYIIEHSI MIIMBA Ta MOBTOPIOBAHICTH MapaMeTPIB CTPYKTYpPH
kaprony [3]. Takok 3acTocyBaHHS CHCTEMH TOYHOI pEryisiii BHTpaTH Ta
KOHIICHTpAIlli Macu Ha MAalIWHHIA YacTUHI CIpHUS€ PIBHOMIPHOCTI TOBIIMHU Ta
IIUTPHOCTI  MMOJIOTHA 32 IIUPUHOK. BHKOPUCTaHHS ONTHMI30BAaHUX PEXUMIB
MIpECyBaHHS Ta CYIIIHHS crpusie GOpPMYBaHHIO OJHOPIIHOT CTPYKTYPH BOJIOKHA, IO
BXKJIMBO JIJIs1 €JIEKTPUYHOT MIIIHOCTI KapTOHY.

OuikyBaHHII TEXHOJOTIYHUM e(EeKT ToJisirac B MIJBHUINCHHI BUXITHOI SKOCTI
OpPOAYKIIi Ta  MOKpamieHHI  CcTaOUTbHOCTI  €KCIUTyaTallliHUX  [apaMeTpiB

Tpancdopmaropis [3].
Buxopucrani xxepeJia:

1. Poletto et al., 2012 M. Poletto, A.J. Zattera, M.M. Forte, R.M. Santana
Thermal decomposition of wood: Influence of wood components and cellulose
crystallite size // Bioresource Technology, 109 (2012), pp. 148-153

2. Fernandez-Diego, C.; Carrascal, I.A.; Ortiz, A.; Fernandez, 1.; Ferrefio,
D.; Diego, S.; Casado, A. Fracture toughness as an alternative approach to quantify
the ageing of insulation paper in oil. // Cellulose 2021, 28, 11533-11550.
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3. Mihajlovic, D.; Vasovic, V.; Lukic, J. /[ Development of New
Accelerated Aging Test for Comparison of the Quality of Different Insulating Papers
Based on Cellulose. // Polymers 2023, 15, 2556
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YK 676.2.026.5

YJIOCKOHAJIEHHS TEXHOJIOI'T CYIIIHHA Y BAPOBHUIITBI
SAXUIIEHOI'O ITAIIEPY
Mmarictpant [TopoxHuiok F0.B., k.T.H., no1. MoBuantok O.M.
HauionanbHuii TexHiyHuii yHiBepcuTeT YKpainu “KuiBcbkuii
noJriTtexHiyHui iHcTuTyT iMeHi Irops Cikopcbkoro”

AHOTAUIA: V pobomi 3anpononosaro cnocio nioguwyenus eghexmueHocmi
npoyecy CYWIiHHA 3axuujeno2o nanepy 0e3 NOO0BIHCEeHHS CYWUTbHOI YACMUHU
MAUUHU, WIAXOM 3ACMOCYBAHHSA MEXHON02li YOAPHO20 NOGIMPAHO20 CYULIHHSL.

KJIFOYOBI CJIOBA: 3AXMIIEHNN ITATIIP, CYUIIHHA,
PEKOHCTPYKUIA, ITPOAYKTUBHICTD, EKOJIOTTHHICTDH

[TinBuIeHHA eHeproe(eKTUBHOCTI Ta MPOAYKTUBHOCTI CYIIMJIBHUX YacTHH €
OJIHUM 13 TOJIOBHUX HAMPAMIB YAOCKOHAJIEHHS ManepopoOHUX MallIWH, 0COOJIUBO i
yac BHUpPOOHUIITBA CHEIIAJIbHUX Ta 3aXWIICHUX BHUJIB Mamnepy, M0 BUMAararoTh
CTa01IbHO1 CTPYKTYPH, OJHOPIAHOCTI Ta KOHTPOJIbOBAHOI BOJIOTOCTI MOJIOTHA.

OaHuM 13 TMEpPCHNEeKTUBHUX HAMPsMIB MOJEpHI3AIll CYHNIWIBHUX YacTHH €
BITPOBA/KEHHS TEXHOJIOTIT YAapHOTO CYIIHHSA, siKa peaiidyerhes y cuctemi OptiDry
Vertical, mo po3pobnena kommaniero Valmet. Ils cuctema m03BOJIIE CYTTEBO
30UTHIIUTH €(EeKTUBHICTh CYIIIHHS 0€3 3HA4YHOiI PEKOHCTPYKIli MAaIlMHU, 0 €
0COOJIMBO BaXKJIMBUM JIJIS1 ICHYIOUMX JIIHIA BUPOOHMIITBA 3aXUIIEHOTO Marepy.

Mera po06oTH — TIABUIIMTH MPOIYKTUBHICTH, CTaOUIBHICTH Ta SKICTh
CYUIIHHS NIIISIXOM BIpoBapkeHHs cuctemu OptiDry Vertical y cymmneny wactuny
nanepopoOHOi MAIIMHU 3 BUTOTOBJICHHS 3aXUILEHOTO Marnepy.

TexHonorist yaapHOro TMOBITPSHOTO CYIIIHHS TPYHTYETbCS Ha MOjAayl
BHCOKOIIIBUIKICHOTO TIOTOKY Tapsiaoro MoBiTps Oe3mocepeiHhO Ha BOJIOTE MarepoBe
nosiotHo. [loTik moBiTpst 3 Temmnepatyporo 10 400 °C 1 mBuakictio 100 — 130 M/c
CTBOPIOE I1HTEHCUBHUU TEMJIOOOMIH 1 BHUIAPOBYBAHHS BOJIOTM 3 MANEpOBOrO
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nosiotHa. Takuil MeTol Mae HHU3KY IepeBar: 3HA4YHO KOPOTIIMM dYac CYIIiHHS;
MOXJIMBICTh 30UIBIICHHS IIBUJKOCTI MaIllMHM O€3 3HWIKEHHS SKOCT1 CYIIiHHS,
PIBHOMIpHUH PpO3MOIIJA BOJOTOCTI Ta TEMIEpaTypw II0 IIMPWHI [OJOTHA;
MOKpAIIEHHs] KEPOBAHOCTI MPOIECY CYIIIHHA B PEeXHUMiI 3MIHH CcOpTiB. Bucoka
IIBUJIKICTh TIOBITps 3a0e3reuye BUNApoBYyBaHHs Boyiord a0 130 kr/(M?rox), 110
NEPEBUILY€E MPOAYKTHUBHICTh 3BUYAMHUX CYIIMJIBHUX MApOBUX HMWIHIPIB Yy 2 — 3
pasu [1 — 3].

Cucrema OptiDry Vertical —  BepTUKaJbHO pO3TalllOBaHA CYIIMJIbHA
YCTaHOBKA, M0 CKJIAJIAE€THCSA 3 IBOX TEPMETUYHUX KOXKYXIB 13 TA30BUMU MAJIbHUKAMH,
BEHTWJIATOPAMH IUPKYJIALIi, MOBITPONPOBOJAMHU TO/aul Ta BiJBEACHHS MOBITPS, a
TakoXX OJIOKa peKymeparlii Teria. Y cepeauHi KOXKyX1B pOo3TallloBaHl OMOPHI Bajiu Ta
MOBITPONPOAYBHI  SIIUKH, 10  (QOPMYIOTH  CTaOUIbHY TMETII0  MOJIOTHA.
BucokoremnepaTrypHe MOBITPsSI MOJAEThCA Y€pE3 COIUIOBI IJIACTUHU IMIJl KYTOM [0
MOBEPXHI MOJOTHA, 3a0€3MeUyI0Ur MaKCUMaIbHy €()eKTUBHICTh TEIJIOOOMIHY.

Ha puc. 1 mnokazaHa KOHCTPYKIISl TOBITPSIHOI CHUCTEMH BEPTUKAIBHOI
cymmibHOi ycraHoBku OptiDry Vertical xommanii Valmet. MoHTtax cucremu
BUKOHYETHCS y TIepIiit a0 Ipyriid CymuabHINA TPy, TOOTO Ha eTari, KOJU CyXICTh
MOJIOTHA CTaHOBUTH 45 — 55 %. lle no3Bosi€: MIABULIMTH TEMIEpaTypy MOJOTHA
nepea MOAAIBIIMM CYIIIHHSM, 30UTBIUMTH THCK Mapu B LWIIHApPax 0e€3 pPHU3UKY
MOPYIICHHS HUIICHOCTI MOJOTHA, MIABUIIMTH 3arajbHy IMBUAKICTH JiHII. CHcTema
MOHTY€TbCS Yy MiABAJbHIN YaCTHUHI CYIIMJIbHOI CEeKIii, 0€3 HeOOXITHOCTI TEMOHTaXY
Yyl 3MIHM KapKacy MAalllUHU. 3aBAsKA KOMIIAKTHIM KOHCTPYKIli yCTaHOBKAa €
i7leaIbHUM PILICHHSAM 711 MOJCPHI3AIIil AiF0unX marnepopoOHux Mamud [1, 2].

OcHoBHi nepeBaru cuctemu OptiDry Vertical mnst mamuH i3 BUTOTOBIICHHS
3axuieHoro namepy [2]:

— TIJBUIICHHS MIBUIKOCTI BUPOOHUIITBA 0€3 3HIKEHHS SIKOCTI Tarepy,
— TIOKpAIIIEHHS PIBHOMIPHOCTI BOJIOTOCTI Ta HATATY MOJIOTHA,;

— 3HWKEHHS BUTPAT 3aBJASIKM PEKyMepallii Termia;
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— MiHIMaJIbHI OyTiBEJIbHI 3MiHH;
— CKOPOYCHHS Yacy IMPOCTOI0 Ha MOJCPHI3AIliI0;

— KOPOTKHH Mepioj] OKYITHOCTI 1HBECTHIIIH.

Puc. 1. IloBiTpsiHa cuctema cymmibHOI yecranoBku OptiDry Vertical [1]:
| — cymmnpHUM IMTIHAP; 2 — TanepoBe MOJI0THO; 3 — KOXKYX; 4 — MaricTpaib
MPUILTMBHOTO MOBITPS; S — OJIOK peKymnepallli Teria; 6 — MaricTpaib BUTSHKHOTO
MOBITPS; 7 — MoJlava ra3y; 8 — ra30BUM MaTbHUK; 9 — MUPKYISIINHIN BEHTUIISTOP;

10 — omopHi BamuKu

VY kommanii Steinbeis Papier GmbH (Himeuuunna), mo B 2009 p. peanizyBana
MPOEKT MoOJIepHi3alii cBoei manepopobHoi Mammuu PM 4 i3 BHUKOpUCTaHHAM
cuctemu OptiDry Vertical, MonTax TpuBaB nuiie 14 AHiB, a 3amycK BiI0yBCS BXKE€ Ha
12-ii nenn [3]. Hocmimkenns [1, 2] mokasanau, 1o 3arajibHE €HEPrOCIOKHBAHHSI
CymMiabHOT YacTuHU Tipu BropoBamkeHHl OptiDry Vertical 3anmmiaetbes Ha piBHI
TPAJAMIIITHOrO CYUIIHHS, ajlé YacTHHA MapoBOi €HEPrii 3aMillly€ThCS MPUPOIHUM

ra3oM, CIAJIIOBaHHA SKOIo Ma€ MCHII HEraTUBHUM BIUIMB Ha HaBKOJIMIIHE
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cepenoBuIe. 3aBasiku e(EeKTHBHIINNM TeIulonepenauyl W pexynepamii Temia 3
BIJIITPAI[bOBAHOTO MOBITPsI, piBeHb BUKUIB CO2 MOXe OyTH 3HAYHO 3HUKEHUH.

Jie3gaTHicTb HOBOI KOHIEMNIIi Oyna mepeBipeHa Ha MUIOTHUX MAaIIMHAX 31
mBuakictio Big 600 mo 2400 m/xB. 3a mBuakocti Mamumau MeHme 600 M/XB
JOCTaTHBbO BAJIKIB 3 TJAJKOI TMOBepxHEro, 3a mBuakocti Big 600 mo 1500 m/xB
HeoOXimH1 pudaeHi omopHi Banky. Hapemri, Ha HAWBUIMX MIBHAKOCTSX, MOHA
1500 m/xB, HEOOX1IHO 3aCTOCYBaTH BakyyM. Bakyywm, II0 CTBOPIOETHCS OIMOPHUMH
BaukamMu VacRolls, ycyBae HaymmikoBuii THCK, SSKAW CIIPHUSIE BiJl €THAHHIO MaIrepy
BiJl cykHa. BakyyMHi Banuku MaroTh pudeHy MoBepxHIo 3 mnepdopariero. Bonu
BCMOKTYIOTh TIOBITpS dYe€pe3 OTBOPH B COPOUIN, CTBOPIOIOYU PO3PIIKEHHS Y
XKO0JIO0Kax, M0 1 yTPUMYE Tamip y NOCTIHHOMY KOHTAKT1 3 CYKHOM B KOXH1M 4aCTHHI
BEPTUKAILHOI neTi [1].

OptiDry Vertical miaxoauTh JUis BCIX COPTIB Mamepy Ta KapTOHY, 1 MOXe
BUKOPHCTOBYBATHUCS 3 Oy/Ib-sIKOI0 KOMIUICKTAIIIE€I0 CYIMILHOT YaCTHHU MamyHu. Ha
puc. 2 300pakeHO BCTAHOBIICHHS 111€1 CYIIMIBHOI CUCTEMH HA MAIIIMHI 3 OJTHOPSITHUM

PO3TaIIyBAHHAM CYIIUJIBHUX LIWIIHJIPIB.

L™
&y
~
L*
Iy
&

Puc. 2. Bcranosnenns OptiDry Vertical B cymuibHii 9acTHHI 3 OTHOPSAIHUM

pO3TaIlyBaHHAM CYIIWIBHUAX HWTIHIPIB [1]
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Takum umHOM BcTaHOBIeHHS cuctemu OptiDry Vertical ma mamepopoOHy
MaIllMHy 3 BHUTOTOBJICHHS 3axXHIIEHOTO TMamepy 3a0e3MeunTh KOMIUICKCHE
MiABUIICHHA €(EeKTHUBHOCTI Mpoliecy CyIIiHHSA. TexXHOJoris yAapHOTO MOBITPSHOTO
CYIIHHS JO3BOJUTH 301IBIIUTH IIBUIKICTH 1 MPOAYKTHUBHICTh CYIIMJIBHOT YacCTHHHU
MalHu 0e3 ii MOJOBXKEHHSI, MOKPAIMTH PIBHOMIPHICTh CYIIIHHS Ta SKICTh TOBEPXHI
namnepy, 3Hu3uTd BUTpatd napu U BUKUAU CO2, CKOPOTUTH TEPMIHM MOHTaXy Ta
okymHocTi iuBectuiiii. OptiDry Vertical € onTuManbHUM pIIICHHAM IS
MOJICpHI3aIlli  mamepopoOHWUX  MAalluH, OpPIEHTOBAHMX HA  BHUPOOHMIITBO
BHCOKOSIKICHOTO 3aXMIIEHOTO TMarepy 3 KOHTPOJIbOBAHUMHU MapaMeTpaMH BOJIOTOCTI,
TOBIIMHU Ta ONTUYHUX BIACTUBOCTEH.
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ABSTRACT: The paper presents a study of wire water formed during the
fabrication of cellulose membranes from organosolv cellulose obtained from
Miscanthus x giganteus. The results show that the water has stable pH values and
does not contain toxic components, confirming the environmental safety of the
process. Slight increases in turbidity and color were observed, while all other
parameters met the requirements of DSTU 7525:2014.

KEY WORDS: ORGANOSOLV CELLULOSE, MISCANTHUS x
GIGANTEUS, CELLULOSE MEMBRANES, WIRE WATER

JOCJIIKEHHSA IMIACITKOBUX BOJA BUPOBHULITBA LHEJIIOJIO3HUX
MEMBPAH
K. T. H, 1o1ieHT TpemOyc 1. B., acnipant 'anontok A. C., crynent Kucnumit B.B
Kadenpa ekomnorii Ta TEXHOJIOT1i pOCIMHHHUX MOJIIMEPIB
HauionanbHuil TEXHIYHUNA YHIBEPCUTET YKpaiHU
«KuiBchKkuii oM TeXHIYHUHN THCTUTYT iMeHI1 [ropst CikopchKoroy,
AHOTAIIS: ¥V po6oTi peAcTaBIeHO pe3yJbTaTH JOCHIIKEHHS MM1ICITKOBUX
BOJ, WO YTBOPIOIOTHCS TiJ Yac BUTOTOBJIICHHSA LETIOJIO3HUX MeMOpaH 3
OpraHOCOJIBBEHTHOT IIEJIOJIO3H, OTPHUMaHOi 3i creben Mickantycy (Miscanthus x
giganteus). BcraHoBieHo, 1m0 Boja Ma€ CTaOLIbHI MOKa3HMKH pH 1 He MiCTHUTH

TOKCUYHUX KOMIIOHEHTIB, IO IMiJTBEP/HKYE EKOJIOTIYHY O€3MeUHICTh MPOIIEeCy.
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Croctepiraiocst He3Ha4HE MIABUIIICHHS KaJIaMyTHOCTI Ta KOJIbOPOBOCTI, TO/1 AK 1HIII

IMoKa3HUKH Bignosigamu Bumoram JICTY 7525:2014.

KJIIOYOBI CJIOBA: OPI'’AHOCOJIbBEHTHA
LHEJIIOJIO3A, MISCANTHUS x  GIGANTEUS, HEJIOJIO3HI MEMBPAHU,
I[HIACITKOBI BOJIU

The production of cellulose membranes from oxidized—organosolv cellulose
obtained from renewable plant-based raw materials, particularly Miscanthus X
giganteus stems, contributes to reducing the adverse environmental impact of
industrial processes [1, 2]. Nevertheless, despite the advantages of implementing such
technologies, the issue of handling process water generated during the sheet-forming
stage — commonly referred to as wire water — remains a significant environmental
concern [3].

In the process of producing membranes from modified cellulosic fibers, an
important environmental aspect is the analysis of the resulting process water.
These effluents contain fibrous semi-products, residual chemical reagents,
monomers, stabilizers, as well as suspended filler particles (such as bentonite,
activated carbon, etc.), which may have an adverse impact on the environment
in the case of uncontrolled discharge [2, 3].

In this regard, a study was conducted on the fabrication process of
cellulose membranes from organosolv cellulose derived from Miscanthus [4],
along with an assessment of the quality of the wire water generated during their
formation. The obtained results provide a basis for the environmental
evaluation of the production process and substantiate the feasibility of
implementing closed-loop water circulation systems within the membrane
formation technology.

The study employed two types of filter materials based on oxidized—organosolv

cellulose obtained from Miscanthus stems.
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The first type was fabricated from oxidized-organosolv cellulose fibers
that had been pre-modified with an aminating reagent in the amount of 40% of
the absolutely dry fiber mass.

The second type of filter material was also produced from oxidized—organosolv
cellulose fibers pre-modified with an aminating reagent in the amount of 40% of the
absolutely dry fiber mass. During the sheet formation process, polyvinyl alcohol
(PVA) was added to the fiber suspension in an amount corresponding to 20% of the
absolutely dry fiber mass.

During the study, the main quality parameters of the wire water generated
during the fabrication of the mentioned membranes were analyzed. The
obtained results were compared with the corresponding quality indicators of
the process (tap) water (Table 1).

Table 1 — Quality parameters of wire water

Process Wire water after Wire water after
water fabrication of membrane fabrication of membrane
Parameter type 1 type 2
Odor at 60 °C ) 2 2
Turbidity, mg/dm3 2,0 3,0 5,3
Color, degrees 35 56 65
Dry residue (total 200
mineralization), 149 459
mg/dm?
Hydrogen index, pH 6,5-85
y. J P 6-7 6-7
units
Total hardness, 5
7 8
mmol/dm3
Chlorides, mg/dm3 23 24 46
Oxidizability, 5
10 12
mgO2/dm?
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The obtained research results indicate that the wire water formed during the
fabrication of cellulose membranes from organosolv cellulose derived
from Miscanthus exhibits stable acid—base balance parameters (pH 6—7) and contains
no aggressive or toxic components, confirming the environmental safety of the fiber
modification process. The main factors affecting the quality of such water are the
presence of fine-dispersed particles and residual organic compounds, which cause an
increase in turbidity and color. The values of dry residue, chlorides, and oxidizability
do not exceed the regulatory limits established by DSTU 7525:2014 [5], confirming
that the water meets environmental quality requirements. To minimize the
environmental impact of production, it is advisable to implement closed water
circulation systems or apply preliminary treatment of wire water using filtration,
coagulation, or sorption methods. The obtained data confirm the feasibility of
environmentally safe cellulose membrane fabrication, provided that the quality of

process water is continuously monitored.
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YK 628.16:661.183
MOJAU®IKALISA BYTJIEHEBUX MATEPIAJIIB JJJISI IOKPAIIIEHHSA
IXHbOI COPBUINHOI 3JATHOCTI 1O CIOJIYK 3AJII3A TA
MAHTI'AHY.
Marictp Jlimenko 1. YO., nonent, k.1.H., TBepaoxiido M. M.
HarrionanbHuii TEXHIUHUHN YHIBEpCUTET YKpaiHu

«KuiBchKkHii MONMITEXHIYHUHN IHCTUTYT 1MeH1 [ropst CikopchbKOTro»

AHOTANIA. V naniii poOOTI pO3MIIAHYTO METOIU MOAU(DIKAIIi BYTJIeleBUX
MaTepiaiiB JJIsl MiABUIIEHHS COPOIIHOT EMHOCTI Ta CEJICKTUBHOCTI IO BITHOIIIEHHIO
710 10HIB 3aJ113a Ta MaHTaHy, 0 MOXYTh OyTH BUKOPUCTAaH1 B TEXHOJOTISIX OYUILEHHS
BOJIM.

KJIIIOYOBI  CJIOBA:  3AJII30, MAHI'AH, MOIU®IKAILIA,
AJZICOPBLIA, IMTHA BOJIA.

[Ipobniema 3a0pyAaHEHHS BOAHUX PECYpPCiB, OCOOJHUBO MIA3E€MHUX BOJ,
BHUCOKMMHU KOHIIeHTpamisiMu Pepymy Ta MaHrany € mpuTtaMaHHOIO JUisi OaraThbox
perioHiB Ykpaiau. Xod4a Il MeTaad BITHOCSATHCS O MIKPOCJIIEMEHTIB, 1X HaJJIUIIOK
MPU3BOJUTH JI0 3HAYHOIO TMOTIPUIEHHS OPraHOJENTHYHUX Ta (DI3UKO-XIMIYHUX
BJIACTMBOCTEH BOJAM, IIO B CBOI 4Yepry BIUIMBAIOTh Ha 370pPOB’S HACEJCHHS.
Tpaaguiiiini MeToau BOJOOYHUIIEHHS, Takl SK aepailisi, OKUCHCHHS XIMIYHUMH
peareHTaMM Ta XIMIYHE OCa/DKEHHS, MAalOTh CYTT€BI OOMEXeHHS. XIMIYHe
OCa/UKEHHSI, HE3BaKal0UM Ha CBOK €(EKTUBHICTh, NPU3BOIUTH OO YTBOPEHHS
BEJIMKHUX OOCATIB IJIaMy, 10 30UIbLIY€E eKCIUTyaTaliiHl BUTPATH HA MOro MOAaIbUIy
0o0poOky. EnexkTtpoximMiudi MeTOAHM, XO04a 1 MOXYTh 3MEHIIUTH KOHIICHTPAIIO
METaJiB, € CHEPrOEMHUMHU. Y I[bOMY KOHTEKCTI aJICOpOIIiiHI METOIU MOXYTh OyTH
BHCOKOC(EKTUBHOIO  AIbTEPHATHBOIO, M0  XapaKTepU3YEThCSI ~ HU3BKUM
€HEeproCroXUBAHHSM, MPOCTOTOIO MPOLECY, BUCOKOI €(PEKTUBHICTIO BUAAJICHHS Ta
MOTEHIIITHOK MOXIIMBICTIO pereHepailii aacopoenty [1].
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AxtuBoBane Byriwis (AB) ta OioByrums (bB) € ogaumMu 3 HalOLIBII
JTOCIIIDKYBaHUX MaTepiajiiB JJIsl aAcopOIii 3aBsSKH iXHIM BUCOKIM MUTOMIM TTOBEPXHI1
BEIIMKOMY TOPUCTOMY 00'eMy Ta JOCTYMHOCTI BHXIZHOI CcHUpoBUHHU. OgHaK
HeMOo 1M (DiKOBaH1 BYyTJICIIEBl MaTepiaJii MatOTb OOMEKEHY XIMIUHY CEJICKTUBHICTh Ta
HEJOCTaTHIO KUIbKICTh AaKTUBHUX (DYHKIIIOHAIBHUX TPYN JJis1 €(PEeKTUBHOIO 1
CEJICKTMBHOTO BHJAJCHHS 10HIB (epyMmMy Ta MaHrany. Tomy nis 301IbIIEHHS
azcopOLiifHOT  3aTHOCTI ~ MaTepialy HeoOXigHa IUJIeCIpsSMOBaHa  XIMi4HA
Moau(ikaris, sika TMoJsATrae y BBeICHHI OKCUAIB abo okcuriapokcuaiB Fe ta Mn [2].
KpiMm Toro, npu BHIaJ€HHI CHOJIYK 3ajli3a Ta MAaHTaHy BaXJIMBO BPAaXOBYBAaTH, IO
MPOIIEC YacTO BKJIIOYAE OKHCHO-BIIHOBHI peakmii. Mopgudikaiis copOeHTy 3
YTBOpPEHHSIM Ha Horo moBepxHi, Hampukiag MnO; ab6o Fe3Os nHamae oMy
KaTAJITUYHUX BJIACTUBOCTEH. BHKOpHUCTaHHS TakuX KaTaJITUYHUX 3aBaHTaXCHb
703BOJIsI€ €(DEKTUBHO MOETHYBATH OKHCIICHHS PO3YMHEHHUX (DOPM 3ajli3a Ta MaHTaHY,
iX MoJable 0CaKEHHS y BUTJISII HEPOZUMHHUX CIIONYK Ta (PIIBTPAIiI0 IUX OCalIB
B 00'eM1 0THOTO (DUITBTPYBAJILHOTO arapary.

B ocHOBy Hammx JOCHIIKEHb MOKJIAIEHO pO3poOKy MeToay Moaudikarii
COpOEHTIB NUIAXOM IOCIIJIOBHOI PEAareHTHOI Ta TEPMIYHOI OOpPOOKH BYTJICIIEBUX
MarepiaiiB. 3anporOHOBAaHUH MiIX1] J03BOJIsIE (DOPMYBATH Ha MOBEPXHI BYTJICIIEBUX
MaTpuilb (YHKI[IOHATIBHI TPYNH Ta LEHTPH, SIKI 3a0€3MEUYIOTh BUCOKY CEJIEKTUBHICTD
1 copOmiifHy €MHICTh WIOJ0 10HIB 3adiza Ta wMapranmo. OUiKyeThes, M0
BUKOPUCTAHHA TaKUX MOAM(IKOBAHUX COPOEHTIB CYTTEBO MiABUUIUTH €KOHOMIYHY
BUIOJly Ta €KOJIOTIYHYy O€3MeKy MpOLECIB BOJOOYHUILIEHHS, CHOPHUSIIOYU CTBOPEHHIO

OUIBII CTIMKKNX, €DEKTUBHUX PIlICHb Y cepl BOJOMIATOTOBKH.
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FEATURES OF DOCUMENT PAPER PRODUCTION
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Master’s Students Stepanyshyna A., Porokhniuk V.
National Technical University of Ukraine
“Igor Sikorsky Kyiv Polytechnic Institute”

ABSTRACT: This paper examines the production of document paper using
cotton and hemp fibers, kaolin as a mineral filler, and rosin as a sizing agent. It
analyzes the chemical processes involved in fiber delignification, filler dispersion,
and hydrophobic film formation on the sheet surface. The combination of plant-based
raw materials with functional additives improves paper strength, water resistance,
and dimensional stability, reduces cellulose consumption, and ensures compliance
with archival standards.

KEYWORDS: DOCUMENT PAPER, COTTON, HEMP, KAOLIN, ROSIN,
SIZING

OCOBJUBOCTI BUPOBHULITBA JOKYMEHTHOTI' O ITAIIEPY
K. T. H., 1o1ieHT TpemOyc 1. B., marictp Crenanummna A., [Topoxntiok B.
HauionanbHuil TEXHIYHUNA YHIBEPCUTET YKpaiHu
«KuiBChbKUM OMITEXHIYHUHN THCTUTYT iIMEHI [ropst CiKOpChKOTO»

AHOTAIS: Pozenanymo ocobaueocmi 6upobHUymea 0OKyMeHmHo20 nanepy
3 BUKOPUCMAHHAM OABOBHAHUX [ KOHONWJSIHUX B0JIOKOH, KAOAIHY SIK MIHEpPAIbHO20
HANoOBHIO8AYA Ma KAHIPOILHOI cMoaU K npoxieroowoi peyosunu. Ilpoananizosano
XIiMIYHI  npoyecu, OenicHiQikayito B0JIOKOH, OUCNEPeYBaHHS HANOBHI08AYA MA
ymeopeHHs 2i0poghobHOI niieku Ha nosepxHi apkywia. Bcmanoeneno, wo noeconanns
0082080JIOKHUCMOI POCIUHHOI CUPOBUHU 3 (DYHKYIOHANbHUMU O000ABKAMU 00380JI€
NOKpawumuy MiyHicms, 6000CMIUKICIMb | cMAOIIbHICMb PO3MIPI6 nanepy, 3MeHuumu

BUMPAMU HA YeNroa03y Ma 3abe3neuumu 8i0N08IiOHICMb apPXiBHUM CIAHOAPMAM.
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KJIFOUYOBI CJIOBA: JJOKYMEHTHUHU IIAIIIP, EABOBHA, KOHOII/II,
KAOJIIH, KAHI®OJIb, IIPOKJIEFOBAHHA

In modern document paper production, there is a growing interest in the use of
alternative raw materials and functional additives that improve physical and
mechanical properties, reduce production costs, and ensure long-term durability of
the product. Particular attention is given to plant fibers such as cotton and hemp, as
well as to mineral and organic components, including kaolin and rosin resin.

Cotton cellulose is a traditional base material for the production of high-quality
document paper. It contains up to 95% a-cellulose and has a low content of lignin and
hemicelluloses, which ensures color and pH stability [1]. Cotton fibers can reach
lengths of up to 50 mm, contributing to the formation of a dense sheet structure with
high tensile strength. In an agueous medium, they form hydrogen bonds that enhance
the mechanical durability of the paper [2].

Hemp fibers, containing up to 77% cellulose, are characterized by high rigidity,
low hygroscopicity, and natural antimicrobial activity [3]. Their use helps reduce
paper deformation under varying humidity conditions and increases abrasion
resistance. Before being used in paper production, the fibers undergo a delignification
process — the removal of lignin using various chemical reagents, which ensures the
preservation of the carbohydrate backbone of cellulose.

Mineral fillers, particularly kaolin, play an important role in shaping the optical
and printing properties of paper. Kaolin is a hydrated aluminum silicate
(Al2Si20s(OH)4) characterized by a plate-like structure and particle size of 1-10 um
[4]. Its introduction into the paper pulp increases sheet opacity, whiteness, and
surface smoothness. During production, kaolin is added as an aqueous suspension at
pH 6-8, which is evenly distributed among the fibers. Electrostatic interactions
between kaolin particles and cellulose fibers contribute to the stabilization of the
sheet structure [5].
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In addition, kaolin can partially replace cellulose, thereby reducing the
consumption of primary raw materials. According to manufacturers, the use of kaolin
in an amount up to 15% of the dry mass maintains high-quality performance while
reducing cellulose consumption by 8-10% [6]. Calcined kaolin, which undergoes
thermal treatment at temperatures above 600 °C, possesses a porous structure and
high whiteness, making it an effective substitute for titanium dioxide [7].

To ensure water resistance and surface stability of paper, sizing agents are
used. One of the most common is rosin resin—a product of pine resin processing that
contains up to 90% resin acids, primarily abietic acid (CisH20COOH). In a neutral
medium, rosin undergoes an esterification reaction with the hydroxyl groups of
cellulose, forming a hydrophobic film that reduces capillary water absorption [8].

The sizing process is activated using aluminum-based coagulants, particularly
aluminum sulfate (Al2(SO4)3), which facilitates the fixation of rosin on the fibers. In
an aqueous medium, AI** ions form complex compounds with the carboxyl groups of
resin acids, ensuring stable attachment of the hydrophobic layer [9]. The melting
point of rosin is 100-120 °C, allowing its use under the thermal drying conditions of
paper production without loss of properties [10].

Experimental studies show that the use of rosin resin at a concentration of 0.5—
1.0% provides water resistance of up to 80%, while maintaining sheet flexibility and
mechanical strength [10]. At the same time, an excessive amount of rosin may reduce
ink adhesion and cause surface defects; therefore, it is important to adhere to
technological standards.

The combination of cotton and hemp fibers, kaolin, and rosin resin enables the
production of document paper with superior performance characteristics. Such paper
exhibits increased strength, water resistance, dimensional stability, and durability,
meeting the requirements of ISO 9706 and DIN 6738 standards. Further research in

document paper production technology should focus on optimizing the chemical
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processes of sizing and exploring new environmentally friendly components capable

of enhancing paper properties without harming the environment.
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ABSTRACT: The paper examines the characteristics of raw materials used in
the production of document paper. The chemical composition of cellulosic fibers of
wood and nonwood origin and their influence on the physical, mechanical, and
optical properties of the final product are analyzed. The requirements for fiber
purity, whiteness, and length, as well as the role of mineral fillers and sizing agents
In paper structure formation, are described. It has been established that an optimal
combination of cotton, wood, and recycled cellulose ensures the required strength,
dimensional stability, and long-term preservation of document paper in accordance

with quality standards.

KEYWORDS: DOCUMENT PAPER, CELLULOSE, FIBERS, COTTON,
FILLER, SIZING

CHUPOBHMHA J1JIs1 BUPOBHUILTBA JOKYMEHTHOI'O ITAIIEPY
K. T. H., jouieHT TpemOyc 1. B., marictp [lopoxntok B., Ctenanummna A.
HanionansHuit TeXHIYHUN YHIBEPCUTET YKpaiHU
«KuiBChbKUI MOMITEXHIYHUHN THCTUTYT IMeHI Irops CiKOpChbKOTro»

AHOTAIIS: Pozensanymo ocobaueocmi cuposuHu, uwjo 8UKOPUCMOBYEMbCIL OJis
8U2OMOBIEHHSL OOKYMeHmHO020 nanepy. l[Ipoananizo8ano XimiuHuil cK1ao yearo103Hux
B0JIOKOH 0€peBHO20 Ma HedepesHO20 NOXOOMCEHHS, IX 6NIUE HA (I3UKO-MeXaHiuHi ma
ONMUYHI 81ACMUBOCTI 20mM080I npodykyii. OXapakmepuzo8aro 8UMo2u 00 YUCMOMU,

binocmi ma O00BIHCUHU BOJIOKOH, a MAKONC pPONb MIHEPAbHUX HANOBHIOBAUIS 1
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NPOKIEIOIOUUX peyosuH y opmysanHi cmpykmypu nanepy. Bcmanoeneno, wo
ONMUMAIbHEe NOEOHAHHS OABOBHAHOI, 0epe8HOl ma 8MOPUHHOIL Yeaton03u 3abe3neuye
HeoOXiOHY MiyHicmb, cMAOiIbHICMb PO3MIPI6 | mpusaie 30epicants OOKYMEHMHO20

nanepy 6i0nogioHo 00 cmaHoapmis.

KJIOYOBI CJIOBA: JJOKYMEHTHHUHU TAIIP, [IE/IFOJIO34, BOJIOKHA,
BbABOBHA, HAIIOBHFOBABAY, [IPOKJIEFOBAHHA

In the technology of document paper production, the raw material determines
the main performance and evaluation characteristics, such as whiteness, durability,
mechanical strength, dimensional stability, and archival permanence. Therefore,
when designing the formulation, the primary attention is given to the quality of the
fibrous component, the chemical composition of fillers, and the type of sizing agents
used.

The primary component is fibrous semi-finished materials. Traditionally, the
production of document paper favors semi-finished products with a high content of a-
cellulose, minimal ash content, and low residual lignin, as these properties reduce the
risk of sheet yellowing and oxidative aging. The technological principles of pulp
preparation and adherence to processing conditions have a direct impact on the final
quality characteristics of document paper [1].

Alongside traditional wood cellulose, recent Ukrainian research has shown a
growing interest in nonwood semi-finished materials — agricultural fibers and
production residues. Studies indicate that under optimized delignification and
mechanical treatment conditions, these nonwood materials yield semi-finished
products that can be used as a partial substitute for wood cellulose in paper
formulations, with only a moderate effect on the sheet’s strength and optical
properties. This approach opens the way to reducing production costs and increasing

the local material self-sufficiency of the paper industry [2, 3].
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Cotton and bast (flax/hemp) cellulose occupy a special place in the
formulations of high-quality document paper. These fibers provide enhanced
durability and resistance to oxidation; therefore, they are often used in archival-grade
products. Studies devoted to the physicochemical properties of plant fibers report a
high a-cellulose content in cotton and a long fibrous structure of flax and hemp
materials, which contribute to the formation of a strong fibrous matrix and
improvement of the mechanical performance of paper [4].

In parallel with fibrous components, mineral fillers are used to form a high-
quality and aesthetically smooth paper surface. Among them, kaolin stands out for its
high whiteness and plate-like morphology, which reduce ink absorption, enhance
surface smoothness, and improve the optical properties of the sheet. Research on the
use of kaolin focuses on its quality and the technologies of enrichment and
calcination, which allow the fillers to be adapted to the requirements of the pulp
composition while minimizing adverse effects on inter-fiber bonding [5, 6]. However,
an important consideration is that increasing the filler content beyond the
technologically justified limits may weaken fiber bonding; therefore, in document
paper formulations, the proportion of kaolin and similar additives is typically limited
and strictly controlled [5].

Functional additives — sizing agents — determine the interaction of paper with
moisture and ink. Natural sizing agents (for example, rosin) are used to impart
internal or surface hydrophobicity to the sheet. Their action is realized through
chemical bonding with the hydroxyl groups of cellulose and fixation by aluminum
salt-based coagulants. In practice, this approach reduces capillary absorption and
ensures print clarity; however, excessive use of sizing substances may compromise
compatibility with coloring systems [7, 8].

To enhance the structural stability of paper and improve its optical properties,
complex additive systems combining mineral and organic components can be

introduced into the pulp. Such compositions enable a uniform distribution of fillers
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within the fibrous matrix and promote better interaction among kaolin particles,
cellulose fibers, and sizing agents. As a result, the risk of sheet delamination is
reduced, while surface smoothness and opacity are improved, along with a decrease
in dye consumption during printing [5, 6].

A successful combination of all components namely wood and nonwood fibers,
carefully selected mineral fillers, and moderately dosed sizing agents makes it
possible to produce document paper with high-quality performance characteristics.
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BIIJIUB MPOLIECY PO3BOJIOKHEHHS CYJIb®ATHOI HEBUBIJIEHOI
XBOHHOI ITEJIIOJIO3U HA SIKICTh BOJIOKHUCTOI MACH
[Ileropmora T.B., marictpanT, Yepbornikina P.I., k.T.H., T101IeHT
HarionaneHuii TEXHIYHUM yHIBEPCUTET YKpaiHH
«KuiBcbkuii monmitexHiyHU iHCTUTYT iMeH1 [ropst CikopchbKOTroy
AHOTOLIA. Oxapaxmepuzosano  npoyec  pO3NycKy  BONOKHUCHUX
Hanigabpuxamie 3  nepsuHHo20  8on1okHa.  OOIpyHmosaHo  eubip  muny

2idpopo3zbusaua.

INFLUENCE OF THE PROCESS OF DISCHARGE OF UNBLEACHED
SULPHATE SOFTWOOD CELLULOSE ON THE QUALITY OF PAPER PULP
Shchegortsova T.V., Master's student, Cherepkina R.I., Ph.D., Associate Professor
National Technical University of Ukraine
"lgor Sikorsky Kyiv Polytechnic Institute"

ABSTRACT. The process of dissolving fibrous semi-finished products from primary

fiber is characterized. The choice of the type of hydrocracker is justified

Ha cborozniiHiil 1eHb cyib(arHa HeBUOUIEHA Ta BUOIJIEHA XBOMHA LIEITI003a,
B OCHOBHOMY, BHUKOPHUCTOBYETHCS [JI1 BHUPOOHMIITBA KapTOHY, OCKUIbKU
XapaKTEepPU3YEThCA BUCOKHUMU MANEPOTBOPHUMU BIACTUBOCTAMH. OHAK BOHA BAXKO
MIIJAETHCS PO3MENTIOBAHHIO, 110 HEOOX1/IHO BPaXOBYBATH Y BUIAJIKY ii BAKOPUCTAHHS
Yy TEXHOJIOTIYHOMY TIOTOIIl BUTOTOBJICHHSI KapTOHY. YacTKOBO TaKy 3aKOHOMIPHICTH
MOXKHA TMOSCHUTU OUIbII PIBHOMIPHUM pO3TAIIyBaHHSAM 3aJUIIKOBOTO JITHIHY Ta
TeMIIETIONI03 BIIMO TOBIIMHU BTOPWUHHOI CTIHKH, IO 301IbIIyE Yac MPOCOYCHHS 1,
BIJINOBI/IHO, HaOyXaHHS TEMIIEI0N03, BiJ SKUX 3QJICKUTh SKICTh (DiOpUITIOBaHHS
BOJIOKHA. Po3moai JirHiny 1 reMilesroio3 3a TOBIIMHOK KIITUHHOI CTIHKU BOJIOKHA

HaBejieHo Ha puc.l [1].

247



36ipuuk Te3 nonosineii XXXV Beeykpaincbkoi HayKOBO-IpakTUYHOI KOH(pepeHuii cTyaeHTIB,
acmipaHTiB i MoJsionux BueHux “O0JaTHAHHSA XiMiYHUX BUPOOHHMUTB i MiANPHEMCTB OyaAiBeIbHUX
MarepiaiiB”

Jhrsn s

-l S 52 Sy &

Pucynoxk 1 — Po3moais JgirHiHy 1 TeéMilesntoa03 3a TOBIIMHOK KIITUHHOI CTIHKH
BOJIOKHA!
1) cynbdiTHa; 2) cynb(arHa 1enra03a

CynbpaTtHa HEBUOUIEHA XBOWHA UEIION03a XAPAKTEPU3YETHCS BUCOKOIO
MILIHICTIO 32 PaxXyHOK HassBHOCTI JOBTUX BOJIOKOH Ta MEHIIOI KIJIBKOCTI MIKPOTPIIIMH
y BOJIOKHI, III0 BAPTO BPaxoByBaTH JUIsl PO3MYCKaHHS ii B amaparax Oe3nepepBHOI a0o
MEePIOANYHOT Jii.

Po3myck 1 pO3BOJIOKHEHHS BOJOKHUCTHX HamiB(paOpukaTiB € MepIIoro
TEXHOJIOTIYHOIO CTaJI€I0 B CHUCTEMI TMepepoOSieHHS iX Ha BOJOKHHUCTY Macy.
OCHOBHMM 3aBJIaHHSM Ha I[iIM CTaJli € 3MOUYBaHHS IIEJIIOJIO3U BOJIOIO, SIKa MPOHUKAE
y TOpU, IO TPHU3BOAUTH N0 HaOyXaHHS BOJIOKOH IS KpPAIloro IMOAABIIOTO
(G10prIOBaHHSL BOJIOKOH TiJ 4Yac PO3MENIOBAHHSA. Y pe3yapTari MK BOJOKHAMU
PO3pHBAIOTHCS MIIHI BOJHEBI 3B’S3KM 1 BIIOYBAa€ThCS 3aMIIICHHS IMX 3B’S3KIB
cimabuMH BOJHEBMMH MOCTHKaMu. Bopma Bimirpae poib MacTuia, 3a paxyHOK YOro
3HMXKYETBCSL TEPTA MUK BOJOKHamu. Lli (i3uKo-XiMIYHI BIACTHBOCTI 3a0€3MEUYyIOTh
CIPUSATIMBI IEPEAYMOBH ISl PO3BOJIOKHEHHS IIEJTIOJIO3H Y araparax pi3HOTO THITY.

MeTor po3nycky i pO3BOJIOKHEHHSI IIETIONIO3U € OIIAJJIUBE PO3AIICHHS
BOJIOKOH IT1/1 BIUTMBOM BOJIY JIJISl MAKCUMAJIBHOTO 30€pEeKEHHS iX SIKOCTI.

PyiiHyBaHHS LUTICHOCTI LETIOJIO3HOTO JIMCTAa Ta MOro pPO3BOJIOKHEHHA Y
BOJHOMY CEpEeIOBHII BiIOYBAETHCSA 3a PaXyHOK J1i HA HBOTO T1APOJAMHAMIYHUX 1
MexaHluHuX TporeciB. [leil BmIMB BUHWKAE 3a PaxyHOK TiAPaBIIYHUX TMOTOKIB Y
BOJIHOMY CEpPEIOBUII, SIKI TMPUBOMATh Yy PyX MNy4dKH 1emtoiao3u. OcoOnauBiCTIO

riApaBIIYHUX MOTOKIB € HASBHICTh Y HUX MIBUAKICHUX rpajaieHTiB. Okpemi mapu
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MOTOKIB PyXaIOThCS 3 PI3HOIO IIBUJKICTIO 1 HABITh y PI3HUX HampsiMax. Y pe3yibTari
BUHUKA€E PYWHIBHUHN BIUITUB HA MTyUYKH IEJIONIO3H, SIK1 3HAXOASTHCS Y IIUX I1apax.

OnHOuYacHO B TIAPaBIIUYHUX MOTOKAX amapariB My4yKd BOJIOKOH MiA Yac pyxy
CTHUKAIOThCS 13 CTIHKaMH amapariB, peOpaMu, OJUH 3 OJHUM Ta OTPUMYIOTh YJapHI
IMIYICH 1 JIOJATKOBO PO3AUISIOThCSA. JloJaTKOBUIMT MEXaHIYHUA BIUIMB ITYYKU
BOJIOKOH OTPUMYIOTh 32 PaXyHOK TEpPTS 1 3CYBY Ha CTIHKax amapariB, MiXK OKPEeMUMU
My4YKaMH, Tij] 9ac MPOXO/KEHHS Macu MO MOBEPXHI poTopa. 3a paxyHOK CHJ TEpTA
BiJIOYBa€ThCS PO3MIJICHHS IMYy4YKiB BOJOKOH B 3a30paXx MK PYXOMHUX 1 HEPYyXOMHUX
efneMeHTIB amnapariB. OCKUIBKM MIIHICTh BOJIOKOH, 3 SIKMX CKJIQJA€ThCS KapTOH,
CYTTEBO NEPEBUIIY€E MIIHICTh BOJIOTOTO JIUCTA, TOMY MEXaHIUHI BIUIMBHU JO3BOJISIOThH
PO3AUIATH iX HA OKpEMI1 BOJIOKHA 0€3 MOPYIIEHHS 1X HIJTICHOCTI.

[Tpu HagMIpHOMY THCKY HiJ] Yac pO3MyCKaHHS Macu B1IOYBA€ThCSI YKOPOUECHHS
BOJIOKOH, 1110 HEraTUBHO BIUIMBA€ HA SKICTb MacCH, BIANOBIAHO OTPUMYIOTH 3HM)KEHI
MOKa3HUKA MIIHOCTI PO3PHUBHOI JOBXKHHH Ta OIOpPY PO3AUPAHHIO TOTOBOTO
KapTOHHOTO MOJO0THA. TakoX, sIK HAC/IIJOK, MOKJIMBE [MOTaHE 3HEBOJHEHHS MAcH Mij
yac (popMyBaHHS MOJIOTHA HA KAPTOHOPOOHII MalllHHI.

OnHaK BaXJIMBOIO METOIO PO3IYCKY TaKOX € MEPETBOPEHHSI CyXOro BOJIOKHA Ha
BOJIOKHHCTY CYCIEH310, 1[0 B MOJAIBIIOMY HaJAaCTh MOXKIIMBICTH ii TIEpeKauyyBaTu 3a
JOTIOMOTOI0 HACOCIB JJIsi BUKOPUCTAHHS B TEXHOJOTIYHOMY moToli. Tomy BHOIp
riapopo3OuBada morpedye 0coOIUBOI yBaru, ajke MpOIEeC PO3BOJIOKHEHHS € Ie U
Iy’K€ EeHepro3arparaum [2].

OpHuM 13 MOTY)KHUX Ta OILIAJJIMBUX BHUIB OOJagHAHHS JJIsi MEPIOAMYHOI Ta
Oe3mepepBHOI pOOOTH MPOTIOHYETHCS 00patu rigpopo3omsau Bij kommanii ANDRIZ

mozem FibreSolve [3], 30BHIiMIHIN BUIIS AKOTO HABEACHO Ha puC. 2.
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Pucynok 2 — Beprukanpuuii rigpoposousau Big ANDRIZ moneni FibreSolve
FSV

a) B 300Ky 0) BHJ B pO3pi3i

Takuii Tigpopo30uBau 10AaTKOBO MOJIepHiI30BaHUN poTtopoM FSV, (puc. 3), mo
Oyno nmpe3eHToBaHo B 2024 porii 3a6e3neuye BUCOKY MPOIYKTUBHICTh PO3BOJIOKHEHHS

3 HU3bKUM BUKOPHUCTAHHAM eHepri'l'.

Pucynoxk 3 — Konctpykitis rigpoposousaua Bigx ANDRIZ moneni FibreSolve
FSV:
a) BUJI 300Ky; 0) B 3BEpXy
1) BanHa; 2) potop; 3) HOXKI; 4)cOpTyBalibHA CITKA; 5) KOPIYC BaJIbHMUIII; )

KOPITYC BUITYCKY, 1110 Ma€ MOTOBIIEHHS; 7) 3y04acTUi MPUBIiJ
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[lepeBaramu 11i€i Mojeni MOXHa BBaXKaTH PO3POOKY JUTOTO poTopa 3
0COOJIMBOIO KOHCTPYKIIIE€IO JIOMAcTe, SKI Y XOJ1 pOOOTH CTBOPIOIOTH IUPKYIISIIIIO
MacH, 3a0e3medyrodr BHCOKY €(EeKTHBHICTh Ta 3MEHIICHHS EHEPTOCIOKWBAaHHS.
Potop, mo posramoBaHuW BHU3Y Yallll ONTHUMI30BAaHO TakK, MO0 MAaKCUMAaJbHO
CTBOPUTHU TMOTYXKHUHN MOTIK Macu, 10 po3mycKaeThes. Llentono3a cupsMoByeThCs 10
IIEHTPY, a TMOTIM TOBEPTAEThCA N0 CTIHOK. ImeanmbHe pilieHHS s JTOBTUX
HEBUOIJIEHUX XBOMHHUX BOJIOKOH, aJ[’Ke PO3IYCK B1AOYBAETHCS HMUIIXOM TE€PTS BOJIOKOH
onuH 00 omHOTrO. MiITHAa KOHCTPYKIIiS TiZpopo30uBada, nepeadadae, B CBOIO Yepry,
3MEHILIEHHs BlOpalii y 30HI poTopa, a TOMY MOAOBXKYE CIYKOy HIJIIMIHHUKIB Ta
MPUBOJYy 1 HE NOTpedye MOCTIMHHOTO OOCIYyroBYBaHHS, IO 3MEHIIYE KIJIbKICTh
MPOCTOIOBaHHS 00J1aTHAHHS.

TexHOMOTIYUHMMH  TIepeBaraMu  TaKOX  BBaXKAIOTh  BUCOKUH  e(dexT
PO3BOJIOKHEHHS, HU3bKI BUTPATU €HEPrii, MOXJIMUBICTh 3aCTOCYBAaHHS JIs PI3HUX
BH/IIB BOJIOKHUCTUX HariBpaOpHUKarTiB.

3aranbHi XapaKTepUCTUKH PSTy MOJIEIe HaBeleHo y Tao. 1.

Tabmus 1 — 3araneHi XapaktepucThku rigpopo3ousada Big ANDRIZ cepii

FibreSolve FSV

Yucruii 06'em | BctanoBnena
(Net volume), | motyxnicts (Installed
Cepis Monenb m? power), kBt
FSV1-06, FSV1-09,
FSV1 FSV1-12 6-—12 45— 160
FSV2-16, FSV2-20,
FSV?2 FSV2-26 16 — 26 110 — 355
FSV3-33, FSV3-43,
FSV3 FSV3-56 33 -56 200 — 800
FSV4-72, FSV4-90,
FSV4 FSV4-120 72 -120 500 — 1500
Jliteparypa:

1. Yepbonkina PI., TpemoOyc 1.B., Heiixyn .M. Texuonoris BUpOOHUIITBA

CyNb(haTHOT LIETION03U: MAPYUHUK TS CTYA. creniaabHocTl 161 «XiMiuH1 TeXHOOT1i
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YK 504:628.4:661.1
CYYACHI HIIXOAM MONEPEJTHBOI OBPOBKH, YTHUIIBAIIII TA
3AXOPOHEHHS ®PAPMAINEBTUYHUX BIAXOIIB.
Marictp Ymsos I. J1., noueHr, k.T.H., TBepnoxmnido M. M., nonent, A.1T.H., Tpyc 1. M.
HarionanbHuii TEXHIYHUIN YHIBEPCUTET YKpaiHU
«KuiBcbkuii momiTexHiuHuM 1HCTUTYT iMeH1 [ropst CikopcbKkoroy

AHOTAUIA. V pobomi posensinymo memoou ymunizayii gpapmayesmuyHux
8i0X00i8, 30KpemMa Cnanlo8aHHs  (HAUNOWUPEHTWUL — Memod), 3aXOPOHEHHs,
KOMROCMYBAHHSA, A MAKOMC 3aX00U U000 3MEHUIeHHs YMBOPEeHHs 6i0X00i8, ix

noemopHoi 0opodKuU ma nepepooxu.
KJIIOUOBI CJIOBA: ®APMAIIEBTUYHI BIAXOAU, YTWIIZAILILLA,
CITAJIIOBAHHS, EKOJIOTTYHA BE3ITEKA.

Bigxomu dapmarieBTHUHOI raigy3l € CKIQJHUMHU 3a CKIIAJIOM 1 MOTPeOyrOTh
PETENBHOTO YIPABIIHHS Yepe3 iXHIM MOTEHIINHUN BIUIMB Ha 3J0POB’Sl JIOJMHU Ta
noBkULIsA. KoskeH Tum BIIXOMIB Mae CBOi OCOOJMBOCTI, IIO 3yMOBIIIOIOTH BHOIp
BUIMOBIIHOTO  MeToay  yrwmizamii.  Halimommpenimn — Metogu — yTwitizamii
(apMalleBTUYHUX BIJXOJIB BKJIIOYAIOTh TEPMIYHI HpoLecHu (BHCOKOTEMIIEpATypHE
CIAJIIOBAaHHS, aBTOKJIaBYBaHHS, OOpOOJICHHS maporo, rasudikaiis Ta MIpoJIi3,
Ma3MoBa razudikailis), XIMIUHI Mpolecu (HelTpamnizamito Yu oOpoOKy XIMIYHUMU
pEYOBHHAMHM), MPOLIECH ONPOMIHEHHS (10HI3ylH0u€ — Y-TIPOMEHI, PEHTTEHIBChKE Ta
yibTpadiosieToBe ONMPOMIHEHHS, MIKPOXBHJIbOBA 00p0OOKa) Ta 1HIIT METOIU 0OPOOKHU
1 yTumizamii (3aXOpOHEHHS Ha CIIeIliali3oBaHUX IOJIIrOHaxX, MepepoOKy Ta MOBTOPHE
BUKOpUcTaHHA). [{I MeToan 3acTOCOBYIOTHCS 3aJie’KHO BiJ THUITY BiJIXOJIIB, IXHBOTO
XIMIYHOTO CKJIaly, PiBHS HEOE3MeKH Ta BUMOT 3aKOHO1aBCTBa [1].

BucokoremriepaTypHe CHaIOBaHHS € OJHUM 13 HAWMOIIMPEHINTUX METO/IIB
yrwmizaiii  gapMareBTUYHUX  BIAXOAIB, OCOOJHMBO JJii TOKCHUKOJIOTIYHO Ta
iH(peKiiHO HeOe3neyHux BiAXOAIB (IMTOTOKCHMYHI Npernapatd, AaHTUOIOTHKH,
MIPOCTPOUECHI JIIKH, 3a0pynHeHi OiojoriyHi Marepianu). Lleit mMerox mnepenbauae
CHAJIOBAHHS BIIXO/IIB y CHeliani3oBaHuX nevyax npu remneparypax Big 800 go 1200
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°C, a 11 AesIKUX KaTeropid BiAXO/IB, TaKuX sIK uTocTatuku, — a0 1400 °C. Bucoki
TeMIiepaTypyu 3a0e3leuyloTh IOBHE 3HUIICHHS aKTHUBHUX (apMaleBTUUHUX
IHTPE/IIEHTIB, MMATOTCHIB 1 TOKCUYHUX CIIOJIYK, & CY9aCHI CUCTEMU OYHINCHHS BUKHUIIB
(Hampukaa, CKpyoepH, eeKTpopIbTPH) MIHIMIZYIOTh BUKUAM JIIOKCUHIB, (PypaHiB 1
IHIIMX I[IKIAJUBUX TOKCHKAHTIB y artMmochepy. IlepeBarm wmetomy: BuHCOKa
e(eKTUBHICTh, 3MEHIICHHS 00csary BimxomiB 10 90-95% Ta MOXIUBICTH
BUKOPHUCTAHHA 3aJUIIKOBOI eHeprii. OHaK METOJ Ma€ HEAOIIKU: BUCOKY BapTiCThb
oOJslalHaHHS Ta eKCIUTyaTarlii, HeOOX1IHICTh CYBOPOTO KOHTPOJIO BUKHJIB 1 PU3HUK
YTBOPEHHS TOKCHYHUX TMOOIYHUX TMPOAYKTIB TPU HEAOCTATHHO  BHUCOKHX
TeMIlepaTypax 4 HEHAJICKHOMY OUMILEHHI Ta3iB. B YkpaiHi BucokoTeMIiepaTypHe
CHAJIOBAHHS 3aCTOCOBYETHCSI Ha CIHEIllali30BaHUX MIMPUEMCTBAX, aje KUIbKICTh
TaKMX yCTaHOB OOMEXeHa, a iXHI MOCIYTH € JOPOTMMH, [0 YCKIATHIOE JOCTYI JJIs
MaJuX MEIUYHHUX 3akiajiiB 1 antek. Kpim Toro, Opak cydacHMX CHCTEM OYMIICHHS
BHUKUJIB Ha JACSIKUX MNIANPUEMCTBAX CTBOPIOE €KOJIOTTYHI PU3HKHU.

ABTOKIJIaBYBaHHS € MOUIUPEHUM METOJOM YTUII13aMii 1HPEKI1ITHO HeOe3NeUHNX
BIJIXO/IIB, TAKUX SIK BUKOPWUCTaHI IIIPHUIM, CUCTEMH Js 1H(]Y31il, OMHTH YU BaTHI
TaMIIOHU, 3a0pyAHeH1 OiojoriyHuMU pinuHamu. Llelt meton mepenbauvae oOpoOKy
BIIXOJIIB Mapol0 TMijJ] BUCOKUM THUCKOM 1 TemmepaTyporo (3azBuyait 121-134 °C) y
CHeriaJbHuX AaBTOKJAaBaxX, III0 3HHINYE TATOTeHHI Mikpoopranizmu. [licis
aBTOKJIABYBAaHHS BIJIXOAM BTpayaroTh I1HQEKIIHHY HeOe3neky 1 MOXyTh OyTu
YTHJII30BaH1 K 3BUYaiiHi MOOYTOBI BiIX0oAu ab0 mepeaaHi Ha MOoAalIbIly MepepooKy.
ABTOKJIaBYBaHHSI TIMPOKO 3aCTOCOBYETHhCS B MEIWYHUX 3aKiagax g 00poOKu
BiIX0iB Kareropii B. [lepeBaramu MeTo 1y € #OTO BIZHOCHA IIPOCTOTA, JOCTYIHICTS 1
HU3bKa COOIBApPTICTh MOPIBHSIHO 31 CHATIOBAaHHSAM, a TaKOXX BIJICYTHICTbH HIKIJJTUBUX
BUKUAIB y aTtMocdepy. OaHaK aBTOKJIaBYBaHHS HE 3HUIIYE XIMIYHO aKTHMBHI YU
TOKCUYHI KOMIIOHEHTH, TOMY HE MIIXOJUTh JIJI BIAXOIB, 110 MICTSTh ITUTOCTATUKU
gy 1HII HeOe3nme4yHi pedoBUHHM. KpiM TOrOo, aBTOKJIABOBaHI BIIXOAM BCE IIIE
NOoTpeOyIOTh  MPABWIBHOTO  3aXOPOHEHHS YW  MepepoOKH, 100 YHHUKHYTH

3a0pynHeHHs 10BKULIA. B YkpaiHi aBTOKIaBU € B 0araThbOX BEJIUKHUX JIKAPHSX, aje
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iXHE BUKOPHUCTAHHS OOMEXKEHE B HEBEJIMKUX MEIUYHUX 3aKiIajlax 4epe3 BHUCOKY
BapTICTh 00JIaJHAHHS Ta MOTPEOY B PETYIIPHOMY TEXHIYHOMY OOCITYTrOBYBaHHI.

XiMiyHa  HeWTpamizamis BUKOPHUCTOBY€ETHCA IS 3HEIIKOKEHHS
(dhapMareBTUYHUX BIAXOIB, IO MICTITh XIMIYHO aKTHBHI a00 TOKCHYHI PEYOBHHH,
Taki SIK 3aJUIIKH PEaKTHUBIB, aKTHUBHI (apMalleBTUYHI 1HTPEHIEHTH YU BIAXOAU
naboparopHux gochimkeHb. lled merox momsArae y BUKOPHUCTAHHI XIMIUYHUX
peareHTiB (KUCJIOT, JyTiB, OKUCHUKIB) JIsl HEUTpami3alii HeOe3MeYHuX KOMITOHEHTIB
BIJIXO/1B, MIEPETBOPEHHS 1X y MEHIII TOKCHYHI a00 HETOKCUYHI crioryku. Hampukman,
KHCJIOTHI BIIXOJAM MOXYTh HEWUTpami3yBaTUCA JIyraMH, a OpTraHiyHI CIOJIYKH —
OKHUCJIIOBATHUCS 10 O€3MEeUHUX MPOIYKTIB, TAKUX SIK BYTJICKUCIUH a3 1 Boja. XiMiuHa
HEWTpami3allis 4acTO 3aCTOCOBYETHCS MJIs PIAKUX BIAXOIIB, TaKUX SK PO3UYHHH,
BUKOPHUCTaHI Y BUPOOHMIITBI UM JIAOOPATOPHUX JTOCHIKEHHAX. MeTosl epexTuBHUM
JUIS BIAXOJMIB 13 BIJIOMHM XIMIYHHUM CKJIQJIOM, TaKMX SK IPOMHCIIOBI BIIXOJH YU
3aIIMIIKH eKCIIEPUMEHTAIBHIX MpenapaTi. oro mepeBarn BKIIOYAIOTh MOKIIMBICTH
0o0poOKM BIAXOAIB Ha Micli (B J1a0OpaTtopisix 4M Ha NIAIPHEMCTBAX), BIIHOCHO
HU3bKY BapTICTh MOPIBHSHO 31 CHAJTIOBAHHSAM 1 3MEHILIEHHS PU3HKY BHUKHIIB Y
noBkiIg. OMHAaK XiMiYyHA HEHTpamizaiis Mae OOMEXKEHHS: BOHA HE MIAXOJIUTh IS
BCIX THUNIB BIAXOMIB, OCOOJMBO i TBEPAUMX UM OI0JOrIYHO 3a0pyIHEHHX
MarepiaiiB, 1 TOTpedye TOYHOTO 3HAHHS CKJIATy BIIXOJIB JJI BUOOPY MPaBUIBLHUX
peareHTiB. HemnpaBuibHe 3aCTOCYBaHHS MOKE NPHU3BECTH /IO YTBOPEHHS HOBHX
TOKCUYHUX crnoiayk. B VYkpaini xiMiyHa HeHTpamizallisi BUKOPUCTOBYETHCS
MEepPEeBAXHO B HAYKOBO-JOCHIJIHMX YCTaHOBAaX 1 BEIUKHX (apMaleBTUYHUX
MIIMPUEMCTBAX, aje 1ii 3acToCyBaHHS oOOMekeHe uepe3 Opak KBaji(hiKOBaHOTO
IepcoHaIy Ta 00JIa HAHHS.

3aXOpOHEHHS Ha CHellali30BaHuX MOJITOHAX 3aCTOCOBYETHCS IS YTHIII3allii
MEBHUX KaTeropii ¢apmarieBTUYHUX BIJIXOJIIB, IKI HE MOXKYTh OyTH nepepoOieH] uu
3HEIIKO/KEH1 1HIIMMU METOJaMH, HAmpWKIad, I 30JId, M0 3aJUIIA€ThCS TiCIs
CHAJIOBaHHs, a00 [ HETOKCUYHUX TMOOYTOBUX BIAXOAIB (apManeBTUYHUX
MIINPUEMCTB (Tamip, MIacTUK, kapToH). CrerianizoBaHi MOJITOHU 1JIs1 HeOe3MeUHUX

B1IXO/IB 00JIaTHAHI CHCTEMaMU 130JIA1111, 1100 3amo0IrTH MPOCOYYBAHHIO TOKCUYHHX
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PEUYOBHH y TPYHT 4M Mmij3eMHi Boju. llelt meTon € edeKTUBHUM JJIs BIIXOJIB 13
HU3BKUM PIBHEM HeOE3IeKH, ajieé Moro 3acToCyBaHHs i (hapMalleBTUYHUX B1IXOI1B
oOMeXeHe uepe3 BHUCOKHM pHU3MK 3a0pyIHEHHS JJOBKULIS TpPU HEHAICKHOMY
oOyamTyBaHHI MOJIroHiB. [lepeBaramMu 3aXOpOHEHHS € BIIHOCHA MPOCTOTA Ta HU3bKA
cOOIBapTICTh, OJHAK HEMOJIKH BKJIIOYAIOTh MOTPEeOy y BENHMKIA IUIONI 3eMII,
JOBTOCTPOKOBHM BIUIMB Ha JOBKULIS Ta PU3HK BHUTOKY TOKCHYHHX pPEYOBHH. B
VYkpaiHi crenianizoBaHUX MOJITOHIB Ui (apMalleBTHUHUX BIJIXO/IB HEIOCTATHbHO, a
OUTBIIICTH 3BAJIMII HE BIAMOBIAAE CYYaCHUM €KOJIOTIYHUM CTaHJapTaM, III0 CTBOPIOE
PU3UK 3a0pYTHEHHS I'PYHTIB 1 BO/I.

[lepepoOka 3acTOCOBY€TbCA 10 MEHII HeOe3NeyHUuX (papMaleBTUIHHUX
BIIXO/IB, TaKWX SK TaKyBajdbHl Marepiadu (CKIsHI (PIaKoOHM, IJIACTUKOBI
KOHTEWHEpHU, KapTOH, METaj), a TaKoX /0 MOOYTOBHMX BIAXOIIB (apMarieBTUIHUX
nignpuemctB. lleil merton mnependavae COpPTYBaHHS, OYMILEHHS Ta IIOBTOPHE
BUKOPUCTAaHHSA MaTepialliB IJis BUPOOHUIITBA HOBUX MPOAYKTIB. Hampukian, ckisHi
aMIynu Ta (IaKOHH MOXYTh OyTH TEperuiaBieHi Al CTBOPEHHS HOBUX CKIISTHHX
BUpOOIB, a TUIACTUKOBI KOHTEWHEPU — MEpepoOJIeH] y TPaHyJIH JJis BUTOTOBJICHHS
HOBUX IUIACTUKOBUX BHpoOiB. Ilamip 1 kapTOH MOXyTb OyTHM BUKOPHUCTaH1 AJis
BUPOOHMIITBA BTOPUHHOI ManepoBoi npoaykili. [lepepoOka € exoJorivHO BUIITHUM
METO/IOM, OCKLJIBKH 3MEHIIY€ OOCST BIJAXOJIB, 110 HANPABISIOTHCS HA 3aXOPOHEHHS,
Ta €KOHOMHUThH MpUpOJHI pecypcu. OmHak Ti 3acTocyBaHHS s (hapMaleBTUUHUX
BIIXO/IIB OOMEXXEHEe Yepe3 CKIIQJIHICTh OYMIICHHS MaTepiajiB Bij 3aIUIIKIB JIKIB 1
noTpely B peTeabHOMY copTyBaHHI. KpiMm TOro, HE BCl THNH IJIACTUKY YH CKJIA, IO
BUKOPUCTOBYIOTHCA y (hapMaleBTUYHIA MPOMUCIOBOCTI, MPUIATHI VISl MEePEepOOKU
yepe3 IixHIM ckiaa uyu 3a0pynHeHHsa. B Ykpaini mepepoOka ¢apmarieBTHIHUX
BIIXOZIIB pO3BHHEHA cyabo uepe3 Opak 1HGPACTPYKTypH [Jisi COPTYBaHHS Ta
nepepoOKH, a TaKoXK HU3bKY OOIZHAHICTh HACEJNECHHS Ta MIANPUEMCTB IIOAO
BKJIUBOCT1 PELIUKJIIIHTY.

CygacHi aJbTEpHATHUBHI TEXHOJIOTIl, Takl $K IUIa3MoBa Tasudikalis Ta
MIKpOXBUJIbOBA ~ 00poOKa,  HaOyBalOTh  MOMYJSIPHOCTI  JUIs  yTHIII3alli

dbapMaleBTUUYHUX  BIIXOMIB, OCOOJIMBO B PO3BUHEHUX KpaiHax. [lmazmoBa
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razudikaiis nepeadadae oOpoOKy BIAXOMIB Y IJIJa3MOBOMY peakTopl IIpH
temrepatypax a0 10 000 °C, o 3abe3nedye MOBHE PO3KIAJaHHS OPraHivyHUX 1
HEOpPTraHIYHUX CHOJYK Ha Tra3onoAiOHI MpPOAYKTH Ta I1HEpTHUH muiak [2].
MikpoxBunaboBa 00pOOKa BHUKOPHCTOBYE EJIEKTPOMArHIiTHE BUIPOMIHIOBAHHSA MJIs
HarpiBaHHA Ta 3HE3apaKEHHS BIAXOMAIB, IO € e(QeKTUBHUM I 1H(EKIIIHO
HeOesmeuyHnx MarepianiB. llepeBaramMu 1IMX METOIIB € BHCOKa €(EKTHUBHICTD,
MiHIMaJbHUM BIUIMB Ha JOBKULISA Ta MOXJIHMBICTH OOpOOKH IIMPOKOTO CIHEKTPY
BimxoAiB. OJHAK BOHM MAarOTh BHCOKY BapTICTh OOJagHAHHS Ta €KCIUTyartarlii, 110
oOMexye TXHE 3acTocyBaHHS B YKpaiHi. Hapasi Taki TexHosorii B YKpaiHi Maiike He
BUKOPUCTOBYIOThCA 4epe3 Opak (iHAHCYBaHHS Ta TEXHOJOTIYHOi 0a3u, aje BOHH
MOKYTb CTaTH MEPCIEKTUBHUMH B MallOyTHHOMY.

Vrumizamisgs (apMmaneBTUUHMX BIIXOMIB € CKJIQAHUM 1 OaraTorpaHHUM
IIPOIIECOM, 10 TOTpeOye 3aCTOCYBAHHS PI3HUX METOIIB 3aJICKHO BIiJl TUITY BiIXOIB 1
ixHpoi HeOe3neku. (OCHOBHMMM BHUKJIMKaMU B YKpaiHi 3aJulIaloThCsi Opak
1H(paCTPYKTYpH, HeOOCTaTHE (PIHAHCYBAaHHS, HU3bKa OOI3HAHICTh HACEJEHHS, a
TaKOX OOMeXeHa KUIbKICTh JILIEH30BaHUX oOpra”izamii g yruamizamii. g
BJIOCKOHAJIEHHSI CUCTEMHM yTHII3alli HEOOXITHO pO3BUBATU IHPPACTPYKTYpY,
3aMpoBaKyBaTH CY4YacHI TEXHOJIOTIi, TOCHWIIIOBAaTH KOHTPOJbL 3a JOTPUMAHHSIM
3aKOHOJIABCTBA Ta IMiJIBUIIYBAaTU €KOJIOTIYHY CBIJOMICTb.
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Y]IK 676.2+676.25
IMPROVEMENT OF THE TECHNOLOGY OF THE PRODUCTION OF
SANITARY AND HYGIENE PRODUCTS ON A PAPER MACHINE
master's student Lyzak G.V., postgraduate student Storozhuk O.S.,
professor Barbash V.A.
National Technical University of Ukraine
«lgor Sikorsky Kyiv Polytechnic Institute»

Abstract. A modern equipment for the forming, pressing and drying parts of a
paper machine for the production of sanitary and hygienic paper is proposed. The
introduction of this equipment will significantly increase production productivity,
improve product quality and reduce specific energy consumption due to more
effective dehydration in the pressing and drying parts.

KEYWORDS: PAPER, FORMING, PRESSING, DRYING, PAPER MACHINE

BJIOCKOHAJIEHHS TEXHOJIOT'TI BUPOBHUIITBA CAHITAPHO-
T'T'IEHIYHOI MPOAYKIUI HA MANTEPOPOBHIN MAIIIMHI

maructpanTt Jluzak I'.B., acnipant Ctopoxyk O.C., npodecop bapbam B.A.

HanionanpHuit TeXHIYHUN YHIBEPCUTET YKpaiHU
«KuiBChbKUI MOMITEXHIYHUHN THCTUTYT IMeHI Irops CiKOpchbKOTo»

Anomayia. 3anporoHOBAaHO cydacHe oOiamaHHs (OpPMYIOUOoi, MPecoBOl 1
CyIMIbHOT YacTuH manepopoOnoi mammHu (ITPM) mis BupoOHUIITBA caHiTapHO-
TITIEHIYHOTO Tanepy, BIPOBAKEHHS SIKOTO JI03BOJUTh CYTTEBO IIJIBUILUATH
MPOYKTUBHICTh BUPOOHUIITBA, TMOKPAIIUTH SKICTh MPOAYKINI Ta 3HU3UTH MHUTOMI
€HEProBUTPATH 3aBJIAKHU OUIbII €(EKTUBHOMY 3HEBOJJHEHHIO Y MTPECOBIH 1 CYIIUIIBHIN
JacTUHAX.

KJTIO490BI CJIOBA: 1IAIIIP, @©®OPMYBAHHA, IIPECYBAHHA,
CVIIIIHHA, IIPM
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Nowadays, due to increasing requirements for efficiency and energy saving,
there is a steady trend towards increasing the speed of paper machines (PMs) and
modernizing their equipment [1]. The existing PRs at Ukrainian enterprises are, as a
rule, outdated and limited to a maximum speed of about 600—700 m/min with a web
width of up to 2.5 m. To eliminate this limitation, it is proposed to use a modern
high-speed PRM from ANDRITZ PrimeLine COMPACT M1600 (Fig. 1) for the
production of sanitary and hygienic products, which is capable of operating at speeds
up to 1600 m/min [2, 3].

Figure 1 — PM ANDRITZ GROUP company model Prime Line COMPACT
[3]

The PrimeLine COMPACT line of PMs is focused on compact layout using
standardized components and sizes, which simplifies installation and reduces the time
to enter the operating mode. According to the technical documentation [2, 3], such
machines are designed for stable operation in the high-speed range while maintaining

the quality indicators of the fabric, and also provide for the integration of clothing
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tension control systems and the reduction of secondary moistening at the pressing
stage.

In the world practice of modernization of paper machines for the production of
sanitary and hygienic products, the emphasis is on combining high speeds with
energy-saving solutions that reduce specific heat and electricity consumption without
compromising quality. Analytical reviews of the industry indicate that the
competitiveness of enterprises today is determined not only by productivity, but also
by the integration of technologies for controlling humidity and paper profile along the
width, heat recovery systems, and safe operation at elevated pressures and
temperatures [1]. For the operation of PMs at speeds above 1500 m/min and
improving the quality of web formation, it is advisable to use the Crescent Former
technology (Fig. 2), in which the web is formed between the mesh and the cloth on

the forming shaft.

Figure 2 — Diagram of Crescent Former forming unit [4]

That gives intense process of dehydration, paper web stabilization on a high-
speed and higher quality of paper structure. [4].

To increase the dryness of the web and reduce the heat load on the drying
process, it is proposed to install the PrimePress XT Evo shoe press (Fig. 3). The
extended contact area of the press allows for delicate but intensive removal of water
with achieving a dryness of the web of up to 45% [2, 3], and the specific heat
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consumption for drying is also reduced due to the increase in dryness after the press
(as is known, a 1% increase in the dryness of the web gives about 4% heat savings)
[5, 6].

Figure 3 — Shoe press model Prime Press XT Evo [5]

In order to modernize the drying part of the PM, it is also proposed to install a
large steel Yankee cylinder with a highly efficient PrimeDry cap (Fig. 4), which
operates with heat recovery of air flows.

Figure 4 - Yankee cylinder with the PrimeDry cap [7]
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Increased diameter and effective ventilation of Yankee cylinder provides intense
drying process with less steam consumption while maintaining stable quality of
product on the high-speed [2, 7]. The Yankee cylinder from steel has much higher
thermal conductivity and better strength’s characteristics compared with traditional
cast-iron cylinder, which are important for safety work under the high pressures. The
high temperature caps Prime Dry realize intense drying with air flow heat
recuperation from ventilation system, that reduces the specific energy losses while
saving or increasing productivity. The air flow automatic control drive unit keeps the
process parameter’s stability and final product's quality [2, 7].

The expected technical and economic result from the complex decision’s
implementation - Paper production machine ANDRITZ Group company model Prime
Line COMPACT + forming unit type Crescent Former + shoe type press unit model
Prime Press XT Evo + steel Yankee cylinder with heating drying cap Prime Dry - is
an productivity due to increased speed and web width grow as well leads to a
decrease in specific energy losses because of higher dryness of the web after pressing
unit and heat recuperating usage in drying process. The additional benefit due to web-
size stability is reduction of the defect amounts, more predictable equipment
operation [4-7].

Thus, the comprehensive modernization of three key sections of the PM —
forming, pressing and drying — provides a significant increase in productivity, quality
and energy efficiency of sanitary and hygienic paper production.
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ABSTRACT: This study investigates the moisture resistance of packaging
cardboard and explores methods to enhance its water barrier properties. The
possibility of applying additional chemical reagents, specifically carboxymethyl
cellulose (CMC) and chitosan, as coatings on cardboard, was examined. The results
demonstrate that these coatings can significantly improve the moisture resistance of
packaging cardboard, providing it with enhanced water repellency.
KEY WORDS: CARDBOARD, MOISTURE  RESISTANCE,
CHEMICALS, COATING
MOKPAIIIEHHS BOJIOI'OCTIHKOCTI MAKYBAJBHOI'O KAPTOHY
Crynent Ipuna KoBap?, acripaHT €BreHii MyKaJIOl, nonent Bira Camumni?
1 KIII im. Irops CikopchKoro,
2 Tacturyt Ximii mosepxui im. O.0. Uyiika, HAHY
AHOTAUIA: V meoxcax Oanoco 00CniodxceHHss Npo6eOeHO  OYIHKY
80J1020CMIUKOCMI NAKYB8ANbHO20 KAPMOHY MA BUHAYEHO eQeKmusHi cnocoou
NOKPAWeHHs 11020 80003AXUCHUX eracmusocmell. byno poszensanymo moouciusicms
3aCmMOoCy8aHts 000aAMKOBUX XIMIYHUX peaceHmis, 30KpemMa KapOoKCUMemuiyenoio3u
(KML]) ma ximo3zany, sax noxpummis Ha Kapmoui. Pesynemamu nokazyromo, wo yi
NOKPUMMSL MONCYMb 3HAYHO NOKPAWUMU 80JI020CMIUKICIMb NAKYBANIbHO20 KAPMOHY,
3abe3neuyoyu Uomy niosuujeHy 80008I0UMOBXY8AlbH)Y 30AMHICHb.
KJIIOYOBI CJIOBA: KAPTOH, BOJIOI'OCTIMKICTb, XIMIKATH,
ITOKPUTTA

Packaging cardboard is widely used in various industries due to its
lightweight, cost-effectiveness, and recyclability. However, its susceptibility to
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moisture limits its performance, especially in applications where water resistance is
crucial. Enhancing the moisture resistance of cardboard is therefore an important
challenge in materials science and packaging technology [1].

Recent studies have explored the use of chemical coatings to improve the
water barrier properties of paper-based materials. Among these, carboxymethyl
cellulose (CMC) and chitosan have shown considerable potential due to their film-
forming ability, biodegradability, and non-toxicity. These biopolymers can be applied
as surface coatings to create a protective layer, reducing water penetration and
increasing the overall durability of the cardboard [2, 3].

This study aims to investigate the effectiveness of CMC and chitosan as
coatings for packaging cardboard, evaluating their ability to enhance moisture
resistance and provide additional water repellency. A cardboard with a bleached
surface layer and a basis weight of 230 g/m? was used as the initial material for
testing. The water absorption capacity of the cardboard was evaluated on both sides
by measuring the increase in sample mass during contact with water. The result is
shown in Fig. 1.
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The data indicate that the bleached side of the cardboard absorbs water more
readily than the grey side. This is likely due to the formation of the cardboard layers:
the layer made from recycled pulp contains more fillers and sizing agents than the
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layer formed from bleached cellulose, resulting in lower water absorption on the grey
side.

Application of 1% carboxymethyl cellulose (CMC) solution, 1% chitosan
solution in 4% acetic acid, and their sequential combined application on the
cardboard surface resulted in a noticeable reduction of the water absorption capacity
of the cardboard. These treatments effectively improved the surface water resistance
of the samples.

The maximum improvement in water resistance was achieved with the
application of the chitosan solution. This effect is likely associated with the formation
of a uniform, dense biopolymer layer on the cardboard surface, which effectively
limits water penetration. Chitosan improves the water resistance of cardboard
primarily due to its ability to form a uniform, dense, and cohesive film on the surface.
This biopolymer contains amino and hydroxyl groups that can form hydrogen bonds
with cellulose fibers, creating a strong network that physically blocks water from
penetrating the material. Additionally, the film reduces the porosity of the cardboard
surface, limiting capillary absorption and slowing down moisture ingress. The
combination of these effects results in a significant enhancement of the surface water
repellency and overall moisture resistance of the cardboard.

This approach shows great potential for producing more durable and
moisture-resistant packaging cardboard using environmentally friendly biopolymer
coatings.
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ABSTRACT: This paper presents a simple and efficient pretreatment
approach for walnut shell and apricot kernells biomass to enable their subsequent
conversion into second-generation bioethanol. The study evaluates two pretreatment
strategies aimed at disrupting the lignocellulosic matrix and increasing
polysaccharide accessibility.

KEY WORDS: SHELLS, CELLULOSE, LIGNIN, SUBSTRATE

PECYPCO3BEPEXEHHS Y BUPOBHHUIITBI ITAIIEPY TA
KAPTOHY 3 MAKYJIATYPHA
Cryaent Janiin dparan, nouent Bira ["anum
1 KIII im. Irops CikopchKoro,
2 Tacturyt Ximii mosepxui im. O.0. Uyiika, HAHY

AHOTAIUA: V yitt cmammi npedcmasneno npocmuii ma ephexmusHuil
nioxio 00 nonepednboi 0OPOOKU bioMacu WKAPATYNU B0JOCHLKUX 20PIXI8 MA KiCIMOYOK
abpukoca 051 3a0e3neuenHs ix nooanbulo20 Nepemeopentss Ha DI0emaHon OpPy2o2o
NOKONIHHA. YV 0ocniddcenHi oyiHwoomscsa 08I cmpameii nonepeonvoi 006pooKu,
CHPAMOBAHI HA PYUHYBAHHSL JII2HOYEIOJIO3HOT Mampuyi ma nio8ujeHHs: 00CMynHOCmi
nomicaxapuois.

KJIIOY0BI CJIOBA: 1IKAPAJIVIIM, LEJIIOJIO3A, JII'HIH,
CYBCTPAT

The growing global demand for sustainable and renewable energy sources has
intensified interest in the production of second-generation biofuels. Unlike first-

generation biofuels, which rely on food-grade raw materials, second-generation
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biofuels are derived from lignocellulosic agricultural residues and non-edible biomass
[1]. Among the various types of biomass suitable for bioethanol production,
agricultural residues represent an abundant and underutilized resource [2]. Walnut
shells and apricot kernel, generated in significant quantities by the agro-industrial
sector, are rich in polysaccharides which can be converted into fermentable sugars
through appropriate pretreatment. Utilizing these residues not only offers an effective
waste-management strategy but also contributes to a circular bioeconomy by
transforming low-value by-products into high-value renewable energy.

Therefore, the development of efficient and simple pretreatment methods for
walnut shells and apricot pits is essential for enhancing the accessibility of their
polysaccharide components and improving the overall efficiency of second-
generation bioethanol production. The purpose of the work is to evaluate the
efficiency of acid hydrolysis and alkaline treatment methods, determine their impact
on biomass structure. For the biomass samples examined, the efficiency of acid and
alkaline pretreatments varied slightly, which can be attributed to their initial chemical
composition (Fig. 1). Apricot shells exhibited a higher lignin content and therefore

showed lower susceptibility to chemical action by the reagents.
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Figure 1 — Chemical composition of walnut shells and apricot kernel shells.
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Pretreating apricot seed shells and walnut shells with 1% H>SOa. at 180 °C
resulted in weight losses of 37.5% and 50.4%, respectively, indicating substantial
removal of hemicellulosic components. The substrate obtained after this acid
treatment were enriched in lignin, suggesting that the lignocellulosic structure
became more recalcitrant due to the relative increase in lignin content. Subsequent
alkali pretreatment of the same materials using 15% NaOH at 180 °C led to much
higher mass losses, measuring 76.8% for apricot seed shells and 79.5% for walnut
shells. These losses were primarily associated with extensive delignification, as the
alkaline conditions effectively broke down lignin and solubilized a significant portion
of it. Consequently, the lignin content in the treated solids decreased approximately
sixfold for apricot seed shells and threefold for walnut shells compared to the
untreated raw materials. Analysis of the solids after alkaline pretreatment revealed a
high cellulose content, reflecting the selective removal of lignin and hemicellulose.
Given this composition, it is expected that the cellulose present in these pretreated
solids will be most efficiently hydrolyzed to glucose, highlighting the potential of
alkaline pretreatment to enhance the enzymatic digestibility of these lignocellulosic
residues.

Therefore, acid pretreatment facilitates partial hydrolysis of hemicelluloses,
while alkaline treatment promotes lignin removal and structural swelling of the
biomass. The effectiveness of both methods is assessed in terms of polysaccharide
release, structural modification, and suitability for further enzymatic saccharification
and fermentation. The proposed pretreatment approaches offer a cost-effective
pathway for upgrading agricultural waste into valuable biofuels, contributing to
sustainable resource utilization and circular bioeconomy development.
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«EKOJIOTTYHO BE3NEYHI TEXHOJIOT Ti»
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MOJAEPHIZALIA HIECTEPEHHOI'O HACOCA 1JIA IIEPEPOBJIEHHA
BHUCOKOB’A3KNX BIOIIOJIIMEPIB TUITY PLA

A.1O. AGaes, MLII. IlIBen
Hamionaneuuit Texuiuauii yHiBepcutet Ykpainu «KIID»

03056, Kuis, np. bepecmeucwvkuii, 37, kopn 19

VY cyyacHOMYy XIMIYHOMY MAaIIMHOOYJIyBaHHI OCOOJIMBa yBara HPUALIAETHCS
CTBOPEHHIO €HEProeeKTUBHOT0, HAIIMHOTO Ta TEXHOJOTTYHO-THYYKOT0 00JI1aIHaHHS
JUTs TIepepoOJICHHS MOJIMEPHUX MaTepiajiB, 30KpeMa 010pO3KIaIHUX TEPMOILIACTIB.
OnHuM 13 KIIFOUYOBUX €JIEMEHTIB €KCTPY31MHUX JHIN € mecTepeHHuid Hacoc [ 1], skui
3a0e3neuye cTablIbHY T0/1avy MOJIMEPHOTO PO3IIaBy 10 (POPMYBAJILHOTO BY3JIa.

[Ipu poGoTi 3 BUCOKO-B I3KMMH OiononiMepamu Tuny nojiinaktugy (PLA) abo
cononimepiB PBAT, PHA, TpanuuiiiHi KOHCTPYKIIli HACOCIB MatOTh OOMEXEeHHS [2]
— BUHUKAIOThH JIOKAJIbHI 3aCTiiiHI 30HU, MEpErpiB pO3ILIaBy, IMyJbcallli TUCKY Ta
3HM>KEHHSI TOMOT€HHOCTI MOTOKY. Lle moripinye sikicTb TOTOBOI IUIIBKM Ta 3MEHIIYE
pecypc podoTH Hacoca.

MeToro JOCHIPKEHHS € TMiABUIIEHHS €(QEKTUBHOCTI POOOTH IIECTEPEHHOTO
HACOCa 3a PaXyHOK YJIOCKOHAJICHHS T€OMETPIi BX1HOI 30HH, 110 3a0e3Meuye IMBHIIKE,
cTabulbHE ¥ PIBHOMIpPHE 3allOBHEHHS MIK3YyOIIEBUX TIOPOKHUH TOJIMEPHUM
PO3IIIaBOM.

B ocHOBY MozepHi3allii MOKIaJAeHO 33/1a4y BJOCKOHAIUTH MIECTEPEHHUN HacoC
IUIA TIOJIIMEPHOTO pO3IUIaBy, y SKOMY HOBa TE€OMETpis BXIJHOI 30HU CIpHSE

PIBHOMIPHOMY PO3MO/IUIY MOTOKY MO IIMPHUHI IIECTEPEHb.
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[Tim vac ekcruryartamii KJIAaCHYHOTO HAcoca 3 KPYIJIMM BXIIHHUM OTBOPOM
CIIOCTEPIral0ThCsl HEPIBHOMIPHI T1APOIMHAMIYHI TTOJISI Ta JOKaIbH1 30HU 3acToro. s
iX YCyHEHHS 3alpOTIOHOBAHO KOHCTPYKTHUBHE PIIICHHS, 1110 BKJIIOYAE:

— TeOMETpil0 BXIJIHOTO OTBOPY 3MIHEHO 3 KpYIJIOTO Ha MPSIMOKYTHUH 13
3a0KpYTJIEHUMH KYTaMH;

— BEPXHIO Ta HU)KHIO CTIHKH KaHaJIy BUKOHAHO 3 HAXUJIOM 25° 10 TOTHUYHOI OC1
IIECTEPEHb, 110 3a0e3Meuy€e PIBHOMIPHHUI PO3MO/1I MOTOKY O IIMPHHI;

— BXIiJIHA YaCTHHA Ma€ TUIaBHE pajiycHe po3mmupenHs (tumy bell-mouth),
aHajnoriyde nudysopy BeHTypi, sike 3MEHIIY€ TiAPaBIIIuHI BTPATH Ta HOKPAILYE
3aIOBHEHHS M1X3yOLIEBUX MOPOKHHH.

— JUIsl YHUKHEHHS HAJIMIaHHs 01010IMEPiB MOBEPXHI KaHAITY HOJIPYIOTHCS 0
Ra < 0,4 MkMm i mokpuBaroThcs antunpurapaum mapom Ni-PTFE a6o DLC.

CyTHicTh MOJIEpHI3aIlli TOKa3aHa Ha PUCYHKY 1, Ha TKOMY 300paKe€HO
MO30BXKHIN pO3pi3 MIECTEPEHHOT0 HACOCA.

JIJist OLIHKYU BILJTUBY MOJIEPHI30BaHOI KOHCTPYKIIIi KOpITyca ¥ BXiHOT/BUX1THOI
30HM IIECTEPEHHOr0 Hacoca JOIILHO 3acTocyBatu Metoau CFD-MonentoBaHHs, K1
J03BOJISIIOTh  BIATBOPUTH KAapTUHY Teuli B MIXK3YyOIIEBUX MOPOKHUHAX, 30HU
PELUPKYJIAILII, PO3MOAUI THCKY Ta IIBHUAKOCTEH 0€3 BHUKOHAHHS JOPOrOBapTICHUX
€KCIIEPUMEHTIB.

CFD-monemoBanns  (Computational  Fluid Dynamics) rpyHTyeTbcs Ha
YUCJIOBOMY PO3B’SI3aHHI CUCTEMH PIBHSIHb HEPO3PUBHOCTI Ta 30€pEKEHHS IMITYJIbCY
JUIsL B SI3KOT HECTUCIAMBOI piauHU. i po3paxyHKIB BUKOPUCTAaHO MPOrpPaMHUN
komruieke SolidWorks Flow Simulation, sikuii peasizye MeToa CKIHYCHHHUX 00’€MIB.
O6nacTe poO3paxyHKy poO30MBA€TbCs Ha CYKYIHICTh KOHTPOJIBHUX 00’€MIB
(eIeMEHTIB CITKH), JUIsl KOKHOTO 3 SIKUX 1HTerpaibHa Gopma piBHsHb HaB’e—CTokca
anPOKCUMYEThCSI aJireOpaiuHUMU CIIBBITHOMICHHSIMU. B pesynbTati dopmyeThes
CUCTEMa JIHIAHUX pIBHSAHb BIAHOCHO THUCKY Ta KOMIIOHEHT IIBUAKOCTI, sKa

PO3B’SA3Y€ETHCA ITEpAlIHHUMHA METOJaMU JI0 JOCATHEHHS 301KHOCTI.
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h, — meprira 30Ha pagiagpHUX 3a30piB; h, — qpyra 30Ha TOpIeBUX 3a30piB; h, —
TpeTs 30Ha TOPIIEBUX 3a30piB; N, — yeTBepTa 30Ha TOpIEBUX 3a30pB; N, — m’siTa 30Ha

TOpLEBUX 3a30piB; P, —30Ha HU3BKOTO THCKY; P, —30Ha BUCOKOIO THCKY

Pucynoxk 1 — KoHCTpyKTHBHA cxeMa MOJIEpHI30BAHOIO IIECTEPEHHOTO Hacoca

I'eomeTpuyHi mapamMeTpu MOAEPHI30BAHOIO By3Jia

— upuna kanany: W =b — 1...2 mm, ne b — mupuna mectepeHs.

— Bucora kanany: H = 0,35...0,55 D, ne D — mixocboBHii 1iamMeTp.

— Paniyc 3aokpyraenss kytis: I = 0,15...0,25H.

— Kyt poskpurts bell-mouth: 20° +5°.

— JloBxkuHa maBHoro nepexony: 1,2...1,5H.
I"'eometpito Hacoca mobymoano B cepemopuiiti SOlidWorks Ha ocHoBi pobounx
KpecieHb. Mozenb BKIIOYaE:

— KOPITYC 13 BX1JJHUM 1 BUX1THUM KaHaJIaMu;
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— JIBa CIIIBBICHI 3yO4acTi KoJjieca (Beayde Ta BEJACHE);
— BaJIH, 0 33J]aI0Th 00EPTATBLHUN PyX IIECTEPCHB;
— 00’eM po00UOT piTUHU B MDK3YOIIEBUX MOPOKHUHAX Ta KaHaaX.

Hns CFD-anamizy CTBOpEHO OOYHCIIOBAJIbHY OOJIACTh PIAUHU IUISIXOM
BUKOHAHHS orepallii « BUKITIOYeHHsST TBepAUX Ti» (TUIO IIeCTepeHb 3aJal0ThCs SIK
CTIHKM, a pPO3PAaXyHOK BEIEThCS B MOPOKHHMHAX MK HUMH). Sk poOody piauHy
NPUWHATO HBIOTOHIBCHKY PIAMHY 3 3aJJaHUMH T'YyCTHHOIO Ta TWHAMIYHOIO B’SA3KiCTIO,
0 BIJMOBIIaI0Th YMOBaM IepekadyBaHHs OiomosiMmepa. IllecTepHi 3amaBainch sk
00epToBi TiMa 3 (PiIKCOBAaHOIO KYTOBOKO MIBUJIKICTIO, II0 BiAMOBIAA€ HOMiHAJbHIM
gacToTi 00epTaHHs Hacoca. CTIHKM Kopyca Ta KpPHIIOK — yMoBa «no-Slip»

(BIACYTHICTh MPOCKOB3yBaHHS).

Pe3ysabTaT Ta iX 00roBOpeHHs

Ha ocnoBi CFD-po3paxyHKy OTpuMaHO IPOCTOPOBI MOJIA MIBUAKOCTI Ta TUCKY
B 00’eM1 Hacoca JiJist 0a30BOi Ta MOJIEPHI30BaHOI KOHCTPYKIliK. Pe3ynbratu nmokasai
Ha pUCyHKax 2 Ta 3. Bizyaizanis nmokasasna, mo:

— y 0a30BOMy BapiaHTi (PUCYHOK 2) B 30HI BXOJy B MIK3yOLI€Bl MOPOXKHUHU
MPUCYTHI PO3BUHEHI 30HU PEIUPKYJISALi, CHOCTEPITAETHCS BIAPUB MOTOKY Bijl CTIHKH
Ta HEOJHOPIAHE 3aIIOBHEHHA 00’ €My MK 3yOLsIMU;

— Yy MOJEpHI30BaHOMY BapiaHTi (pUCYHOK 3) 3aBASKH IUIABHIIIOMY
MIJBEICHHIO Ta CIPSAMYBAHHIO MOTOKY IHTEHCHBHICTh PEIUPKYJIALII 3MEHIYEThCS,
MOTIK OUTbLI PIBHOMIPHO 3allOBHIOE MIX3YOIIEBI MOPOKHMHH, 3HUKAIOTh JIOKAJbHI

3aCTIiliHI 30HU.
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Pucynox 2 — Bizyami3aliis MOTOKIB IMOJIiMEPY A0 MOACPHi3allii
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Pucynox 3 — Bizyai3anis MOTOKiB MoJiMepy Micis MOJepHi3alii

Bizyanizamii  po3mofgily THCKY JIE€MOHCTPYIOTh, IO y MOJIEPHI30BAHOMY

KOpHYCi I’paI[iEJHT TUCKY MIK 30HOIO BCMOKTYBAaHHA Ta 30HORO HarHiTaHHS
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PO3MOUICHUN PIBHOMIpHIIIE, 3HIXKYETbCS JIOKaJbHE MEPEBAHTAXCHHS Ha 3yOIll B
30H1 BUXO/Y, 1110 TOTEHIIHHO 3MEHILYE X 3HOLIYBaHHS.

AHani3 iHTerpaJibHUX XapaKTEPUCTUK MTOKa3aB, MIO:

— IyJbcalii BUTPATU Ha BUXO/I1 HACOCA 3MEHILYIOThCS;

— BTpaTH NOBHOT'O TUCKY B 00JIaCTI BXOAY W BHMXONIY 3HUXKYIOTbCS 3aBISKU
MOKPAIICHHIO O0TIKaHHS;

— miaBunryetses TinpaBmiuHud KKJ[ Hacoca, mo Moxe MpuBecCTH A0
3MEHIIEHHS CIIOKUBAHOI TOTYXXKHOCTI TPUBOAY TMpu 3abe3meueHHl Tiei XK
MPOTYKTUBHOCTI.

Ha pucynkax 2 Ta 3 mo6pe BUIHO, 110 IIBUIKICHI BEKTOPH B MOJCPHI30BaHIi
KOHCTPYKIIi CIIPAMOBaHI1 OLIbII YIOPSAKOBAHO, a MOJI€ IIBHUJKOCTEH HAa BUXOJ1 Mae
MEHIITy HEPIBHOMIPHICTb.

Pe3yibTaTH BIPOBAJKEeHHS

Tabmuug 1. [lopiBHsUIBHI BUIPOOYBaHHS MOJAEPHI30BAHOTO HACOCA.

[Toka3zHuk Jlo MmonepHizartii [Ticnst MmomepHizartii
Btpatu Tucky y BXiJiHii kamepi 0,35 MIla 0,28 MIla
KonuBaHHS THCKY Tepe] TOJIOBKOIO +(3-4) % +(1-1,5) %
TemnepaTypHuil Tpai€HT N0 MUPHUHI 6 °C 3°C
Hacoca
PiBHOMIipHICTH MTO/a4Yi (110 MUPHHI +(10-12) % +5 %
IIECTEPEHb)

EHeprocnoxuBaHHs MPUBOLY — -8 %

Otpumani jaHi CBiYaTh, M0 MOJIEPHI3AINS CHPHUSE 3HIKEHHIO T1APaBIIYHUX
BTpaT, TOKPAIICHHIO TEMIIepaTypHOI CTaOUIBHOCTI pO3IIaBy Ta IJBUIIECHHIO
PIBHOMIPHOCTI MOJa4i HaBITh PU POOOTI 3 BUCOKO-B’SI3KMMU 010T10TIMEPAMH.

BucHoOBKHM: 3anpONOHOBaHA KOHCTPYKLIS BX1JIHOT 30HU LIECTEPEHHOr0 Hacoca

3a0e3mnedye ONTUMI30BAaHUN PO3MOJLI MOTOKY PO3IJIaBY, 3MEHIIEHHS T1IpaBIiyHUX
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BTpaT 1 cTaliii3amifo THCKYy y 30HI Moaadi. BIOCKOHANICHHS O03BOJSE 3HUZUTH
nerpangamito OionosiMmepiB PLA/PBAT Ta miaABUIIMTH SKICTh TOTOBOI IUTIBKH.
Po3po6nene pimieHHst Moke OyTH BIPOBAHKEHE Y MMPOMHUCIIOB] KacKaJHI eKCTPYy3iiHI

ninii [3] m1s BUroToBieHHs 010- Ta HOTOPO3KIATHUX MOTIMEPHUX ILIIBOK.
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EVAPORATOR IN THE TECHNOLOGICAL PROCESS OF BARIUM
CHLORIDE PRODUCTION
Oleksandr Nesteruk, Sergey Gulienko
National Technical University of Ukraine

«lgor Sikorsky Kyiv Polytechnic Institute»

Abstract. This paper considers the importance of the evaporator in the
technological process of obtaining barium chloride (BaClz), presents its design,
principle of operation, and also describes the direction of modernization aimed at
increasing the efficiency of the heat exchange process. The evaporator is one of the
key elements of the technological scheme, since it is at this stage that the
concentration of the BaCl: solution before crystallization is ensured. The planned
design changes provide for improving heat exchange conditions and reducing energy
costs by improving the internal structure of the heating chamber.

KEY WORDS: EVAPORATOR, BARIUM CHLORIDE, NATURAL
CIRCULATION, HEAT EXCHANGE, TURBULENT PROTRUSIONS,
MODERNIZATION, ENERGY EFFICIENCY.

BUIMMAPHUM ATIAPAT Y TEXHOJOI'TYHOMY MPOIIECI
BUPOBHULTBA XJIOPUAY BAPIIO
crtyneHt Onekcanap Hecrepyk, k.T.H., nou. Cepriii I'ynieHko
HaunionanbHuUil TeXHiYHUI yHIBepCUTET YKpaiHH
“KuiBcbKkuil noJiiTexHiyHui iHcTutyT iMeHi Irops Cikopebkoro”
Anomauia. Y oauiii pobomi po3enadacmscs 3HAYEHHs 8UNAPHO20 anapama 8
MeXHONI02IYHOMY npoyeci ompumaHnusa xaopuody o6apiro (BaClz), nasedeno 1iozo
KOHCMPYKYito, NpuHyun O0ii, a MmMaKoMiC ONUCAHO HANPAMOK MOOepHI3ayii, wo

CHPAMOBYEMbCS HA NIOBUWEHHS epeKmusHoCcmi npoyecy meniooominy. Bunapuuii
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anapam € OOHUM 13 KIIOYOBUX eNleMEeHMI8 MEeXHON02IYHOI CXeMu, OCKIIbKU came Ha
ybomy emani 3abe3neuyemvcsi  KOHyenmpyeéawus  po3uuny  BaCl:  nepeo
Kpucmanizayieio. 3aniano8ani 3MiHU KOHCMPYKYii nepedbauaroms NOKpAujeHHs YMO8
Menjioo0OMIiHY MA 3HUICEHHS eHepeemUdYHUX 6Umpam 3ad pPAxyHOK YOOCKOHANEHHs
BHYMPIWHBOI 6Y008U 2pitouoi Kamepu.

K/JIFOYOBI CJIOBA: BUIIAPHUH AITAPAT, XJIOPHJ]] BAPIIO,
IIPUPO/[HA LHUPKVJIAILIA, TEIIJIOOBMIH, TYPBYJIEHTHI BHCTYIINA,
MOJIEPHI3ALIA, EHEPI'OE®QEKTUBHICTS.

Ponp BunapHoro amnaparta B TEXHOJOTTYHOMY IPOIIECi:

VY nporieci BUpOOHUIITBA XJIOPUIY Oapito XJIOPKAJIbIIIEBUM CIIOCOOOM BUITAPHUM
amapar BUKOHY€ HaJ3BUYANHO BAXJIUBY (YHKIIIIO - BiH 3a0e3Meuye KOHIIEHTPYBaHHS
BOJHOTO PO3YMHY XJOPHUAY Oapito Micisl CTajdiil BUIyroByBaHHA Ta ouniieHHs. Ha i
cTanii 3 po3urMHY BUAAIAETHCS HAJIUIIKOBA BOJA, IO JTO3BOJIIE OTPUMATH PO3UMH 3
KOHIICHTpAIl€I0, HEOOXITHOW IS MOJaNbIIol KpucTamizamii. Takum dYHHOM,
BUTIAPHMI amapaT € JAHKOIo, IO 3’€JHYy€ DPIAMHHY YacTUHY MPOIECY 3 TBEPIOI0
dazoro, 1 6e3mocepeIHO BILTUBAE HA SAKICTh KIHIIEBOTO MPOIyKTy. CxeMa rnmokasaHa Ha
pucyHky 1.

Bunapawuii ammapat mpaioe 3a MpUHIAIIOM TPUPOIHOT IUPKYJIIAIIT 1 CKIaaa€ThCsI
3 TAKUX OCHOBHHX BY3IIIB:

Cemnaparop (1) - 3a06e3neuye BiAAIIEHHS BTOPUHHOI apy BiJ PIAVHM.

KpamnesnosntoBau (2) - 3aTpuMye Kpamil piIMHHU, 3ano0iraloyu ix BHHOCY
pasoM 13 maporo.

I'pitoua kamepa (3) - TOJIOBHHMI €JIIEMEHT, y SIKOMY 3JIIMCHIOEThCS Tiepeaada

TerIa BiJ] TPit0Y0i mapu 0 PO3UUHY.
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1 - cemapatop; 2 - KpaIuieBJIOBIIIOBAY; 3 - rpirova Kamepa; 4 - UpKyIsaiiiHa
TpyOa; 5 - BXiJl MOYaTKOBOTO PO3YUHY; 6 - BX1J rpitouoi mapu; 7 - BUXiJl KOHJEHCATY;
8 - 30ipHUK TBEpOTO Ocaty; 9 - TpyOa 3aKUMImaHHS.
Pucynox 1 — Cxema BumapHoro anapara

Mupkynamiina tpyoa (4) - 3’€IHye HIDKHIO YaCTHHY araparta 3 TPII0Yoio
Kameporo Ta 3a0e31euye NPUPOIHY LHUPKYIISIIIO PIAUHU.

Bxin po3uuny (5) - mogae Buxigauii pozuun BaClz y cucremy.

Bxin rpitouoi mapu (6) - mojgae mapy y HOpOCTIp HaBKOJIO TpyO Jisi mepeaadi
Teria.

Buxin konnencaty (7) - BiIBOAUTH Tapy, 110 BiJiana TEIJIO PO3YUHY.

36ipHuK ocany (8) - ciyrye juist 300py TBEPAUX 3aJIHIIIKIB.

Tpy6a 3akunanus (9) - 30Ha, y sKiil piAMHA MEPEXOJIUTh Y CTaH 1HTEHCUBHOTO
KHUITIHHS.

llpunyun 0ii’ eunapunozco anapamy. Po3uuH xyopuay Oapil0 HAIXOIUTh O
rpiloyuoi Kamepu, Jie Yepe3 IITYyLep MOAA€ThCs mapa. Temnno, nepeaaHe 4epes CTIHKU
KUITATWJIBHUX TPYO, HarpiBae po3uuH A0 TeMiepaTypu KumiHHs. [Ipu npomy piauHa
YaCTKOBO TEPETBOPIOETHCA HA MAPOPIIUHHY CYMIII, sIKAa 3aBASKA MEHIIM T'yCTHHI

NIJHIMAETbCA Bropy y TpyOy 3akumnanHsa. Baxuya piguHa ONYyCKa€eThCs BHU3 TIO
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30BHIIIHIN IUPKYJSMiHIA TpyOi, 3abe3meuyroud NPUPOAHY UHUPKYIsLiio 0e3
BUKOpUCTaHHs HacociB. [lapu, 1o yTBOPIOIOTHCS, HAAXOASATH Yy Cemaparop, e
BITOKPEMJITIOIOTBCS BiA piakoi (a3u, MOTIM NPOXOASATh Yepe3 KparuieBIOBIIOBAY 1
BIIBOJAIThCA fani. KoOHIIEHTpoBaHWMN pPO3UYMH HAKOMUYYETHhCS B HIDKHIM YacTUHI
amapara, IMicjsi Yoro rnmoJaeThCsl Ha KpUCTAII3aIliIo.

Mooepnizayis anapama. MozepHi3ailisi BUIIAPHOTO arapara CIpsIMOBYETHCSI Ha
MIJBUINCHHS ©()EKTUBHOCTI TMPOIECYy TEIUIOOOMIHY IIUISIXOM  YIOCKOHAJICHHSI
BHYTpIlIHKOI OymoBU rpitodoi kamepu (ememeHT 3). 30kpema, mependadaeThes
BCTAHOBJIEHHSI TypOYJIEHTHUX BHUCTYIIIB HA BHYTPIIIHIM NOBEPXHI KUI ITHJIBHUX TPYO.
Taki BUCTYNM MalOTh CTBOPIOBATH TYpPOYJEHTHUU TMOTIK PIAUMHHU, IO PO3PUBAE
PIOIMHHY IUTIBKY, SIKA YTBOPIOETHCSA HA CTIHKAX TPYO IMiJ Yac KUMIHHSA. 3aBISKH LbOMY
3MEHIIYETHCS TEPMIYHUN OIMIp 1 MiJIBUILYEThCS 1HTEHCUBHICTh TEIIOOOMIHY MIXK
IP1IOYOI0 MAPOIO Ta PO3UHHOM.

[lepenbavyaeTbcs, 1O 30UIBIIEHHS TYpPOYJIEHTHOCTI MOTOKY 3a0€3Ie€UnTh
PIBHOMIPHIIIUHN PO3MOJILT TEMIIEpAaTypy B 00’ €Mi PITUHU Ta 3a100iraTiMe yTBOPEHHIO
3aCTIMHUX 30H, SIK1 3HWKYIOTh €()EKTUBHICTh POOOTH amnapara.

Ilim vac wmonepHiZalii TakoX TIepeadavyacTbCs TMEperjs] MarepialiB
TEIUIOOOMIHHUX TpyO 13 METOK MABUIIEHHS I1X CTIHKOCTI JI0 KOpo3ii Ta
0CaJI0YTBOPEHHSI, 10 XapaKTEpH1 JjIsi KOHIIEHTPOBAHUX PO3UYMHIB XJIOpUIY Oapito. Y
MEPCIEKTUBI PO3TIISIAETHCS MOXKIMBICTh aJanTallli MOJACPHI30BaHOT KOHCTPYKIIIT st
0araTOKOPIMYCHUX BaKyyM-BUIIAPHHUX CHCTEM, IO JO3BOJHTH M€ OiNbIIEe 3MEHIIUTH
BUTPATH €HEPrii Ha BUPOOHHUIITBO.

3aBsKU BIPOBAKEHHIO OTTMCAHOT MOJCPHI3AIllT OUIKYETHCS:

v’ 3HWKEHHS MMTOMHUX €HEPreTUYHUX BUTPAT;
v/ IiIBUILIEHHS TPOJLYKTUBHOCTI BUIIAPHOI'O anapara;
v/ TOKpAaIlEeHHs TiApOAMHAMIKH IIOTOKY PiIHHM;

v/ 3MEHIIIEHHS YTBOPEHHS BiJIKJIaICHb Ha BHYTPILIHIX MOBEPXHSIX TPYO;
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v’ 30imbIICHHS CTAOIIBHOCTI Ta TPUBAIOCTI  Oe3mepepBHOI  poOOTH
YCTaHOBKH.

Bucnosxu. BumnapHuii amapat y BHPOOHHUIITBI XJIOpUIY Oapii0 € KPUTHUHUM
€JIEMEHTOM, IO BH3HaYa€e €(EeKTUBHICTh KIHIIEBOI CTaiil MpOIeCy - KOHIICHTPYBaHHS
pO3UHHY Iepe KpucTasizaiieo. MoaepHizallis amapara, sika nepeaoadacTbCs y qaHii
poOOTi, CHPSAMOBYETHCS Ha TOKPAIICHHS TEIUIOOOMIHY MUISIXOM BIIPOBAKCHHS
TypOyJIEHTHUX BHUCTYIIB Yy Tpirouux TpyoOax. Lle pimeHHs Mae 03BOJUTH CYTTEBO
MiIBANUTH €)EKTUBHICTh TEIUIONEepeaadi, 3HU3UTH SHEPTOCTIOKUBAHHS 1 TIOKPAIITUTH

eKCILTyaTallliiHl XapaKTepUCTUKHN YCTAHOBKH.
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YK - 661.7
MOJEPHIBAIIA CYIINJIBHOI'O AITAPATY YCTAHOBKHA
BUPOBHUIITBA AMIHOCMO.I
ctynedTka Bakymnina A.Jl, nor., k.1.H. I'ymienko C.B.,
HaunionanbHuUil TeXHiYHUI YHiBEpCUTET YKpaiHu

«KuiBcbkuii nojiitexHiyauii incruryT iMeni Iropst Cikopcbkoro»

AHoTauis: : Posensinymo 06a namenmu, SKi ONUCYIOMb Memoou MoOepHi3ayii
CYWUTIBHO2O anapamy, NpoaHanizo8aHo NpuHyun Oii ma HaeeoeHo nepesazu ma
HeOOJlIKU.

KJIOUOBI CJIOBA: MOJEPHIBALIS, CYILIWIBHUI AIIAPAT,
BUPOBHUIITBO AMIHOCMOJI.

Absrtact: Two patents describing methods for modernizing a dryer were
reviewed, the principle of operation was analyzed, and the advantages and
disadvantages were indicated.

KEY WORDS: MODERNIZATION, DRYER, AMINO RESIN
PRODUCTION.

Posmaaemo marenT CN120667890A[1], sikuii onucye CymMIKy-IpaHyIsasTop 3
NICEBAO3PIUKEHUM I11apoM, MPU3HA4YEHY [UIsl OJHOYACHOTO BUKOHAHHSA IPOLECIB
CYILUIHHS Ta FPAHYJIIOBAaHHS MOPOUIKONOAI0HUX MaTepiaiB.

[leit amapar 3HAXOQUTh 3aCTOCYBaHHS Yy (papManeBTUYHIN, XIMIYHIM Ta
XapyoBii MPOMUCIOBOCTI AJii OTPUMaHHs TpaHyll 3 3aJaHUMH XapaKTePUCTHKAMH.
Horo KiI1040BOI0 0COONHBICTIO € iHTerpoBaHa crucTeMa (BinbTpalii Ta moapioHeHHs,
gKa 3abe3mneuye CTaOUIbHICTh TEXHOJIOTTYHOro mpouecy. KoHCTpykiis BKiIo4ae
CYIIWIBHY KaMepy, pO3AiUIeHy Ha (GIIbTPpyBaJIbHUN BIJICIK Ta KaMepy KHUILISTIOTO

mapy, 3 ABOCTOPOHHBOIO (PUIBTPYBAIBHOIO CUCTEMOIO 3 PEryIbOBAHUMHU KaMEpaMH.
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CTpykTypHa cXeMa I'paHyasTopa 3 MCEBIO3PIIKEHUM IIapoM HaBeJCHA Ha PUCYHKY
1.

Mexani3M poOOTH TPYHTYEThCS HA JIUHAMIYHOMY pPETYIIOBAaHHI Ta30BUX
noTokiB. I1i yac poGOTH criemiaaTbHUNA PETYII0I0YMH MEXaH13M aBTOMATUYHO 3MIHIOE
00'eM MOBITPSHUX KaMep 3aJCKHO BiJ| CTYMEHS 3acMideHHs (PiIBTPIB, TIATPUMYIOUH
PIBHOMIpHUHN THCK y Kamepi KHUIUISTYOTO miapy. Y PEeKHMMI OYHUINECHHS BiIOyBa€TbCS
MOYEeproBe  CTPyIIyBaHHS  QiIBTP-TKAHMH 3  OJHOYACHUM  IMOJAPIOHEHHSM

BIJIOKpEMJICHUX arJIOMEPATiB Mepe/ iX MOBEPHEHHSIM y poO0dy 30HY.

101 — nepmumii BUxigHU# OTBIp 115t OBITPs; 102 — Apyruil BUXiAHUM OTBIp AJIs
noBiTps; 201 — po3nuntoBay; 202 — npyruii 1BuryH; 203 — kpinuibHa pama; 204 —
rymoBa kojioHa; 205 — npobunbsHuii quck; 206 — excrieHTpukoBuii Baj; 300 —
binsTpyBanpHU Mimmok; 400 — BeHTUIIsALIHA acTuHA; 410 — 06epToBa MIIACTHHA;
420 — 3'ennyBanbHa pama; 500 — nputrckHa mwiactuHa; 510 — mrosxay;

Pucynok 3.8 — CTpyKkTypHa cxema rpaHyisTopa 3 ICeBA03P1IKEHUM mapom [1]
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Amnapar, onMcaHMii y TATeHTi, Ma€ pAJ TEepeBar, siKi BUIUISIOTH HOTo cepen
iHmmx. OpHI€0 3 KIIOYOBUX TIepeBar € IMiJIBUIIEHHS $KOCTI TpaHyll uYepes
noapiOHEHHSI BENMKHUX arjioMepariB, II0 YTBOPIOIOThCA Ha (IIbTpax Mmiag dac
ounnieHHs. Kpim Toro, piBHOMIpHHMI pO3MOII ra30BOr0 MOTOKY 4Yepe3 KHUILISTUYUN
map 3abe3neuye CTaOUIbHICTh pexXuMy IceBno3pipkeHHs. 1lle ogHiero nmepesaroro €
MO>KJIMBICTh MPOBENCHHS BiIHOBICHHA (iIBTPiB 0€3 3yMUHKA OCHOBHOTO MPOIECY
CYILITHHSA-TPAHYJIIOBaHHSI.

OnHak € ¥ eBHI HEJOMIKH, K1 BapTo BpaxyBaTu. Cepea HUX MOKHA BUAUIATH
3HAYHY TEXHOJIOTIYHY CKJIAJHICTh KOHCTPYKIIi, MOB'SI3aHy 3 HASBHICTIO MEXaHI3MY
pErylioBaHHs, ABOX (PUIBTpYBaJbHUX OJOKIB Ta MOJAPIOHIOBAIBLHOTO MPUCTPOIO.
[ligBHILIEH] €KCIUTyaTallliHI BUTPATH 4Yepe3 CIIOKUBAHHS €Heprii MpUBOAAMHU TAKOXK
MOXYTh 30UIBIIUTH  cOOIBapTICTh ekcrutyaramii. Ille ogHuM HemomikoMm €
HEOOXIAHICTh PETYASPHOTO TEXHIYHOTO OOCIyrOBYBaHHS 4epe3 poOOoTy amapary mnpu
BHCOKII TemMneparypi Ta 3a0pyIHEHHI ITHJIOM.

Pozrsitnemo narent CN118729691A[2], sikuii onucye npucTpiit 1Jist CYIIiHHS 3
MOCTIMHOIO ~ TEMIEPATypor0 Uil BHPOOHMIITBA  €KOJIOTIYHOIO  O10J0T1YHOTO
riacTudikaropa.

[le#t mnpucTpii mnpu3HAYEHUW 71T TEPMIYHOTO CYIIIHHA  Marepiainy
miacTugikaropa G10JOTTYHOTO MOXOKEHHS B Ipolieci oro BUpoOHuITBa. OCHOBHA
chepa 3acTocyBaHHS - TEXHOJIOT1YHI JIiHII BUPOOHHUIITBA OyMiBEIBHUX XIMIYHUX
n00aBOK, 30KpEMa €KOJIOTIYHHUX IJIAacCTU(IKATOPIB JIsi OCTOHHUX CyMIllleH, e
HEOOX1AHO 3a0e3MeuYnTH BUIAJICHHS BOJOTM 3 TPaHYIbOBAHOIO MPOAYKTY 3
M1IBUILIEHOO JTUTKICTIO.

Cxema MpUCTPOIO ISl CYUIIHHS 3 MOCTIMHOIO TEMIIepaTyporo sl BUPOOHHUIITBA
€KOJIOTIYHOTO 010JI0TTYHOTO TIacTU(iKaTopa 300pakeHa Ha PUCYHKY 2.

OyHKIIIOHYBaHHS 3aCHOBaHE Ha KOMOIHAIlli TMHEBMATUYHOI cemapaiiii,

MEXaHIYHOTO MOJpIOHEHHsSI Ta KOHBEKTHUBHOIrO TeriomMacooOMiny. Ilig wac pobGoTtu

cUCTeMa Toja4ul TePMOCTa01TI30BaHOTO MOBITPSIHOTO TTOTOKY 3a0e3Ieduy€e piBHOMIpHE
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MpOrpiBaHHA Marepiaiy, a 00epTOBUN Bal 3 THYYKUMH €JIEMEHTaMU €(QEKTHBHO
Ne31HTerpye aroMeparu. EnactuyHa o000JI0OHKa 3 MOXIMBICTIO HUKJIIYHOTO
HayBaHHS 3a1100irae MPIIMITAHHIO MaTepially 10 CTIHOK KaMepH.

[lepeBaru 11i€i TEXHOJIOTIT MOJATAIOTh Y €(PEKTUBHOMY TMOAPIOHEHH] 3TUTLINX
TPYIOK MaTepiaidy 3aBIsSKd CHHXPOHHIM Jii 00€pTOBUX THYYKHX IIHYPIB Ta
NEepiOAMYHOTO HAyBaHHS OOPTOBOI MOBITPAHOT MOAYIIKH. J{oaTKOBE MMiICyITyBaHHS
ApiOHUX YAaCTUHOK Yy BEPXHBOMY IIapi UUISIXOM BHUKOPHCTAHHS TEIUIOTH, IO
BUJILJISIETHCS TIPU B3AEMOJIIT TTapH 3 COPOCHTOM, MOKPAIILYE SIKICTh TOTOBOTO TIPOAYKTY.
KpiMm Toro, 3MeHIIEHHSI €HEProBUTpaT Ha MOAPIOHEHHS 3a PaxXyHOK MONEpPEAHBOIO
aepoAMHAMIYHOTO (PPAKI[IOHYBaHHS MaTepially B IMOTOIl rapsduoro MmoBITPsS POOUTH

npo1iec OB EKOHOMIYHUM.

1 — cymmnbHuiA 6ak; 2 — NBUTYH; 3 — EMHICTb JUIsl MaTepiaiy; 4 — MOBITPsSHA
MOAYIIKA; 5 — KpuIllka 0aKy; 6 — HacOC 13 MOCTIHHOIO TEMIIEPATypPOIO rapsuoro
NoBITpS; 7 — mOBITpopo3noauibHa uTa; 101 — cituacta rumra; 102 — onmopHa pama;
301 — nmopoxxuuna; 401 — nanpsimauit na3; 402 — koB3yrouuit otBip; 3011 — kmanan
tucky; 4011 — 3'enHyBanbHUI By3011;

Pucynok 2 — Cxema npucTpOrO JAJIs CYIIHHS 3 TOCTIHHOIO TEMIIEPATypOIO JIJIst

BUPOOHHUIITBA €KOJIOTTYHOTO 010J10T14HOTO MacTudikaropa [2]
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Cepen HemOMIKIB BapTO 3a3HAUNTH BUCOKI €KCILTyaTaIliiHI BUTPATH, MOB's3aHi 3
HiATPUMKOIO TIOCTIMHOI TeMmeparypu Ta poOOTO0 AONOMiXHUX cucTeM. OOMexeHa
MPOAYKTUBHICTD JJI1 CHPOBUHHUX MaTepialiB 3 BosoricTio moHaa 40% udepe3 pusuk
BTOPMHHOTO 3JIMMAHHS YacTOK MOXe OOMEeXHuTH cdepy 3acToCyBaHHA amapara.
EdexTuBHICTE pOOOTH TaKOXK 3aJCKHTh Bl MPABUIBLHOTO III00PY IIBUJKOCTI
oOepTaHHS yTapHUX EJIEMEHTIB, OCKUIBKH € MOXUIMBICTH TOIIKOMKEHHS KPHUXKHX
IpaHyi IpY HEBIPHUX HaJIAIITYBaHHSIX.

BucHoBok:

[IpoBeneHuii aHayli3 Cy4yaCHUX MATEHTHUX pIIIEHb Yy Taly3l CYIIWIbHUX
TEXHOJIOTIH J03BOJISIE BUOKPEMHUTH KIIFOUOBI TEHJICHINII, SIKI MOXYTh OyTH YCIHIIITHO
3aCTOCOBaH1 Il MOJEpHi3allil CYIIWJIBHOTO amnapary BHPOOHHUIITBA aMIHOCMOJL.
Hait6inpmmii  moTeHIian uisl BIOCKOHAJIGHHS IIOJSATae B IHTErpamii JeKiIbKOX
TEXHOJIOTIYHUX OMepaliil y €IMHOMY amnapari, 1o J03BOJIAE€ HE JHIIE MiABUIIUTH
€()EeKTUBHICTD IMPOILIECY, aJI€ i MOKPAUTUTH SIKICTh KIHIEBOTO MPOAYKTY.

IlepeJiik mocujIanb:

1. Fluidized-bed Drying and Granulation Machine : mat. CN120667890A
Kuraii : B01D46/02; B01D46/04; B01J2/16; B02C19/00; F26B21/00; F26B25/00;
F26B3/08;. Ne CN202511164922A ; 3asasn. 08.08.2025 ; omy6m. 19.09.2025. 22 c.

URL.: https://worldwide.espacenet.com/patent/search/family/097053278/public
ation/CN120667890A?q=pn%3DCN120667890A

2. Constant-temperature drying device for producing environment-friendly
biological water reducing agent : mar. CN118729691A Kuraii : F26B21/00;
F26B25/00; F26B3/08;. Ne CN202411230113A ; 3asBn. 04.09.2024 ; omyOu.
10.10.2024. 17 c.

URL: https://worldwide.espacenet.com/patent/search/family/092847751/public
ation/CN118729691A?q=pn%3DCN118729691A
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MOJEPHI3ALISA YCTAHOBKU BUPOBHUIITBA KAYCTUYHOI CO/IA 3
PO3POBKOIO BUITAPHOI'O AITAPATA TA AITAPATA 3BOPOTHOI'O
oCcMOcCy

6akanaBp Cemeno /I.I1., mor., k.1.H. ['ymienko C.B.,
HauionanbHui TexHiYHMi yHIBepcuTeT YKpaiHu
«KuiBcbKuil nmoJriTexHivHui iHcTUTYT iMeHi Irops Cikopcbkoro»

AHoTanisi: Po3rIsiHyTO TpW TAaTEHTH, $KI OMUCYIOTh METOAM MOCpHi3allii
TpaauIIMHOTO amapaTy 3BOPOTHOTO ocMocy. IIpoananizoBaHo iX NpuUHIMO A1l Ta
HABEJICHO TepeBaru Ta HeJAOMIKH.

KJIOYOBI CJIOBA: MOJIEPHI3AILIS, ®UILTPALILS, 3BOPOTHUU
OCMOC, MEMBPAHA.

Posrnsnemo marenr CN120132623A [1], skuii OmUCye HOBY TPHIIAPOBY
KOMIIO3UTHY MEMOpaHy 3BOPOTHOIO OCMOCY JUIsl OYHUIIEHHS BOJHU, 30KpeMa IS
OMpiCHEHHsI MOpchbkoi Boau (puc. 1). Ha BigMmiHy Bia TpagumiiHOi ABOIIAPOBOI
MeMOpaHH, Ji€¢ cemapaliiHuil Imap MojiaMigy 3HaXOJUThCS O€3MOCEpeHhO Ha
MOPUCTIN MIIKIAALI, 3allPONOHOBAaHA MEMOpaHa Ma€ JOJATKOBUN MPOMIXKHUN IIap
— rigporens okcunay rpadeny. Lledt map po3MilIy€eThCs MK HHKHBOIO OIOPHOIO

M1JIKJIaIKOI0 Ta BEPXHIM MOJIIaMITHUM IIapOM.

1 — Hwxniit map; 2 — rifporeieBui map; 3 — noxiamigHuil map.
Pucynok 1 — Byznosa ¢inpTpaniiinoi memOpaHu.
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Cepen nepesar 3anporoHOBaHOT MeMOpaHU BapTO BUAUIMTH MiABUIIICHUHN 3aXUCT
710 O10JIOTIYHOTO 3a0pYyAHEHHS 3aBISKU OKCHIy TpadeHy, M0 MiABHUILYE TepMiH
cykOu memOpanu. IlinBumieHa riapodiapHICTh MOKpAIIy€e MOTIK BOJHU, 110 B CBOIO
4epry 301IbIIyEe TMPOJYKTHBHICTE. MeMOpaHa TaKOXK MIJABHUILYE SKICTh BIJJILICHHS
coJielt, o OyJo MiATBEPIKEHO EKCIIEPUMEHTAIBHO.

Henonikamu MeMOpaHu € CKJIaIHICTh BUPOOHUIITBA Yepe3 MPOLEypy OTPUMAHHS
okcuay rpadeHy, mepeTBOPEHHsT HOro Ha TiIporelib Ta JOJATKOBI Moaudikalii, 1Mo
CYTT€BO 30UIbIIIY€E LIHY BUTOTOBIEHHS. Uepe3 BUKOPUCTAHHS TIAPOKCUIY KallO Ta
IHIITMX TOKCUYHUX PEUOBHH, SIK1 3TayIOThCA Y MOAU(PIKOBAHOMY METOI XyMMmepca,
HEOOXITHO JOTPUMYBATHUCS OCOOJMBUX 3axO/IB O€3MEeKW NpPU BUTOTOBJICHHI
meMOpanu. [lin yac ekcnepumeHTy Oyl0 BHUSBICHO, IO €(EKTHUBHICTh MEMOpaHU
3aJIeKUTH BiJl KOHIIEHTpAIIIT T1IpOTeI0 OKCUTYy rpadeny.

[Materr CNI120132445A [2] onmcye mpucTpid s pekyneparii  Juis
KOHIEHTPOBAHOI BOJIU 3BOPOTHOro ocMocy (puc. 2). IlopiBHSHO 3 TpaauiHUMU
cUcTeMaMu, A€ (UIbTPALlisl Ta OYUIIEHHS € OKPEMUMH IPOLECaMH, B IbOMY BUHAXO/1
IPOIMOHYETHCSI CUCTEMa, IO O0’€JHYe LI JBa MPOLECH B OJHOMY IIPHUCTPOI.
["onoBHOIO 0COOMMBICTIO € 6araTokaHadbHa (QUIBTPYIOUA CTPYKTYpPA, SIKa CKIAAA€ThCS

3 MOCJIIOBHO PO3TAIlIOBAHUX KaHATIB 3 QUIBTPYIOYUM MaTEPiajioM.
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MarepiaiiB”

1. kopmyc 6aka; 2 — ToplieBa KpuIlka; 3 — BxigHa TpyOa; 4 — 3nuBHa Tpy6a; 5
— IpOMHUBHA Tpy0a; 6 — MOPOKHUHA; 7 — YIIUIbHIOBAJIbHE KUIBLIE; 8 —
onopa; 14 — BuxinHuii oTBIp; 15 — ronosuuii Bam; 20 - BUiMKa.
Pucynox 2 — I[pucTtpiii 115 pexynepartii Jjisi KOHIEHTPOBAHOI BOAN 3BOPOTHOTO

OCMOCY.

[lepeBaramMu amapary € BUCOKa €(EKTUBHICTb, WLIO0 JIOCSITAETHCS MUIIXOM
MO€AHAHHA TMpoleciB  QuapTpamli Ta ouMineHHs. Takox 1€ J10CATaeThCs
aBTOMATUYHOIO CHCTEMOIO OYMIIEHHS, [0 NpUOUpae 4YacTHUHY NPOCTOIB MAJIs
oOcnyroByBaHHsA. [IpucTpiii siBisie 00010 MOBHICTIO aBTOMATHU30BaHY KOHCTPYKIIIO,
10 3HKYE HEOOX1THICTh B 4HACTOMY KOHTPOJIIO 3 OOKY omepaTopa.

Cepen HemoJIKIB BapTO BUIUIMTH CKIIAJIHY BHYTPIIIHIO CTPYKTYPY Ta BEJIUKY
KUIBKICTh PYXOMHUX YaCTHH, L0 30UIbIIy€ BapTiCTh BUTOTOBIEHHA. [lpuctpiili He
3MOXe cebe e(DEeKTUBHO OYuIaTH Mpu podOTI 3 JMUNOKUMHU, ab0 B’ SA3KUMHU

pE€YOBUHAMHU, IO MPU3BCAC 1O YaACTUX 3YITMHOK IJIA O6CJIerBYBaHH$I.

[Tarent CN120115012A [3] onricye iHHOBAIITHY MEMOpPaHy 3BOPOTHOTO OCMOCY

Ta MeToj ii BUroToBneHHs (pucyHOK 3). Ii cTBOpeHHs MOB’A3aHe 3 NparHEHHAM
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miaBUIMTA  eheKTUBHICTh (QinbTparii. OnHi€0 13 TOJIOBHUX OCOOIUBOCTEN
MeMOpaHH € TIOKpallleHa NPOITYyCKHA 3/IaTHICTh Ta CTIMKICTh /10 0103a0py/IHECHB.
MembpaHa ck1a1a€ThCsl 3 TPhOX OCHOBHHUX €JIEMEHTIB, a CaMe:

1. Tlopuctoi onmopHOi MeMOpaHH, sika 3a0e3nedye MeXaHIuHy MIITHICTh

2. Po3nimoBagbpHOTO 1Iapy, SAKUH MpecTaBiisie COO00 TOHKUM MOJIiaMiTHUN 1Iap,
mo QopMyeThcsi Ha OMOpHIM MemOpaHi. B HpoOro iHTerpoBaHa ITiHIMHA
MOJIIYeTBEPTUHHA aMOHIMHA ClIb.

3. AHTHOAKTEpiaIbHOTO MIapy, KU (POPMYETHCS HA TMOBEPXHI PO3MOALTEYOTO
mapy y BUIVIAI MOJEKYISPHUX IIITOK, Kl CKJIANAIOTBCA 3 TPyl
MOJITYETBEPTUHHOI COJI.

OCHOBHUI TPUHIMI POOOTH MOJIATAE Y BUKOPUCTAHHI CIELIAILHOTO PEAreHTY Y
BUTJIAJII  JIHIAHOI  TMOJIYETBEPTHUHHOI  aMOHIWHOI  coii. Bona  3amoBHIo€
MIKPOIIOPOXXKHUHU B TOJIAMIJHIA CTPYKTYpi, poOIsTYr MeMOpaHy IIUIBHIIION Ta
OJIHOPI/IHIIIOKO, MIJABUILYIOUM ii 3IaTHICTh 3aTPUMYBATH Maji OpraHiyHl MOJEKYJIH.
[lin yac mnpomMuBaHHsA OaraToaTOMHUM CIHUPTOM YacTHHA MOJIYETBEPTUHHOI
aAMOHINHOI COJII BUXOJIUTh Ha MOBEPXHIO, (POPMYIOUM aHTHOAKTEpiaibHUN map 0e3

BTPaTH MPOIMYCKHOT 3JaTHOCTI.
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1 um EHT = 3.00 kV Signal A = SE2 Aperture Size = 30.00 ym
J WD= 7.6 mm Mag= 20.00K X Time: 7:17:40

Pucynok 3 — TpuiapoBa meMOpana

[lepeBaramMu naHoOi MeMOpaHM € BHCOKa MPOIYCKHA 3/IaTHICTh Yepe3 I0/laBaHHs
MOJIIMEpPY Ta YTBOPEHHS JBOCTIHHUX TiJipaTaliiHux KaHaiiB. CTpykTypa MemMOpaHu
703BOJIsIE €(pEKTUBHIIIE 3aTPUMyBaTH HEBENUKI opra”iuni mojekynu. Lle copuse
3MEHIIEHHIO 01000pocTaHHs MeMOpaHH, [0 € OJHICID 13 TOJOBHHX MpoOseM
TpaAULIITHUX MEMOpaH.

Henonikamu K € BHCOKa BapTICTh BUTOTOBJICHHS TOB’si3aHa 3 HEOOXIJTHICTIO
TOYHOTO KOHTPOJIO piBHSA PH, TemmepaTypu Ta BUKOPUCTaHHS CIELIATBHUX
ximikaTiB. s epeKTUBHOrO BUKOPUCTAHHS BapTO JOTPUMYBATUCA ONTUMAJIbHHUX
TEeMIIEpaTypy, KOHIICHTpAIlli, B IHIIOMY BUIAJKy €(EKTUBHICTh MaJlae.

BucHoBok: Po3risiHyTi maTeHTH B Taily3l 3BOPOTHOIO OCMOCY Ta (iapTpartii
JE€MOHCTPYIOTh yBary Ha XIMIYHY MOJEpHI3allil0 MeMOpaH Ta Ha aBTOMAaTH3alll0
nporieciB yTuiizarii. HoBiTHI MeMOpaHu BIOCKOHATIOIOTHCS IUIIXOM BOYAOBYBaHHSI

(YHKIIIOHATBHUX TMOJIMEpIB, IO JO03BOJISE€ OJHOYACHO IMIJABUIIUTH MPOIMYCKHY
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MODERNIZATION OF THE RECTIFICATION COLUMN PLATE OF THE
METHANOL PRODUCTION PLANT
student Trunin A.O., Ph.D., associate professor Stepaniuk A.R.
National Technical University of Ukraine

"Igor Sikorsky Kyiv Polytechnic Institute™

ANNOTATION The paper describes the purpose of a distillation column for
methanol production, presents the design of a modernized plate with inclined slots,
analyzes its operation, and justifies the feasibility of modernization.

KEYWORDS: METHANOL, RECTIFICATION COLUMN, STEAM
GENERATOR, MODERNIZATION.

MOJEPHI3ALISA TAPLIKU PEKTU®IKAIIHHOI KOJIOHU
YCTAHOBKHU BUPOBHULITBA METAHOJIY
ctynent Tpynin A.O., K.T.H., non. Ctenaniok A.P.
HauionanbHui TeXHIYHUI YHIBEpCUTET YKpaiHU

«KuiBcbKuil nmoJiTexHivHui iHcTUTYT iMeHi Irops Cikopcbkoro»

AHOTANIA VY poOoTi onKcaHO NMpU3HAYEHHS PEeKTU(IKAIIHOI KOJIOHU IS
BUPOOHMIITBA METAHOJIy, HABEACHO KOHCTPYKIIIIO MOJIEPHI30BAHOI Tapuiku 3
MOXWJIMMHU TMPOpi3aMH, MPOaHaII30BaHO ii poOOTYy Ta OOIPYHTOBAHO IOLIIBHICTH
MOJIepHI3allii.

KJIFOUOBI CJIOBA: METAHOJI, PEKTU®IKALIIMHA KOJIOHA,
[TAPOI'EHEPATOP, MOJAEPHI3AILIIA.

Methanol (CHsOH) is an important substance used in many industries. For the
methanol rectification process, we chose a plate-type rectification column with cap

plates. Such a column is the optimal choice for the installation due to its high
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efficiency, operation in a wide load range, and increased resistance to mode
fluctuations and contamination [1].

The column diagram is shown in Figure 1. The aim of the work is to modernize
the distillation column to increase mass transfer efficiency and reduce energy
consumption by improving the design of the plates.

After analyzing the advantages and disadvantages of plate distillation columns,
we proposed a modernization of the cap plate in the form of a modified design of the
caps, in which their openings are inclined at an angle of 45-60° to the vertical, which
allows the vapor to escape not only upward, but also partially to the side, creating

turbulence and more active mixing of the liquid [2].
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1 —body, 2 — bottom, 3 — lid, 4 — cap plates, 5 — overflow wall, 6 — caps.
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Figure 1 — Scheme of a plate distillation column with cap-type plates [1]
The installation diagram of the upgraded cap is shown in Figure 2. The
visualization of the column cap upgrade is shown in Figure 3.
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1 — plate; 2 — hole; 3 — caps.
Figure 2 — Installation diagram of the modernized cap [2].
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Figure 3 — Visualization of column cap modernization
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To prove the feasibility of the modification, a simulation of the operation of a
conventional plate cap and one modified using the medium was conducted.FreeCad.

The results of the simulation experiment are shown in Figures 4 and 5.

Aean T Nxbaxtrem many Acpan 7 Mabystrew maxy
L AR AT XN e acvaran

Figure 4 — Results of the pressure simulation experiment

299



36ipuuk Te3 nonosineii XXXV Beeykpaincbkoi HayKOBO-IpakTUYHOI KOH(pepeHuii cTyaeHTIB,
acmipaHTiB i MooguX BueHnx “O01agHAHHSA XiMIYHUX BUPOOHMITB i MiANpuEMCTB OyaiBeJbLHUX
MarepiaJjiB”

Aegpren |- Mebdtren itk iy aren 7 - Fixbtires ek e
CNENRDTION) A xr e AN YW

Figure 5 — Results of the speed simulation experiment

The results show that the pressure distribution in the conventional and
modernized caps remains practically the same: according to the model, the maximum
and average pressure values differ by no more than 2-3%. This is explained by the
fact that the total area of the passage holes in the two designs is the same, so the
hydraulic resistance of the system almost does not change, and the difference can
only arise due to the direction of the steam outlet.

The velocities in the simulation show that in the model of the modernized cap,
the inclined holes form a larger vapor dispersion zone compared to the conventional
cap, with an increase in the contact area of approximately ~20-25%. This is explained
by the fact that the inclined holes direct part of the vapor to the side, forming a wider

jet area and increased turbulence, and as a result, the vapor covers a larger part of the
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plate surface, mixes the liquid layer more intensively and reduces stagnant areas,
which enhances mass transfer.

Conclusion: The modeling conducted in the FreeCAD environment confirmed
the feasibility of the proposed modernization. Analysis of pressure and velocity
simulations showed that the modernized design promotes more intensive mixing and
creates a turbulent gas flow, which improves mass transfer conditions compared to
standard caps. Therefore, the proposed technical solution can be recommended for
implementation in order to optimize the operation of distillation columns in methanol
production.
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IHHOBAIII B TEXHOJIOI'II BUPOBHUIITBA MAKYJIATYPHOI'O
IHAKYBAJIBHOI'O ITAIIEPY

Maricrpant bons O.I1., noueHt, k.1.H. Jleiikyn .M.

HanionanbHuUii TeXHIYHUA YHIBEpCUTET Y KpaiHu

«KuiBcbKuil nmoiTexHivHui iHcTUTyT iMeHi Irops Cikopcbkoro»

AHoTauisi. /Ipoananizosano cyuacHi meumoeHyii y uUpoOHUYMBI NAKYBAIbHUX
mamepianie. Pozenanymo  ekonociuni  npobaemu, noe’s3ami 3 YMBOPEHHAM
NIACMUKOBUX 8I0X00i8, A MAKOMC Nepesazu 8UKOPUCMAHHS NAKYBAIbHO20 nanepy 3
maxynamypu. Haeeoeno innosayii y eupobHuymei naxkyeanvbHo2o nanepy i3
8MOPUHHOI CUPOGUHU.

KJIIOYOBI CJIOBA: TIAIIIP IIAKYBAJIbHUN, MAKYVYJIATYPA,
IUIACTHUK

INNOVATIONS IN THE TECHNOLOGY OF RECYCLED
PACKAGING PAPER PRODUCTION

Abstract. The current trends in the production of packaging materials are
analyzed. The environmental issues related to the generation of plastic waste, as well
as the advantages of using recycled paper-based packaging, are discussed.
Innovations in the manufacturing of packaging paper from secondary raw materials
are presented.

KEYWORDS: PACKAGING PAPER, RECYCLED FIBRE, PLASTIC

[TakyBanbHi MaTepianu 3a0e3neuyyloTh Oe3leuHe TPaHCIOPTYBaHHS Ta
30epiraHHsl SKOCTI IIMPOKOTO CIEKTpa MPOMHCIOBOI Mpoaykili. CepemHbopivHi
TEMIIU 3pOCTaHHS BUPOOHUITBA MaKyBaJbHOI MPOAYKIII y CBITI 32 IPOrHO3aMU Ha

HaNOIMXK4l pOKH OyIyTh cKiagaTH Oau3bko 3,89%.
302



36ipuuk Te3 nonosineii XXXV Beeykpaincbkoi HayKOBO-IpakTUYHOI KOH(pepeHuii cTyaeHTIB,
acmipaHTiB i MoJsionux BueHux “O0JaTHAHHSA XiMiYHUX BUPOOHHMUTB i MiANPHEMCTB OyaAiBeIbHUX
MarepiaiiB”

3HayHy YacTKy CBITOBOTO PHHKY MaKyBaJbHOI MPOAYKIIi 3aiimMae jerka ta
rHyYyKa yHakoBKa JJisi MPOJYKTIB XapuyBaHHA, (apMaleBTHUUHOI MPOIYKI, sKa
3aBISKH CBOIM YHIBEpPCAJbHOCTI, HHM3BKiI BapTOCTI Ta 3AAaTHOCTI MOJOBXKYBAaTU
TEPMiH NPUIATHOCTI BUPOOIB € €heKTUBHHUM PIIICHHSM JIJIs1 30€piraHHs TOBapiB.

binbiicTh TakMX MaKyBaJIbHUX BUPOOIB BUTOTOBJISIOTHCS 3 OJHOPA30BOTO
IUTACTUKY Ta 1HIIUX MaTepiaiiB Ha ocHOBI HadTu. [lakyBanbH1 MaTepianu, OTPUMaHI 3
IJIACTUKY, YHIBEpCabHI, 3pyYHi, BOHM 3MEHIIYIOTh KIJIBKICTb BIIXOJIB MPOIYKIIIi,
3a0e3Meyyrour MOKpAIIeHU TepMiH MPUAATHOCTI Ta 3MEHIIYIOYH €HEProBUTPATH 1
BUTPAaTH HA TPAHCIIOPTYBAaHHSA MOPIBHSHO 3 yIMAKOBKOIO Ha OCHOBI METally Ta CKJa.
OpHak, TUIACTHKOBI BIJXO/M, MOB'sI3aHI 3 YIAKOBKOIO, BIAMOBIAAIOTH 32 YTBOPEHHS
noHaiiMenie 36% BiJ 3arajibHOi KUIBKOCTI TBEPJAUX MMOJIMEPHUX BIIXOJIB, IO
cknanae nonaa 400 miH T cBiTOBUX BiAX0/1B. Ha croroani mumie 10 % miacTukoBux
BIJIXO/IIB, SIKI YTBOPIOIOTHCS WIOPIYHO, MEpepodiiseTbes. SIK HACHiJIOK, 3pOCTae
3a0pyIHEHHSI JTOBKULIS IJJACTUKOM, OCKUIBKHM IIOJIMEPHI MaTepiajid 3/aTHI He
po3kiangatucs nonaa 500 pokis.

Taka  ekoJoriyHa cuUTyalis akTyalli3ye€ MOLIYK €KOJIOTIYHO Oe3NeYHHX,
BIJTHOBJIIOBAaHUX aJbTEPHATHB IJIACTUKOBIN yIrakoBli. BUKOpUCTaHHS MaKyBaJbHOTO
namnepy, 30Kpema, BHUIOTOBJIEHOTO 13 BTOPUHHOI CHUpPOBUHH, Ja€ MOXIIMBICTb
3MEHIIUTH BIUIMB MaKyBaHHA Ha JOBKULIS ©0e3 BTpaTH (yHKLIOHATIBHUX
BJIACTUBOCTEMN YIIAKOBKHU.

[Tamip, KapTOH Ta 1HILI BUPOOU HA OCHOBI LIEJIIOJIO3U PO3TISAAIOTHCA SIK 3aMiHa
OJTHOPA30BOTO TUIACTUKY B YIMAKOBIl XapyoBUX MPOAYKTIB 3aBIASKH CBOIH
€KOJIOT1YHOCTI, JOCTYIMHOCTI, HM3bKIHA I[1HI, MaJlii Ba3i, XOPOIIUM MEXaHIYHUM
BJIACTUBOCTSIM, 010CyMICHOCTI Ta MPUJIATHOCTI JIJIsl IEpEPOOKH.

OnHi€l0 3 KIIOYOBHUX I1HHOBALIA y BUPOOHHITBI MAaKyBaJbHOTO Marnepy €
BJIOCKOHAJICHHSI TEXHOJIOTIYHUX MPOLECIB MIATOTOBKM MaKyJaTypHOI Macu MAJis
OTpUMaHHS Tamnepy 3 BUCOKUMM TOKa3HUKAaMU MIIHOCTI, BOJOTOMIIHICTIO,

ra30HEMPOHUKHICTIO Ta THAAKICTIO TOBEPXHI. 3 €0 METOK 3aCTOCOBYIOTHCS
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HOBITHE OOJAJHAHHS IS OYHWIINEHHS Ta COPTYBaHHS MAaKyJlaTypHOI MacH, IO
N03BOJIsIE  €(DEKTUBHO BUAAIATA CTOPOHHI JOMIIIKA Ta 3a0pyJHEHHS, a TaKOX
3MEHIIIATH TTOIIKO/KCHHS BOJIOKOH 1 30€peKEeHHS IXHBO1 JOBKUHH.

[HI11070 BaXKJTMBOIO 1HHOBAIIIEIO € BUKOPUCTAHHS 010-Ta POCIMHHUX MOKPUTTIB,
AKI HaJalTh mamepy Oap’epHi BIACTUBOCTI MPOTH BOJOTM Ta JKUpPY 0€3
BUKOPHUCTAHHA IUIACTUKY a00 mapadiHOBUX MPOCOYEHD, 1110 POOUTH YIAKOBKY O1JIbIII
€KOJIOTIYHOIO Ta MPHUAATHOIO JUIs epepoOku. TexHosorii 6araromapoBoi nanepoBoi
CTPYKTYpH JO3BOJISIIOTh KOMOIHYBaTH IIApH TMEpPEepoOJICHOTO Mamepy 3 pi3HUMHU
XapaKTEPUCTHUKAMHU:  MILHICTb,  JKOPCTKICTb,  €CTETUYHICTh  IOBEPXHI  Ta
¢dbyHKI10HATBH1 Oap’€pH, IO MiIBUIIYE HAMIMHICT YITaKOBKHU.

BupoOHUIITBO MaKyJIaTypHOTO Manepy MOENHYE aBTOMAaTH3aLII0 Ta LUQPPOBI
TEXHOJIOT1i JUIsi ~ MOHITOPUHTY SIKOCTI CHPOBUHM Ta Tamepy, IO J103BOJISIE
ONTUMI3yBaTH TEXHOJIOT1YHI MPOIECH, 3MEHIIUTU KIIBKICTh Opaky Ta
E€HEPTOCTIOKUBAHHSI.

3aBAsSKd 1IbOMY, MAKyBaJIbHUN Tamip 3 MakyjlaTypud HE JIMIIE BIJMOBIIAE
CTaHIapTaM SIKOCTI Ta Oe3MeKd, ajne € KOHKYPEHTOCIPOMOXKHOIO aJbTePHATHUBOIO
MEePBUHHINA IIENII0JIO31 Ta IJIACTUKY, BIJMOBIJIAI0UYM TOTpedaM CydacCHOTO PUHKY
MaKyBaJIbHOI TPOJTYKITii.
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MOJEPHIBAIISA JEDJIEIMATOPA YCTAHOBKU AJIKIJTYBAHHSA
BEH30J1Y
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HaunionanbHUil TeXHiYHUI YHiBEpCUTET Y KpaiHu
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AHOTALIUA: V oaniti pobomi npedcmasneno onuc mexHoa02IYHOI cxemu
00€pIHCaHHs Ccupo2o 0OeH301ly Npu NaApoeoMy HA2piBl NO2IUHAIOYO20 MACId.
Pozenanymo ocnosni mexmnonociuni piwienus [ napamempu 8e0eHHs Hnpoyecy
anxinysanus. llpeocmaeneno ocnoemi enracmugocmi OEH3071y, ONUCAHO nepeacu 1
HeOONiKU 11020 3aCMOCY8AHHSL.

KJIOYOBI CJOBA: TEIUIOOBMIHHUM  AIIAPAT, BEH3OJL
AJIKIJTYBAHHAL.

MODERNIZATION OF THE DEPHLEGMATTER OF THE BENZENE
ALKYLATION PLANT
student Antonchyk E. E., senior lecturer, Ph.D., S.N.S. Konyk A.V.
National Technical University of Ukraine
«lgor Sikorsky Kyiv Polytechnic Institute»

ABSTRACT: This paper presents a description of the technological scheme
for obtaining crude benzene by steam heating of absorbing oil. The main
technological solutions and parameters of the alkylation process are considered. The
main properties of benzene are presented, the advantages and disadvantages of its
use are described.

KEYWORDS: HEAT EXCHANGER, BENZENE, ALKYLATION.

benszon (Ce¢Hs) — 1e opraniuHa apomMaThdHa CIHOJYyKa, IO SBJsIE COOOFO
0e30apBHY pIIMHY 3 XapaKTepHUM 3amaxoM. Moro mMosiekyna CKJIaJaeThCcsl 3 MIECTH

aTOMIB BYTJIEITIO, 3 €HAHUX Y TUIOCKE MIECTUWICHHE KUIBIIE 3 JAEIOKAII30BaHUMU TT-
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CIEKTPOHAMH, IO 3a0e3leuye BHUCOKY CTAaOUIBHICTH 1 poOUTH OCH30J THUIIOBUM
NPEeICTAaBHUKOM apOMaTHUYHMUX BYIJIEBOJHIB. BiH MOraHo po34uHSAETbCS y BOJI, aie
A00pe 3MIMIYETHCS 3 OPraHIYHUMH PO3UMHHUKAMHU.

XiM1yHO O€H30JI BiJI3HAYAETHCA HU3BKOKO PEaKIIMHOI 3aTHICTIO B PEaKIsax
pUEIHAHHS, MMPOTE JIETKO BCTYIAE B Peakilii eneKTpo(LILHOTO 3aMillieHHs, TaKl sK
HITpYBaHHS, Cynb(QyBaHHS UM rajgoreHyBaHHA. OJHAaK, HE 3BaKAIOYM Ha CBOIO
[IHHICTb Y MPOMUCIIOBOCTI, OEH30JI € TOKCUYHUM 1 BBAXKAETHCS KAHIEPOTEHOM, IO
moTpeOdy€e CyBOPOTO KOHTPOJIIO YMOB pOOOTH 3 HUM. beH301 € BaXKJIMBOIO CHPOBUHOIO
JUIi  BUPOOHHUIITBA IUIACTMAC, CHUHTETUYHUX BOJOKOH, TyMOBUX MaTepialiB,
(dbapMareBTUYHUX TMpernapaTiB, 0apBHUKIB 1 PI3HUX XIMIYHUX MPOMIKHHUX MPOYKTIB.
Crpyktrypa O€H30y € OCHOBOIO 0araThbOX apOMaTUYHUX CIOJIYK, TOMY BiH Mae
BEJIMKE 3HAYCHHS JJI1 OPraHiyHOTO CUHTEe3y. BoaHouac dyepe3 MOro TOKCHYHICTH
aKTyaJlbHUMHU 3QJIMINAIOTHCS TMHUTAHHS OE3MEeKH, EKOJOTIYHOTO KOHTPOJI Ta
PO3BUTKY aJIbTEPHATUBHUX TEXHOJIOTIH, IO 3MEHIITYIOTh BIUTUB OCH30JIy Ha 3I0POB’S
JOJIeN Ta JTOBKIJIIS.

BupoOHUIITBO O€H30Jly IPYHTYETHCS MMEPEBAXKHO Ha Iepepodui Hadtu Ta
Kam’siHoro Byrunis. CydacHa TPOMHUCIOBICTH OTPUMYE OEH30J1 TOJOBHUM YHHOM
METO/IOM KaTaJIITUYHOTO pePOPMIHTY, IiJT 4ac SIKOTO BYTJEBOAHI OCH3MHOBOT (hpaKilii
MEePEeTBOPIOIOTHCST HA apOMaTHU4HI CIOJYyKM 3a [1i Karajai3aTopiB 1 BHCOKOT
TeMIlepaTypy. [HIIUM TMOUIMPEHHM CIOCOOOM € Mmipoyi3 HapToBUX Gpakiii: y
pe3yabTaTi BUCOKOTEMIIEPATYPHOTO PO3KIIAJaHHS YTBOPIOETHCS MipOJII3HUNA OCH3UH,
1[0 MICTUTh 3HAYHY KUIBKICTh apOMATUYHMX KOMIIOHEHTIB, 3 SIKUX MICJS OYMIIEHHS
BUIUISIIOTH O¢H30.1. TpaauiiiiHuM, X049 1 MEHII aKTyaJIJbHUM Ha ChOTOIHINTHINA JICHb
METOJIOM, 3aJIUIIAEThCS KOKCYBaHHS KaM SHOTO BYTUUISA, TiJ 4Yac SKOTO OCH30.
BU00YBAIOTh 13 KaM STHOBYT1IbHOI CMOJIM Ta KOKCOBOIO ra3y HUIAXOM abcopOrii i
MOAAIBINOT peKTUdIKaIIii.

VYei i cocobu BUPOOHUIITBA 30€piraroTh CBOK aKTYaJIbHICTh, OCKIJIBKHU

OCH30J1 € KII0YOBOIO CUPOBHHOKO I BHI'OTOBJICHHA ILIACTMAC, CHHTCTHYHHX
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BOJIOKOH, T'yMH, OapBHHUKIB, JiKIB Ta 0ararboX IHIIMX OPTaHIYHUX PEUYOBHH.
Hes3Baxkaroun Ha TOKCHYHICTBH 1 CyBOP1 BUMOTH 70 O€3IEKH, CBITOBA MPOMHUCIIOBICTh
MPOJOBKYE aKTUBHO BHKOPHUCTOBYBATH OCH30J Yepe3 WOro IEHTpajibHEe 3HAUYCHHS B
OpraHIYHOMY CHUHTE3I.

Ha pucynky 1 HaBeneHO cxeMy cCHpOro O€H301y IpH HapoBOMY Harpisi
MOTJIMHAI4YO0ro Macia. HacuueHe OEH30JbHMMHU BYTJIEBOAHIMH TOTJIMHAIBHA OJIis
micis ckpyoOepiB nojnaeTbes B aedaermatop 1, B skomy HarpiBaetbes Bin 25-30°C no
75-80°C mapamu, 1m0 BUXOAATh 3 AUCTUIALINHOI komonu 2. Hacuuene wmacio
HaJXOJIUTh Y TPYOHMIl MPOCTIp HUKHIX TPyOUATOK, pO3TAIOBAHUX T'OPU30HTAIBHO
IpOCTIp 3HU3Y Bropy. Bepxus Tpybuarka aeduiermatopa 0XoJ0IKy€eThCsl TEXHIYHOIO
BOJIOIO.

[Ticns peduermaropa Macio HaIXOIUTh B TEIUIOOOMIHHI amapatu 3, e
HarpiBaeThCsl 3HEOEH30JIEHUM MAciOM, IO CTIKa€ 3 KOJOHM 10 Temneparypu 105-
115°C 1 pam migirpiBaeTbcsl INIYXOH MApor B MapoBOMy miAirpiBadi 4 10
temnepatypu 130-135°C.

3 mapoBOTo MIAIrpiBaya MaciIo HAAXOAUTh Y JUCTHIIALINHY KOJIOHY 2, B SIKIi 3a
JIOTIOMOTOI0 TOCTPOi TapH, IO TOJAEThCS B HIDKHIO YacTHUHY, BIATaHSIIOTHCS
OCH30JIbHI BYTJIEBO/THI, a TAKOK YaCTHHA TOTJIMHAIOYO1 OJ1ii Ta BOJIH.

3 HWKHBOI YACTUHU KOJOHM 3HEOEH30JIEHE MAacjo BIJIKAYY€ThCS HACOCOM 5
TEIUIOOOMIHHUKH 3, JIe BOHO BIJIJIa€ YaCTHHY CBOI'O TEIjla Maclily, 10 HaJIXOJHTh 3
nedaermaropa. Ilicas TernmooOMiHHMKA. 3HEOEH30JIEHE Maciio Mae TemmepaTrypy 90-

100°C.
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1,16 — nednermarop; 2 — IUCTUIIALIIIHA KOJIOHA; 3 — TEINIOOOMIHHUM amapar;
4 — mapoBuii HarpiBay; 5,8,10,11, — Hacoc; 6 — 3pollyBaJIbHUI 0XOJI0IKyBay;
7,18,23 — 36ipHUK; 9 — KoHIeHcaTop; 12,13,17,21 — cemaparop; 14 — po3aioBa
KOJIOHA; 15 — X0onoawibHUK; 22 — BUMIAPHUK; 24 — TOJATKOBA KOJIOHA.
Pucynok 1 — Cxema cuporo 6€H30:1y MpU MapoOBOMY HarpiBi MOMIMHAIOYOTO
Macia

OcraTouHe OXOJIOKECHHSI 3HE0EH30JI€HO]T ol 3I1ACHIOETHCS B
3pOIIYBAILHOMY XOJOJUIBHUKY 6, TMICIS YOTO BOHO HAAXOAUTH y 30IpHUK 7 1 maii
HAacOCOM 8§ TOJAETHhCS HA CKpyOepHu. 3polryBajibHUN XOJIOTUIBHUK OXOJIOIKYETHCS
BOJIOI0, 1110 MOJAEThCS MICis TpaaupHi 9 HacocoMm 10, a HarpiTa BoJia BIIKAUYETHCS
HacocoM 11 Ha rpagupHIo.

[Tapy OeH30JIbHMX BYTJEBOJIHIB, TOTJIMHAJIBHOTO Maciia Ta BOJIU 3
JTUCTUJISALINHOT KOJIOHM 2 HAAXOISTh y MIKTpYOHUi mpoctip aedaermatopa 1. YV
HIKHIX TphOX TpyOuaTkax, SK 3a3HA4eHO OyJI0 BHUINE, MapU OXOJOKYHOTHCS
HAaCUYEHUM MAacCJOM, a y BEpXHIi TpyOUaTIl - TEXHIYHOIO BOJOKO.

drierMu, MO YTBOPIOIOTHCS B AeduierMaropl - BaKka 1 JIETKa HAIXOIATh y

cenaparopu 12 1 13, BiamosimHo. Ilicas o6ox cemapartopiB diermy 3'€IHYIOTH 1
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J0JTaf0Th y IUKJI MOTJIMHAJILHOTO Maclia, a BOAY IMCIS JOJATKOBOTO BiJACTOIOBAHHS
BiJl MacJia BIABOATh y KaHaIi3a1ii0 (PEHOJbHHUX BO/I.

[Ticns nmedmermaropa mapu cuporo OEH30Jly 1 Tapu BOAM, IO HE
CKOHJICHCYBAJIMCS, HAMPAaBIAIOTHCA B PO3NOAUIbHY KOJIOHY 14, B sKiil mapu
OCH30JILHUX BYIJICBOJHIB MOJUISIOTHCS Ha JB1 (pakiiii cUporo OEH30Jy: JErKUM
6en3out (abo 6en3on 1) 1 Baxkumii 6eH307 (ado 6enzoun II).

PosnozinbpHa KOJOHA CKIIAIa€ThCs 3 ABOX YACTUH: BEPXHBOT - peKTU(DIKaIIHHOT
Ta HAXKHBOI - BUIIAPHOI.

[Tapu 3 neduermatopa 7 HaAXOJATh B HU3 YACTUHM peKTU(IKalll KOJIOHH 1,
MPOXOJSIYA 3HU3Y Bropy, 30arauyroTbCsi HU3BKOKMIUISYMMU KOMMOHEHTamu. [lpu
LIbOMY BEpX KOJIOHHM B SIKOCTI peduitokcy nojaetscs 0enson I 3 konaencaropa. [lapu
JIETKOTO OEH30J1y 1 BOJISIHI MMAPHU 3 BEPXHBOT YACTHUHH PO3/IIJIOBOI KOJIOHU HAJXOJSATh Y
KOHJIeHCaTop 16, KOHCTPYKIIT aHAJIOTIYHUN AedierMaropy.

VY koHzeHcaTopl BiIOyBa€eThCs KOHJIEHCAIlil Ta OXOJO/KEHHS OEH30Jy Ta
Boau. [lapu HAAXOASTH B MIKTPYOHMI MPOCTIP, MPOXOSYN 3BEPXY BHU3 MOCIIJOBHO
TpyOUaTKH, a BOJA, 10 OXOJIOMXKYE, TPOXOAUTH MO TPYOKaxX BiJ HUKHBOI TPyOUaTKH
JI0 BEPXHBOI.

bensoun I 1 koHAeHCAT BO/IM 3 KOHJIEHCATOPA HAIXOATh y cenaparop 17, 3Biaku
TicJis BIIIUICHHS BoJu OeH3oJ1 | HampaBisieTbest B 6a4ok 1ist peduirokcy 21.

YacTtuna 6enzomny I 3 6aka 21 ax pedirokc mogaeTscsi HacocoM 20 Ha BEPXHIO
TapuUIKy 4YacTUHU pekTu(ikaiii po3auioBoi KojdoHW 14, a yacTMHA HAIXOAUTh Y
30ipHUK 18, 3BiJ1kM HacocoM 19 nogaeTbes Ha CKIa.

JIns BUBEIEGHHS KOHJEGHCATy BOAHW, IO YTBOPIOETHCS Bropi KOJOHH, 3 1i
BEpPXHIX TaplIoK, BiABOAUTHCS OeH3011 I 1 Bojma B cemaparop 24, 1 micis BIAUICHHS
BoaM OeH30:1 | moBepTaeThest B KOJIOHY. 3a3BUuail cemapatop 24 BiIBOJUTHCS PilvHA
3 Jpyroi TapuiKu, a TOBEPTAETHCS 3 cemapaTopa Ha TPETIO TapuiKy 3Bepxy. B
pe3yabTaTi KOHJEHcaIlll, 10 BiIOYBAa€ThCS Ha TapuUIKax peKTU(IKAIIMHOI YaCTUHU

KOJIOHU, KOHJEHCAT, L0 YTBOPIOETHCSA, TAaKOX MICTUTh BoAy. Tomy O€H30JIbHI
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BYTJICBOJIHI Ta BOJIA 3 HIDKHBOI TAPIJIKHU I1€1 YaCTUHU PO3/1JI0BOI KOJIOHU BUBOSATHCS
B cemaparop 24, 3BIIKH MICIsS BIJOKPEMJICHHS BIJ BOAM OCH30JIbHI BYTJICBOJIHI
MOBEPTAIOTHCSA HA BEPXHIO TapUJIKy HIXKHBO1 - BUMTAPHOT YACTUHH PO3/A1IOBOI KOJIOHH.

VY BunapHiii yacTHHI KOJOHM BCTAHOBJICHI MIJITPpiBayl JJIs MiAITPIBY Ba)KKOTO
oenszouy - 6enzony Il rmyxoro maporo. 3 1iei yacTuHu KoJioHU OeHzoi Il HagxoauTh
710 XOJIOAMJIbHUKA 15, 3B1IKM TIEpeIa€ThCS Ha CKIIA.

OCKUJIbKH, SIKICTh IUPKYJIOYOro MOTIWHAIBHOTO Macia B IMpoleci podoTH
MOTIPIIYETbCS BHACTIAOK PO3YMHEHHS B HBOMY NPOAYKTIB MOJIMepHU3alii, 10
YTBOPIOIOTHCS, 1 PU IbOMY 301IbIIYETHCS B'SI3KICTh 1 MOJIEKYJISIpHA Maca MOTJiMHayva,
TO J1JIs1 30€pexEeHHs AKOCTI Maclia Jieska Horo 4acTMHA BUBOJUTHCS 3 IUKIIY Macia Ha
pereHepartio.

Perenepaiiis  MOrMIMHAIBHOTO  Macjia  3MIMCHIOETBCS B MapOBOMY
perenepaTtopi 22. JIyig pOro 3 OAHIET 3 BEPXHIX TAPLIOK JUCTUIIALINHOT OCH30IbHOT
KOJIOHHU 2 YaCcTHHA ITOTJIMHAJILHOTO Macia B KIJTBKOCTI 0113bK0 1-1,5% BigBOAMTHCS B
pereHepaTop, /e BOHO HarpiBaeTbcs TIIyXor mapor g0 160-165°C 1 npoMuBa€eThCS.
Onis npu UpOMY Maii’ke TOBHICTIO BUIIAPOBYETHCS 1 Pa3oM 3 BOASIHUMH IapaMu
HAJIXOJUTh Y HIKHIO YaCTUHY TUCTWIALIMHOI KOJIOHH.

YTBOpeH1 pu BUCOKIN TeMIiepaTypl 3 HEHACMYEHUX CIIOIYK, 1110 MICTATHCS B
OJIli MOJIMEpPH, a TaKOoX Ba)XXKi MOTOHM Macja BHUITYCKAIOThCS 4YEpe3 HUKHIN
CIIyCKHUU MITyLIep pereHepaTopa B 30ipHUK 23.

KinbkicTh mosiiMepiB, 1110 BUBOASATHCS 3 pereHepartopa, cranoButh 10-40% Big

KUTBKOCTI MacJia, 1110 HampaBjsSeThes B pereneparop [3].

Ilepesik mocujianb

1. Properties and uses of benzene. Systopt website.  URL:
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Ethanol (also known as ethyl alcohol, drinking alcohol, or absolute alcohol) is
an organic compound with the chemical formula C.HsOH. It belongs to the group of
monohydric alcohols and, under standard conditions, is a colorless, highly flammable
liquid. Ethanol is widely used as a component of alcoholic beverages, as well as in

industry as a solvent, antiseptic, fuel, and a raw material for the synthesis of other

313



36ipuuk Te3 nonosineii XXXV Beeykpaincbkoi HayKOBO-IpakTUYHOI KOH(pepeHuii cTyaeHTIB,
acmipaHTiB i MoJsionux BueHux “O0JaTHAHHSA XiMiYHUX BUPOOHHMUTB i MiANPHEMCTB OyaAiBeIbHUX
MarepiaiiB”

chemical compounds. It is also a toxic substance with narcotic effects, classified as a
hazard class 4 substance in terms of its impact on the human body [1].

The technological scheme for ethanol production is shown in Figure 1 [2].

1 — contact device (hydrator), 2 — steam injector, 3 — heat exchanger -
recuperator, 4 — refrigerators — condensers, 5 — circulation compressor, 6 —
compressor, 7 — high pressure separator, 8 — salt separator, 9 — low pressure

separator, 10 — heat exchanger, 11 — collector for alkali solution, 12 — high pressure
pump, 13 — boiler, 14 — evaporation column, 15 — rectification column, 16 —
dephlegmator, 17 — heat exchanger, D.V. — throttle valve

Figure 1 — Technological scheme of ethanol production

The synthesis of phosphoric acid is carried out by the reaction of ethylene

with water vapor in the presence of phosphoric acid, which acts as a catalyst. The
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process takes place in a reactor, into which ethylene and water vapor are fed through
a mixer. As a result, a mist of phosphoric acid is formed, which is directed to a heat
exchanger for further condensation.

The resulting phosphoric acid condensate is accumulated in a receiving tank,
from which it is pumped to the rectification unit. During rectification, the mixture is
separated according to temperature regimes. VVapors formed in the lower part of the
column rise upward through a system of trays, where heat exchange occurs with
cooled streams.

In the upper part of the column, a condenser is installed, which reduces the
temperature of the vapors to the liquid state. The obtained phosphoric acid fraction is
directed to a storage tank, while the residual gases are removed through the gas
purification system.

Rectification of alcohol is carried out in a vertical column equipped with trays
and heat exchange elements. Water vapor is supplied from below, providing heating
of the liquid phase and evaporation of alcohol.

The alcohol vapors, rising through the trays, partially condense, enriching the
vapor phase with the main component. In the upper zone of the column, a cooler is
located, where condensation of alcohol vapors and collection of condensate in a
receiving tank take place.

Components that are not subject to condensation are removed through the
ventilation system. To maintain a stable temperature regime, a cooling circuit with a
refrigerant circulating in a closed system is used.

The rectification unit includes the main components: rectification column,
reboiler, dephlegmator, condenser-cooler, distillate receiver, and residue removal
system. The column is equipped with trays that provide effective contact between
vapor and liquid phases and promote mass transfer.

The reboiler supplies heat to the lower part of the column, initiating the

evaporation of the mixture. Vapors rise upward, partially condensing on the trays and
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enriching the upper fractions with alcohol. In the upper part of the column, a
dephlegmator is installed, which returns part of the condensate back into the column
to increase separation efficiency.

The condenser-cooler cools the alcohol vapors to the liquid state, after which
the distillate is collected in a receiving tank. Non-condensed components are
removed through a ventilation or disposal system.

To maintain the required temperature parameters in the column, a cooling
system consisting of a condenser-cooler and a refrigerant circulation loop is used.
Freon or another thermally stable coolant is usually applied as the refrigerant, which
moves between the condenser and the heat exchanger.

The temperature of the refrigerant is regulated by a compressor and a
thermostatic expansion valve, which ensures optimal conditions for the condensation
of alcohol vapors in the upper part of the column. Heat removal is carried out through
an external heat exchanger cooled by water or air.

The cooling system operates automatically, maintaining the stability of the
technological process. In case of exceeding the allowable parameters, the supply of
steam and the operation of the compressor are automatically stopped.

Process parameters are controlled by temperature, pressure, and liquid level
sensors placed in key zones of the unit. The obtained data are transmitted to the
control panel, where the operator can regulate the process in real time.

To ensure safe operation, an emergency pressure relief system, safety valves,
and automatic interlocks are provided in case of deviations from operating modes. All
elements of the unit are made of corrosion-resistant materials, which ensure reliable
and long-term operation of the equipment.

When alcohol is supplied with a small amount of water, its withdrawal is
carried out from the upper part of the column. The alcohol condensate obtained as a

result of condensation is partially withdrawn as a finished product — distillate, and
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the other part, representing pure alcohol with water impurities, is returned to the top

tray of the column as reflux.

The supply of reflux to the top tray ensures the stability of the composition

of

the phases interacting on the contact elements in the upper zone of the column. In the

process of the reflux flowing down from tray to tray, the liquid phase is enriched with

both low-boiling and high-boiling components.
At the feed tray, the equilibrium of the component concentrations is
established between the contacting phases, as well as in the feed mixture itself.
During the rectification of the alcohol mixture, the withdrawal of bottom
reflux is also carried out, which can be heated and reused for heat supply to the
column. The bottom reflux is directed to the heat and mass transfer elements of the
lower part of the column, and its residue is discharged from the bottom during the

operation of the unit.
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Biogas is a gaseous fuel that is formed as a result of anaerobic (without
oxygen) decomposition of organic matter under the action of microorganisms. The
main sources of biogas are animal manure, agricultural waste, food waste, sewage,

fallen leaves and other biodegradable materials. Biogas is one of the most promising
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renewable energy sources, which contributes to the reduction of greenhouse gas
emissions and the utilization of organic waste [1].

The process of biogas formation occurs through anaerobic fermentation of
organic matter in special sealed reactors - methane tanks or bioreactors. This process
consists of several consecutive stages:

1. Hydrolysis - the breakdown of complex organic compounds (proteins, fats,
carbohydrates) into simpler substances, such as amino acids, fatty acids and sugars.

2. Acidogenesis - the formation of volatile fatty acids, alcohols, hydrogen,
carbon dioxide and ammonia.

3. Acetogenesis — the conversion of intermediate products into acetic acid,
hydrogen, and carbon dioxide.

4. Methanogenesis — the final stage in which methane-forming bacteria
produce methane (CH,) and carbon dioxide (CO,) [2,3].

The process can be carried out at different temperature regimes: mesophilic
(30-40°C) — the most common in industrial plants or thermophilic (50-60°C),
characterized by a higher fermentation rate, but requires more stable control of
conditions.

The chemical composition of biogas depends on the type of raw material and
fermentation conditions, but on average it contains: methane (CH,;) — 50-70%;
carbon dioxide (CO;) — 25-45%; hydrogen (H,) — 1-2%; nitrogen (N;) — up to 2%;
hydrogen sulfide (H.S) — 0.01-0.5%; water vapor and small amounts of ammonia,
oxygen and other gases [1, 2].

Methane has the greatest energy value, therefore the quality of biogas is
determined by its content. The heat of combustion of biogas varies within 18-25
MJ/mé,

Biogas purification is a necessary step to increase its calorific value, reduce
corrosive effects on equipment, and meet fuel requirements. The main purification
methods include [3, 4]:
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1. Removal of hydrogen sulfide (H.S): chemical purification using solutions of
iron hydroxide, metal oxides or peroxides; biological purification using sulfur-
oxidizing bacteria; absorption in alkali solutions (NaOH, Ca(OH).).

2. Carbon dioxide (CO;) removal: aqueous or chemical absorption (in
monoethanolamine solutions); adsorption on activated carbon or zeolites; membrane
separation; cryogenic separation (cooling to low temperatures).

3. Biogas drying: condensation of water vapor by cooling; moisture adsorption
on silica gel or zeolites [4].

After purification, biogas can be used as fuel for thermal power plants,
electricity generators, or be converted into biomethane - an analogue of natural gas,
suitable for feeding into the gas transmission network or for use as automotive fuel.

The technological scheme for biogas purification is presented in Figure 1.

-y
e
-

) _ »‘. ' : " ’/U

|

1,2 — Shell and tube heat exchanger (gas-gas); 3, 4 — Shell and tube heat
exchanger; 5, 6, 11, 12 — separator; 7 — throttling block; 8, 9 — three-flow vortex tube;

10 — condensate separator; 13— liquid separator (settlement tank)
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Figure 1 — Biogas purification process flow chart

The gas coming from the metering unit is directed to heat exchangers (3, 4),
where the unstable condensate is heated. After cooling in the heat exchangers, the gas
Is transported to the intermediate separators (5, 6). At the same time, the gas from the
metering unit is fed to the heat exchangers (1, 2), in which the process of its cooling
takes place. The further flow of cooled gas from these heat exchangers is redirected
to the intermediate separators for the separation process.

The gas released during the separation process in the devices (11, 12) is sent
for reheating in the heat exchangers (1, 2). After heating, this gas is transported to the
gas metering unit in the gas preparation plant (GTP). The condensate collected in the
separators (10) is mixed with the condensate from the separators (5, 6 and 11, 12),
after which it is heated in the heat exchangers (3, 4). After passing through the heat
exchangers, the condensate enters the liquid separator (13).

From the liquid separator, the degassing gas is directed to the compressed gas
compressor station (CSCS), the water-methanol solution is fed to the methanol farm,
and the condensate of liquefied hydrocarbon fractions (LHCF) is transferred to the
LHCF collection unit.

The heat exchanger is located after the compressor or before the CO,
absorption unit. Its function is to cool or heat biogas, which contributes to more
effective removal of moisture and impurities.

Figure 2 shows a shell-and-tube heat exchanger, which consists of a bundle of
tubes fixed in tube grids and limited by a casing, covers, etc.

The tube and intertube spaces, in which hot and cold coolants move, are
separated from each other by a heat exchange surface, and each of these spaces can
be divided into several passes by partitions.

So, the heat exchanger consists of a casing 1, in which a tube sheet 2 is placed,

which in turn consists of two tube sheets 3 and a tube bundle 4, which are connected
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to the tube sheets by flaring or welding. For the supply and discharge of coolants
(saturated steam, condensate, aqueous solution), the apparatus is equipped with pipes
or fittings 5, 6, 7.

The ends of the apparatus are limited by covers 8. In order to maintain the
required speed of coolants (to ensure high heat transfer coefficients) and to reduce
vibration of the tube bundle, partitions 11 and 12 are installed in the heat exchanger,
which divide the tube and intertube spaces into sections, while ensuring a certain
sequence of coolant passage, both in the tube and intertube spaces. Flanges 9, 10 are
used to connect parts of pipelines and fittings to the coolant inlet and outlet pipes and
to connect individual units of the apparatus. In addition, for reliable and safe
operation when connecting the units of the apparatus, sealing gaskets 13 are used.
The heat exchanger is installed on supports 14 at the place of operation. The material

of manufacture is usually stainless steel, resistant to the corrosion of biogas [5].

10 13 12

1 — casing; 2 — tube shell; 3 — tube grid; 4 — tubes; 5, 6, 7 — pipes for the input
and output, respectively, of saturated steam, condensate and substance; 8 — elliptical
cover; 9, 10 — flange, respectively, for pipes and parts of the apparatus; 11, 12 —
partitions, respectively, of the tube and intertube space; 13 — gasket; 14 — horizontal
support

Figure 2 — Horizontal multi-pass shell-and-tube heat exchanger of rigid design
The device transfers heat between the streams without mixing them, reducing
the energy consumption of the system. The main advantages are high heat transfer

efficiency, reliability, versatility and ease of maintenance [5].
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The use of a shell-and-tube heat exchanger in a biogas purification plant allows
to increase the efficiency of the process, improve the quality of the obtained

biomethane and reduce the energy costs of the enterprise.
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ABSTRACT: The technological scheme of a granulator for organic-mineral
fertilizers has been considered and described.
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Against the backdrop of intensive development of agricultural production and
increasing pressure on land resources, the issue of soil fertility preservation is
becoming increasingly relevant. Irrational land use and the lack of adequate nutrient
replenishment lead to soil depletion, reduced vyields, and deterioration of the

ecological condition of agricultural landscapes.
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Rational soil use requires the introduction of effective plant nutrition
technologies that restore the balance of macro- and microelements. One promising
direction is the use of granular organo-mineral fertilizers, which combine a complex
of nutrients of organic and mineral origin. Organo-mineral fertilizers contribute to the
increased efficiency of nutrient absorption, reduce nitrogen losses, and prevent its
entry into groundwater [1].

In addition, the granular form ensures ease of transportation, dosing, and
uniform application to the soil, which reduces resource consumption and increases
the efficiency of fertilization. The development and implementation of such
technologies contributes to the restoration of fertility, stabilization of soil structure,
and sustainable development of the agricultural sector of the economy.

The technological scheme for the production of organic-mineral fertilizers is
shown in Figure 1.

The granulation process in a fluidized bed installation proceeds as follows.
The air mixture enters the electric heater 6 and is heated. The heat carrier at a
temperature of 280...300°C is fed to the granulator 2, passes through the slots of its
gas pressure regulator, enters the layer of granular material (granules or crystals) and
converts it into an auto-oscillating jet-pulsation mode of fluidization.

An aqueous solution of ammonium sulfate, sunflower ash, bentonite, and
humic substances is fed into container 1 and mixed until a homogeneous
heterogeneous system is formed. After the layer reaches a temperature of 90 °C, the
working solution from container 1 is fed by pump 16 into granulator 2 for dewatering
and granulation and dispersed into the fluidized bed. After contact with the heated

heat carrier, moisture is removed and a microcrystalline layer of dry material
forms on the surface of the granules. The cycle is repeated many times, which leads
to an increase in the size of the granules [2].
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1 —working solution container; 2 — block-modular granulator; 3 — wet
cyclone; 4 — scrubber; 5 — VVG fan (gas blower); 6 — heat generator; 7 — conveyor;
8 — finished product hopper; 9 — roller crusher; 10, 11 — hoppers for new granulation
centers; 12, 13 — containers for circulating water; 14, 15, 16 — pumps; 17 — fan;
18 — filter.

Figure 1 — Technological scheme for the production of organic-mineral
fertilizers [2]

The flow rate of the solution fed to granulator 2 is determined by the
temperature of the layer at a characteristic point and is regulated automatically. When
the specified size is reached, the granules are discharged from the apparatus [2].

The mass of the layer in the apparatus is maintained automatically. If
necessary, the installation provides for the supply of external recycle.

The spent coolant undergoes the first stage of purification in wet cyclone 3.

The second stage of purification takes place in scrubber 4. The liquid is fed to wet
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cyclone 3 by pump 15 from tank 12, and to scrubber 4 by pump 13 from tank 13. The
dust captured in wet cyclone 3 and scrubber 4 by water is returned to the working
solution tank 1, where it is mixed and re-fed to the granulator 2 for dewatering.

The commercial fraction of the granulated product (size de=1.5...4.5 mm) is
discharged from the granulator 2 through a sector feeder and fed by a belt conveyor 7
for classification, after which the granules exceeding the specified size are crushed in
a roller crusher 9 and returned to the granulator 2 as external recycle, while those that
meet the specified sizes are sent to the packaging unit.

After packaging, the granulated product in bags weighing up to 50 kg goes to
the finished product warehouse [2].

The installation provides for pneumatic unloading and loading of granulation

centers into granulator 2.
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This paper examines the development of cryogenic air separation technologies,
ranging from historical origins to modern innovations that improve the efficiency of
industrial processes [1], [2], [3]. The primary focus is on the improvement of
rectification columns and heat exchangers, which are critical for the high-quality
production of oxygen and nitrogen, as well as for compliance with modern
environmental and economic requirements [4], [5].

The analysis relies on historical research data, particularly the works of Carl
von Linde, and modern technologies to enhance energy efficiency and reduce costs
[1], [6]. Improving these systems helps reduce energy consumption and increase plant
productivity, which is essential for competitiveness [7], [8]. Potential issues are also
considered, such as the reduction of the phase contact surface area, which can lower
separation efficiency due to insufficient interaction between liquid and vapor [2], [3].

The historical overview of rectification column modernization begins with Carl
von Linde's research (1895-1910), which laid the theoretical and practical
foundations for cryogenic air separation using a single rectification column for
oxygen production [1]. In 1910, a double column system (high and low pressure)
with a heat exchanger was introduced, allowing for the simultaneous production of
high-quality oxygen and nitrogen—a key milestone in the technology's development
[2]. The classic Linde scheme is still used in modern nitrogen-oxygen plants,
confirming its efficiency and adaptability [1].

In the 1980s, column modernization included the application of structured
packings instead of tray columns, which reduced hydraulic pressure drop and lowered
energy consumption by 15-20% [3]. Extending the operating range reduced loads by
up to 30%, ensuring operational flexibility under variable modes and facilitating
argon production [7]. In 2011, packing optimization allowed for the production of
pure argon without additional columns while maintaining high purity and product
yield, although the reduction in phase contact surface area sometimes lowers

separation efficiency due to decreased liquid-vapor contact [8].
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Linde’s double distillation column (1905) enabled the production of pure
oxygen and nitrogen, and by 1912, the technology expanded to industrial argon
production with the integration of molecular sieves for water and CO: removal,
enhancing process safety and efficiency [1]. The transition from simple distillation to
fractional distillation with reflux—returning part of the condensed vapor to enrich the
vapor phase—improved separation selectivity [2]. Rectification columns with trays or
structured packings optimize liquid-vapor contact, though hydraulic losses affecting
energy efficiency must be considered [3]. The use of centrifugal forces in the column
intensifies the separation process and reduces reliance on gravitational effects, which
is particularly effective for high-viscosity media [5].

Heat exchanger modernizations cover the evolution from early designs to
modern innovations aimed at increasing thermal efficiency and adapting to complex
cryogenic conditions [4]. Early systems utilized an integrated condenser-evaporator
with a minimal temperature difference of dT = 1.4 K, ensuring basic heat exchange in
the process [1]. In 2000, cascade condensers emerged, improving heat transfer
efficiency, while downflow condensers (2006) and reflux condensers (2008) allowed
for integration with rectification systems and reduced equipment footprint [6]. These
solutions eliminated the need for external pipelines for oxygen and nitrogen, saving
up to 15% of energy over the last 10 years [7].

Optimized plate-fin heat exchangers with enhanced fins (2015) significantly
increased thermal efficiency, while internal compression (1978) reduced reliance on
external compressor equipment, lowering risks and operating costs [8]. Plate-fin heat
exchangers are popular due to the high thermal conductivity of materials such as
aluminum (204 W/(m-K) at 20°C), allowing for AT <1 K, although fouling can
reduce the effective surface area [4].

Cascade cycles with precooling, Joule-Thomson (J-T) expansion, and turbo-
expanders reduce energy consumption by 17%, confirming their effectiveness [1].

Integrating heat exchangers into argon separation processes in nitrogen-oxygen plants
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increases energy efficiency [5]. Modern heat-integrated rectification columns utilize
minimum pressure for uniform heat distribution across column segments, providing
over 17% savings thanks to a non-equilibrium mass transfer model [6].

Exergy analysis, which determines the maximum useful work of the system,
indicates losses of up to 30% in rectification columns, driving the optimization of
system flexibility [7]. Integration with renewable energy contributes to sustainable
development, while additive manufacturing allows for the creation of compact and
efficient designs for columns and heat exchangers [8]. Three-column systems and
flexible high-pressure processes (2012) reduce the need for additional compressors
for small plants, increasing economic attractiveness [3]. Integrated Gasification
Combined Cycle (IGCC) systems with ASU integration (Texaco, Shell, 1980s)
increase efficiency to 41-43% due to hot gas cleaning and improved heat exchangers
[6].

Combining adsorption processes with cryogenic columns effectively removes
impurities, lowering energy consumption, although the reduction of phase contact
surface area can affect separation quality [7]. Integrating heat exchangers into
nitrogen systems ensures temperature stability, which is critical for continuous
operation [8].

The direction of the proposed modernization is based on a comprehensive
analysis of modern trends in cryogenic air separation, focusing on increasing energy
efficiency through improved heat integration, reduced operating pressure, and refined
plant structural elements [1], [4]. The proposed strategy envisages the development of
a rectification column integrated with a heat exchanger, allowing for a reduction in
energy consumption with estimated savings of 15-20% while ensuring stability and
high quality of the final products [6], [7]. A key aspect of this modernization is
increasing system flexibility and its ability to adapt to modern environmental and
economic sustainability requirements, making it competitive on an industrial scale.

Particular attention is paid to potential negative effects associated with reduced phase
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contact surface area, which may lead to decreased mass transfer efficiency; specific
compensation mechanisms are proposed to neutralize these effects [2]. The approach
Is based on synthesizing the historical principles laid down by Linde with modern
technological achievements, specifically the use of structured packings, optimized
condensers, cascade heat exchangers, and adsorption precoolers, to create a compact,

energy-efficient, and high-performance system for modern industrial needs [3], [5],

[8].
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Introduction. Heat exchange equipment plays a decisive role in the
technological schemes of Air Separation Units (ASU) based on cryogenic
rectification, ensuring deep cooling of the incoming compressed air stream to
liquefaction temperatures.

The energy efficiency of the process is directly dependent on minimizing the
temperature difference at the warm end of the apparatus and reducing hydraulic
resistance. Standard shell-and-tube heat exchangers [1, p. 12] are characterized by
operational reliability; however, the presence of segmental baffles creates “dead
zones" with low heat transfer intensity and high hydraulic losses.

To address these issues, a modernization is proposed by introducing Twisted
Tube technology, which replaces the conventional tube bundle with a self-supporting
bundle of oval twisted tubes [2, p. 296].

The profile geometry of such a tube and the flow scheme are shown in Fig. 1.

Fig. 1. Geometry of the twisted tube and flow scheme

Research and analysis. The geometric configuration of twisted tubes creates a
unigue hydraulic regime. According to recent studies [3, p. 10], the twisted tube acts
as a swirl flow device that generates an active centrifugal force flow field. This force
promotes radial velocity changes inside the tubes, disrupting the boundary laminar
sublayer and significantly enhancing heat and mass transfer. A critical advantage
highlighted in the literature [3, p. 7] is the fouling mitigation effect: the high
turbulence and elimination of stagnant zones prevent particle deposition, ensuring
stable long-term operation of the ASU. The thermohydraulic performance is
quantified by the Nusselt number correlation described in mathematical models [4, p.
1133]:
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) )

where Re — Reynolds number; Pr — Prandtl number; s — tube twist pitch;

Nu = 0,021 - Re%8. pro#4.

1+ 3,74(

d .. — maximum diameter of the oval profile; T,, and T;, - wall temperature and bulk

mean temperature, respectively; n - experimental coefficient.

Which confirms that optimizing the twist pitch leads to higher convective heat
transfer. Furthermore, the baffle-free design reduces the shell-side pressure drop
compared to the zig-zag flow in conventional units.

Detailed calculations [4, p. 1134] indicate that the compactness factor for such
exchangers exceeds 700 mZ/m3, making them ideal for space-constrained Air
Separation Units. Comparative analysis data [4, p. 1135] for identical operating
conditions are presented in Table 1.

Table 1. Comparison of parameters of standard and modernized heat

exchangers

Parameter. Svmbol. Unit Shell-and-Tube HE Twisted Tube HE

e ’ (Standard) (Modernized)

Heat duty Q, kW 4339 4339
Surface area 4, m? 0.30 0.46
rigr;wr?]agctness Factor, <500 > 700
Shell-side HTC
; ewlsf'(;g. 0 3514 5675
Overall HTC
U, W/(m2 - K) 892 1672
Pressure drop (shell
AP, KN Jon? p (shell) 431 3.14

The modernization results in an 87% increase in the overall heat transfer

coefficient U and a simultaneous reduction in shell-side pressure drop. This confirms
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the theoretical findings [5, p. 38] that twisted tube technology offers superior energy
recovery performance compared to conventional designs, allowing for flexible design
optimization: either reducing the heat transfer area by up to 40% for the same duty or
minimizing pumping costs.

A comparison of the hydrodynamic flow structure is shown in Fig. 2.

Straight tube Out Twisted tube Out

Absence of
stagnant zones

In Straight tube In Twisted tube

Fig. 2. Comparison of flow structures: absence of stagnant zones in Twisted
Tube

Conclusions. The proposed modernization of the heat exchanger tube space is
technically justified as it ensures intensification of heat transfer due to secondary
swirl flows and boundary layer disruption, reduction of hydraulic resistance and
pumping costs due to longitudinal flow, high compactness (greater than 700 m2/m3)
with self-cleaning properties due to the elimination of dead zones, and vibration

resistance of the self-supporting tube bundle.
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ABSTRACT: The technological scheme of ethyl alcohol production by the
rectification method is considered. It has been determined that the rectification stage
Is the most energy-intensive. The necessity of modernizing the dephlegmator of the
rectification column as a key apparatus for intensifying heat and mass transfer
processes, improving product quality, and reducing specific energy consumption has
been substantiated.

KEYWORDS: ETHANOL, DEPHLEGMATOR, RECTIFICATION, HEAT
AND MASS TRANSFER, ENERGY EFFICIENCY.
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MEeNnIOMACOOOMIHHUX NpoYeci8, NIOBUWEHH AKOCMI NPOOYKMY mMa 3HUNCEHHS.
NUMOMUX eHep2osumpan.

KIO490BI C(JI0OBA: ETAHOJI, JE®DJIETMATOP, PEKTU®DIKAIIA,
TEIIJIOMACOOBMIH, EHEPI OE®QEKTHUBHICTbD.

The increasing global demand for bioethanol and the need to improve energy
efficiency in Ukrainian chemical industry plants necessitate modernization of
technological units within rectification systems. The ethanol production process
comprises feedstock preparation, fermentation (using the primary fermenter 1 and the
after-fermenter 2) and an energy-intensive rectification stage, which largely
determines the final product strength and purity.

The distillation system consists of the beer still (5), the purification
(epuration) column (8), the rectification column (9), and the methanol removal
column (10). This system ensures separation of the fermented mixture (stillage) and
removal of impurities such as fusel oils and methanol. The dephlegmator (6) is a key
heat-exchange device within the column system. Its function is to partially condense
the rising vapour, return the liquid phase (reflux) to the column, and enrich the

vapour with light components, primarily ethanol.

CynsditHo-crRpTosa
Sapzna

1 — primary fermenter; 2 — after-fermenter; 3 — sulfite-alcohol mash tank; 4 —
separator; 5 — beer still; 6 — dephlegmator; 7 — condensers; 8-9 — rectification
column; 10 — methanol column; 11 — heat exchanger

Figure 1 — Technological scheme of ethanol production
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Operational studies at spirit production facilities indicate that an aged or
technically suboptimal dephlegmator design results in reduced overall heat-transfer
coefficients, increased reflux ratio, degraded mass-transfer conditions and,
consequently, higher specific consumption of process steam. Under high throughput
conditions, rectification units are sensitive to even moderate declines in heat-
exchange performance, which negatively affects both the process energy metrics and
the quality of the final product.

The objective of this work is the technical and scientific substantiation of a
constructive modernization of the dephlegmator — one of the critical apparatuses
within the rectification unit. A relevant direction is the thermal-engineering and
structural design of an advanced-type dephlegmator, e.g., a film-type device or a unit
incorporating enhanced internal elements (structured heat-transfer surfaces,
turbulence-promoting inserts, microchannel geometries, etc.). Integration of the
modernized dephlegmator can be implemented either in the beer column (5) or in the
rectification column (9), depending on required fractionation regimes and thermal
loads.

Expected outcomes include intensification of condensation and heat-and-mass
transfer processes, reduction of the specific steam demand, improved separation
selectivity and increased concentration of ethanol in the distillate. Modernization of
the dephlegmator will contribute to decreased operational costs, increased energy
efficiency of the rectification system and will deliver a measurable economic benefit
to ethanol production plants.

References.

1. Mapunuenko, B. O., Homapenskuii, B. A., lllusn, I1. JI. Ta iami. Texnonocis

CRUpmy, JKepo-20piIuaHux Hanoig ma Opixcoxcié y 3a0ayax i Npuxiaoax.

Kuis: HYXT, 2015. — 356 c.

340



36ipuuk Te3 nonosineii XXXV Beeykpaincbkoi HayKOBO-IpakTUYHOI KOH(pepeHuii cTyaeHTIB,
acmipaHTiB i MoJsionux BueHux “O0JaTHAHHSA XiMiYHUX BUPOOHHMUTB i MiANPHEMCTB OyaAiBeIbHUX
MarepiaiiB”

YK 676.024.5
CIIOCOBH NEPEPOBKU ACENNTUYHOI YITAKOBKH
T. Xarmymrin, marictpanT, P. Uepbornkina, TO1EHT
HamionanpHuit TeXHIYHUN YHIBEPCUTET Y KpaiHH

«KuiBchbKUM MOMITEXHIYHUHN THCTUTYT IMeHI [ropss CiKOpchbKOTO»

Anomauia. Oxapaxmepu3o08ano KI0Y08I HANpsAMU NnepepoOKU acenmuyHol
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METHODS OF RECYCLING ASEPTIC PACKAGING
T. Khatmullin, master, R. Cherepkina, Assoc. Prof.,
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Abstract. The key directions of aseptic packaging recycling aimed at reducing

the volume of waste are described.

BuBueHHs mnoTeHLialy NakyBaHHS 3 NEpepoOJeHUX BOJOKOH JO3BOJIUTH
3a0€3Ne4YnTH CTIMKHI PO3BUTOK Ta OCHOBHI aCMEKTH LUKIIYHOI €KOHOMIKH. CyTb
IUKJIIYHOT EKOHOMIKM TIOJIsiTa€ B OpieHTAIlli Ha Oararopa3zoBe BUKOPUCTAHHS
MPOJYKTIB 1 MaTepialiB y Oe3nepepBHOMY MUK, Hampuknaa, nu3aiiH 1 ymakoBKa
MPOJYKTIB MarOTh 3HAYHI MOXJIMBOCTI JJISl MEPEXOAy OO0 E€KOHOMIKHA 3aMKHYTOTO
LUKITY.

Tak, acenTuyHa YyIMakoBKa 3aBAsSKHA OararomapoBiii KomOiHalil namepy,
MOJIIMEPIB Ta AIIOMIHIIO 3a0e3leyye BHUCOKY Oap’€pHICTh 1 TpuBaje 30epiraHHs
npoAyKTiB. BonHouac ii ckiagHa CTpyKTypa yCKIIaIHIOE YTUJII3ALiI0 Ta MEepepooKy,
[0 MPHU3BOJUTH 10 HHU3BKOTO PIiBHSA TMOBTOPHOTO BHKOPUCTAHHS Ta 3pPOCTAHHSA
00cSTiB BIAXO/IIB.

3a ganumu kommanii “Tetra Pak” 3a 2024 pik Oyno 3i0pano 1358 Tuc. T

BUKOPUCTAHO! YMAKOBKH, IO CTaHOBUTh Jjuiie 28% BiJl 3arajibHOro o0cAry
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BupoOHuITBa [1]. Takuii HEBUCOKHI pIBEHb YTHIII3AIll MiAKPECIIOE CKIAJHICTD ii
300py 1 nepepoOKHU Ta aKTYaJbHICTh MOMIYKY €()EeKTUBHUX TEXHOJOTIYHUX pillleHb. Y
IIbOMY KOHTEKCTI BHUPIIIAIBHUM € T€, 3 YOTr0 CaMe€ CKJIQJa€ThCsl TaKUW THIT
MaKyBaHHS.

TunoBy CTPyKTypy acenTU4YHOi YINAKOBKM HaBEIEHO Ha pHUCYHKY 1.
3oBHIMHIN map momerwieny Hu3bKoi mutbHOCTI (ITEHIL) 3axumiae mrap kapToHy Ha
AKUW HAHOCUTHCA JAPYK BiJ BOJOTM Ta 3a0e3neuye repMeTuyHicTb. KapToH, 1o
CTaHOBUTH OM3bKO 75% Macu, € ABO- ab0 TPHUIIAPOBUM MaTepiajioM 3 MOKPUBHUM
mapoM BHOIJIEHOT TICNIOJIO3W Ta KPEHIyBaJIbHUM IOKPUTTSAM 1 YacTO MICTHUTh
XTMM; BiH BIANOBIIAE 32 MEXaHIYHY MIIHICTh KOHCTPYKIi. OCKUIbKH KapTOH HE
KOHTaKTy€ 3 PIAKAM TPOAYKTOM, JUJIsi MOTO BUPOOHHUIITBA HE 3aCTOCOBYIOTH
BOJIOCTIMKI 100aBku [2].

Jlo BHyTpimHbOI MoBepxH1 kapToHy HaHeceno map [TEHII, mo € ocHoBOMO
st pikcanii amoMiHIEBOT (OJIBIM TOBIIMHOKO OJM3bKO 6,35 MKM, sika 3a0e3neuye
CBITJIOBUM Ta razoBuil Oap’ep. s axaresii ¢Gonbrd BUKOPUCTOBYIOTH IIap
MOJIIETHJIEH-KO-METAaKpUJIOBOI KHUCJIOTH, CTPYKTypHO cropigHenenoi o I[TEHIIL.

BrytpimHiii Tepmo3BaproBanbHuii miap [TEHIL 3aBepinye cTpykTypy ynakoBku [2].

3osHilsil noniemun
Hpyxapcoxa papba

Kapmow

Moniemunes

Anomiviesa ono2a
MoniemuneH-K0-Memakpunoaa Kucnoma
Brympiwsid noniemunes

Pucynok 1 — TunoBa cTpykTypa acenTHYHOT KOPOOKH
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Metoro poGoTH € aHami3 ICHYIOUMX METOJIB MepepoOKH acemTUYHOT
yIaKOBKH.

[lepepobnennas Takoi Tapw TPAAUINIAHO TOIISIOTh HA TIEPBUHHE, BTOPUHHE,
TPETUHHE Ta YETBEPTUHHE, MPOTE ISl KAPTOHHUX ACENITUYHUX YIMAKOBOK HAWOLIBII
NPaKTUYHE 3aCTOCYBAaHHS caMe BTOPUHHA NepepoOKa, OCKUIBKU MMOBEPHYTHU MaTepial
y TIOYaTKOBHM IIMKJI BAKOPUCTAHHS TEXHIYHO HEMOXKIUBO [2].

Y HaykoBUX MyONiKalisX IMMJAKPECIIOEThCS, 10 BTOPUHHA IEepepodKa €
HAWOUIBII TOMIMPEHUM BapiaHTOM [JJIsl ACENTUYHOI YyMakoBKHU. JlochmimpKeHHs
MOKa3yI0Th, II0 BOJIOKHA KapTOHY €(PEKTUBHO BIJOKPEMIIIOIOTHCS BiJ] MOJIMEPHO-
QJTIOMIHIEBOTO IIApy Ta MOXYTh OYTH TOBTOPHO BHUKOPUCTaHI y BUPOOHUIITBI
KapTOHHO-TAepoBoi npoaykKiii [2]. Takox BcTaHOBJIEHO, IO MOIPIOHEHA yITaKOBKA,
ab0 OKpemMi KOMIIOHEHTH, MpUAaTHI ajsi OyJiBeIbHUX MaTepiaiiB. Y poOoTax
MPOJIEMOHCTPOBAHO iX 3MATHICTH MIJABUIILYBATH MIIHICTh IIEMEHTHUX OETOHIB Ta
MOKpAaIlyBaTH (Pi3UKO-MEXaHIYH1 BJACTUBOCTI KOMIIO3UTIB [3, 4].

3a maHMMM JOCTIIKEHb, TPETUHHA IMepepoOka 0a3yeTbCs Ha XIMIYHOMY
PO3KJIaJJaHH] MOJIMEPIB A0 iX 0a30BMX MOHOMEPIB a00 IHIIMX LIHHHUX MPOJYKTIB.
[lokazaHo, 110 TOJMIETUIICHOBI IIIApU ACENTHUYHOI YIMAKOBKHM MOXYTh OyTH
BUKOPHUCTaHI AK cyOcTpaT 1jisi O10KOHBEpCii 3 yTBOpPEHHsIM 0iomoJiiMepiB, 30KpeMa
nomirigpokciankanoatiB [5]. Takox HaBeaeHO e(EKTUBHI CTpaTerii XiMIYHOI
JienoiiMepu3allii Ta nepepoOku O0araTomapoBUX MOJIMEPHUX CHUCTEM, IO JO03BOJISIE
MOBTOPHO BHUKOPUCTOBYBaTHM OTPUMMAHI XIMIYHI KOMIIOHEHTH JUIsi BUPOOHHUIITBA
HOBHUX TOJIMEPHUX MaTepiaiiB [6].

Y poborax 3 TEpMOXIMIYHOI TMEpPEepOOKH 3a3HAUEHO, IO EHEPreTUYHE
BIIHOBJICHHSI € BOXKJIMBOIO aJIbTEPHATHUBOIO Y BUIAJIKaX, KOJIM MEXaHIdYHa a00 XiMidHa
nepepooka HenoiapHi. [lipoi3 moxiMepHO-aTIOMIHIEBUX 3aTUIIKIB A€ MOKIIUBICTh
OTPUMYBATH Ta30B1 Ta PiJIKI EHEPTOHOCIT, III0 MOXKYTh OYTH BHKOPUCTAHI 5K MaIUBHI

npoaykTu [7]. IHmi gociimkeHHs MiATBEPKYIOTh JOILUIBHICT CHAJIOBaHHS a0o
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TEpMOOOpPOOKH KOMIO3UTHHUX BIIXOJIB 3 METOI TeHepalii TerioBoi abo
eJIeKTpUYHO1 eHeprii [8,9].

BucHoBku. Pe3ynbratu TOCTIKEHHS TTOKA3yIOTh, MO e(PEeKTHBHA TepepoOKa
aCeITUYHO]1 YIIAKOBKH MOJKJIMBaA JIMIIC 3a KOMIIJICKCHOI'O HiI[XOI[y, SIKMM OXOILTIOE
MEXaHIuHI, XIMI4HI Ta TepMOXiMidHI MeToau. JlOCHIPKeHHS TIATBEPKYIOTh
MEPCIIEKTUBHICTh TOBTOPHOTO BHUKOPUCTAaHHS BOJIOKOH, NEPEPOOKH TMOIIMEPHO-
AJIIOMIHIEBUX 3aJIMIIKIB Ta CHCPICTUYIHOI'O Bi,ZIHOBJICHH}I, o pa3oM CIIpHUAEC
3MEHIIEHHIO €KOJIOTTYHOTO HaBAHTAXEHHS Ta M1IBUIICHHIO PECYpPCOe(PEKTUBHOCTI.
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RESEARCH OF HEAT AND MASS EXCHANGE PROCESSES IN AN
UPDATE APPARATUS WITH A CIRCULATING FLOW

Ph.D. Tsiupiashuk A.M., Ph.D. Kostohryz K.P., Ph.D. Solovjov G.I.
Gas Institute of the National Academy of Sciences of Ukraine

ABSTRACT: The need for research into replacing traditional fuels with
alternative fuels is emphasized, the features of a modernized pilot stand for
researching the kinetics of the hydrogenation reaction of carbon dioxide with
hydrogen is presented, its features are described.

KEYWORDS: ALTERNATIVE FUELS, POWER TO GAS,
METHANATION, HETEROGENEOUS CATALYSTS.

B yMoBax cbOTOJIEHHS, TEXHOJIOT1] IMPOKOTO 3aCTOCYBAHHS aJIbTCPHATHBHUX
MajuB HEOOXiTHO BHKOPHUCTOBYBATH SIK €JIEMEHT, IO 3a0€3MEUUTh CHEPreTHYHY

cTivikicth Ykpainu [1]. st nexapOoHi3alii OCHOBHUM HEOOXIJHUM €JIEMEHTOM €
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TEXHOJIOTis “power to gas” [2], sika 3a0e3nedye MepeTBOPEHHS ABOOKCHIY BYTJICIIIO
Ha METaH IUIIXOM Horo MeTaHi3amii «3emeHum» BogHem: CO; + Hy = CH,. Jlana
TEXHOJIOT1Sl MOKE€ 3aCTOCOBYBATHUCH SIK TSl «3B’sI3yBaHHs» BioBieHoro CO, Tax 1
JUIS aKyMYJIIOBaHHS eJIeKTpU4HOi eHeprii. Hanpukian, i MokHa BUKOPUCTOBYBATH
JUISL OUHWIleHHs Oiorasy 10 CTaHy, SKWUWA BIAMNOBiga€ BUMOraM «TeXHIYHOTO
perJamMeHTy IPUPOTHOTO razy» mo octatouyHoMy BmicTy CO; (He Oinbiue 2,5%).

Jns  mocnimKeHHs TEeTEepOreHHMX KatamsartopiB B IHctutyTi rasy HAH
VYkpaiHu BUKOHYIOTHCSI JIOCHIKEHHSI MPOIIECIB KIHETUKU KaTajizy 3 MOJajIbIIUM
pPO3pOOJICHHSIM ONTUMAJBLHUX TEXHOJIOTIM Ta mpoleciB AekapOoHizamii [3, 4].
[IpoBeneHo TIMOOKY MOACPHI3AIIIO MUIOTHOTO CTEHAY IS JOCHTIKCHHS KIHCTHKH
MIPOIIECIB T1IPYBaHHS JABOOKCUY BYyTJIELIO BojHeM (peakiis «Cabathey). [linoTHumit
creHa (puc. 1) posmimeHo Ha MertaneBoMy Kapkaci. OCHOBOIO CTEHAY €
KaTaJITUYHUN PEaKTOp MOBHOTO TIEpEMIIlTyBaHHs 1, SIKUW CKJIAIA€ThCS 3 JBOX CEKIIIN
no 1,7 M noBxkuHOMO, AlaMeTpoM 55 MM. PeakTop 3aBaHTa)KeHUI TpaHyJIbOBAHUM
cepiiinum Ni karamizatopom (mapku I'TAII-3-6H) O15x15 MM, 3aragbHa BHCOTa
niapy Karajizatopa CKiIaaae 3 M.

Ha crenni nepenbadeHo Oe3nepepBHE BUMIPIOBAHHS TEMIIEPATypH y HIECCTH
TOYKaX Ta OJMHAMUATH TOYOK B1AOOPY MPOO CHHTETHYHOTO rasy JJisi HACTYITHOTO
Moro aHani3y y razoaHaniTuuHii nadoparopii Incturyty razy HAH Vkpainu.

Jlanuii MIIOTHUM CTEH]I € yHIBEPCAIbHHUM, BIH MOXXE 30MpaTHCS B JEKIIHKOX
BaplaHTax, $KI BIAPIZHATUMYTbCS OJMH BIJ OJHOTO pPO3MIpaMd Ta B3a€EMHUM
pO3TalllyBaHHSIM  €JEMEHTIB, [JIsi 3a0e3MedYeHHs MPOBEJAEHHS JOCIIKEHb 3
KarajgizaTopaMy BITYM3HSHUMHU Ta 3aKOPJAOHHUMH aHAJIOTaMH 3 Pi3HUMHU (HOpM-
¢dakTopamu rpanyn. CTeHAl A03BOJIE€ MPOBOJMTH LIMPOKUN CHEKTP AOCIIKEHb 3

KIHETHKHU KaTasizy.
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1 — minoTHUI peakTop; 2 — eACKTPUYHUIA HarpiBady;

3 — TeTI00OMIHHUK-KOHIEHCATOD; 4 — cermapaTop; 5 — KoMrpecop; 6 —
pecuBep-HaKonu4yBay; 7 — Tepmonapu; 8§ — npoOoBiIOIpHUKY; 9 — OCyIIyBay rasy;
10 — miunnpHUK Ta30Bui; 11 — GanoH BogHEBUH 3 penyKTOpoM; 12 — 6aioH a30THUH 3
penykTtopoMm; 13 — 6ajioH BYTJIEKUCIIOTHUM 3 peykTopoM; 14 — potamerpu; 15 —
KpaHu ra3oBi; 16 — kpanu; 17 — razoxoau

Pucynok 1 — IlimoTHuU# cTeHn

Ilepesik nocujianb
1. bacok b.I. BoagHeBa eHepretvka 1 He TUIBKU: «pro» Ta «contra». bacok
b.1., bazee €.T., Kocrorpuz K.II., & Impenxko Bb.K. // Eneprorexsomorii Ta
pecypco30epeKeHHS. - 2024, No 2(79), c.110-125.
https://doi.org/10.33070/etars.2.2024.08.
2. Gotz M., Lefebvre J., Mors F., Koch A.M., Graf F., Bajohr S., Reimert
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R., Kolb T. Renewable power-togas: A technological and economic review. Renewable
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3. A.M. ronsmyk. Po3poOka eHepro3opirarouoi T€XHOJIOT1i BUPOOHHUIITBA
CUHTETUYHOTO METaHy 3 JHOKCHUAY Byriem. 1.JIoCmiKeHHsS KIHETUKHA Ta
MakpokiHeTHKHu peakiii Cabarbe Ha katamizatopax NI/A-AL203. A.M. Lonsamyk,
K.II. Kocrorpus, B.B. Konecuuk, I'.I. ConosiioB // Eneprorexnonorii Ta
pecypco30epesKeHHS. - 2024, No 3(80), c.94-108.
https://doi.org/10.33070/etars.3.2024.06.
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4, AM. MHroonamyk. IlinoTHH# cTeHa MIS  JOCTIHKEHHS IPOIECIB
riipyBanHa nBookcunay Byriemro BoaHem, K.UII. Kocrtorpusz, I'.l. ComosiioB //
«Pecypcoeneprozoepiraroui TeXHOJOTIi Ta oOJanHaHHS»: 30IpHUK Te3 JOIMOBiJIEH
XXVII MixHapo/1HOT HayKOBO-TIPAaKTUYHOI KOH(EpEHIli CTYyACHTIB, acCIipaHTIB 1
MOJIOUX BUEHHX, (28 mucronana 2024p., Kui). — K.: «KIII iM. Irops Cikopcskoro,

2024p.
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MODERNIZATION OF POLYMERGASINOL PRODUCTION PLANT
WITH THE DEVELOPMENT OF A TUBULAR REACTOR AND HEAT
EXCHANGER

student Nefyodova K.V., Ph.D., associate professor Stepanyuk A. R.

National Technical University of Ukraine

""Igor Sikorsky Kyiv Polytechnic Institute™

Annotation: This work proposes the improvement of a tubular reactor by
introducing helical baffles to intensify heat transfer and implementing a hydro-
pigging system for in-line tube cleaning without dismantling. These solutions make it
possible to reduce downtime, extend the overhaul interval, and enhance the reliability
and environmental performance of the production process.

KEYWORDS: POLYMER GASOLINE, MODERNIZATION, TUBULAR
REACTOR, HELICAL BAFFLES, HYDRO-PIGGING, HEAT TRANSFER,
POLYMERIZATION.

MOJIEPHI3ALIIAA YCTAHOBKHU BUPOBHUILITBA
HOJIMEPBEH3HUHY 3 PO3POBKOIO TPYBYHACTOI'O PEAKTOPA TA
TEIIVIOOBMIHHUKA

crynentka Hedrvomosa K.B., k.T.H., fouient Crenaniok A. P.

HaunionanbHuUil TeXHiYHUI YHiBepcUTET YKpaiHu

«KuiBcbKui noJtitexHivHui iHcTUTyT iMeHi Irops Cikopcbkoro»

AHoTanisi: YV pobomi 3anpononHosano  600CKOHANEHHS  mpydUACMO2o
Peakmopa ULIAXOM BUKOPUCMAHHS 28UHMOBUX Nepe2opo0OK OJisi IHMeHCU@IKayii
MenIooOMiHY ma 6NPOBAOICEHHS cucmemu 2i0poniceiney Onid OnepamuHo20

ouuwenHs mpyo 6Oe3 OemMonmadicy. 3acmoco8aHi piuieHHs 0038014I0Mb 3HUSUMU
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npoCmoi, NPOOOBHCUMU MINCPEMOHMHUL Nnepiod 1 nidsuwumu HAOIUHICMb ma
eKON02TYHICMb BUPOOHUYMEA.

KJIFOUYOBI CJIOBA: [TOJIIMEPBEEH3UH, MO/IEPHI3AILILA,
TPYBUACTHUH PEAKTOP, TBMHTOBI IIEPEIOPOJIKM, TIJIPOITIITIHT,
TEIIJIOOBMIH, ITOJIIMEPU3ALILA.

Polymer gasoline is an important product of the petrochemical industry, used
for the production of plastics, rubbers, solvents and as a component of specialty fuels.
Its high octane number and stable physicochemical properties make it indispensable
in various areas of chemical production. The increasing demand for high-quality raw
materials necessitates the modernization of technological installations to optimize the
processes of obtaining polymer gasoline, which will improve the quality of the final
product, reduce energy costs, and ensure the competitiveness of production [1].

Polymer gasoline is produced by polymerization of unsaturated hydrocarbons
(ethylene, propylene, isobutylene) in the presence of a catalyst. The raw material,
mixed with the recycled butane-butylene fraction, is fed into a tubular reactor, where
an exothermic polymerization reaction occurs. The reaction products enter the
distillation columns for separation: unprocessed raw materials are selected from the
top for recycling, and light and heavy polymer distillates, which are components of
polymer gasoline, are selected from the bottom. The technological scheme provides a
continuous process, which allows obtaining a product of stable quality.

A tubular reactor is structurally similar to a shell-and-tube heat exchanger (see
Fig. 1). In a tubular reactor, gas-phase reactants are supplied through the tubes, and
the coolant is supplied through the intertube space [2].

This design allows:

- to maintain the required temperature regime;

- to avoid overheating and uncontrolled reactions;

- to ensure the continuity of the process due to stable cooling.
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I

1 — Raw material inlet; 2 — Catalyst tubes; 3 — Cooler;
4 — Product outlet
Figure 1 — Polymerization reactor pattern
Modernization of the tubular reactor involves the implementation of two key
technical solutions aimed at increasing its efficiency and reducing operating costs.
The first step is the installation of helical baffles in the intertube space (see Fig. 2).
This design solution allows the coolant flow to be directed along a spiral trajectory
along the tube bundle. This eliminates stagnant zones, where uneven temperature
distribution usually occurs, evens out the thermal regime, and significantly increases
the efficiency of heat removal. This is especially important for exothermic
polymerization processes, where temperature control determines the stability of the

reaction and the quality of the final product.
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Figure 2 — Polymerization reactor modernization pattern

The second element of the modernization is the implementation of a
hydropigging system for the reactor tubes. This involves special nozzles for
launching and receiving “pigs” — rubber or polyurethane cleaning elements. They
move inside the tubes under the action of the flow and effectively remove polymer
deposits from the inner surface. This approach allows cleaning to be carried out
without dismantling the reactor and without long production stops, which
significantly reduces downtime and maintenance costs.

The expected result of the modernization is to increase the heat transfer
coefficient by 20-30%, ensure a stable temperature regime and uniform heat
distribution along the entire length of the reactor, and reduce the risk of uncontrolled
polymerization and side reactions. In addition, it is expected to reduce downtime and
increase the period between repairs, which in the complex ensures energy savings and

improved quality of the final product. Thus, the proposed design improvements allow
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to make the operation of the tubular reactor more efficient, reliable and economically

feasible.
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YK 541.64
MOJAEPHI3ZALIA PEAKTOPA-ITIOJIMEPU3ATOPA T1PU
BUPOBHUIITBI NOJICTUPOJTY
ctyaeHt €ppoMeHko M. A., acuctent [loguman I'. C.
HamionanpHuit TeXHIYHUN YHIBEPCUTET Y KpaiHH

“ KuiBChbKUM MOTITEXHIYHUN IHCTUTYT iMeH1 Irops CikopchbKkoro ”

AHOTAUISA: V oaniti pobomi pozensinymo nanpsamu mMooepHizayii peakmopa-
nonimepuzamopa, o BUKOPUCHOBYEMbCA Y GUPOOHUYMBI  NOAICIUPONY, 3
VPAXYB8aHHAM — NIOBUWEHHS — epeKmUsHOCmi  NONIMepusayiiiHo2o0 npoyecy ma
NOKDAW|EHHSI MENNI08020 PedXdCUMy anapama. menjaioooMiny ma NiO8UUEHHIO
eHepeemuuHoi egexmusHocmi eupooHuymea. OOIPYHMOBAHO OCHOBHI MEXHIUHI
DillenHs, CNpsAMOBaHi HA NIOBUWEHHS NPOOVKMUBHOCMI ma HAditiHocmi pobomu

00IAOHAHHA.

KJIIOY0BI CJIOBA: PEAKTOP-ITIOJIMEPU3ATOP, IIOJIICTHUPOII,
TEIUIOOBMIH, MOAEPHI3AIA, TEXHOJIOI'TYHA CXEMA

MODERNIZATION OF THE REACTOR-POLYMERIZER IN
POLYSTYRENE PRODUCTION
student M. A. Eremenko, assistant, PhD, H. S. Podyman
National Technical University of Ukraine

"Igor Sikorsky Kyiv Polytechnic Institute"

ABSTRACT: This paper considers the directions of modernization of the
reactor-polymerizer used in the production of polystyrene, taking into account the
increase in the efficiency of the polymerization process and the improvement of the
thermal regime of the apparatus. Heat exchange and increasing the energy efficiency
of production. The main technical solutions aimed at increasing the productivity and

reliability of the equipment are substantiated.
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[TomicTUpoIT — 116 CHHTETUYHUN TIOJTIMED, AKUH HAJICXKHUTh JI0 TPYIH MOJIIMEpPIB
CTHpOITy. BiH yTBOPIOETBHCS HUISAXOM MOJIIMEpPHU3allli CTUPOIY, IO € apOMaTHYHUM
ByriieBogHEM. OCHOBHUMU BJIACTUBOCTSIMH TMOJICTEPUITY € BUCOKA XIMIYHA CTIMKICTb,
HU3bKAa BOJIONIPOHUKHICTB, JIETKICTh, IPO30PICTh, a TAKOX XOPOIl JIeIeKTPHYHI
XapaKTepUCTUKU. MaTepial BiI3HAYAETHCS TEPMOIUIACTUYHICTIO, IO AO3BOJISIE HOMY
nijaaBaTucs TepMoOpMyBaHHIO, JHUTTIO Ta ekcTpysii. [lomicTtepun mae raphy
MEXaHIYHy MILHICTh MpPU HEBENMKIA Ba3l, CTIMKMNA 10 Jii KUCIOT Ta JIy)KHUX
PO3YMHIB, MIPOTE € YYTJIMBHUM JO OPraHIYHUX PO3UYMHHHKIB, TAKUX SIK alleTOH abo
OeH3uH. BiH He po3kiagaeTbcs y 3BUYAHMX yMOBaX 1 MOKE€ BUKOPHUCTOBYBATHUCS
npu temneparypax 10 80—100 °C 6e3 BTpaTu cBoixX BiactuBocten [1].

3HaYeHHs MOJICTEPUIIY BaXJIMBE y MPOMHUCIOBOCTI Ta MOOYTi, OCKUIbKU BiH
3aCTOCOBYETHCS JJII BUPOOHUUTBA MMAaKyBAJIBHUX MAaTeplajiB, 130JALIMHUX IUIUT,
OJIHOPa30BOT0 TOCYJy, KOHTEHHEpIB, KOPIYCIB MOOYTOBOI TEXHIKH, ITPALIOK Ta
PI3HHUX JeKOpaTUBHUX BUPOOIB. [lommpeHHs MomicTepuily y CBITI BEITUKE 3aBISKH
HOT0 yHIBEpPCAIIBHOCTI, EKOHOMIYHOCTI Ta IPOCTOTI OOPOOKH.

OCHOBHUM METOJIOM JOOYBaHHS TOJIICTEPUIY € pajJHKaibHa MOJIMEpHU3aIlis
CTUPOJYy y TMPHUCYTHOCTI IHIIIATOPIB TOJIMEpHU3aIlli, TaKWX SK TEPOKCHAU abo
azo0icmiHiTHiM. IlomicTepun Moke OTpUMYBATHCS K Yy BUIJIAAI TpaHysdl s
MOJAJIBIIOTO JUTTS ab0 eKCTpy3ii, TaK 1 Yy BUIISAAl MIHOMOJICTHPOIY HUISIXOM
BBEJICHHS Ta30yTBOPIOIOYHX AreHTIB, IO JI03BOJISIE OTPUMATH MaTepialiv 3 TOPUCTOIO
CTPYKTYpOIO, IIMPOKO BHKOPHCTOBYBaHI B TEIUJIOTa 3BYKOI30JIALIi. 3arajiom,
MOJICTEPUIT € OJTHUM 13 HAWMOIMIMPEHIMUX 1 HAHOUIBII YHIBEPCAIBHUX TOJIMEpPIB
Cy4acHOI MPOMHMCIIOBOCTI.

Ha pucynky 1 HaBeneHa cxeMa BHUPOOHHUITBA TMOJICTHPOIY B €MYJIbCIi

MepIOUIHUM METOJIOM [2].
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1 - amapar ju1st BATOTOBJICHHS BOAHOI (pa3u; 2 - peakTop; 3 - XOJOAWIbHHUK;
4 - mpuitmay; 5 - 301pKa narekcy; 6 - ocagHuK; 7 - npoMuBay; § - HUeHTpUQyra;
9 - cymapka; 10 — 6yHkep
Pucynoxk 1 — CxemMa BUpOOHMIITBA MOJICTUPOIY B €MYJIbCIi IEPIOAUYHUM
METO/I0M

B amapari 1 rotyooTh BoAHy ¢a3zy - pO3UMH y JEeMiHEpai30oBaHiil BOJi
eMyJsibratopa (oseaTy HaTpito), iHiliaTopa (nepcyiabdary Kajito) 1 pi3HUX 100aBOK - 1
3IIMBAIOTH 11 B peakTop 2. EMyJbCii0 TOTYIOTh BBEJACHHSIM CTHPOIY HPH CHUILHOMY
nepeMilTyBaHH1 paMHO-JI0MaTeBoi a00 TypOIHHOT Milal.

BwmicT peakropa 2 HarpiBatoTh 10 70-95°C mpouec npoBoAsaTh npoTsaroMm 1,5
roj. XoJoAuIbHUK 3, 3'€THaHMI 3 PEaKTOPOM 2, TIPAITIOE SIK 3BOPOTHHUH 1 3a0e3meuye
MOBEPHEHHSI CKOHJIEHCOBAHUX MapiB BOAHO-CTUPOJIbHOI cymini. [Tpu 3amumikoBomy
BMICTI CTHPOITY, 1110 HE TIpopearyBas, He Outbie 0,5 % mporiec IpUIMHHSIOTS.

B pesynbrari emynbCiiHOI TOJiMepu3allii CTUPOTY YTBOPIOETHCS CTiHKa
JUCIIepCisl MoJIIMEpy 01710T0 KOJILOPY — JaTEKC, 3 IKOTO TOCTPUM IMMapoI0 BIATAHSIIOTh
BUIBHUI CTUPOJI, 10 30upaerbest B npuiiMau 4. Jlatexc oxonomkyots 10 50 °C i

3JIMBAIOTH y 301pHUK 5. BuaiieHHs nojiMepy 3 JaTeKcy IPOBOJSATh B 00JIOTY TayHIB
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AIK(SO4);. Enmektpomit 1 mopymrye CTIHKICTh JaTeKCy 1 BUKIMKAE BUMAIAHHS
YaCTUHOK TMOdiMepy (KOoaryJdiliio). 3aBeplICHHsS IbOTO MPOIECY MPOBOISATH MpHU
HarpiBaHHI JIATEKCYy TOCTpUM TapoM depe3 OapOorep mo 85-90 °C mpwm
nepeMillyBaHH]1 MIIAIKO0 IpoTaroM 1,5-2 rog.

3 ocaautens 6 nucriepcis MOJIMEPY HAIXOIWTh y MpOMHBau 7 - amapar 3
XHOHUM KOHIYHUM JHUIIEM, 3 pammnor Mmimankoro. [licis ¢inbTpyBaHHS BOAHMIA
PO3YMH HAIXOJUTh HAa OYHUIICHHS, a MOJIMEp MPOMUBAIOTH MPU MEPEeMilllyBaHH1
CBDKOIO TOpIiero Tapsdoi Boau Temmeparyporo 70-80°C. Ilicms 3-5 mpomMuBOK
3MyYE€HY Yy BOJI JUCIEPCIIO0 MOJIMEPY MOJa0Th Ha LHEHTPU(DYTy 8 OLIbII MOBHOIO
3aeBoiHeHHs. [Topomiok I1C 3 Bomyorictio 10 60% HagXoauTh y cymapky .9, a micins
cymnHHs 3 BoJorictio Ommu3bko 0,5% - B Oynkep 10. Ilotim Bucymenumit I1C
MIPOCIIOIOTh HA CUTI 1 TPAHYIIOIOTH [2].

Peaktop € OCHOBHUM amapaToM (PUCYHOK 2), y SIKOMY IpPOBOJASATH IpPOLEC
eMyJIbCIMHOI monimMepu3anii crtupoiy. Lle BepTHKanbHUN IWIIHAPUYHUI anapar,
OCHAIICHUM COPOYKOIO JUJIsl HArpiBaHHsS Ta OXOJOUKEHHS, a TaK0X IOTYKHUM
nepeMillyBaJIbHUM MpucTpoeM. Kopryc peaktopa BUTOTOBISIIOTE 3 KOPO31MHOCTIMKOT
Heprkasitouoi crani (tumy 08X18H10 abo 12X18H10T), ockibku B peakiiiiiHiii Maci
MPUCYTHI CTHPOJ, PO3YMH eMyjbraropa Ta 1HINIATOpa, SKI MOTPEOYIOTh XIMIYHO
IHEpTHUX MarepiaiB. J[OmycKaeTbCs TaKOK BHUIOTOBJICHHSI 3 BYIVICLIEBOI CTall 3
eMajIeBUM a0o0 MOJTIMEPHUM 3aXUCHUM MOKPUTTSIM BHYTPIIIHBOT TTOBEPXHI.

VY BepxHIi YaCTUHI peakTopa nepeadoadeHi MTyUepHu AJs OJJaBaHHs CTUPOIY,
KOHTPOJIO THCKYy Ta TeMIepaTypd, a TakKoXX MaTrpyOOK IS Tija €IHaHHA
XOJIOAWJIbHUKA, SKUHM Mpaltoe y peXuMi 3BOPOTHUKA I MOBEpTa€ CKOHACHCOBaHI
napy Hazaj y poOody 30HY. Y HUXKHIA YaCTHHI PO3TAIIOBAHO 3JIMBHUU MaTpyOOK Ta
MOKJIMBUH IITYILEp I LUUPKYJALIT TEIIOHOCIS Y pa3l 3aCTOCYBaHHS 3M1MOBHUKOBOT

cucteMu Harpiny [3].
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1 — MoTOp-peayKTop; 2- cTiiiKa MpUBOY; 3 - criojlydHa My(ta; 4 - OOpHO-
YIOPHUHN TIIIMIUITHUK; 5 — paJialIbHUM MAMUIHUK;6 — YIIITEHIOBAIBHUMN MPUCTPIN;
/ — xopriryc anapary; 8 — kpuiika; 9 - oouyvaiika; 10 — ¢pmani; 11 - mrynep nogaui
Teronocis (mapa); 12 — copouka; 13 - onopHa nana; 14 — criiika; 15 — mok;

6 — mTynep BUBEACHHS KOHEHCATy; 17 - mTylep BUBEICHHS NMPOAYKTY,18 — TpyOa
nepenaBioBanns; 19 — Ban mimanku; 20 — mimanka; 21 — qauiie
Pucynox 2 — Anapat 3 MEXaHIYHUM IPUCTPOEM

Bcepenuni peaktopa BCTaHOBJEHAa MIIIAJIKa paMHO-JIONATEBOro  abo
TypOiHHOTO THIY. PaMHO-JI0naTeBa Mimanka 3abe3reyye akTUBHE NEPEMIITYBaHHS Y
BEITMKOMY 00’ €M1 i CTBOPIOE e(DEKTUBHUN MAKPOIIOTIK, SKUH PIBHOMIPHO PO3IOILIISE
Kpami CTuposy y BoJHIM (a3i. TypOiHHa Millajika CTBOPIOE 30HY IHTEHCHBHOTO
3CYBY 1 CIIpHsi€ TUCTIEPTYBaHHIO MOHOMEPY Ha APiOHI Kparuti, 0 € HEOOX1THUM JJIst
YTBOPEHHS CTIMKOi eMyibcii. Bubip Tumy Mmilanaky 3aieXuTh BiJ MPOTyKTUBHOCTI
peakTopa 1 HEOOXIAHOTO CTYyMEHs IUCIEPCHOCTI. Millajgka MPUBOJUTHECS B 11O
CIEKTPOJIBUTYHOM  4Yepe3 PEeAyKTOp, MIBHUAKICTh OOEpTaHHS SKOTO  MOXE

PETyIOBATHUCA IJIA HiI[TpI/IMaHHﬂ OIITUMAJIBHOTI'O PCI)KUMY CMYJIbI'YBAHHA.
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[Tpunuun poGoTu peakTopa MOJATa€ y BBEJACHHI B HHOTO BOJAHOI (a3u, sika
MICTUTh €MYJIIaTop, 1HILIATOp Ta 1HIII JOOABKH, MICJIS YOTO MpPH MEpeMilTyBaHHI
noJlaloTh cTUpoi. Mimanka 3a0e3neuye 1HTEHCHBHE YTBOPEHHS €MYIbCli, B SIKii
MOHOMEp PIBHOMIPHO PO3MOJUICHHH Yy BUIJISAAI ApiOHMX Kpaneib. Ilicias 1poro
peakIiiiiHy macy HarpiBaioTh y copouii g0 70-95 °C, mo 3abe3nedye modaTrok 1
nepedir nomimepuzartiii. [1ig yac HarpiBaHHS yTBOPIOIOTHCA Mapu BOAM Ta CTUPOIY,
AK1 HAJAXOAATh Y XOJOJUIBHUK, KOHACHCYIOTHCS Ta MOBEPTAIOTHCS Ha3ad y PeakTop,
1110 3amo0irae BTpaTaM MOHOMEDY.

[IpoTtsirom ychoro mporuecy 3abe3nedyeTbess pIBHOMIPHUM pO3MOALT Temia Ta
MacH, KOHTPOJIb TEMIIEPaTypHy 1 MepeMilllyBaHHs, [0 HEOOXITHO IS CTablIBHOCTI

noximepu3arii [4].
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UDC 678.674:547.458
FEATURES OF PRACTICAL APPLICATION OF STARCH-BASED
BIODEGRADABLE FILMS
assistant Byshko Mykyta.
National Technical University of Ukraine "lgor Sikorsky Kyiv Polytechnic Institute”

ABSTRACT: Starch-based biodegradable films plasticized with glycerol are
promising materials for replacing conventional petroleum-based polymers in short-
life applications. This paper analyzes the main practical fields of their application,
including food packaging, agriculture, medicine and paper coating, and discusses
their functional properties and limitations.

KEY WORDS: STARCH-BASED  FILMS, BIODEGRADABLE
MATERIALS, POTATO STARCH, CORN STARCH, GLYCEROL PLASTICIZER,
PRACTICAL APPLICATION, BARRIER PROPERTIES, MECHANICAL
PROPERTIES

OCOBJIMBOCTI NPAKTUYHOI'O 3ACTOCYBAHHS BIOPO3KJIAIHUX
IJIIBOK HA OCHOBI KPOXMAJIIO
acucrtent bumko M A,
HauionanbHui TEXHIYHUNA YHIBEPCUTET YKpaiHu
«KuiBchbkuii momiTexHiYHU 1HCTUTYT iMeH1 [ropst CiKopCchbKOTOY

AHOTAIIA: biopo3knagHi IUIIBKM Ha OCHOBI  KapTOIUISHOTO  Ta
KYKYpYI35SHOTO KpOXMallto, IUIaCTU(]IKOBaHI TIIILIEPUHOM, pPO3IISAAIOThCA  SIK
albTepHATHBA TPATUIIAHUM Ha(TOXIMIYHUM TMOJIMEpaM y BHpPOOax 3 KOPOTKUM
TEPMIHOM CIyKOU. Y poOOTI y3arajabHEHO OCHOBHI HampsMU iX MPAKTHUYHOTO
3aCTOCYBaHHS: TAaKyBaJdbHI Marepiadd JUisl XapdOBUX TNPOAYKTIB, arpoILIiBKH,
MeIUYHI Ta (papManeBTUYHI CUCTEMH, TTOKPUTTS JIJIS TIATIepy Ta KapTOHY.

KJIIOUOBI CJIOBA: BIOPO3KJIAJIHI TUIIBKHU, KPOXMAJIb,
KAPTOIUISIHUM KPOXMAJIb, KYKYPYI3SIHUII KPOXMAJIb, TJIILIEPHH,

362



36ipuuk Te3 nonosineii XXXV Beeykpaincbkoi HayKOBO-IpakTUYHOI KOH(pepeHuii cTyaeHTIB,
acmipaHTiB i MoJsionux BueHux “O0JaTHAHHSA XiMiYHUX BUPOOHHMUTB i MiANPHEMCTB OyaAiBeIbHUX
MarepiaiiB”

[TPAKTUYHE 3ACTOCYBAHHA, BAP'€PHI BIIACTMBOCTI, MEXAHIYHI
BJIACTHUBOCTI

AKTUBHHMI PO3BUTOK O10pPO3KJIQJIHUX IOJIMEPHUX MarepiajiB 3yMOBJICHUMN
MOCWJICHHSIM €KOJIOTTYHHUX BUMOT JI0 TAKyBaJbHOI Ta MOJIMEPHOI MPOAYKIIii, a TAKOXK
HEOOX1AHICTIO 3MEHIIIEHHS 0OCSTIB TIACTUKOBHX B1XOAIB [5; 7]. OmHUM 13 HaWO1IBII
JOCTYITHUX Ta BIJHOBIIOBAHUX JIKEPEI CHPOBHUHM JJIsI CTBOPEHHsI 010MOJIIMEPIB €
KpPOXMaJib, 30KpeMa KapTOIUISTHHN Ta KyKypyn3siHuid [3; 5].

[1ix yac orpumanHs TepMoriacTuaHoro kpoxmaito (TIIK) rpanynu kpoxmaiio
BTPAYalOTh CBOIO MIBKPUCTAIIYHY CTPYKTYpPY 1 NMEpPETBOPIOIOTHCS Ha Oe3lepepBHY
MAaTPHUIIFO ITi]] BIUIMBOM MEXaHIYHOTO BIUIMBY, TEIlIa Ta TacTH(ikaropis [2].

IIpakTyHe 3aCTOCYyBaHHI KPOXMAJbHHMX OIOPO3KIAMHMX IUIIBOK Yy
NAKyBaHHI Xap40BHUX MPOXYKTIiB

Haiibinbimr  po3moBCIOKEHOI0  cPeporo  3acTOCyBaHHS — 010pPO3KIIAIHUX
KPOXMaJIbHHX TUTIBOK € XapuoBe makyBaHHs [1; 4; 6]. Taki IIiBKH BUKOPHUCTOBYIOTh:

. AK CAMOCTIMHI MaKyBaJlbHI MaTepiajid Jisi NPOAYKTIB 13 KOPOTKHM

TepMiHOM 30epiranHs (oBoYl, PPyKTH, XJ11000yI04H1 BUPOOU, CHEKH);

. SK BHYTPIIIHI MMaKyBaJIbHI BKJIAJIUII Ta OOTOPTKH, IO KOHTAKTYIOThH 13
MIPOAYKTOM;
. K TIOKPUTTS Ha TMamnepoBiii a00 KapTOHHINA OCHOBI JJIs CTBOPEHHS

KOMOIHOBaHO1 010pO3KJIaIHOT YITAKOBKH [2].

KpoxManbHi M1iBKH, MIacTU(IKOBaHI IIIIEPUHOM, 3a0€3Me4yI0Th NPUUHITHHMA
piBeHb MeXaHi4HOI MIlIHOCTi Ta €JacTHYHOCTI JUIsl MaKyBaHHS JIETKUX MPOAYKTIB. IX
TOJIOBHOIO OCOOJNMBICTIO € 010pO3KJIQHICTh y KOMIIOCTHUX YMOBaX Ta MOXJIMBICTb
nepepoOKH pa3oM i3 ManepoBOK OCHOBOIO Y Pa3i BUKOPUCTAHHS SIK MTOKPUTTS [2; 5].

BonHouac miiBHIlleHa YyTIMBICTH 10 BOJOTM OOMEXYy€e€ BUKOPUCTAHHS TaKHX
IUIIBOK IS JKUPHUX Ta BOJOTMX TMPOAYKTIB 0e3 J0JaTKOBUX Moaudikarii

(comomimepairisi, BBeAEHHS TiApodoOHMX 100aBOK, HAHECEHHs OaraTomapoBHX
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nokputTiB) [7]. JochmimkeHHs MOKa3ylOTh, LI0 BBEACHHS JIMIAIB Y KpOXMaJbHY
MaTPHUIII0 MOXKE 3MEHIIUTH MTPOHUKHICTh KUCHIO B CIM pa3iB . Kpim Toro, nonaBanHs
KOMITO3UTHUX €JIEMEHTIB 3 IETI0JI03N 200 HAHOKOMITO3UTIB MOXKE 3HAYHO ITiIBUIIIATH
SIK MEXaHI4HI BJACTHBOCTI, TaK i 0ap'e€pHi XapaKTepUCTHKH ILIiBOK [1; 7].

Biopo3kiaaHi KpoxMaJibHi IVTIBKM B CLUIBCHKOMY I'OCIIOAAPCTBI

Y CiabChKOMY TOCIIOIAPCTBI O1OpO3KJIAMHI TUIIBKM Ha OCHOBI KPOXMAJIO
3aCTOCOBYIOTh Y BUIVIsI [5; 7]:

e MYyJBUYBAJIBHUX IUTIBOK JJISI TOKPUTTS TPYHTY;

e IUTIBOK JIJISl TAPHHUKIB TA TEIIUI[h KOPOTKOCTPOKOBOTO BUKOPHCTAHHS;

o TMAaKyBaJIbLHUX MaTepiajiB Juisi JOOpPUB 1 HACIHHS, NPU3HAYCHUX JUIS
IITBUIKOTO PO3KJIATAHHS y TPYHTI.

OcoOnuBICTh MPAKTUYHOTO 3aCTOCYBAHHS MYJIBUYBAIBHUX KPOXMAJbHUX
TUTIBOK MOJISITAE B TOMY, 1110 IMICJIS 3aBEPIIEHHS CE30HY BOHU MOXKYTh OyTH 3aJIUIIEHI
Ha TOJI Ta MiJ JI€0 MIKPOOPraHi3MiB MOCTYIIOBO PO3KJIAAATUCS 10 HETOKCUYHUX
nponyktiB [5; 7]. Lle mo03Bosii€ YHUKHYTH TPYIOMICTKOTO 30WpaHHS 3aJIUIIKIB
TpaauLIMHUX TOJMIETUJICHOBUX IUIIBOK. Ha BiAMiIHY BiJl TpaauLIMHUX MIACTUKOBUX
MYJIBIYBIBHHUX TUTIBOK, 010pO3KJIaHI arpoIlTiBKU MOBHICTIO po3kiianatoTbest y COq,
BO/Iy Ta 6ioMacy, 1110 0araTuTh IPYHT MOXKUBHUMHU PEUOBHUHAMMU.

Bax1MBUMH eKCILTyaTal[iiHUMU BUMOTaMH JIO arpoIutiBok € [3; 5; 7]:

. JOCTaTHsI MEXaHIYHa MIITHICTh HA PO3PUB Ta MPOKOJ ITiJ1 Yac yKIJIaIaHHS,

. CTAaOUIBHICT, JO arMOC(EpHHX BIUIMBIB (omaau, YIbTpadioieToBe
BUIPOMIHIOBAHHS) IPOTSATOM BETr€TAIlIMHOTO MEePIOAY;

. KOHTPOJIbOBaHA IIBHJKICTh OlOAECTPYKINi, M0 Y3TOIXKY€EThCS 3
TPHUBAJIICTIO BUPOIITYBaHHS KYJIBTYPH.

CriBBiTHOIICHHS] KPOXMAJTIO Ta TIIIEPHUHY, & TAKOK HASBHICTh MOAU(PIKYIOUHX
n00aBoK (HampukiIam, Ol0MOJiecTepiB) JMO3BOJSE PETYIIOBATH 4Yac pPyHHYBaHHS
IUTIBKH B IpyHTI [3; 5].

MennuHi Ta (papManeBTHYHI 32CTOCYBAHHS KPOXMAJIbHHUX IIIBOK
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3aBasiku 610CYMICHOCTI Ta BIICYyTHOCTI TOKCUYHMX KOMIIOHEHTIB IUTIBKM Ha
OCHOBI KpPOXMaJlt0, IIacTU(iKOBaHI IIIIEPUHOM, 3HAXOIATh 3aCTOCYBaHHS Yy
MeINYHIN Ta papMaleBTUUHIN Taly3sX:

. y BHUDIIAI TOHKMX IUTIBKOBHX TOKPUTTIB JUIsI  TaOJETOK, IO
3a0e3MeuyoTh KOHTPOJIbOBAHE BUBLJILHEHHS 10401 PEUOBUHU;

. SK Marepiajav JUisl BUTOTOBJICHHS THMYACOBHUX PAHOBUX MOKPHUTTIB i
MOB'S130K, SIK1 TOCTYIIOBO PO3KJIaIal0ThCS;

. K CKJIaJIOB1 O10MOJTIMEPHUX CHCTEM JOCTaBKH JIIKIB.

OcoOnuBOCTI MPAaKTUYHOTO BUKOPUCTAHHA B MEAMIMHI TMOB'S3aHl 3
HEOOXIAHICTIO  3a0e3MeUeHHs  CTEePWIbHOCTI, MependadyBaHOCTI,  IIBHUIKOCTI
Jerpajaiii Ta BIJICYTHOCTI HeOakaHUX TMPOAYKTIB pos3kiamaHHsa. lle Bumarae
pPETENBHOTO MiAOOPY YHUCTOTH KpPOXMalllo, BMICTy DJIIEPUHY Ta PEKUMIB
TepMooOpoOKku TuTiBKUA. Kpoxmanb He 3aBmae MIKOAW KUBUM TKaHMHAM, 110 POOUTH
Horo Ge3MmevyHrM Ui MEANYHUX 3aCTOCYBaHb.

DOyHKUIOHAIbHI BJIACTHBOCTI Ta 00MeKeHHA KPOXMAaJIbHUX
0iopo3KJIAHUX IUIIBOK

JIo KJIIOYOBHMX EKCIUTyaTalllifHUX BJIACTMBOCTEW KPOXMaJbHUX IUTIBOK, IO
BH3HAYaI0Th chepH 1X MPAKTUUHOTO 3aCTOCYBaHHs, Hanexath [1; 2; 4; 6]:

. MEXaHI4HI BJIACTUBOCTI (MILIHICTh HAa PO3PHUB, BIJHOCHE MOJOBXECHHS
MIPU PO3PUBI, KOPCTKICTh, MOAYJIb IPYKHOCTI);

. Oap'epHi XapakTEPUCTUKH (MPOHUKHICTH JIsl BOJSHOI Mapu Ta Ta3iB —

KHUCHIO, TIOKCUTY BYTJICIIO);

. CTIHKICTH JI0 BOJIOTU Ta TEMIIEPATYPH;
. MIBUAKICTh O10E€CTPYKLIi B 33JJaHUX yMOBax (KOMIIOCT, IPYHT, BOJIHE
CepeIOBUIIIE).

Bucokuit BMICT TiApodiIbHUX TPyn 3YMOBIIOE TO3WTHBHI  Oap'epHi

BJIACTUBOCTI IIO/I0 KUCHIO, aJi¢ BOJHOYAC BUCOKY MPOHUKHICTH JIJIsl BOASIHOT mapu [4].
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JlocmiKeHHST TIOKa3alid, IO MPOHWKHICTh KPOXMAJIBHHUX IUIIBOK MO0 KHCHIO
3QJICKHUTH BiJl BMICTY IU1acTH(iKaTopa Ta BOJIOTH B MaTepialli.

Ile oOMexxye BUKOPHUCTAHHS KPOXMAJIBHHUX IUTIBOK JUIS MPOIYKTIB, UYTIIMBUX
710 3BOJIOYKEHHS, 0€3 10AaTKOBOI MOAU(DIKaITii.

Cepen OCHOBHHMX 0OMEKEHb IMTPAKTUUHOTO 3aCTOCYBAaHHS CJIij Bia3HauuTH [3; 5]:

. YYyTJIMBICTH JIO BOJIOTOCTI HABKOJIMIITHBOTO CEPEIOBUINA;

. HIDKIY TEPMOCTIMKICTh MOPIBHSAHO 3 TPATULIIMHUMU TEPMOILIaCTaMU,

. 1HKOJIM HEOCTATHIO MEXAHIYHY MIITHICTh JJISI BAXKKUX a00 TOCTPOKYTHX
00'€KTIB;

. M1JBUIIEHY KOPCTKICTh MPU HU3BKUX TEMIIEpaTypax.

MexaHiuHI BIIACTHBOCTI KpPOXMAaJbHUX IUIIBOK CYTTEBO 3alleXkaTh Bl THILY
BUKOPHUCTAHOTO IUIacTh(ikaTopa Ta Temreparypu oOpoOku. MIIHICTh Ta MOIYIb
MPYKHOCTI 30UIBIIYIOTBCS 31 3POCTAHHSIM TEMIIEpaTypu KOAaJECIEHIi /10 IMeBHOi
TOYKH, a IMOTIM 3HWKYIOThCA [2; 4].

BucnoBxu

biopo3kiiagHi MIIBKM HAa OCHOBI KPOXMAJIIO, IUIACTH(IKOBaHI IIIILEPUHOM, €
MEePCIEKTUBHUMH MarepiajlaMu JIJIsl 3aCTOCYBAaHHSA Y NMaKyBaHHI Xap4OBHX MPOYKTIB,
CUIBCBKOMY TOCIOApPCTBI, MeAUIMHI. OCOOIMBOCTI X MPAKTUYHOTO BUKOPUCTAHHS
BU3HAUAIOThCSI KOMILIEKCOM BJIACTUBOCTEH: MEXAHIYHOIO MIIHICTIO, Oap'epHUMHU
XapaKTePUCTUKAMH, CTIMKICTIO JIO BOJOTH Ta IIBUAKICTIO O10ASCTPYyKINii, sKi
3aJIe’KaTh BIJ TUIY KPOXMaJt0, BMICTY IIILEPUHY Ta TEXHOJIOT] OTPUMaHHS TUTIBKH.
OcHOBHMMH TIepeBaraMu KpOXMajbHHX IUTIBOK € BiJIHOBIIOBaHA CHUPOBHHHA 0as3a,
010pO3KJIAHICTh Ta BIJICYTHICTh TOKCHYHHX TMPOAYKTIB PO3KIAJAaHHS, TOMI SIK

0OME)XeHHSI TTOB's13aH1 3 T1APO(DUIBHICTIO Ta BITHOCHO HU3BKOIO TEPMOCTIMKICTIO.
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