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STUDY OF THE STORAGE OF WOOD FUEL FROM A THIN GAUGE
Kremnov V., Ph.D. Belyaev G., Ph.D. Belyaeva I.,
Zhukov K., Stetsuk V.
Institute of Engineering Thermophysics of NAS of Ukraine

ABSTRACT. The purpose of the work was to obtain fairly reliable initial data
regarding the organization of fire-safe long-term storage of wet wood waste of a
small diameter in the open air by various alternative methods. The subject of
research was freshly felled hardwood with leaves.

KEYWORDS: STORAGE, WOOD WASTE FROM FELLING, WET "GREEN"
WOOD CHIPS, PRELIMINARY DEHYDRATION, SEMI-FINISHED FUEL.

JOCJIAXEHHS 35EPITAHHS JEPEBHOI'O ITAJIUBA 13 TOHKOMIPY
KpemuboB B.O., k.1.H. benses I[.B., kx.T.H. bensena L.I1.,
Kyxos K.JI., Cremtok B.T.
IncruryT TexHiyHol Termogizukn HanionanbHoI akageMil HayKk YKpaiHu

AHOTAI[IA. Memorw pobomu 6yno ooepicanms 00CUMb HAOIUHUX BUXIOHUX
OaHUX U000 Op2aHi3ayii NoXMHCeHo0be3neyHo20 mpueano2o 30epicanHs 8010201
MOHKOMIPHOI CUpPOBUHU NPOCMO HebA pISHUMU albMePHAMUSHUMU CNOCODAMU.
Ilpeomemom Oocniodcenv 0Oyaa ceidco3pybana 3 AUCMAM MOHKOMIPHA Oepesuna
JIUCMAHUX NOPIO.

K/TIO490BI CJIOBA: 3FEPIIAHHA, JIEPEBHI BIJIXOIHU Bl/ PYHAHP,
BOJIOT'A «3EJIEHA» TPICKA, IOIEPEJHE 3HEBOJHEHHA, ITAJIMBHUU
HAIIIBO®ABPUKAT.

Introduction. The category of waste, in accordance with the regulatory
documentation of Ukraine, includes tops of trunks and branches with a trunk diameter
of < 30 mm. According to the rules, these resources are subject to destruction by
burning with using of liquid fuel in specially designated places. For fire safety

reasons, this is done in the fall. Wood fuel fully meets modern environmental
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requirements, is a promising renewable resource, but requires large volumes of raw
material storage. For example, compared to coal, taking into account the difference in
calorific value, bulk mass and humidity, the volume of wood in warehouse cubic
meter exceeds the volume of coal by approximately 20 times, assuming the same
thermal energy potential.

The storage of small-diameter wood in the three most common ways was
researched, namely: in its natural form - in a pile and a fragment of a stack, and also
after chopping wood - in the form of wet "green” chips. The third method - in the
form of wet wood chips is considered dangerous in terms of self-ignition, and this
especially applies to "green chips obtained by the method of chopping wood together

with leaves.

Characteristics of alternative methods of outdoor storage for 16 months

1. In a separate pile, in the form of whole trees with leaves: width - 1.7 m;
length — 3.4m; height - 1.5 m; bulk volume ~ 9 m®,

2. In a fragment of an industrial stack: width — 5 m; height - 2 m; length - 1 m
(in practice, the length is not limited, has no technological significance and is
determined for organizational reasons, taking into account the size and shape of the
storage area); bulk volume ~ 10 m®.

3. A fragment of the stack of crushed wood together with “green" leaves (of the
"green" chips). Stack dimensions: height - 2 m; width: at the mark "0" - 5 m, at the
mark "2" - 3 m; length — 1 m; bulk volume ~ 5.5 m®.

The conception (idea) of the research was based on the following.

> Pile storage was organized on a 1:1 scale and is a full-scale experimental and
industrial test.
»> Storage of freshly cut "green” wood in a stack is organized in the formof a1 m

long fragment with a cross-section on a scale of 1:1, which had the shape of a

rectangle, 5m wide and 2 m high. The fragment of the stack was formed

between two parallel heat-insulated flat fences.
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> The research of wet "green" chips was aimed, first of all, at determining the
technical conditions that prevent spontaneous combustion, which has
repeatedly occurred in practice and was confirmed by researchers from
different countries[1, 2].

When choosing the shape and cross-sectional dimensions of the stack for
storing wood chips, we took the following into account.

o Self-ignition requires a temperature level that cannot be achieved only through
purely biochemical processes. Reaching the temperature necessary for self-
ignition indicates the participation of exothermic chemical reactions (probably
hydrocarbon oxidation reactions in the presence of flammable gases).

e Flammable gases can be formed during the activity of facultative microflora,
which operates at an oxygen concentration insufficient for aerobic microflora,
which produces only non-flammable gases - water vapor and carbon dioxide.
The above considerations indicate a huge unevenness of conditions in the

massif of "green™ wet cod. Similar problems associated with insufficient aeration
occur during composting of biomass - its biological conversion by fermentation under
the influence of aerobic microflora. In field composting technology, this problem is
solved by mixing and aerating biomass with specialized mechanisms.

During the entire period of storage, the temperature was measured at different
points of the internal volume of the wood using a specially designed probe. It was
established that the temperature in the massif of the heap was almost no different
from the ambient temperature; in the stack fragment it reached 40°C; the maximum
temperature in the chips massif reached 62° C, after which it gradually decreased to
the ambient temperature over the course of 2 months.

During the storage period of the raw material, its moisture content decreased on
average:

- in a pile ~ 5 times (from 1 kg of moisture per 1 kg of completely dry wood to
0.2 kg of moisture per 1 kg of completely dry wood);

- in a stack fragment - 4.3 times (from 1 kg of moisture per 1 kg of completely
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dry wood to 0.23 kg of moisture per 1 kg of completely dry wood);
- in a fragment of a stack of "green" wood chips ~ 2.5 times (from 1 kg of
moisture per 1 kg of completely dry wood to 0.4 kg of moisture per 1 kg of

completely dry wood).

Conclusions

o All researched storage methods are safe with respect to spontaneous
combustion.

e | ong-term storage (> 16 months) provides significant dehydration; when stored
in a pile and stack, it is practically provide that the air-dry state is reached, and
the fuel semi-finished product does not require further dehydration. Storage in
the form of fuel chips requires further drying of the semi-finished product.

e Dehydration during storage in the form of wet "green" wood chips is ensured
mainly due to the process of biological conversion of shredded leaves and small
wood particles. We formulated and received a patent for a useful model for
stacking wet wood chips in elongated stackes of a defined cross-section, which
is sufficient for fire-safe storage and significant preliminary drying without
stirring [3]. In addition, acceleration (if necessary) of conversion and drying by

mixing and aeration was proposed.
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UDC 661.715.3
JUSTIFICATION OF THE CHOICE OF THE DESIGN OF THE HEAT
EXCHANGER FOR THE INSTALLATION OF THE PRODUCTION OF
BARIUM CHLORIDE BY THE CHLORCALCIUM METHOD
Student Furman A.V., associate professor, Ph.D. Huliienko S.V.
National Technical University of Ukraine
«Igor Sikorsky Kyiv Polytechnic Institute»
Abstract: The choice of the type of heat exchange device is substantiated,
taking into account the characteristics and compared with analogues
Key words: barium chloride, heat exchange
OBIPYHTYBAHHSA BUBOPY KOHCTPYKUII TEIIJIOOBMIHHUKA
JJISI YCTAHOBKHU BUPOBHHUIITBA XJIOPUCTOI'O BAPITO
XJIOPKAJBIHIEBUM METOA0OM
cryneHT ®ypman A.B., nom. k.T.H. ['ymenko C. B.
HaunionanbHUi TeXHiYHMN YHiBepCUTET Y KpaiHU
«KuiBcbkuii mosirtexHivuui iHcTutyT iMeHi Irops Cikopcbkoro»
Anomauin. QOoOrpynmosano 6ubip muny meniooOMiHHO20 anapamy 3
VPAXy8aHHAM XapaKmepucmuxK ma nopieHAHO 34 AHAI02aAMU

Knrwouoegi cnosa. xnopuo oapirn, meniooomin

Y TexHONOTiYHOMY TMpoIleci BUPOOHUIITBA XJIOPUAY Oapito e(heKTUBHICTDH
TEMJI000MIHY € OJHUM 13 KJIIOYOBUX AacCIeKTiB, IO BIUIMBAIOTh Ha 3arajbHy
MPOJYKTUBHICTh Ta €KOHOMIYHICTh BUPOOHUUTBA. [limirpiBaHHs po3uuHy €
BaXJIMBOIO YAaCTUHOIO MPOILIECY, OCKUIbKM 3abe3rneuye ONTHMajbHI TeMIepaTypHi
YMOBH JIJIsl TOAQIBIINX PEAKIlid Ta 00pOOKH.

Y cxemi BUpOOHMITBA XJOpUAy Oapil0  TEMIOOOMIHHHMK, 30KpeMa
KOXXYyXOTpPYOHOTO THWITy, BIJIrpae KpUTHUHY poJyib. BiH 3abe3nedye HEOOX1THHIA
HiIICPiB PO3YMHY, BUKOPUCTOBYIOUM €HEPTil0 BiJ] IHIIUX MPOIECIB UM BiJ 30BHIIMIHIX

okepen. BukopucTaHHS KOXYXOTpYOHOrO TEIJIOOOMIHHHMKA JO3BOJISIE JOCATTH

11
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PIBHOMIPHOTO PO3IOAIY TeIUla, IO CHpUse CTaOUIBHOCTI XIMIYHHUX IPOIIECIB,

3MEHIIY€ PU3UK BIJKJIAJICHb Ta MOKPAIIye SIKICTh KIHIIEBOTO MPOAYKTY.[1]

Ocph MOpIBHSHHS PI3HUX THUIIB TEIJIOOOMIHHUKIB JJI1 MIJITPIBY PO3YUHY

xJjopuay 0apiro, 1€ OCHOBHY yBary mpHUIiJICHO KOKYXOTPYOHOMY TEIJIOOOMIHHUKY SIK

ONTHMAJILHOMY BapiaHTy ISl POIIECY.

[TopiBHSIHHS TUIIIB TEMIIOOOMIHHUKIB

OcnoBai | Koxyxotpy6 | [lnactunuac | Croipansauii | TpyOuactu | [lanenbHuii
TEXHOJIOT1YH HUM THI TEILUIOOOMIH 51 TETUI000MIH
1 IOKa3HUKHU | TEIJIOOOMIH | TETJI000MIH HUK TEIJI000MIH HHUK

(1-5) HUK HUK HHUK
Hpoz.LyKTHBH c 4 3 4 4
iCTh
Mertanoemui
4 3 4 4 3
CTh
TenmooOMiH 5 4 4 3 4
["abaputn 3 4 4 3 4
CxJaiHICTh
BUTOTOBJICH 4 3 2 2 4
HS
Eneproemni
CTh 4 4 4 4 5

Ha ocHOBI NMOPiBHSHHS MOKHA 3pOOUTH BUCHOBKH MPO €(PEKTUBHICTH KOKHOTO

TUIY TEIUIOOOMIHHUKA II0JI0 BUMOT MIPOLIECY:

1. KoxyxoTpyOHMII TermooOMIHHUK HaOpaB HaWBHUIY KUIBKICTH OamiB (25).

Horo BHCOKI MOKa3HUKH MPOJYKTUBHOCTI Ta €(EKTUBHOCTI TEIIOOOMIHY, a TaKOX

ONTHMAaJIbHA METAJOEMHICTh POOJIATH IEW TUT O0JIaIHAHHS 17ICATHHUM JIJIS MiITPIBY
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po3unHy xJjopuay Oapito. lLleil TermmooOMIHHMK HaMIMHUM Ta e(PEKTUBHUN IS
00poOKM BeTWKHUX OOCSTIB PIAWHM, MO OCOOJMBO BAXKIWBO ISl TPOMHCIOBOTO
BUPOOHUIITBA.

2. IlanenpHUl TEIJIOOOMIHHUK Ma€ TaKOXK XOPOII MOKa3HUKH (24 6aiu) 1 Mir
O6u Oyt e(eKTUBHUM BapiaHTOM, NPOTE BIH MEHII MNPUIATHUA JIsI poOOTH 3
BUCOKHMMHU OOCSTaMH PIAUHU, IO POOUTH KOKYXOTPYOHUH TEIIOOOMIHHHUK KpaIliM
BHOOPOM.

3. IlnactuH4acTuil TEMI000OMIHHUK (22 6ann) € ePeKTUBHUM Ta KOMIAKTHHUM,
ajyie MOCTYMAEThCS KOKYXOTPYOHOMY Yepe3 MEHIIY MPOIYKTHUBHICTh Ta CKJIAQJHICTh
KOHCTPYKIIi.

4. CripasibHuil Ter1000MiHHUK (21 6an) mokaszye cTaOulbHI pPe3ysbTaTH, aje
Mporpae yepe3 BIAHOCHO HIXKYY MPOAYKTUBHICTh Ta METAIOEMHICTh. BiH MiAXOIUThH
JUISl HEBEJIUKUX OOCSTIB PiAMHU a00 0OMEKEHOr0 MPOCTOPY.

5. TpyOuacTtuii TerI00OMIHHUK Ma€ HaMMEHINy KUTbKICTh 0aniB (20), OCKUIbKU
oMy Opakye MpOyKTUBHOCTI JJ1sl 3a0€3MeUeHHsI HEOOX1AHOTO PiBHS MiAITPIBY.

KoxyxoTpyOHU#l TEMI000MIHHUK € ONTUMAaJbHUM BHOOPOM JUISI TIPOIIECY
OiIITPIBY  PO3YMHY  XJIopuay ©Oapio, OCKUIBKM BIiH  3a0e3rnedye  BHUCOKY
MPOJYKTUBHICTh, XOPOIIl TEIIOOOMIHHI TOKa3HUKKA Ta HAAIMHICTE poOOTH 3
BEJTMKUMH oOcSAraMu piiiHU. X0o4a BiH Ma€ Jenio Okl rabaputu, HOro HaliMHICTh
Ta JOBrOBIYHICTh KOMIIEHCYIOTh IOYAaTKOBI BUTPAaTH Ha BCTAHOBJIEHHS, 11O POOUTH

HOT0 KpammumM BUOOPOM JIJIs1 TPOMHUCIOBOTO BUPOOHUIITBA.[2]
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1 - moxoBa npobapka s 6apuTy; 2 — eneBarop; 3 - OyHKep sl TOAPIOHEHOTO
Oaputy; 4 - TpyOdacTuii MJIMH JUIsl Oaputy; 5 - OyHKep JUIsl MEJIeHOTo OapuTy; 6 -
OyHKep JUIsl BYrijuisi: 7 - aBTOMATUYHI Bar Juisi OapuTy: 8 - aBTOMATHYHI Baru JJis
ByTruLIs; 9 - 3mimryBad: 10 - odepToBa miu (TamOyp); 11 — pesepByap st Mmazyty; 12 -
KOTEJI JUIsl pO3YMHY XJOPUCTOrO Kambllito: 13 - BaroHetrka 3 turieMm: 14 - mokoBa
npoOapka jisl TaBa; 15 - BuwiyroByBau mjaBa; 16 - neHTpudyra s BiIIIICHHS
nuiamy: 17 - pesepByap-BIACTIMHUK JJisi PO3YMHY XJOpUCTOro Oapiro: 18 -
BIILICHTPOB1 Hacocu; 19 - pe3epByap MJis pO3UUHY XJIOPUCTOro Oapiro, 0 HAAXOIUTh
Ha BumnaproBanHs: 20 - Bakyym-BumapHa Oatapes; 21 - kamepa, mo rpie: 22 -
OapoMeTpuuHMii KOHJEHcaTop: 23 - OpusroynoBiioBaud: 24 - KpHUCTaIi3aTop
XJIOpUCTOTO Oapito: 25 - BEHTWIATOP [JIs TOoAadl OXOJIOKYHYOTO TOBITPS B
KpucTamizarop; 26 - nentpudyra s BiIUIIJICHHS KPUCTAIB XJIOPUCTOTO Oapiro; 27 -

30ipKa MaTKOBOTO JyTy; 28 — OyHKEp ISl XJIOPUCTOTO Oapito: 29 — cymmapka.

Pucynok 1 - Cxema BupoOHMIITBA XJOPHAY Oapil0 XJIOPKaJIbIEEBUM
MeToaoM[ 3]
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YJK 661.833.321
MODERNISATION OF THE EVAPORATOR
Student Stoliar O.0., associate professor, Ph.D. Huliienko S. V.
National Technical University of Ukraine

«lgor Sikorsky Kyiv Polytechnic Institute»

ANNOTATION: The invention realizes the change of the exhaust direction of
the steam through the first air duct, prolongs the detention time of the steam in the
preheater, effectively shortens the heating time of the solution, improves the
distillation effect, and simultaneously improves the utilization rate of heat.

KEY WORDS: ENERGY CONSERVATION, EVAPORATION, FILM
EVAPORATOR.

MOJIEPHI3ALIA BUITAPHOT'O AITAPATA
Crynent Crossip O.0O., noueHr, k.1.H. I'ymenko C.B.
HaunionanbHuUil TeXHiYHUI YHiBepcUTeT Y KpaiHu

«KuiBcbkuii mosirtexHivnui iHcTutyT iMeHi Irops Cikopcbkoro»

AHOTAIUSA: Bunaxio peanizye 3miHy HANpsAMKY BI08COeHHsI Napu uepes
nepuiuti NO8IMponposio, NOOVBHCYE YaAC YMPUMAHHA Napu 6 nidiepisadi, eexmusHo
CKOPOYYE 4aC HACPIBAHHA PO3UUHY, NOKpAWye eghekm Oucmuiayii ma 0OHOYACHO

niosuwye KoepiyicHm UKOpUCmMaHnHs mena.
KJIIO4Y0BI (CJIOBA: EHEPI'O3BEPE)KEHHA,  BUIIAPFOBAHHA,
TITIBKOUH BUTIAPHUU ATIAPAT.

The film evaporator beneficial to energy saving comprises a supporting frame
(1) and a reaction kettle (2); a reaction kettle (2) is arranged on the support frame (1);
the method is characterized in that: the device also comprises a heat conductor (6), a

steam collector (7), a first air duct (8), a preheater (9), a condensation component and
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a bubble elimination system; a heat conductor (6) for heating the evaporating solution
Is arranged at the inner side of the reaction kettle (2); a steam collector (7) for
collecting steam is arranged on the inner side of the reaction kettle (2), and the steam
collector (7) is positioned above the heat conductor (6); a path for the solution to
circulate is arranged between the steam collector (7) and the inner wall of the reaction
kettle (2); a first air duct (8) for guiding steam flow is arranged on the upper side of
the steam collector (7); the upper side of the steam collector (7) is communicated with
a preheater (9) for preheating the solution, and the solution to be purified is stored
between the preheater (9) and the reaction kettle (2); the right part of the upper side of
the preheater (9) is provided with an air outlet for discharging steam; the first air duct
(8) is positioned at the bottom of the preheater (9), an air outlet at the upper side of
the first air duct (8) is obliquely arranged leftwards, and the air outlet direction of the
first air duct (8) and the air outlet of the preheater (9) are diagonally arranged; a
condensing component for cooling steam is arranged on the right side of the reaction
kettle (2); the lower side of the steam collector (7) is provided with a bubble
elimination system for eliminating bubbles in the solution;

the heat conductor (6) consists of a baffle plate and a plurality of heating
pipes, the height of the opening at the upper end of each heating pipe is higher than
that of the baffle plate, and the inner wall of the opening at the upper end of each
heating pipe is in an arc shape;

the bubble elimination system comprises an air entraining pipe, a poking piece
and an exhaust rod; the lower side of the steam collector (7) is movably connected
with a plurality of air entraining pipes for guiding steam, and the air entraining pipes
are made of rubber materials; a plurality of air-entraining pipes are respectively
positioned at the upper part of the inner side of the heating pipe of the adjacent heat
conductor (6); a poking piece for generating vibration through airflow is arranged on
the inner side of the air guide pipe; a plurality of exhaust rods for eliminating bubbles
are fixedly connected to the outer surface of the lower side of the air guide pipe;

the device also comprises a current stabilizer and an inclined plate; a current
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stabilizer for stabilizing current is arranged on the inner side of each heating pipe of
the heat conductor (6), and the current stabilizer is positioned below the air guide
pipe; a plurality of evenly arranged air vents are arranged on the current stabilizer; the
flow stabilizer is fixedly connected with an inclined plate for blocking splashing
solution, and the inclined plate is arranged in a conical shape.

Film evaporator is shown in Figure 1.

T
T

(RN

104

S

1 —supporting frame ; 2 — reaction kettle; 3 — hot air inlet pipe;

4 — hot air outlet pipe; 5 — liquid inlet pipe; 6 — heat conductor;
7 — steam collector; 9 — preheater; 10 — restrictor plate;
11 — liquid outlet pipe; 104 — condenser
Figure 1 - Film evaporator

This design is suitable as a prototype for modernization.
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UDC 661.11
SCIENTIFICALLY BASED RECOMMENDATIONS FOR
DETERMINING THE OPERATING MODES OF ROTOR-STATOR MIXERS
TAKING INTO ACCOUNT ENERGY CONSUMPTION AND INCREASING
THEIR EFFICIENCY IN EMULSION PRODUCTION
Assistant Kosenko V.V.; Assistant Byshko M.A.
National Technical University of Ukraine

“Igor Sikorsky Kyiv Polytechnic Institute”

AHoTaiis.

PoTopHo-cTatopHi 3MilryBadl HIMPOKO BUKOPUCTOBYIOTHCS JJII CTBOPEHHS
CTaOUIbHUX €MYJIbCIH y (papMaleBTUYHINA, KOCMETUYHIN, XapyOBii Ta IHIIUX rany3sx,
JIe BiJI pO3MIpy Kparmeib 3aJIeKUTh SKICTh MPOAYKTY Ta MOr0 CTaOIbHICTh. 3aBASKU
BHCOKMM 3CYBHUM HAIPYXEHHSM Yy 3a30pi MK POTOPOM 1 CTaTOpPOM IIi amapaTu
e(exTuBHO po30MBarOTh JucnepcHy a3y Ha JpiOH1 Kpamii. OJgHak 1HTEHCHUBHE
JUCTIEPTYBaHHA TMOTpe0ye 3HAYHMX CHEPreTUYHUX BHUTpAT, IO IABHUIILYE
coOiBapTicTh. OnTUMI3aAIlS PEXKUMIB POOOTH 3MIIIyBayiB € aKTyaJbHUM 3aBJIaHHAM
JUTSL 3HUKEHHS! EHEPTrOCIIOKUBAHHS TIPH 30€PEKEHHI IKOCT1 €MYJIbCIH.

KJIFOYOBI CJIOBA: poTopHO-CTaTOpHI 3MilllyBadi, eMyJibCii, €EKTUBHICTD
€MYJIbCYBaHHSI, EHEProe(PEKTUBHICTb, ONITUMI3ALLIS.

Summary.

Rotor-stator mixers are widely used for creating stable emulsions in
pharmaceutical, cosmetic, food, and other industries where droplet size determines
product quality and stability. Due to the high shear stresses generated in the gap
between the rotor and stator, these devices effectively break down the dispersed phase
into fine droplets. However, intensive dispersion requires significant energy
consumption, which increases production costs. Optimizing the operating modes of
mixers is a pressing task to reduce energy consumption while maintaining emulsion

quality.
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KEYWORDS: rotor-stator mixers, emulsions, emulsification efficiency,
energy efficiency, optimization.

Introduction

Rotor-stator mixers are widely used in industries where emulsions play a vital
role, notably in pharmaceutical, cosmetic, and food sectors. They generate high shear
stresses and significant energy dissipation required to break down immiscible liquids
into stable, fine droplets. However, the process of achieving small droplet sizes is
often energy-intensive, leading to increased production costs and decreased economic
efficiency. Therefore, optimizing the operating modes of these mixers without
compromising the quality of the emulsions produced is of paramount importance [1].

Recent studies have focused on identifying key parameters affecting the
efficiency of the emulsification process. The research aims to develop scientifically
based recommendations for determining the optimal operating modes of rotor-stator
mixers, considering energy consumption and enhancing their efficiency in emulsion
production.

Mortensen et al. [2] demonstrated that maintaining an optimal rotor tip speed is
critical for effective macro-mixing in batch processes. There exists an optimal speed
range where maximum mixing efficiency is achieved with minimal energy
consumption. Exceeding this optimal speed does not significantly improve emulsion
quality but substantially increases energy costs.

The design features of the mixer also significantly impact the emulsification
process. Vashisth et al. [3] investigated how the stator design and the gap between the
rotor and stator influence energy distribution in the mixing zone. Optimizing these
geometric parameters allows for a more uniform energy distribution, promoting more
efficient droplet dispersion and reducing energy consumption. Reducing the gap
between the rotor and stator increases shear stresses but requires precise control to
prevent excessive wear of the components.

Zhang et al. [4] emphasized the importance of high-energy zones near the

rotor-stator interface for rapid and efficient emulsion formation. They studied the
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effects of rotor speed and stator geometry on the formation of these zones and showed
that optimizing these parameters enables a balance between energy efficiency and
emulsion quality.

Jasinska et al. [S] explored the influence of technological parameters, such as
material flow rate and rotor rotational speed, on energy efficiency and mixing quality.
They established that precise adjustment of flow rate and speed allows for process
optimization, providing the required dispersion at minimal energy costs.

Sparks [6] studied the fluid dynamics in the gap between the rotor and stator
and found that the combination of high tangential and radial flow velocities intensifies
the mixing process. Adjusting the stator geometry, including the angle and shape of
the blades, allows for influencing flow characteristics and ensuring optimal conditions
for emulsification.

Conclusion

Optimizing the operating modes of rotor-stator mixers is a multifaceted task
requiring a comprehensive approach. Considering the interaction of design and
technological parameters, utilizing new technologies and materials, and applying
modern modeling methods allow for reducing energy consumption and increasing the
efficiency of emulsion production without compromising their quality.
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VJIK 664.8.047
RESEARCH OF THE INFLUENCE OF THE DRYING TEMPERATURE FOR
REMOVAL OF VOLATILE AROMATIC COMPOUNDS FROM PEPPER
MINT
Malashchuk N., Ph. D. Dabizha N., Ph. D. Dmytrenko N.
Institute of Engineering Thermophysics of the NAS of Ukraine

ABSTRACT. The influence of heat of evaporation on the removal of volatile
aromatic compounds from peppermint leaves was studied. It was found that to
prevent significant quality losses, the drying temperature of mint should not exceed
the melting point of menthol.

KEYWORDS: DRYING, HEAT OF EVAPORATION, PEPPER MINT,
ESSENTIAL OIL, MENTHOL.

JOCJILIKEHHS BIVIUBY TEMIIEPATYPU CYIIIHHA
HA BUJIAJIEHHS JJETKUX APOMATHYHUX CHIOJIYK
3 MSITH NEPIEBOI

Manamyxk H.C., k. T. 1. [labixxa H.O., k. T. H. JImutpenko H.B.

IncturyT TexHiunoi Temnogizukn HAH Ykpainu

AHOTAIIA. [locnioxcenuti énaue menjiomu 6UNApOB8y8AHHS HA BUOATEHHS
JIeMKUX apoOMAamuyHux CHOIYK 3 Jucmsa Mm’amu nepyesoi. Busaeneno, wo 0ns
3ano0OieaHHs 3HAYHUX 6Mpam SKOCMI MeMnepamypa CYWIHHA M 'Smu He NOGUHHA
nepesuuy8amuy memMnepamypu niaeieHHs MeHmoy.

KJIFOYOBI C/IOBA: CYUIIHHA, TEIUDIOTA BUITAPOBYBAHHA, M’ATA
ITEPLIEBA, E®IPHA OJIIA, MEHTOJIL.
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The purpose of the work. Investigation of the heat of evaporation of medicinal
and spicy-aromatic plants in order to determine the mode of drying parameters that
provide maximum preservation of essential oils.

Results. As the material for research is chosen peppermint (Mentha piperita L.)
due to its beneficial properties and a wide range of applications [1]. Mint leaves
contain essential oil, its contents ranges from 1.5 to 2.7, sometimes up to 3.5 %. The
most thermal sensitive components of essential oils are volatile aromatic compounds.
The use of high temperature will lead to their significant losses, the concentration and
composition of essential oils will change, the aroma of the final product will
deteriorate. The main (50... 80 %) volatile aromatic component of mint is menthol,
which is in the trichoma glands on the leaf surface in the crystalline state [2]. Its
melting point under normal conditions is 315.60 K (42.5 © C), and the specific heat of
evaporation and sublimation is several times less than the heat of evaporation of water
(2406 klJ/kg at 40 ° C). Therefore, it was necessary to check that the drying
temperature of mint leaves should not exceed the melting point of menthol to prevent
significant loss of product quality.

The study of energy consumption for dehydration in the process of heat drying of
peppermint leaves is carried out by determining the change in the heat of evaporation
on the differential microcalorimeter of evaporation. The principle of its work is based
on the synchronous measurement of changes in the weight of the material due to
evaporation and the amount of heat spent on it evaporation. For experiments with
mint leaves, a calorimetric platform with a cylindrical cell of 36 mm was used, in
which the heat flux converters are placed along the perimeter of the cells of the cells.
The whole leaf of mint was twisted into a soft roll and put in a measuring cell.
Isothermal conductive drying occurred in the calorimetric chamber at temperatures of
40 and 50 ° C until the moisture material reaches the air that is equilibrium with air
inside the chamber.

The results of the experiments are shown in Fig. 1 in the coordinates of the
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specific heat consumption for drying, which is brought to the specific heat of

evaporation of clean water at a corresponding temperature (R = g spent/ r water).
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Fig. 1. Dependence on the relative humidity of the specific heat of heat for

drying peppermint leaves at a drying temperature of 40 ° C (1) and 50 ° C (2)

The heat consumption for mint drying at 40 ° C (curve 1) corresponds to the heat
of water evaporation (R = 1) only at the beginning when water evaporates. When the
humidity reaches 70 % of the evaporation process, the evaporation of volatile
aromatic compounds with glands on the surface of the leaves joins. Evidence of this is
the falling r below one and the appearance of mint in the air.

At drying temperature of 50 ° C (curve 2), significant evaporation of volatile
compounds occurs from the beginning. In addition, we observe endothermic peaks
due to menthol melting at 42.5 © C or associated with the evaporation of other
aromatic substances. A sharp increase in heat consumption at the end of drying
indicates the beginning of removal from the leaves of adsorption-linked moisture.

Conclusions. The conducted study allowed to monitor the effect of drying
temperature on the removal of volatile aromatic compounds from mint leaves and

confirmed that to prevent significant losses of quality, the mint drying temperature
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should not exceed menthol melting.
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UDC 678.6
MODERNISATION OF HIGH-DENSITY POLYETHYLENE PRODUCTION
LINE WITH DEVELOPMENT OF REACTOR AND CENTRIFUGE
Ph.D. Husarova O."?, student Bielokon A.

! National Technical University of Ukraine
«lgor Sikorsky Kyiv Polytechnic Institute»
? Institute of Engineering Thermophysics of the NAS of Ukraine

ANNOTATION: The process of high-density polyethylene production is
reviewed, a diagram of the manufacturing unit is presented and its operating
principle is explained. To improve the unit's performance, it was suggested to
modernise the reactor and centrifuge.

KEYWORDS: REACTOR, CENTRIFUGE, SYNTHETIC, HIGH-DENSITY
POLYETHYLENE.

MOJEPHI3ALIA JIHII BAPOBHUIITBA MOJIETUJIEHY BUCOKOI
I'VCTHUHU 3 PO3POBKOIO PEAKTOPA TA HEHTPU®YTU
CT. BUKJIaJIauKa, K.T.H. [ 'ycapoBa 0B.2, cTyAeHT benokoHb AL
! HarionanpHuit TexHiuHui yHiBepeuTeT YKpaiHu
«KuiBchbKU MOMTEXHIYHUHN THCTUTYT IMeHI [rops CikopchbKOTo»

[HCTHTYT TexHIYHOI Teriodizuku HarioHanbHOiT akaneMii Hayk YKpaiHu

AHOTANLIA: Poszenauymo npoyec ompumauHs NOJNIEMUNLEHY  BUCOKOL
2YCMUHU, HABEOCHO CXeMY BUPOOHUYOI YCMAHOBKU | NOSACHEHO NPpUHYun ii pobomu.
s niosuwenus egexmuenocmi  YCMAaHOBKU, 3ANPONOHOBAHO MOOEPHI3)Y8amu
peakmop i yeHmpugyay.

KJIIOYOBI CJIOBA: PEAKTOP, IIEHTPU®VYI'A, CUHTETHUYHMUIA,

TTOJIIETUJIEH BUCOKOI I'YCTHHU.
A synthetic polymer is a high molecular weight compound that is created
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artificially as a result of the synthesis of simple low molecular weight compounds.
This polymer consists of a large number of repeating monomeric units connected by
chemical bonds. These links are formed through chemical reactions (polymerisation
and polycondensation).

Synthetic polymer is widely used in the manufacturing industry and in
everyday life. Therefore, the development and modernisation of production units is an
Important task at the current time [1].

The technological process for the production of high-density polyethylene
includes the following steps: preparation of the catalytic complex; polymerisation of
ethylene; decomposition of catalytic complex remnants and purging of polyethylene
from catalyst decomposition products; drying and averaging of polyethylene;
stabilisation, granulation; regeneration of solvent and purging solution [2, 3].

The polymerisation of ethylene is considered a catalytic process because it
requires the presence of a catalytic complex. The catalytic complex is formed as a
result of the reaction between diethylaluminium chloride and titanium tetrachloride.
Prior to the polymerisation process, the raw materials and catalytic complex must be
thoroughly cleaned of impurities, as their presence can adversely affect the final
result. In addition, the specified proportions of ingredients and settings must be
strictly adhered to obtain the desired result during mixing.

To obtain a high-quality catalytic complex, when using titanium tetrachloride
and diethylaluminium chloride, it is necessary to maintain the temperature between 20
°C and 40 °C, while controlling the mixing time. It is important to keep in mind that
to avoid explosion and spontaneous combustion, polyethylene production should be
carried out in an atmosphere of dry, pure nitrogen.

A schematic diagram of a high-density polyethylene unit is shown in figure 1
[2, 3].
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1 — diethylaluminium chloride measuring device; 2 — titanium tetrachloride measuring
device; 3 — mixer for the catalyst complex; 4 — apparatus for diluting the complex;
5 — intermediate tank; 6 — polymeriser; 7 — gas blower; 8 — centrifugal pump;
9 — absorber; 10 — shell-and-tube refrigerator; 11 — gas separator;
12 — collector for decomposition of catalyst complex residues; 13 — spinning

centrifuge; 14 — collector of mother solution; 15 — washer; 16 — centrifuge; 17 — dryer.

Figure 1 — Diagram of the technological process of high-density polyethylene

production

The process of producing high-density polyethylene starts with the
diethylaluminium chloride measuring device 1 and diethylaluminium chloride
measuring device 2, the reagents are fed into a mixer 3, then into a complex dilution
apparatus 4, which also receives the required portion of petrol. The solution of petrol
and catalytic complex moves through an intermediate tank 5 down to the
polymeriser 6.

For the correct polymerisation process, the pressure in reactor 6 should be
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about 1.5-3 MPa and the temperature 75+4 °C. During the process, a solution of the
catalytic complex and ethylene are continuously fed into the reactor, and a
polyethylene slurry is formed with a solid phase content of about 80-120 g/l. The
mixing is carried out by bubbling ethylene through the gas distributor 11 using a gas
blower 7.

Due to the evaporation of petrol, the heat of reaction is reduced, and the
resulting petrol vapour mixture is removed from the reactor, condensed and returned
to the cycle. Since the circulation of the vapour-gas mixture poses a risk of polymer
particles entering and subsequently settling in the communication pipes and other
apparatus, this unit uses an absorber 9 to separate petrol and polymer. Condensed
petrol is pumped through a refrigerator 10 to irrigate the absorber 9 and then enters
the polymeriser 6. The cooled ethylene is injected by a gas blower 7 into a gas
separator 11, where the remaining solvent is separated and sent to the reactor 6.

Methyl or isopropyl alcohol is fed to the collector 12, where the polyethylene-
in-gasoline suspension from the reactor is fed. There, a mixing process takes place, as
a result of which soluble products are formed due to the decomposition of the catalyst
complex that interacts with alcohol. This is all done to avoid reducing the chemical
resistance and deterioration of its dielectric properties. It is worth noting that moisture
should be avoided during the process of interaction of alcohol with aluminium and
titanium compounds, as this will form insoluble aluminium and titanium hydroxide
compounds that will affect its properties.

After treatment with alcohol, the suspension is squeezed out on centrifuge 13.
Next, to neutralise HCI, the mother liquor is sent to collector 14, which also contains
sodium methylate. The squeezed polymer is then transferred to the washer 15, where
it is treated with hot and cold washing, from where it is transported to the centrifuge
16. Polyethylene is fed to the dryer 17 only when its moisture content does not exceed
40%. Hot air is used for drying, and the temperature should not exceed 50 °C [2, 3].

Objective: to design, with the necessary calculations, an apparatus with a

stirring device for the preparation of the Ziegler-Nutt catalyst complex and a
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centrifuge for separating polyethylene from the mother liquor by a continuous
method, which are part of a line for the production of high-density polyethylene in
solution at low pressure.

Conclusions: The production of high-density polyethylene is a complex multi-
step process involving the preparation of a catalyst complex, polymerisation,
purification, washing and drying of the polymer. Key steps include controlling the
reaction conditions such as temperature and pressure, as well as ensuring the purity of
the feedstock and proper mixing to prevent negative effects such as particle settling or
polymer quality degradation. Designing efficient equipment for these processes is

essential to increase the productivity and safety of polyethylene production.
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Annotation: An analysis of the equipment of the technological scheme for the
production potassium chloride by test solution and cristalization. Is substantiated the
choice of the apparatus for designing in the diploma project, as well as its
construction design, namely the shell-and-tube heat exchanger.
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AHAJII3 TEXHOJIOI'TYHOI CXEMH IMMPOLIECY BUPOGHUIITBA
ETAHOJIY 3 BUBOPOM TEIIJNIOOBMIHHOI'O OBJIAJTHAHHSA
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HanionansHuit TeXHIYHUNA YHIBEPCUTET YKpaiHU
«KuiBChbKUI MOMITEXHIYHUHN THCTUTYT IMeHI Irops CiKOpchbKOro»

Anomauin: Ananiz 001A0OHAHHA  MEXHONO2IYHOI  cXeMU  BUPOOHUUMBA
XJIOPUCMO20 KAlil0 OOCIIOHUM pPO3YUHOM | Kpucmanizayieio. OOIpyHmMo8aHo 6uobip
anapamy Ol  NPOEKMYBAHHA 6 OUNJIOMHOMY NPOeKmi, a MmMaKoxic U020
KOHCMPYKMUGHE PIUEHHS, d came KOHCYXOMPYOHO20 Menio0OMIiHHUKA.

Karuosi cioa: ETAHOJI, ETUIEH, I'TIPATALIA, KOXYXOTPYBHA,
TEIIVDIOOBMIHHA

CxeMa BUpOOHHUIITBA XJIOPUAY Kalito 300paxkeHa Ha pucyHKy 1. [lonpiOHenuit

710 4acTMHOK po3mipom 0,25 — 5 MM CHIBBIHIT 3 JApoOapKu COJl HAIXOIUTh Y
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OyHKepH, 3BIJIKH 32 JOTIOMOTOI0 CTPIYKOBOI'O TPAHCIIOPTEPa MOTPAILISIOTh Y ITHEKOBI
po3unMHHUKHA. [[71s1 KOMIIeHCallli BTpaT TeMIlepaTypy 0 PO3YNHHUKIB TTOTAE€THCS TIapa.
[Ticist mpoXxomKeHHs YCIX PO3UYMHHHUKIB KOHIICHTPOBAHUMN IIEJIOK MICTUTH Oins 245-
265 1/n KCL. TIlicns ouumieHHs MIEJIOKYy BiH TMOTpaIuige A0 TEII00OMIHHUKIB
TpyOuactoro Ttumy, nae HarpiBaetbcss no 113-115° C, maporo. [am mapa
KOHJICHCY€ThCS B KOHJIEHCATOpaXxX 3MIIIYBaHHS, 1110 3pOIIYIOTHCS BOJIOIO.

Omxe Uit 3a0e3meueHHs Kpamioro MPOTIKAHHA TMPOLECy KIIOYOBUMU
dakTopamMu SABISIETbCS PO3MIP HAAXOIANIUX YACTMHOK CHJIBBIHTY, a TaKOX
TpyOUacTHil TEMIOOOMIHHUK, 10 HATPIBAE POZYMHSAIOUUN MIEIIOK.

Tomy MojepHizalliss IUX amapariB € KJIIOYOBOKO JUIsl  MOKpalleHHS

HpOI[YKTI/IBHOCTi, a TaKoX 3a0e3MeUYeHHS HAJIC)KHOI IKOCTI BI/IXi,Z[HOI‘O IIPOAYKTY.

Fo e ey

Pucynok 1 — — CxeMa BUpOOHUIITBA XJIOPUAY KalIil0 METOJIOM PO3YUHY Ta

Kkpucrtaiizarii [1]

3 MeTor0 BHOOPY HAWOLIBIT eHEProe(eKTUBHOTO TEMI00OMIHHOTO 00JIaTHAHHS
HEOOX1JHO TpOaHaTI3yBaTH OCHOBHI iX THUIM, 3QJIEKHO BIJl CHOCOOY IiJABEACHHS
TEIJIOTH, & CaMe: TIOBEPXHEBI, 3MIITyBaIbHI Ta pereHEPATUBHI TETUIOOOMIHHUKH.

VY mnoBepXHEBUX TEIJIOOOMIHHUKAX IMEPEHECEHHs Terjia BIIOYBA€TbCS uepes

MTOBEPXHIO TEIJIOOOMIHY, sIKa PO3/iIsie TeroHocli. ToOTo yepe3 3aMKHYTY CTIHKY. Y
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JAHOMY BHMAJKy TMOTOKM HE 3MIIIYIOThCA, 10, Y JAHOMY BHUIAAKY, € OJHUM 13
HaWBaXJIMBIIIUX (PAKTOPIB.

Y 3MmimryBaJibHUX  TEIUIOOOMIHHMKAX  TEIJIOTa  MEpPelaEeThcsi  IpH
0e3rmocepeIHbOMY KOHTAaKTI TEIJIOHOCIIB HUISIXOM iX 3MIIIyBaHHA, IO, Yy JaHOMY
BUITAJIKY, € HETIPUITYCTUMHUM.

VY pereHepaTUBHUX TEIJIOOOMIHHUKAX TEIJIOTA MEPEAAETHCS Yepe3 CHellialbHy
TEIUIOMICTKY HacaJKy, 110 akymyitoe Temno. [Ipu 1ipboMy TEmIoHOCIi pyXaroThCs
MIOYEProBO: CIOYATKy Tapsuuid, MoTiM xosioaHuil. ToO6To, OKpiM TOro, 10 MOTOKH
TEIMJIOHOCIIB YaCTKOBO 3MIIIYIOTBCS — MPOJYKTUBHICTh TAKUX TEMIOOOMIHHUKIB
HU3bKA.

Tomy st [aHOi TEXHOJOTIYHOI CXEMH MPUUHATO TMPOBOAUTU BHOIp
KOHCTPYKIIi TEMmIOOOMIHHMKA 13 MOBEPXHEBUM CIOCOOOM MEPEHECEHHS TEIIOBO1
€HEeprli.

OaHuMu 3 HAWMOUIMPEHIIMUX MOBEPXHEBUX TEIUIOOOMIHHMKIB € JBOTPYOH1
TEIJIOOOMIHHUKHM, a00 TEIJIOOOMIHHMKM THIy TpyOa B TpyOl, PHCYHOK 2, Kl
CKJIQZIAIOTHCA 13 KUIBKOX 3’€THAHUX TOCIIIIOBHO TPyO4acTUX €JIEMEHTIB, 110 YTBOPEHI

JIBOMA KOHIIEHTPUYHO PO3TAIIOBAHUMHU TPYOaMHU.

1 — BHyTpiITHS TpyOa, 2 — 30BHINIHS TpyOa, 3 — CMOMYYHI KOJIiHA.

Pucynok 2 — TrumooOMinHuk Tuny « Tpy0a B TpyOi» [2]

VY Takux TEmI00OMIHHMKAX OJWH TEIJIOHOCIH PYyXa€eThCcsl MO BHYTPILIHIX

TpyOax, a Ipyruil — y IpocTopi 10 YTBOPIOIOTH JIBl TPyOU. ¥ 3B’S3KY 3 HEBEJIUKOIO
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MOBEPXHEIO Iepepizy MIKTPYOHOTo MpOCTOpPY, HaBiTh MPH HEBEJIMKUX BHUTpATax
TEIUIOHOCIIB 3a0e3MeuyloThCs BHMCOKI 3HAUeHHs iX MIBHAKOCTei: 1+2.5 m/c, 1o
3a0e3nedye TypOYJEHTHICTh TOTOKY Ta, SIK pe3yJlbTaT — BHCOKI ITOKa3HUKHU
Koe(iIieHTy Teraonepeaayi.

OpHak, Taki TEIIOOOMIHHMKH 3aCTOCOBYIOTHCS Y BHMAJKaX, KOJU HEOOX1THO
3a0e3neuyBaTi HU3bKi 3HAYCHHS MTPOAYKTUBHOCTI.

3Mi€BUKOBI TEMIOOOMIHHUKH, PUCYHOK 3, CKIAJaroThCs 31 3MilioBHKa 1, mio

3HAXOJIUTHCS Y KOPITYCi 2 TEII000MIHHHUKA.

1 — cnipanbHuii 3MIMOBHK; 2 — KOPIYC anapara;
3 — BHYTpIIIHIN cTakaH; 4 — KPITJICHHS 3MIMOBHUKA

PucyHok 3 — 3M1€BUKOBU TETJIOOOMIHHUK [3]

[Tpuniun po6oTH mossirac y oOMiHI TETIJIOBOIO €HEPTIEI0 MPU PYCl TETIOHOCIS
(razy, mapu a0o piMHU) TO 3MIMOBUKY, KM 3aHYpPEHHUU y PIIKUI TEIJIOHOCIH.
3MI€EBUKOBI TEMJIOOOMIHHI amapatd MpU3HAYEHl1 JJi8 HE3HAYHMX TEeIJIOBUX
HAaBaHTa)XCHb Ta MAlOTh HU3bKY MPOAYKTHUBHICTh, 10 OOYMOBJIEHO JIaMiHapHUM
PEKUMOM PyXY PIAKOTO TEIUIOHOCIS y KOPITyCl arapaTy, U0 3MEHIIye KOe(ilieHT
TETJIOBIA/1a4l 330BHI 3MIMOBHKA, a OTXKE, 1 KOeIIIEHT TeIIonepeaayi.

VY macTMHYaTHX TEIUIOOOMIHHUKAX, PUCYHOK 4, MOBEPXHS TEIIOOOMIHY
peaiizoBaHa 3a JIOMOMOIow ropoBaHUX PEOPUCTUX, PO3TAIIOBAHUX MapayesIbHO
OJlHA OJIHIM CeKL1H (TUIaCTHH), 3a TIOTIOMOTOIO0 SIKMX 3a0€3MeUy€ThCSl CUCTEMAa BY3bKUX

KaHaJiB. Y TakuX TEIJIOOOMIHHMKAX OJMH TEIJIOHOCIH PYXa€eThCS MNapHUMHU
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KaHaJlaMH, a THIINH — HCIIApHUMH.

PucyHok 4 — njacTHHYATHN TETUIOOOMIHHUK [4]

Ak 1y TemI000MIHHUKIB TUIY «TpyOa B TpyOi», MJIACTUHYATI TENIIO0OMIHHUKH
MalTh HEBEJIMKY IUIOLLy IONEPEeYyHOro Iepepidy KaHajiiB, Mo 3abe3nedye
TypOyIi3alio NOTOKIB MPH BUCOKUX 3HAYEHHSX MIBHJIKOCTEW PYyXy TEIUIOHOCIIB, 1,
BIIMIOBITHO — BHCOKI 3HAYCHHS KOE(DIIIEHTIB TEIUIOBIAAa4l Ta 1HTCHCUBHY
teruionepegady. OCHOBHUM HENIOJIIKOM TaKHUX KOHCTPYKIIH TEIIOOOMIHHHKIB €
HEMOKJIMBICTh MPAIIOBATH MPU BUCOKUX THUCKAX, Ta CKIAAHICTh MIA00PY €IaCTUYHUX
ITPOKJIAJIOK.

VY cmipanbHUX TEIOOOMIHHUKAX, PHUCYHOK 5, TIOBEPXHS TEIJIOOOMIHY
peaiizoBaHa y BUIJIAMI JBOX CTAJIEBUX IUIACTHH, sIKI 3rOopHyTO 1o cripani. Kinii
TaKMX TUTACTUH 3aKPUTI MEPETOPOJKAMH JUIsl YHUKHEHHS MepeMIlTyBaHHS MOTOKIB

TEIUTIOHOCIIB.

1, 2 — nmuctr, MO 3TOPHYTI O cHipali; 3 — nmeperopoka; 4, 5 — KPUIIKU

Pucynok 5 — Chipainuii TerooOMiHHEK [2]
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TemnmoHocii pyxaloTbcs NpPU MPOTUTEUIl, a TEMJIO MepeAaeTbCs BiJ OJHOTO
TEIJIOHOCIS JIO 1HIIIOTO Yepe3 MeTajieBl CHipaibHI IJIaCTHHHU.

Taki TermI00OMIHHUKM MarTh HEBEJIMKWN TIApaBIIYHUNA OIp Ta BEIHKY
MIBUJKICTh PyXY TEIJIOHOCIB, IX KOHCTPYKIIiS YCKJIaHIOE JOTJISA] 32 TIaCTUHAMM.

Haii0ipin  momupeHuMyu  y  XIMIYHIA TPOMHCIOBOCTI € KOXYXOTpYOHi
TEIJIOOOMIHHUKH, PUCYHOK 6. Taki TemmooOMIHHHKN CKJIQIar0ThCs 13 KOpIycy, abo
KOXyXa, TPyOHUX PEHIITOK Ta PO3MOAUIBYUX KaMep (KPUIIKU Ta AHUIIA). Y TpyOHUX

pENITKax 3aKpirieHo TPYyOH, K1 1 yTBOPIOIOTh TOBEPXHIO TETLNIOOOMIHY.

I ..I'|. g W
’ :.‘_,..-E' -F'_._,_ﬂ"‘"
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1 — xopniyc (oO6uuaiika); 2 — TpyOHI1 peliTku; 3 — Tpyou; 4 — KpUILKY;
5 — EPEeropoJKu y KpUIIKax; 6 — Meperopoaky y MibKTpyOHOMY MPOCTOPI

Pucynok 5 — KoxxyxoTpyOHHit Terma000MiHHHK [2]

VY KOXKyXOTpyOHUX TEIJIOOOMIHHHMKAX OJMH TEIJIOHOCIH pyXaeTbes Mo TpyOax
(y TpyOHOMY mpoCTOpi), IHIIMH — y KOPIyCl MIX TpyObamMu Ta TeperopojKamu
(MUKTpYOHMIT mpocTip). TemnoHOCIM, 110 HarpiBa€eThbCs, CIPSMOBYETHCS 3HU3Y
J0TOpH, TETUIOHOCIH, 110 BIJAA€ TEIUIO, — Y IPOTHICKHOMY HanpsMKy. Taki HanmpsMu
PYXy KOXHOTO 3 TEIJIOHOCIIB CHIBMAJAIOTh 13 HAMpsIMaMH, y SIKUX OyJe pyXaTHCh
cepeIoBUIIIE 1] BILIMBOM 3MiHU TYCTUHH BHACIIIOK HarpiBaHHs a00 OXOJIOKEHHS.

TpyOu y pemriTkax 3a3BUYail PO3MINIYIOTh MO BEPIIMHAX PIBHOCTOPOHHIX

TPUKYTHUKIB, OJIHAK OyBalOTh BUIIAJKH, KOJH JOUUIBHILIE PO3TAlIyBaHHS MO KyTax
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MPSMOKYTHHKIB 200 KOHIIEHTPUYIHO.

Taxki TemT00OMIHHUKY MOXKYTh OYTH SIK OJTHOXOJOBUMH TaK 1 0araToXoI0BUMHU.
VY 06araroxoJoBuUX TEMJIOOOMIHHUKAX PO3TAlIOBYIOTh JTOAATKOBI MEPETOPOIKU JIs
PO3IUJIEHHS] XOIB 0 TPYOHOMY IPOCTOPY, MPHU IBOMY KIIBKICTh TPYO IO CEKIIIsIX
Mae OyTH piBHa.

3a pe3yiapTaTaMW  aHaJi3y ICHYIOYMX KOHCTPYKIIA  TEMJI00OMIHHOTO
oOJyafHaHHS JJI MPOLIECY OXOJOKEHHSI BOJO-CIIUPTOBOI CyMillli B TEXHOJOTIUHIH
CXeMi BHPOOHUIITBA E€THUJIOBOIO CHHUPTY, 3 YypaxyBaHHSAM ITOCTAaBIICHUX BHMOT
OPUNHATO, 10 HAWOLIBII palllOHAIbBHUM OyJie 3aCTOCYBaHHS KOXYXOTPYOHOTO

TEIUTO0OMIHHHKA.
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USING A BOILING INSTALLATION IN HYDROGEN PRODUCTION
BY STEAM CONVERSION
Associate Professor, Ph.D. Novokhat Oleg, Student Danikhno Ruslan;
National Technical University of Ukraine
“Thor Sikorsky Kyiv Polytechnic Institute”

ABSTRACT: The technology of steam conversion of gas for hydrogen
production is presented, and a boiling plant for steam production is considered. The
design of the boiling plant for steam generation is proposed.

KEYWORDS: STEAM CONVERSION OF GAS, BOILING PLANT,
STEAM.

BUKOPUCTAHHSA KUIT’SITUJIBHOI YCTAHOBKH ITPU BUPOGHUIITBI
BOJIHIO METO/OM ITAPOBOI KOHBEPCII
no1l., k.T.H. HoBoxat O.A., ctynenr [lanixuno P.M.;
HartionanpHuit TEXHIYHUN YHIBEPCUTET YKpaiHU
«KuiBchbKUi MOMTEXHIYHUHN THCTUTYT IMeHI [rops CikopchbKOTo»
AHOTAIIA: Haseoena mexnonocia naposoi  Koueepcii eazy 0
BUPOOHUYMEA BOOHIO, PO3TISIHYMA KUN SAMUTbHA YCMAHOBKA OISl GUPOOHUYMBA napy,
3anponoHOBAHO KOHCMPYKYIIO KUN'SIMUIbHOI YCMAHO8KU 018 2eHepayii napu.
K/IIOYOBI CJIOBA: TTAPOBA KOHBEPCIA TA3Y, KUIT'ATUJIBHA
YCTAHOBKA, TTAP.

The main technology for hydrogen production from natural gas is steam
reforming, accounting for 75% of global hydrogen production, with 50% of the steam
reforming process involving the steam conversion of natural gas [1].

A flowchart of the natural gas steam conversion process is shown in Figure 1.

To remove gas impurities from natural gas, a desulfurization process is required
in the desulfurizer. The desulfurized natural gas reacts with steam over a Ni-based

catalyst to produce synthesis gas at temperatures of 600-800 °C and a pressure of 5

39



306ipHuK Te3 nonosigeir XXVII mizkHapoaHOI HAYKOBO-NIPAKTHYHOI KOH(epeHLii CTy1eHTiB,
acnipaHTiB i MoJioguX BYeHuX ’PecypcoeHepro3oepiraro4i TexHoJ10rii Ta 00J1aJHaAHHA"

bar, achieving up to 90% conversion efficiency. The output stream from reactor
mainly consists of H2 and CO as synthesis gas. In reactor, CO is converted to CO: by
reaction with H20. This stream then undergoes pressure swing adsorption to produce

high-purity hydrogen.

steam fuel
71

steam *—‘ 4 ,_>
natural gas I 'I I — 6

_ - o

CO;
1 — desulfurizer; 2 — heat regenerator; 3 — steam conversion reactor; 4 — steam
installation; 5 — water-gas shift reactor; 6 — pressure swing adsorption unit.

Figure 1 — Flowchart of the natural gas steam conversion process

Hydrogen production via steam reforming requires a large amount of steam. A
boiling installation from "Fangkuai Boiler Co. Ltd." can be used for steam

production, with a schematic shown in Figure 2 [2].

213 / 211a —Kv212
200 - steam boiler; 210 — lower furnace body; 211 — furnace;
211a — furnace roof; 212 — chimney; 213 — water volume chamber; 214 — water inlet;

220 — upper furnace body; 221 — steam chamber; 230 — connecting pipe.
Figure 2 — Boiling installation schematic
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The internal part of the lower furnace body is equipped with a furnace, and the
furnace roof is welded to the chimney, with the chimney axis parallel to the furnace
axis, allowing exhaust gases generated by the burner (not shown) to pass through the
furnace and chimney. The end of the chimney can connect to an existing flue gas heat
recovery device or condenser to reduce the temperature of the exiting exhaust gases.
The lower furnace body has a water volume chamber surrounding the furnace and
chimney, with a water inlet for feeding water into the water volume chamber. The
water inlet is located at the upper part of the water volume chamber, corresponding to
the rear end of the chimney, allowing thorough heat exchange between the water in
the chamber and the gases in the chimney, thus promoting rapid steam formation.

Advantages of this invention:

o Solves issues with sequential connections between the furnace and
chimney, as well as between the furnace and boiler shell, reducing unnecessary heat
exchange surface costs. This avoids problems with increased production costs,
transportation, and energy consumption.

o Eliminates specially shaped or eccentric parts, reducing interconnections
and significantly improving assembly capabilities, enabling mass production,
increasing automation, and better responding to user needs.

o Directly connects the chimney to the top of the furnace, which, instead of
a traditional combustion return chamber, allows gases to flow without resistance and
avoids maintenance issues in a closed chimney zone later on.

o Uses heat from exhaust gases for steam production rather than releasing
it into the environment.

Thus, using this installation for steam production provides a more efficient
steam generation process, significantly reducing hydrogen production costs by steam
conversion.

Considering global trends towards clean energy, the hydrogen steam
conversion method has considerable development potential. New inventions can be

applied not only to boiling installations but also to heat exchangers, adsorbers,
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catalysts, etc.
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ABSTRACT: The main methods of cooling the wall of the pipe billet upon
contact with calibrators have been investigated.
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HanionanbHuil TEXHIYHUNA YHIBEPCUTET YKpaiHu
“ KuiBChKHi MOMITEXHIYHUNA IHCTUTYT 1MeHI Iropst Cikopcbkoro ”
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3a20MO6KU NpU KOHMAKMI Kaaiopamopamu.
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BHYTPIIIIHE KAJIOBPYBAHHS, KAJIIBPYBAHHA 3MIHHOI'O IIEPEPI3Y,
OXOJIOAXEHHA

In general, there are three main types of cooling of the wall of a polymer pipe
blank through contact with a calibrator: external, internal, and variable cross-section
calibration.

In external vacuum calibration, the contact between the extruded profile
and the calibrator surface required for cooling and calibration is achieved by using a
vacuum created by a vacuum pump. In this calibration, the profile is pressed against
the cooling surface of the calibrator along the contour (closed external contour
calibration), while the vacuum is created by pumping air through small holes or slots
in the calibrator wall to which the profile is attached (Figure 1) [1].
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1 — air cooling chute; 2 — water outlet; 3 — vacuum; 4 — long-range vacuum
calibrator; 5 — water inlet; 6 — profile head; 7 — water inlet; 8 — vacuum; 9 — water
outlet; 10 — cooling air.
Figure 1 — Vacuum external calibration (closed vacuum calibrator with

subsequent air cooling of the profile) [1].

External contour calibration is used in the production of hollow profiles and
small-diameter pipes. For profile calibration, several calibration blocks are usually
used, between which cooling sections are located [1].

The advantage is high-quality thermal contact.

The disadvantage of the design is a weak intensification of heat exchange.

Internal calibration. As the name suggests, internal calibration fixes the
internal dimensions of hollow profiles that are extruded with a simple cross-section
(Figure 2). This process is rarely used in pipe extrusion, since the outer diameter is
used as the basis for classifying and standardizing pipes. The exception is pipes
intended for pneumatic pipe conveyors, which have strict standards for tolerances for
the inner diameter [2].

In this calibration method, the extrusion head mandrel is connected to a
cooling calibration mandrel. The plastic pipe blank exiting the forming hole of the

extrusion head is pulled through it and cooled at the same time [2].
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Figure 2 — Internal calibration [2].

The disadvantage is the complexity of the calibration mandrel structure and
the need for constant process control due to the presence of tightening forces.

Special calibration methods with moving calibrators. If the calibrator
moves continuously with the extrudate, this allows the production of profiles of
variable (in the direction of extrusion) cross-section. This method is used in the
manufacture of corrugated pipes (Fig. 3). For this purpose, crawler devices
(corrugators) with special metal half-molds are used, in which a smooth plastic pipe
blank is formed into a corrugated pipe under the action of compressed air or vacuum
[3].

The disadvantage is the increased specific energy consumption and the

specificity of production.

1 —floating plug; 2 — air outlet; 3 — mandrel; 4 — mouthpiece;
5 — chain with corrugated half-form
Figure 3 — Production of corrugated pipes [3].
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The most modern calibration method is vacuum calibration on the outer

surface of the product.
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ABSTRACT: The state of the domestic market for the production of functional
products was analyzed, the main problems and directions of development were
formulated. Among the promising types of raw materials, barley has been identified,
and extrusion is an effective method of its processing.

AHOTAIIA: 1lpoaHani3oBaHO CTaH BITYM3HSHOTO PUHKY BUPOOHHUIITBA
(GyHKIIOHATBHUX MPOJYKTIB, CHOPMYJIHOBAHO OCHOBHI MPOOJIEMHU Ta HAMPSIMKH
po3BUTKY. Cepen MepCneKTUBHUX BUJIIB CHPOBUHU BU3HAUEHO SIUMiHB, 8 €PEKTUBHUM
CI0co0OM HOro 00poOKU — EKCTPY3isl.

KEYWORDS: functional products, barley, extruder

KJIFOY0BI CJIOBA:: pyHKII0OHAIBHI IPOAYKTH, SYMIHb, EKCTPYAEP.

Introduction. Over the past decade, there has been an increased attention to the
quality of food products all over the world, in particular, to their environmental
component, the presence of a full range of vitamins in them. That is why it has
become relevant to create and promote the market of functional products (FP), the
main task of which is to promote the preservation and maintenance of health.
According to statistics, the FP market is growing at a rate that exceeds the growth rate
of the market for conventional products. It is expected that by 2025, the global market
for this group of products will grow by 8%, and the United States by 30%. Therefore,
this direction is relevant and manufacturers around the world are actively producing
products that include functional ingredients. Currently, the leadership in the
production and consumption of FP belongs to the USA (60.50%), Japan (16.80%) and
the EU countries. At the same time, only about 5% of Ukrainians are their consumers.
Although the potential for production and consumption is certainly great. Therefore,

an important task is to formulate key problems and determine ways to solve them for
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the successful development of the domestic FP market.

To solve these problems, various types of traditional and available raw materials
in Ukraine have been analyzed, and among them the use of barley has been proposed.
Its value lies in a significant amount of dietary fiber, protein (up to 15%),
carbohydrates (up to 67%) and fats (up to 3.5%). Despite its value for beta-glucan-
soluble fiber, the use of barley is currently quite limited, in particular, by the brewing
industry. For its processing as a component of FP, it is proposed to use the extrusion
method, which will allow obtaining a finished component with the desired properties
and the required structure. In addition, during extrusion (at 100°C), the neutralization
of harmful microflora and the extraction of excess moisture are achieved, which helps
to increase the shelf life of the extrudate and improves the quality of the resulting
products.

The experimental part of the research was to determine the feasibility of using an
extruder for barley processing. For this purpose, the mechanism of the effect of
extrusion on the composition of extruded barley was experimentally established with
comparison with samples of unprocessed barley, and the structure was studied. The
amount of residual moisture in the extrudate was determined for further determination
of the shelf life of dry mixtures and parameters of mixing with other components.

Conclusion. A positive effect of extrusion was established, which consisted in
Improving the amino acid composition in the obtained samples of extruded barley, in
particular, the amount of lysine increased by 36%, methionine by 28%, cystine by
8%, serine and valine by 2%, which can be associated with the hydrolysis of proteins.
The proportion of protein increased by 3% and fat by 3.7%. The share of moisture
after treatment decreased from 13% to 9.7%. As a result, a homogeneous free-flowing
structure of the extrudate with a good taste and aroma was obtained. A decrease in the
microbiological index was achieved, which was less than 10 CFU for 90 days. Thus,
extrusion processing makes it possible to obtain an extrudate with good functional

and technological properties of a long shelf life.
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ABSTRACT: The main properties of bischofite and methods of drying are
given in this work. The need to study the kinetic regularities of the process is
substantiated.
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AHOTAUIA: B oaniii po6omi HagedeHo ocHOBHI gracmusocmi biuoghimy ma
cnocoou  cywinua. OOIPYHMOBAHO  HEOOXIOHICMb  OOCHIONCEHH — KIHeMUYHUX

3aKOHOMIpHOCMEl npoyecy.

KJIIOYOBI CJIOBA: BIIITO®IT, CVYILIHHA, KIHETHUYHI
3AKOHOMIPHOCTI

Bischofite is a natural mineral belonging to the halide class and is a
magnesium chloride with the formula MgCl.*6H20. It also contains impurities of
other minerals such as potassium, sodium, and calcium. The crystal system is
monoclinic. It is colorless or white, brittle, with no cleavage. Its hardness on the
Mohs scale is 1-2, and its density is 1.6 g/cm?. Bischofite is hygroscopic and
deliquesces when exposed to air, especially cold air. It is highly soluble in water and
alcohol.

Hexahydrate magnesium chloride is primarily sedimentary, chemogenic, and

represents the final product of halogenesis, formed at the last stage of sulfate-type salt
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deposit formation, rich in magnesium. Major deposits are found in Israel, Germany,
Russia, China, and the USA. In Ukraine, two monomineral deposits of bischofite
have been discovered: Novopodilsk (Chernihiv region) and Poltava.

Bischofite is used in the chemical industry (magnesium production), in
agrochemistry, and construction (manufacture of magnesia cement and artificial
stone), as well as in medicine.

Drying of bischofite is essential to obtain a dry, stable product that can be
used in various industrial processes. In its natural state, bischofite is a hydrated
mineral, containing 47% magnesium chloride and 53% crystallization water. Moisture
removal through drying increases the concentration of beneficial substances,
improves storage and transportation conditions, and prepares the material for further
use.

Several main drying methods for bischofite exist, including convective (a
relatively simple process with uniform drying but potential overheating of the
mineral), contact (energy-efficient but with possible uneven drying due to contact
with a hot surface), vacuum (drying at lower temperatures but high equipment and
operational costs), and infrared (a fast process for thin layers of material, with
overheating risk and control difficulty for larger volumes).

In practice, convective drying is the most commonly used method. The main
stage of moisture removal occurs in a drying apparatus. Hot air or another heat carrier
(usually air heated to 50-150 °C) circulates through the material, ensuring uniform
heating and moisture evaporation from the surface and inner layers of bischofite. It is
crucial to control the temperature during this process as excessive heating can lead to
the decomposition of the mineral. This method is widely used for its efficiency and
relative simplicity in production conditions.

The process of dehydrating crystalline hydrates is accompanied by significant
mass loss of the material, leading to increased drying time and excessive energy
consumption. Therefore, it is advisable to consider different drying methods for

bischofite and use thermogravimetric analysis, which measures changes in sample
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mass during heating or cooling over time, to establish their kinetic regularities for
identifying the most rational approaches.
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Abstract. A study of the intensification of the process of extraction of
biologically active substances (BAS) from plant raw materials with preliminary
cavitation activation of the extractant is presented. The use of combined cavitation
effect in extraction processes is substantiated. Physico-chemical properties of the
extract when applying the method of discrete-pulse energy input (DPEI) to the treated
environment are given. It was established that the selected and modeled design of the
combined hydrodynamic equipment ensures the intensification of BAR extraction
from plant raw materials.

Key words: extraction, the method of discrete-pulse energy input (DPEI),

cavitation, pulsation-type cavitation reactor.
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Anomauin. I[Ipeocmasneno 0ocniodicents inmencugikayii npoyecy ekcmpaxyii
bionociuno axkmusnux peuosun (BAP) 3 pociunHOi cuposunu npu nonepeoHii

KagimayitHiu akmueayili  excmpaceHma. Obtpynmosano BUKOPUCIAHHA
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KOMOIHO8AH020 Kagimayitno2o eniugy y npoyecax excmpaxyii. Haeeoeno ¢hizuxo-
XIMIYHI  8IACMUBOCMI  eKCMpaKmy Hpu  3ACMOCYBAHHI  Memo0dy  OUCKDEeMmHO-
iMnynbcnozo esedents enepeii ([{IBE) na oopobniosane cepedosuwe. BcmarnogieHo,
wo eubpana i 3M00e1b08AHA KOHCMPYKYIA KOMOIHOBAHO20 2i0POOUHAMIYHOZO
obnaonanna 3abe3neuye inmencugirayiro eunyyenus BAP 3 pociunHoi cuposuHu.
Kniwwuosi cnosa: excmpakyisa, memoo OUCKDEMHO-IMNYIbCHO20 B8€0EHHS

enepeii ([{IBE), kasimayis, kagimayitiHuii peaxmop ny1bCayiino2o muny.

Extraction processes are widely used in the pharmaceutical, food, and chemical
industries. Technical and economic indicators of production depend on the method of
intensification of the extraction process. The main task of intensification is to save
resources and energy during extraction of BAR to obtain high-quality products for
various complexes of industries.

Solving the tasks of research on the intensification of the extraction process is
achieved under the conditions of increasing the energy efficiency of the equipment
and increasing the output of the target components. In the Institute of Engineering
Thermophysics of NAS of Ukraine, based on the practical implementation of the
method of DPEI for the extraction process, research and development of equipment is
carried out depending on the properties of raw materials and target BARs. Special
attention is paid to the study of the preliminary influence of the mechanisms of DPEI
on the physicochemical properties of the extractant.

The obtained results of studies of the physicochemical properties of the
obtained extracts during periodic extraction showed the kinetics of the process of
extracting target components from plant raw materials depending on the form of
grinding. Numerical calculations were performed for further studies of continuous
extraction. The conducted theoretical studies allow to select and simulate the
combined hydrodynamic equipment depending on the given production productivity.
The design of the selected equipment ensures that the extraction process is carried out

by enhanced effects of cavitation mechanisms. Due to the determined geometry of the

53



306ipHuK Te3 nonosigeir XXVII mizkHapoaHOI HAYKOBO-NIPAKTHYHOI KOH(epeHLii CTy1eHTiB,
acnipaHTiB i MoJioguX BYeHuX ’PecypcoeHepro3oepiraro4i TexHoJ10rii Ta 00J1aJHaAHHA"

Venturi nozzle and the working chamber, the device produces cumulative powerful
dynamic effects that increase the cavitation effect on the processed medium. The fluid
flow in the combined hydrodynamic equipment more intensively reaches periodically
changing speeds, which leads to a sharp periodic sign-changing pressure and the
emergence of more powerful cavitation effects, which in turn intensifies the
convective transfer of target BARs to the micro and nano levels.

On the basis of the mathematical modeling of hydrodynamic processes in the
cavitation reactor, the technological parameters and modes of extraction of target
BARs in the developed equipment were optimized. The cavitation cluster initiation
parameters were determined, the effect of pressure pulses on the physicochemical
properties of the extract in the combined hydrodynamic equipment was
experimentally investigated. It was established that the increase in the intensity of
heat and mass exchange in the developed combined hydrodynamic equipment is due
to the occurrence of a non-stationary hydrodynamic state during sudden changes in
volume. Unlike the oscillations caused by the change in the volume of the liquid, the
high-frequency oscillations that occur in the system are not absorbed by the solid
medium, but are dissipated on the interphase surface, causing a long-term increase in
heat and mass exchange. This justifies the use of the combined cavitation effect of the
DIVE method for obtaining thermolabile target BARs. At the same time, it allows to
reduce the duration of the process and increase the yield of high-quality BAR without
additional costs for heating.
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Abstract: The issues of concentration polarization, membrane fouling and
regeneration are considered. The main directions of investigation are defined.

KJIKOYOBI CJIOBA: CONCENTRATION POLARIZATION, FOULING,
REGENERATION

MeMOpaHHi mpoIecH MUPOKO BUKOPUCTOBYIOTHCS B XIMIUHIN MPOMHUCIIOBOCTI,
a TakoXX B XapuoBidd, QapmarleBTUYHIN, OIOTEXHOJIOTIYHINM Ta IHIIMX TaTy3sax
MPOMHUCIOBOCTI, a TakoXX B KOMYHaJbHOTO TOCTHOJApCTBI Ta CHCTEMax
BOJOMIATOTOBKK. 3HAYHE TMOMIMPEHHS TaKWX TPOIEciB OOYMOBIICHE PsIOM
TEXHOJIOTIYHUX Ta EKOHOMIYHMX TIlepeBar, 30KpeMa BHCOKa €(EeKTHUBHICTh
PO3IIJICHHS, BITHOCHO HU3bKI BUTPATH €HEPrii, mpocToTa 00aaaHaHHs Tomro [1].

[Ipote 3amummaeTbcsi psA  EKCIUTyaTalifiHUX MpoOJeM Yy BHUKOPUCTaHHI
MOB’S13aHl1 3 SIBMILAMU KOHIIEHTPALIWHOI MoJigpu3allii Ta 3a0pyJHEHHS MOBEPXHI
MeMOpaH. SIBullle KOHIIGHTpAIIMHOI ToJsApu3aiii y OapoMeMOpaHuX Tmpolecax
MOJIATAE Y MIJIBUIIEHHI KOHLUEHTpAIli pO3YMHEHUX PEYOBHH OIS MOBEpXi MEMOpaHH,
BHACTIIOK TOTO, IO Yepe3 MeMOpaHy TMepeBaXHO TPOHHUKAE pPO3UMHHUK. Lle
MPU3BOAUTD 10 30UIBLICHHS OMOPY NMEPEHECEHHS MacH, a TaKOXX 3MEHILY€E pYyLIiHHY
CUJIy TIpoliecy uepe3 30UIbIICHHS OCMOTHYHOTO THUCKY. binblie HeOe3neuHuMu €

YTBOPEHHsSI Ha TMOBEpXHI MeMOpaHu Ta/abo B mopax 3a0py/IHEHb, SKI HE JIWIIE
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3MEHIIYIOTh MPOAYKTHBHICT MeMOpaH, a ©W MOXYTb TaKOX IPHU3BECTH [0
nepeIdacHoro BUX0ry MeMOpaH 3 nany [2].

JInst  3MeHIIeHHS BIUIMBY LHMX HETaTUBHUX SBUI BHUKOPHUCTOBYIOTHCS
BIJIMOBIAHI 3aXOAH, SIKI BKJIOYAIOTH CIEIiadbHUN Mi0Ip BIACTUBOCTEH MeMOpaH,
PETYIIOBaHHS TIAPOAMHAMIYHUX YMOB B MOJYJI, MPOIECH MOMEPEIHBOI IMATOTOBKU
CUPOBHMHHM, BKJIIIOYAIOYM JO3yBaHHS aHTUCEHIIAHTIB, ajieé 0COOJIMBE 3HAUYECHHS MAalOTh
IpoIlecH pereHepairii MeMOpaHHUX MOayiB [3].

B mnomepennix pobotax [4-5] OyB poO3poOJeHUN METOJ pereHeparti
MEMOpaHHUX MOJYJIIB 3 BUKOPUCTAHHSIM BaKyyMYBaHHsI CUCTEMH Ta IOKa3aHa Horo
e(eKTUBHICTb TpH POOOTI 3 BAKKUMHU 3a0pYJHEHHSMH, 30KpEMa MOKIIUBICTb
BiJTHOBJICHHS 10 91% BiJl IPOJYKTUBHOCTI HOBOI MeMOpaHU B TaKuUX yMoOBax. Takwuii
METOJl MOTpeOye PpO3BUTKY, YTOYHEHHS psAy MUTaHb MO0 3aKOHOMIpPHOCTEH
MacoOOMiHY, a TaKOX PETEIbHOIO0 €KOHOMIYHOIO aHAI3y MEX HOro e(peKTUBHOCTI.

L[l IIMTAaHHA € OCHOBHHMHU HAIIPpAMKaMHU ITIOJAJIBIITUX ,ZIOCJIiI[)KeHI).
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ABSTRACT: The paper highlights the significance of yeast for industry and its
applications. It provides a description of the feed yeast cultivation line. To enhance
the efficiency of the unit, it is proposed to modernize the heat exchanger.

KEY WORDS: YEAST, YEAST CULTIVATION UNIT, FERMENTER, HEAT
EXCHANGER, MODERNIZATION.
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[HCTHTYT TexHIYHOI Teriodizuku HarioHanbHOiT akaneMii Hayk YKpaiHu

AHOTAIUA: V pobomi Hasedeno  3nauumicmvb  Opidxcodicie O
npomucirogocmi ma ix euxopucmanusa. Hadano onuc ninii éupowysanus Kopmoeux
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MOOepHiZyeamu menio00MIHHUK.
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Today it is difficult to imagine our life without the use of yeast. People often
use them at enterprises and farms. Yeast is of great benefit to mankind, as it provides
feed for various animals.

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

Yeast is an excellent source of protein, with a higher nutritional value than
plant-based proteins and closer to animal proteins. At the same time, the unit weight
of yeast protein is significantly lower than that of animal feed [1].

The interest in yeast in Ukraine has increased over the past year or two, and its
consumption in pig and poultry production has increased by 2-2.5 times. Therefore,
improving yeast production technologies and modernizing the equipment used is an
urgent scientific and technical task.

A schematic diagram of a yeast cultivation unit is shown in Figure 1 [2-4].

The yeast production technology can be described by the following operations:
the raw material is loaded into the hydrolyzing unit 5 using a conveyor.
Simultaneously with the feedstock loading, the tail fraction of the hydrolyzate and
sulfuric acid are supplied. Steam for heating is supplied through the lower connection
of the hydrolysis unit 5. After that, washing takes place, i.e. water is supplied without
acid. After rinsing, spinning (drying) is carried out, i.e. hydrolyzate is discharged
without water. The tail part of the selected hydrolyzate is sent to a separate collection
tank 10, from which the hydrolyzate is used to wet the raw material for further
loading of the hydrolysis apparatus. The remaining lignin is discharged from the
hydrolysis apparatus.

The hydrolyzate enters the product collector and then to the three-stage
evaporator battery (pos. 6-8). The hydrolyzate flows sequentially through three
evaporators 6-8, where the process of self-evaporation takes place. The hydrolyzate
is cooled and the furfural content is significantly reduced. From the evaporator, the
hydrolyzate flows into the receiving tank 10, from which it is pumped to the

hydrolyzate buffer tank 23 and from there to neutralization.
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L s Lz, ﬁj

1 - sulfuric acid tank; 2 - sulfuric acid meter; 3 - sulfuric acid pump;

4 - water heating column; 5 - hydrolysis apparatus; 6, 7, 8 - evaporators;
9 - evaporator for the tail fraction of hydrolyzate; 10 - collector of the tail fraction of
hydrolyzate; 11, 12, 13 - heat exchanger; 14 - condenser-evaporator;

15 - condensate traps; 16 - recycled water tank; 17 - lime milk stirrer tank; 18 -
neutralizer; 19 - trap for blowing steam; 20 - settling tank; 21 - sludge stirrer tank; 22
- wort collector wort collector; 23 - hydrolyzate buffer collector;

24 - vacuum evaporator; 25 - steam-jet vacuum pump; 26 - barometric box; 27 - heat
exchanger for neutralizer (wort); 28 - fermenter; 29, 31 - yeast separators; 30 - gas
separator; 32 - turbocharger for compressed air supply;

33, 35, 37 - separators; 34 - jet pump; 36 - collectors yeast slurry collectors; 38 - yeast
slurry heater; 39, 40 - evaporator housing evaporator housing; 41 - yeast concentrate
collector; 42 - mixing condenser; 43 - barometric box to the evaporator; 44 - vacuum
pump; 45 - spray dryer; 46 - cyclones; 47 - hopper for dry yeast; 48 - furfural
condensate collector
Figure 1 - Flow chart of feed yeast production

The heat of condensation of the hydrolysate vapor is used to heat the water in
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heat exchangers 11-13, which is fed into the hydrolysis apparatus 5. Condensate from
heat exchangers of all stages flows through evaporator 14 to furfural condensate
collection 48, and condensate from vacuum cooling unit 24 is also supplied here.

The neutralized hydrolyzate from the tailing neutralizer-retention tank is
continuously pumped out together with sludge into the settling tanks 20. The
neutralizer is clarified in these tanks. The clarified neutralizer is discharged into a
collector 22, and from there it is pumped for cooling first to a vacuum cooling unit 24
and then to plate heat exchangers.

The vacuum cooling unit 24 consists of four stages, each of which in turn
consists of an evaporator and a condenser. The vapors of the self-evaporating
neutralizer enter the surface condensers, where they condense and are cooled by
water.

Before the culture medium (neutralizer) is fed to the fermenter, it is heated in
the heat exchanger 27 with water. The heated neutralizer (wort) is fed to the fermenter
28. Seed yeast is added there.

Yeast is grown under intensive air supply from blowers. The yeast cultivation
takes place as follows: the cooled wort flows evenly through the pipeline into the
fermenter 28. In the vat foam is formed, which partially under the influence of its own
weight and due to circulation is gradually extinguished. Thus, the liquid is circulated
in the vat multiple times. Then the yeast is separated in the form of a suspension from
the yeast brew in two ways: preliminary two-stage separation from the yeast
separators and separation.

The project envisages the installation of several separators (33, 35, 37) to
thicken the yeast slurry before washing. The spent brew and wash water from the
separators are discharged into the sewer, and the wash water is returned to the first
stage flotation unit.

The yeast concentrate from the third group of separators is collected in
collectors 36, from where it is pumped to the heater 38. From the heater, the yeast

plasmolysate is fed to a two-hull vacuum evaporator (39, 40).
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The secondary steam from the main furfural column is used as a heat carrier,
and the amount of steam that is missing is supplemented with fresh steam. The juice
steam of the evaporation unit enters the mixing condenser 42, where it is condensed
and discharged into the sewer through the barometric box 43. The evaporated yeast
concentrate is fed to the collector 41, from which it is transferred to the spray dryer
45,

Dry yeast is fed into the collection hopper 47, and from it it is fed to the
packaging and weighing machine, i.e. the resulting yeast concentrate can be used as a
finished product [2-4].

To improve the efficiency of the feed yeast production line, the heat exchanger
will be modernized to preheat the culture medium before it is supplied to the
fermenter. A simulation experiment will be conducted to validate the proposed

design.
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ABSTRACT: The work proved the effectiveness of the use of hydrodynamic
cavitation for water activation and established that the obtained activation effect
remains stable for up to 3 days, confirmed by the indicators of pH, ORP and electrical
conductivity

AHOTALIA: B po0GoTi  po3MISIHYTO  MOXJIMBICTH  3aCTOCYBaHHS
TIAPOJMHAMIYHOI KaBiTalli Mg axkTuBailii Boau. BcraHoBineHO e(EeKTUBHICTD
MIPOMOHOBAHOTO MIIXOAY, L0 MIATBEPIXKYEThCs 3MiHOK mnoka3zHukiB pH, OBII 1
€JIEKTPOIPOBIAHOCTI. Bu3HaueHo, 10 OTpUMaHHM €(EeKT aKTUBAIlll 3AJIUIIAETHCS
cTaOuUILHUM 110 3 110.

KEYWORDS: WATER ACTIVATION, HYDRODYNAMIC CAVITATION

KJIIOY0BI CJIOBA: AKTHUBALIA BOAU, TITAPOAMHAMIYHA
KABITALIA

Introduction. Activation of water by means of hydrodynamic cavitation is
considered promising for improving product quality and increasing the efficiency of
technological processes. This is explained by the fact that under the influence of
cavitation, water acquires new properties, in particular, increased solubility,
permeability through cell walls and membranes, thereby intensifying mass transfer
processes. In addition, the method is simple to implement and environmentally
friendly. However, despite a deep understanding of the peculiarities of the process,
one of the controversial issues is the instability of the properties acquired by activated
water, which vary from 48 to 72 hours, as well as the search for ways to stabilize
them over time. The IET develops highly efficient rotary-pulsation devices (RPA) of
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various configurations for the implementation of processes of emulsification,
dispersion, homogenization and disinfection of various liquid systems for the needs of
not only the food industry, but also chemical, pharmaceutical, agro-industrial
complex, etc. Within the framework of this direction, research is underway on the
effectiveness of the use of hydrodynamic cavitation to activate water and stabilize the
effect over time. To do this, it is necessary to assess the effectiveness of the effect of
hydrodynamic cavitation on the activation of water in terms of pH, ORP, electrical
conductivity, assessing their stability over time, and to investigate the disinfecting
effect by the presence of E. coli. Research was carried out on a specially developed
RPA, the feature of which is the design of the rotor-stator-rotor working unit. During
the studies, water in the recirculation mode was exposed to the listed factors for 5
minutes.

Results showed that under the influence of cavitation action on water, the most
intense increase in pH was observed during the first 2 minutes of treatment from 7.24
to 7.8 and less intense, stabilizing in the next 3 minutes from 7.8 to 7.95. Further
measurement of the pH change during 3 days of storage of activated water samples
showed the stability of the effect obtained. Parallel measurement of water ORP during
treatment showed a gradual decrease in values throughout the treatment cycle from
164 mV to 146 mV (5 minutes), however, without switching to negative values.
Further measurement of activated water ORP during 3 days of storage showed a
continuing downward trend for the first 2 days to 139 mV, followed by stabilization
of indicators for the next day. Measurements of electrical conductivity during
treatment showed a decrease in values from 340 to 329 uSm during treatment, which
is explained by an increase in the pH of the water, which becomes more alkaline.
Further measurement of electrical conductivity remained almost unchanged for 3
days, decreasing by only 3 uSm. The results of microbiological studies showed that
E. coli cells, which determine the effectiveness of water disinfection, are sensitive to
the cavitation effect and their complete disinfection was achieved within 1 minute of

treatment.
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Conclusions. The research results showed the possibility of achieving the
effect of water activation under the action of hydrodynamic cavitation in a 5-minute
treatment cycle, which is confirmed by an increase in the pH value by 0.71, a
decrease in ORP by 18 mV, and a decrease in electrical conductivity by 11 uS.

It was established that the effect of water activation remains stable during
another 3 days of storage of water samples, which is confirmed by the stability of the
obtained indicators. The results of microbiological studies showed the disinfecting
effect of hydrodynamic cavitation. The proposed activation method is simple to
implement and has a high potential for increasing the efficiency of production

processes.
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ABSTRACT: An analysis and study of the possibilities of using the erosive
effects of hydrodynamic cavitation to intensify the mixing of heterogeneous systems
was carried out. The influence of mixing devices on the dispersed distribution and
sedimentation stability of the emulsion was studied.

Key words: cavitation, mixing, emulsification.

BUKOPUCTAHHSA EPO3IMHUX E®EKTIB I'IITIPOJIUHAMIUHOI
KABITALII JJ1s1 IHTEHCU®IKAIIT NEPEMIIIYBAHHS
I'ETEPOT'EHHUX CUCTEM
K.T.H. [lenenp B.SL', n.r.1. IBarmneknii [.K.M2, k.1.1. Henbaitno A.€.,

K.T.H. Pamuenko H.H.l, K.T.H. [ 0’)k€HKO H.H.l, [enxia B.I.l, ITepesicnaBuen om!
TacturyT Texniunoi Terodisuka HAH Vipainu
*HamuioHanpHuil TeXHiUHMI yHiBepcuTeT YKpainy "KHiBChKMil MO TeXHiaHmi
1HCTUTYT IMeHi Iropsa Cikopcbskoro"

AHOTAILIIA. Ilpogedeno ananiz ma  OOCHIONCEHHS — MOMNCIUBOCEU
BUKOPUCMAHHS epO3IUHUX epeKkmis 2i0poOuHamiuHoi Kagimayii 0na inmencugikayii
nepemiuly8anus 2emepoceHnHux cucmem. Jlocniodceno 6naug  nepemiuiyrouux
NPUCMPOi8 HA OUCNEPCHULL PO3NOOLTL | CeOUMEHMAYIIHY CIIUKICb eM)IbCIi.

Knwuoei cnosa: xagimayis, nepemiuly8anHs, emyibe)y8aHHSL.
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One of the advanced types of equipment used in technological processes are
stirred devices, the technological characteristics of which are achieved by design
features, the way energy is introduced into the working environment and its
distribution in the stirred volume of the medium. The optimization of technological
modes requires the study of hydrodynamic processes occurring in mixing devices and
the search for new ways of increasing their efficiency.

One of these methods is the use of devices with stirring devices that have
increased, compared to practically used, operating revolutions. The use of high-speed
devices will allow to reduce their dimensions, mass, increase the yield and quality of
the target product, as well as increase the efficiency of mixing devices due to the use
of energy of shock waves, local pressures and temperatures.

The purpose of the work is to analyze and research the possibilities of using the
erosive effects of hydrodynamic cavitation to intensify the mixing of heterogeneous
systems.

Experiments on the study of emulsification processes were carried out on an
experimental unit equipped with a container with a diameter of 300 mm and a filling
height of 450 mm. Stirring devices with open and closed turbines with blades with a
diameter of 75 mm, a number of blades of 6 pieces and an angle of inclination of the
blades to the plane of rotation of 90° were used as mixing devices. Also, the
experimental installation is equipped with a vacuum pump. To study the
emulsification process, water was used with compressor oil in a ratio of 15/85%. An
open turbine mixer and a closed turbine mixer were used as mixing devices.
Processing time was 3, 5 and 10 minutes. The temperature of the liquid at the
entrance to the experimental installation was 18 °C.

An analysis of the technical literature on both theoretical and experimental
research was carried out, in which the peculiarities of the operation of mixing devices
in laminar, turbulent and cavitation modes of flow around the blades of agitators are
given. It was established that in devices with high-speed devices, the generation of

high energy density in a heterogeneous system is carried out due to the development
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of bubble or film-like cavitation on the stirrer blades with the subsequent collapse of
cavitation bubbles and the release of energy in the form of high pressures and
temperatures and shock waves. This energy is spent on dispersing one of the phases
and/or on mixing and turbulizing the interfacial surface and the layers adjacent to it.

When obtaining an emulsion of water with compressor oil using an open
turbine stirrer, after 10 minutes of processing, an emulsion with a droplet diameter of
0.51 um to 2.4 um (82% of the total mass) and up to 0.51 um (18%) was obtained.
The sedimentation stability of the emulsion was 11 days, after 27 days the complete
destruction of the emulsion was observed.

Using in the process of emulsifying water with compressor oil, the turbine
mixer is closed after 10 min. processing obtained an emulsion with a droplet diameter
from 2.7 um to 5.6 um (79% of the total mass) and up to 2.7 um (21%). The
sedimentation stability of the emulsion was 6.5 days, after 17 days the complete
destruction of the emulsion was observed.

The results of the experiments showed that for each type of mixing device it is
necessary to determine the rotation speed at which an emulsion of the required
dispersion is obtained for different processing times of the components. At the same
time, the main criterion of effectiveness and practical expediency of the methods used
for the intensification of technological processes should be an increase in the specific

productivity of the device or technological line while reducing energy consumption.
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design are provided.
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AHOTAI[IA: y pobomi nposedeno nimepamypHuti ma NameHmHUuil NOuLyK
KOHCMPYKYiU nepemiwytouux npucmpois. Ha niocmasi nposedeHo2o auaizy
HAYKOBO-MEXHIYHOI Timepamypu 3anponoHo8aHo MoOepHizayito mypoiHHOI MIUAIKU.

Jlano cxemy ma onuc KOHCMPYKYIi MOOEPHI308AHOT MIUUATIKU.
KJIIOY90BI CIIOBA: TPAHC®OPMATOPHA OJIMBA, PEI'EHEPAIL]IA,
AIIAPAT 3 MILLIAJIKOIO, MO/I[EPHI3ALIA.

The project involves designing an apparatus with a mechanical mixing device,
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as shown in Figure 1. The apparatus is intended to create a suspension of industrial
(transformer) oil, bleaching clay, and water at a specified temperature [1]. Inside the

apparatus, there is a mixing device (10) and a steam coil (4) for heating the oil.

1 — body; 2 — bottom; 3 — cover; 4 — coil; 5 — suspension outlet nozzle; 6 — inlet
nozzle for oil, water, and clay;
7 — hatch; 8 — steam inlet nozzle; 9 — steam outlet nozzle;
10 — mixing device; 11 — shaft; 12 — motor with gearbox

Figure 1 — Structure of the apparatus with a stirrer

The main component of the apparatus is the mixing device (10). Rotational
motion is transmitted to the stirrer through the shaft (11) from the motor with gearbox
(12) of the mixing device.

Selecting the optimal mixing device is critical in many industrial processes
where effective mixing of liquids or mixtures is required. Based on the presented
analysis [2], a turbine stirrer is chosen as the mixing device, as shown in Figure 2.
This type of stirrer is ideal for industrial processes where uniform mixing of liquids or

mixtures in large tanks or reactors is essential.
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Figure 2 — Turbine Stirrer

The mixing device in the apparatus under consideration should ensure a
turbulent flow regime of the medium, creating two concentric zones to facilitate heat
exchange between the heat carrier in the coil and the oil.

Based on the analysis of patent and literature sources [2-6], a modified design

of the turbine stirrer is proposed, as shown in Figure 3.

1 —shaft, 2 — blade, 3 — guide rings

Figure 3 — Diagram of the upgraded stirrer
The mixer consists of a shaft (1) on which inclined flat blades (2) are mounted.
To ensure the rigidity of the mixer, the blades are secured by two guiding rings (3),

one of which is located at the edge of the blades, and the other is in the middle.

72



306ipHuK Te3 nonosigeir XXVII mizkHapoaHOI HAYKOBO-NIPAKTHYHOI KOH(epeHLii CTy1eHTiB,
acnipaHTiB i MoJioguX BYeHuX ’PecypcoeHepro3oepiraro4i TexHoJ10rii Ta 00J1aJHaAHHA"

The inclined blades create an axial flow of liquid relative to the plane of
rotation of the mixer, aiding in the lifting of clay particles that are added to the oil
from the bottom of the vessel. This ensures effective circulation of the entire volume
in the area where the coil is located, creating local turbulence zones. This improves
mixing and prevents sedimentation on the elements of the coil, making the operation
of the apparatus easier and reducing the time required for maintenance and cleaning.

The length of the blades is greater than that of standard mixers, which increases
their useful surface area and promotes better mixing and heat exchange between the
media.

One of the important operational parameters of mixers is the energy
consumption for mixing the medium and creating its turbulence. The energy
consumption expended on mixing depends on the design features of the mixing
device, specifically on the diameter of the mixer and the angle of inclination of the
blades.

The power consumed for mixing can be calculated using the well-known
formula (1), [6]:

N = Kypn3d® (1D
where Ky is the power criterion;
p is the density of the medium in the apparatus at a temperature of 293 K (the worst
mixing conditions);
n is the rotational frequency of the mixer;
d is the diameter of the mixer.
The power of the mixer can also be determined from the equation of the

modified Euler criterion for the mixing process (2), [6]:

N

Eu = —pn3d5 (2)

The modified Euler criterion EUEUEU for a specific type of mixers is a constant
value determined experimentally. The authors in [6] provide values for different types

of mixers, including turbine mixers with varying blade angles.
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Based on the created 3D model of the mixer, computer simulations in the
SolidWorks environment, and calculations using formulas 1 and 2, graphical
dependencies of power on the diameter of the mixer (Figure 4, a) and the angle of
inclination of the blades (Figure 4, b) were constructed. The dependence of EUEUEU
on the angle of inclination of the blades a\alphaa of the mixer was taken from the

results of experimental studies in [6].
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Figure 4 — Dependence of power on the diameter of the mixer (a) and the angle of

inclination of the blades (b)

Based on the obtained results, the optimal diameter of the mixer and the angle
of inclination of the blades were determined.

Conclusions: Based on the conducted literature review, a modernized design of
the mixing device has been proposed. A simulation experiment was carried out in the
SolidWorks environment. During the experiment, the angle of inclination of the mixer
blades was varied. The use of a mixing device with inclined blades reduces the power
required for mixing. Based on the obtained results, the optimal diameter of the mixer
and the angle of inclination of the blades were determined.
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AHOTALIA: Slkictb Tpoaykiii B Cy4acHOMY BHPOOHHUIITBI MOXKIIMBO
3a0e3nmeunTH, BIUIMBAIOYM HAa MIKpO- 1 HAHOPIBHI Ha CKJIAJ0BI KOMIIOHEHTH
cepelioBuINa, IO MiJJa€Thbcsl OOPOOJICHHIO B Cy4aCHUX araparax. B TexHOomorisx
00poOKM MoOJIOKa [jIsi 3a0€3MEeUeHHs] MEBHUX TMOKA3HUKIB TMPOIYTY BAXKIUBUM €
KEpOBaHE yIpaBJliHHS TaKUMU MOKa3HUKaMH, K (pakiiiHUi CkJa] OLIKIB MOJIOKA,
*upoBa ¢asza Ta BIUIMB HA 1HII MIKpOCTpyKTypu. OTHUM 3 MPOIIECIB, 110 3a0e3neuye
BIUTUB Ha MIKPO- Ta HAHOCHUCTEMH € KaBITAIlliiHI MPOIECH 3aBMASKW 1HIIIIOBAHHIO
TEIJIOBUX Ta JUHAMIYHUX €(EKTIB B AUCKPETHO B MPOCTOPI Ta MUTTEBO Yy 4YacCl.
Peanizyetnscs aHa TEXHOJIOT1S 00poOIeHHS MOJIOKa B amapari
TepMoriapoauHaMiuHoi o0pooku (TTO).

ABSTRACT: The quality of products in modern production can be ensured by
influencing the components of the environment that can be processed in modern

devices at the micro- and nanolevel. In milk processing technologies, in order to
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ensure certain parameters of the product, it is important to manage such parameters as
the fractional composition of milk proteins, the fat phase, and the effect on other
microstructures. One of the processes that provides influence on micro- and
nanosystems is cavitation processes due to the initiation of thermal and dynamic
effects discretely in space and instantaneously in time. This milk processing
technology is being implemented in the thermohydrodynamic processing (THO)
apparatus.

KJIIO4Y90BI C(CJIOBA: MOJIOKO, TEPMOCTABUIIBHICTD, BIIKU,
TIIPOINHAMIYHA KABITALILS

KEYWORDS: MILK, THERMOSTABILITY, PROTEINS,
HYDRODYNAMIC CAVITATION

A theoretical study of cavitation effects in the installation's pumps proved that
the values of thermophysical and dynamic parameters of hydrodynamic cavitation
correspond to those that, according to literature, cause a significant impact on
biological structures [1]. Regarding the impact of cavitation phenomena on milk
proteins, two aspects can be distinguished: 1) direct impact of dynamic and thermal
load on protein structures; 2) influence on the dispersion medium - water, which also
determines the state of the colloidal system. This is confirmed by studies of the
protein composition of milk proteins with TGO and in the control sample.

The results of the research are presented in Fig. 1. With each of the treatments,
the changes have their own characteristics. Thus, with TGO, the fractions of milk
proteins with a high molecular weight (more than 100 kDa) decrease from 17 to 14%.
In control, changes are of the opposite nature. Therefore, under thermohydrodynamic
influence, disaggregation of protein complexes (micelles) takes place in proteins,

which, under certain conditions, affects changes in the heat resistance of milk.
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Fig. 1. Changes in the fractional composition of milk proteins before and after

processing: a) THO; b) control 1 - 100 kDa and more, 2 - 77..72 kDa, 3 -

62...66 kDa, 4 - 31...53 kDa, 5- as-casein, B-casein, ®-casein, a-lactolbumin).

It should be noted that the decrease in the content of micelles with a high
molecular weight occurs at the stages where cavitation mechanisms operate (Fig. 6a,
stages 2, 4). The thermal effect in the pasteurization unit, on the contrary, contributes
to the aggregation of protein molecules, which is typical for both control treatment
and TGO.
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Fig. 2. Change of protein complexes with a molecular mass above 100 kDa at
stages a) TGO: 1 — source milk; 2 — after condensation chambers; 3 — after

pasteurization; 4 — at the exit from the equipment; b) control: 1 — original milk; 2 —
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after valve homogenization; 3 — after pasteurization.

Therefore, the conducted studies proved that cavitation effects have an influence
on the fractional composition of milk proteins and determine the heat resistance

indicator, which is one of the main signs of product quality.

REFERENCE:
Analytical study of cavitation in the working wheel of centrifugal pumps / G.K.

Ivanytskyi, A.E. Negligently //Industrial Heating Engineering. — 2012. — Vol. 34,
No. 2. — P. 40-47
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ABSTRACT: the importance of conducting research is substantiated, a
technological scheme of production is presented, and a scheme of hardware design
Is described. The direction of necessary research is indicated.
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Incmumym 2a3zy Hauionanvnoi akademii Hayx Ykpainu

AHOTAIISA: oOrpyHTOBaHO  BaXKJIMBICTH  MPOBEJACHHS  JOCHIIXEHD,
MIPEICTABIICHO TEXHOJIOTIUHY CXEMy BHPOOHHUIITBA Ta OMUCAHO CXEMY armapaTHOTO
odopmiieHHs. BkazaHo HanmpsMOK HEOOX1THUX JOCIIIKEHb.

KJIFOYOBI CJOBA: AJIbTEPHATUBHI ITAJINBA, I'TJIPOCUJIIKATHI
TEIUIOI3OJIALIIHI MATEPIAJIM, ITUPKYJIIOIOUYNI ITOTIK

The relevance of further research into heat and mass transfer processes in
dispersed systems is due to the active transition to the use of alternative fuels in
industry (including electrical energy, hydrogen, secondary heat, low-potential waste
heat, etc.).

It is necessary to study the aspects of fuel substitution that affect the processes
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and can affect the quality of products. This is especially true for technologies for
thermal processing of fine-dispersed materials, where, in addition to the temperature
regime, it is important to maintain the aerodynamic conditions of the process, which
can significantly change when fuel is substituted.

Based on the general principles of gas dynamics and heat and mass transfer in
heterogeneous systems (gas-solid dispersed material), scientific and practical
principles of heat treatment of hydro-aluminosilicate materials to obtain thermal
insulation materials for the construction and oil and gas industries using alternative
fuels should be developed.

The research is based on the technology of obtaining loose expanded
hydrosilicate material for construction purposes. [1, 2] According to the technology,
natural amorphous silica is treated with sodium hydroxide to obtain sodium
hydrosilicate material. Then it is cooled to ambient temperature and crushed to a
particle size of no more than 5 mm. The crushed sodium hydrosilicate material is
dried to a residual moisture of 15-18% (by mass) and subjected to swelling in a hot
gas flow in a fluidized bed apparatus. The improved technology [3] is implemented
within one technological apparatus using a circulating flow, which allows combining
the processes of drying and swelling of the crushed material in a continuous process
in one apparatus. [4]

Fig. 1 shows a cross-section of the apparatus. It consists of coaxial inner 1 and
outer 2 shells, a pipe 3 for loading loose raw materials, a gas combustion device 4, a
pipeline 5, a hot gas flow swirler 6, and a pipe 7 for discharging loose expanded
material.

The device is equipped with a fan 8 for organizing the process of hot gas
circulation and a branch pipe 9 for periodically discharging part of the hot gas into
the atmosphere. Loose expanded construction material is discharged through the
branch pipe 7 and the cyclone 10 to the hopper 11. The resulting material is
characterized by high quality (low moisture absorption and greater strength and frost

resistance).
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Fig. 1 — Scheme of the apparatus for drying and swelling dispersed materials.

Preliminary hydrodynamic studies of flows during processes in this type of

hardware design have been conducted.
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Amnoranisi: The issues of concentration polarization and mass transfer in
pressure driven membrane processes were considered. The key direction of
investigation of these problems were defined.

Kawuosi caoBa: membrane, mass transfer, concentration polarization,

resistance

The pressure driven membrane processes are widely used in the chemical, food,
and pharmaceutic industries, and also in the utilities sector, at that the significant
fraction of applications of theses processes occurs in the water and wastewater
treatment systems. The continuous increasing of using of these processes is due to set
of technological and economical advantages, such as high effectivity pf separation
and relatively low energy consumption. However, there are the operational problems,
which limited the effectivity and empowering of the membrane technologies.
Primarily the operation of the pressure driven membrane processes is limited the
phenomena of the concentration polarization and the membrane surface fouling [1].

For the description of the processes, which take place during the membrane

separation many theoretical models [2], some of theme take into account the
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concentration polarization phenomenon [1]. In particular, the resistance-in-serries

model describes the transmembrane flux in the following way [1]:
Ap— AT Ap — AT

N LR, :p R,+R, +R +R,

J 1)

At that, Shiraz et al. [1] pointed out the methods of determination of most
resistances represented in equation (1), however, the relationships for the
determination of the concentration polarization layer resistance (R.) are not
represented. The absence of the reliable relationships for the determination of this
kind of resistance complicates the evaluation of the membrane equipment
performance, in particular, the determination of the necessity of carrying out the
regeneration [3].

In previous works [3-4] the attempts to measure the concentration polarization
layer resistance and determinate influence on it the operation conditions were made.
The obtained results shows that hydrodynamical parameters and feed solution
composition has impact on the R, value. However, in these investigations the
sufficient attention was not paid to the mass transfer issue, and also the unreliable
relationships for the determination of the diffusion coefficients were used.

The purpose of this work is to establish the impact of the mass transfer
conditions on the measure the Ry,. The main idea is based on the film theory of

concentration polarization, which can be represented in following form [1]:

ic+p%osc 2
dx
or in the integral form [1]:
C —-C
C,—C, [k

For the determination of the mass transfer coefficient k, it is planned to apply
the technique described by Ismail and Matsuura [5], which use the film theory of
concertation polarization and the solution-diffusion model, the effectiveness of the

later one is demonstrated in works of Al-Obaidi et al. [6, 7]. It is expected, that the

84



306ipHuK Te3 nonosigeir XXVII mizkHapoaHOI HAYKOBO-NIPAKTHYHOI KOH(epeHLii CTy1eHTiB,
acnipaHTiB i MoJioguX BYeHuX ’PecypcoeHepro3oepiraro4i TexHoJ10rii Ta 00J1aJHaAHHA"

determination of the regularities of the mass transfer in the conditions of the
concentration polarization would allow to obtain the relationships for the
determination of the concentration polarization layer resistance, that can be used for
the practical purposes.
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Introduction. One of the main problems of modern industry is the
improvement of technological processes and the saving of materials, as well as usage
or storage of elements that would otherwise enter the environment in the form of
harmful emissions. The main method of achieving this is the creation of technologies
and technological processes in which the entire flow of raw materials and energy
resources is fully used in production, or processed and returned to the production line.
One such process is the rectification of acetone.

Acetone is a volatile liquid with a characteristic odor, transparent under normal
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atmospheric conditions. Acetone is used in the production of many important
products, such as synthetic fibers, explosives, vinyl and acrylic resins, inks, drugs,
cosmetics, and more. Acetone is a starting material for the synthesis of ketene, acetic
anhydride, diacetone alcohol, mesityl oxide, methyl isobutyl ketone, methyl
methacrylate and others [1].

There are several methods of acetone recovery, among which re-absorption,
rectification and condensation [2] are the most common.

Shell and tube heat exchangers play an important role in these production
processes, as they are used for heating and condensing cooling.

In this paper, modernization of a shell-and-tube heat exchanger designed for
preheating the recovered acetone solution to the boiling temperature of the binary
mixture before rectification is shown.

Problem statement. One of the important problems of shell-and-tube heat
exchangers is related to the need to ensure an adequate hydrodynamic condition with
uniform distribution of flows over the entire heat exchange surface, since failure to
meet these requirements leads to inefficient use of the heat exchange surface and
uneven distribution of pressure on the equipment parts, mainly on the pipe grid,
resulting in high local erosion. To eliminate these shortcomings, many design
solutions have been proposed, which are often associated with the manufacture of
non-standard, expensive parts of the device.

Therefore, the main goal is to propose a design solution for the modernization
of the parts of the shell and tube heat exchanger, which will ensure an increase in the
efficiency of heat exchange.

Since the pipe grid is most affected by uneven pressure distribution, it is
suggested to install an additional separator (distributor) in the heat exchanger cover to
ensure uniform flow distribution. The distributor is a slightly bent outward round
perforated plate, which is either welded to the walls of the cylindrical part of the
cover, or is mounted with a bolted connection on special fasteners to simplify

maintenance during operation, Fig. 1.
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Figure 1. Liquid distributor

When the liquid phase is introduced into the cover of the heat exchanger, in
front of the pipe grid, the flow meets the distribution device. After the distributor, a
uniform flow is formed across the entire cross-section of the chamber, with a more
uniform distribution of stress on the tube plate without swirling flows.

Research and analysis. To confirm the effectiveness of the application of the
proposed technical solution, a simulation study of the heat exchange process was
conducted. The comparison of research results was carried out for a standard heat
exchanger without the use of a distributor, Fig. 2 (a), and with a distributor, Fig. 2 (b),
under the same conditions. It is assumed that there is water in the tube space as a heat
agent, and 19.4% recovered acetone in the innertube space.

According to the simulation results, the average values of heat transfer for the
outer surfaces of the pipes were obtained, Figure 2, as well as the distribution of
temperature and shear stress along the pipe grid, Figure 3.

The simulation results for a standard heat exchanger are shown in Fig. 2 (a) and
Fig. 3 (a), confirm the non-uniformity of the temperature distribution throughout the

tube plate, as well as the presence of local zones with increased stress.
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Figure 2. Results of simulation

(b) modernized heat exchanger

Figure 3. Pipe plate simulation
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Shown in Fig. 2 (b) and Fig. 3 (b) simulation results for a heat exchanger
retrofitted with a distributor confirm that the addition of a distribution device provides
an increase in the average heat transfer on the surface of the tube with a decrease in
the local stress from the flow on the tube grid with an increase in the uniformity of the
temperature stress distribution.

Conclusions. Thus, the proposed method of modernization of the shell-and-
tube heat exchanger ensures the fulfillment of the set goal of increasing the efficiency
of heat exchange, which is confirmed by the results of simulation modeling of the

process.
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Introduction. Mass transfer devices play an important role in various
industries, ensuring the efficient separation of mixture components. In the case of
plate distillation columns, the key element is the contact plates, which are responsible
for the direct interaction of the liquid and vapor phases. Therefore, to increase the
energy efficiency of the mass transfer process during rectification or the cost of
manufacturing the unit, it is advisable to pay attention to this particular structural
element of the column.

Problem statement. In order to expand the functionality of the mass transfer
apparatus for rectification, a new design of the plate elements has been developed,
which will improve the technical characteristics of the apparatus and increase its

overall efficiency by reducing the cost of manufacturing and ensuring less splashing
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during operation. The modernized element of the distillation column plate (cap),
Fig. 1, consists of a base 1 with holes for the passage of the vapor phase and a curved
cover 2. The cap is fixed to the base at a certain height (determined by calculation) so
that there are gaps between them for the vapor phase to escape. At the outlet of the
slots, the vapor phase comes into contact with the liquid phase, providing mass
transfer with subsequent condensation of vapors and boiling of the binary mixture

with the release of vapors with a higher concentration of the low-boiling component.

1 —base; 2 — lid
Figure 1. Modernization of the contact plate

Research and analysis. The results of modeling the movement of vapor phase
flows when applying the proposed modernization of the column plate cap are shown
in Figure 2. The obtained results confirm the implementation of the hydrodynamic
regime, which ensures all the conditions for an efficient mass transfer process. In
order to ensure the leakage-free operation of the plate when changing the vapor phase
flow rate, it is possible to change the height of the gap between the base and the cap

to ensure the required value of the vapor velocity at the outlet of the slits.
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Y, e

Figure 2. Results of vapor phase flow modeling
Conclusions. The proposed modernization will reduce the cost of
manufacturing the distillation column plate elements while maintaining efficiency at

constant pressures.
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Introduction. Mass transfer apparatuses play a crucial role in various
industries, ensuring efficient separation of mixture components. One of the essential
elements of such devices is the contact plates, which facilitate direct interaction
between liquid and vapor phases.

Problem statement. Continuous improvement of these components is
necessary to enhance the overall efficiency of mass transfer processes and minimize
losses.

To expand the functional capabilities of the plates and the mass transfer
apparatus as a whole, a new design of a cap plates has been developed. This design
allows for independent regulation of the passage cross-section for the light phase, as

well as a significant reduction in entrainment losses, thereby considerably improving
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the technical characteristics of the apparatus and achieving a higher level of
operational efficiency.

The upgraded contact plates of the mass transfer apparatus, Fig. 1, includes a
horizontal plate 1 with nozzles 2 for light phase passage, a bent rod 3 is installed on
each nozzle. A cap 5 is placed on the vertical section 4 of this rod, allowing for
vertical movement. The cap includes a central hole 6 on its top 7 and slots and gaps 8
at its lower end. Perforated horizontal plates 9 are proposed to be installed at the ends

of the vertical sections 4 of the bent rods.
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5 — cap; 6 — central hole; 7 — top; 8 — slit and gap; 9 — perforated horizontal plate
Figure 1. Longitudinal section of the contact plates in the

mass transfer apparatus.

During the operation of the apparatus, the light phase passes from beneath the
horizontal plate through the nozzles, flows between the nozzles and the caps, and then
disperses through the slots or gaps at the bottom of the caps into the heavy phase flow
moving along the plates surface. As the load of the light phase increases, the caps rise
along the vertical sections of the rods under light phase pressure, increasing the

passage cross-section between the caps and the horizontal plate. When the load
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decreases, the caps lower. This design allows automatic regulation of the plate’s
throughput capacity for the light phase.

The installation of perforated plates at the ends of the rods effectively captures
entrainment droplets, significantly enhancing the overall efficiency of both the plates
and the mass transfer apparatus.

Research and analysis. The proposed upgraded contact plates significantly
expand the technological capabilities of the mass transfer apparatus. The simulation

of cap operation in a distillation column is shown on Fig. 2.
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Figure 2. Cap operation simulation in a distillation column

Simulation results show that before the upgrade, Fig. 2 (a), the vapor phase
speed after passing through the cap was 0.005 m/s. After the upgrade with the
perforated plate installation, Fig. 2 (b), the caps rise under the pressure of the light
phase, which effectively captures entrainment and improves the apparatus's overall
efficiency, increasing the vapor phase speed after passing through the cap to
0.964 m/s.

Conclusions. The development of the new cap plates design expands the

functional capabilities of the plates and the mass transfer apparatus as a whole, as it
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allows for significantly improved technical characteristics of the apparatus and
achieves a higher operational efficiency. The proposed physical model confirms the
feasibility of this upgrade, as it significantly enhances droplet capture efficiency and

the overall performance of the mass transfer apparatus.
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The purpose of the work. The current trend of creation of industrial heat

technologies is the most complete disposal of the heat of waste heat flows for its

further useful use. This task is effectively solved by the inclusion in the technological
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lines of heat exchangers of various structures [1]. In the face of constant rising prices
for metals, especially highly heat-conducted prices, for the utilization of the heat of
low potential for attracting alternative polymeric materials for the manufacture of
surfaces of heat exchange of heat exchange apparatus of the air-air.

Results. Polycarbonate with a cross section of 4 mm and a wall thickness of 0.15
mm was selected for the manufacture of the recuperative heat exchanger. The
polycarbonate leaf dissolved in half, forming two swore walls with a size of 250x250
mm and the height of the rib 2 mm (Fig. 1). They were a support wall to the bottom at
an angle of 90 ° relative to the longitudinal axes of WTO in a package of 150 mm
high with cross -channels of 4x2 mm. As a result, channels for the entrance and exit

of cold and warm coolant were formed.

Fig. 1 — The appearance of a honeycomb polycarbonate sheet

To carry out studies of heat exchange processes and hydrodynamics in the
created polymer heat exchanger, a laboratory installation was created at the ITTF of
the National Academy of Sciences (Fig. 2), where the temperatures of cold and hot
coolants at the inlet and outlet of the heat exchanger channels, as well as the pressures
of the cold coolant at the inlet to the heat exchanger and of the hot coolant were

measured at the exit from the heat exchanger.
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Fig. 2 — Schematic diagram of the laboratory installation
1 — premises; 2 — exhaust air fan; 3 — cross-flow polymer heat exchanger;

4 — electric air heater

The working element of the laboratory installation is a recuperative cross-flow
polymer air-air heat exchanger 3. Air from room 1, in which the installation is
located, is directed by fan 2 into the channels of the cold part of the heat exchanger.
After passing through the cold part, the air enters the sealed channel in which the
electric heater 4 is located. Passing through it, the air is heated and directed into the
cross channels of the hot part of the heat exchanger. In the heat exchanger, heat
transfer occurs between cold and hot air, after which the cooled air is discharged into
room 1. The specified scheme ensures the same consumption of hot and cold coolant.

A series of experiments was carried out on a laboratory setup. The experiments
were carried out in the range of coolant velocities from 2.2 to 9 m/s. A method of
processing measured data has been developed. Calculated heat flows, heat transfer
coefficients, pressure losses and efficiency of the heat exchanger depending on the
speed of movement of heat carriers. The efficiency of the heat exchanger reaches 87%
at a heat carrier speed of 2.2 m/s and decreases to almost 60% when the speed
increases to 9 m/s. The dependence of the efficiency of the heat exchanger on the air

speed is shown in Fig. 3.
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Fig. 3 — Dependence of the efficiency of the heat exchanger on the speed of the

heat carriers

Conclusions. At low speeds of coolants (2-3 m/s), which are typical for
convective dryers, as well as air ventilation systems, the efficiency of the polymer
cross-flow heat exchanger reaches 87%. An increase in the speed of heat carriers
reduces the efficiency of the heat exchanger due to the increase in the power of the
exhaust fan. Thus, when the speed increases to 9 m/s, the efficiency of the heat

exchanger decreases to almost 60%.

References:
3. Catalog of the manufacturer of ventilation equipment Blauberg Group AG

(Luxembourg). Access code https://zern-engineering.com/device type/plate-

cross-flow-heat-exchangers/ (date of application: 15.04.2022)
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AJICOPBUIMHI JOCJIKEHHSA PEHITKIB COHAILIHUKY
yinen-kopecnonaeHT HAH Ykpainu, 1.1.1., npodecop [lerposa XK.O., noxktop
dinocodii Hosikosa FO.IL., k.1.H. Camoiinenko K.M.

IacTuTyT TexHiYHOI Tenopizukn HanionanabHoi akagemii Hayk YKpainu

Anomauin. Y pooomi nasedeHo adcopOyitiHi 00CnioxceHHs Oiomacu, Ha

NPUKIAOT peuimKi6 COHAUHUKY.

K/IFOY0BI CJIOBA: AJCOPBLIA, PELITKHU COHALIHUKY

ADSORPTION STUDIES OF SUNFLOWER RESIDUES
Corresponding Member of the National Academy of Sciences of Ukraine, Doctor of
Technical Sciences, Professor Petrova Zh., PhD Novikova Yu., Candidate of
Technical Sciences Samoilenko K.M.

Institute of Engineering Thermophysics of NAS of Ukraine

Abstract. The paper presents the adsorption studies of biomass, using
sunflower residues as an example.
KEY WORDS: ADSORPTION, SUNFLOWER RESIDUES.

PiBHOBa)XHHMI1 BOJIOTOBMICT Ma€ 3HA4YE€HHS IS PO3POOKH TEXHOJOTIN
OTPUMMAaHHS MajuB 3 JOJAaBAHHIM O10MacH, 1110 BU3HAYAE KIHLIEBUI BOJOTOBMICT MIPU
CYIIIIHHI, a TAKOX YMOBH 30€piraHHs.

Jlnst  BU3HAYEHHS PIBHOBWKHOTO BOJIOTOBMICTY JOCIHIKYBaHUX 3pa3KiB
3aJIe)KHO BiJl BIJIHOCHOI BOJIOTOCTI TOBITPS ¢ 3aCTOCOBYBAaBCS TEH30METPUYHUIA
(ctatnunuii) Meton Ban bamenena [1, 2].

Metoro poOoTu € ancopOIiiiHi HOCHIKEHHS OloMacu Ha TPUKIIAAl PEHITKIB
COHSIITHUKY.

[IpoBeneHi mociimkeHHsT aacopOllii pelToK COHSIIHUKA, a caMe cTeden Ta

Kop3uHOK. Ha pucyHnky 1 BkazaHi KIHETUYHI KPUBI aACcOPOIIii BOJSHOI mapu cTebIoM
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coHsmHKKY. 3a ¢ = 0,4 (puc. 1, kpuBa 1) piBHOBaXXHUI CTaH BCTAHOBIIOETHCS Ha 8§
neHb; 3a ¢ = 0,6 (puc. 1, kpuBa 2) Ha 8 nenb; 3a @ = 0,8 (puc. 1, kpusa 3) Ha 15 neHb;
3a @ = 0,9 (puc. 1, xpuBa 4) Ha 23 neHb. PiBHOBaXHUN BOJIOTOTOBMICT CTeOJIa

COHAIHUKY 3a ¢ = 0,6 cranoBuTHh 14,5 %.
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Puc.1. Kinetnuni xpuBi ancopO1iii BoasHO1 mapu cTebaoM coHsimHuky: 1 — ¢ = 0,4;

2-9=063-¢0=084-0=09

KineTnuHi kpuBi aacopOuii KOP3MHKOK COHSAIIHUKY 300pakeHl Ha puc. 2.
KineTnuHi KpuBI KOpP3MHOK MOpiBHSAHO cTedsom 3a ¢ = 0,8 Ta ¢ = 0,9 maroTh
HEpIBHOMIPHUH XapakTep, npu 1boMmy Ha 21 nmenb 3a ¢ = 0,9 3’sBuUnacs IJIicHsABa B
Marepiaii.
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T, 0004
Puc. 2. Kinetnuni kpuBi afcopO11ii BOASHOI Mapyu KOP3UHKOIO COHSIIIIHUKY:

1-¢=04,2-¢=06;3—-9=0,8;4-¢=0,9
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PiBHOBa)XHUMI1 CTaH KOP3WHKU COHSIITHUKY BCTAHOBIOETHCA 3a ¢ = 0,4 (puc. 2,
kpuBa 1) Ha 8 100y; 3a ¢ = 0,6 (puc. 2, kpuBa 2) Ha § 100y; 3a ¢ = 0,8 (puc. 2, kpuBa
3) Ha 20 no0y; 3a @ = 0,9 (puc. 2, kpura 4) Ha 21 100y. PiBHOBaXXHHUIi BOJIOTOBMICT 32
¢ = 0,6 cxiamae 13,4 %.

Kpusi i30Tepm afcopOiii pemTkiB COHAITHUKY 300pa’keH1 Ha pUCYHKax 3.

Ha puc. 3 nmoka3ani i3oTepmMu afcopOilii BOASHOI Mapu PEIITKAMH COHSAILITHUKY.
Sx BumHO 3 pucyHky 2.7 3a ¢ = 0,6, ¢ = 0,8 Ta @ = 0,9 piBHOBa)XHa BOJIOTICTh
KOp3WHKH COHSIIHUKY MCHINA 32 PIBHOBaXKHY BOJIOTiCTh cTebma. [Ipu mmpomy 3a ¢ =

0,4 piBHOBa)XHHI BOJIOTOBMICT KOP3UHKHU COHSIITHUKY BUIIIHM.
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Biounocna sonozicmes, P/Ps
Puc. 3. I3orepmu agcopOiiii BOASIHOT Mapu PEIITKIB COHSIIHUKY: 1 — cTebI1o

COHSIIHUKY; 2 — KOP3UHKA COHSIIIIHUKY

[Tin yac 30epiraHHs MAJMBHUX MaTepialliB B CKJIAACHKUX MPUMILIECHHAX, 3
METOI0  crabumizamii iX  TEXHOJOTIYHUX  BIIACTUBOCTEH, PEKOMEHIYIOTHCS
HOiATPUMYBATH BOJIOTICTh MOBITPS Ha piBHI 60 - 70 %. CranpapTHa BOJIOTICTH IS
nanuBa ckiagae 20 %. OrTpumaHuil pIBHOBRXXHHUI BOJOTOBMICT Y PELITKIB
COHAIIHUKIB cTaHOBUTH 13,4% Ta 14,5 % Ta He nepeBHIlye CTaHAAPTHY BOJOTICTb.
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UDC 536.24; 666.3

HEAT SUPPLY TO THE ENTERPRISE BASED ON HIGH DUST SER
Kremnev V., Timoshchenko A., Timoshchenko A., Korbut N.
Institute of Engineering Thermophysics of the NAS of Ukraine

ABSTRACT. The work addresses the issues of improving the energy efficiency
of basalt fiber production and thermal insulation based on them by using the second
energy potential of the production for the sanitary needs of the enterprise.

KEYWORDS: HEAT RECOVERY, SECOND ENERGY RESOURCE (SER),
BASALT FIBERS

TEIIJIOITIOCTAYAHHSA HNIJAINPUEMCTBA HA OCHOBI
BUCOKO3AIINJIEHUX BEP
KpemuroB B.O.,Tumomenko A.B., Tumomenko A.b., Kopoyt H.C.

IncruryT TexHiynoi Temogizukn HAH Ykpainu

AHOTAIIA Poboma cmocyemvcs numanb NiOBUUEHHST eHepeemUu4HOol
eghexmusHocmi BUPOOHUYMBA 0A3ATLMOBUX BOJIOKOH MA MENnio8oi i30oaayii Ha ix
OCHOBI WIAIXOM BUKOPUCMAHHA eHepeemudnoco nomeuyiary meniosux BEP nua
CAHIMAaPHO-MeXHIYHI NOMpedU NIONPUEMCINEA.

KJIIO4Y90BI (C/I0OBA: YTWIIBALIA TEIUIOTHU, BEP, BA3AJIBTOBI
BOJIOKHA

The purpose of the work.

As part of a complex program for energy-efficient modernization of the
production of staple basalt superfine fibers (duplex technology) and heat-insulating
products based on them, various options for innovative technical solutions for the
utilization of the energy potential of thermal power plants have been implemented.

The work concerns the system of utilization of the energy potential of the

mixture of natural gas combustion products and shop air for the sanitary and
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household needs of production - the heating system of domestic premises and the hot

water supply system of the shop.

Results.

The following statements are true regarding the use of SER. On the one hand,
the basic physical principles underlying heat and mass transfer processes, the main
processes that determine the orientation and efficiency of the mechanisms of
utilization of SER [1] are being studied more widely and more fully. Using the
example of the operation of large energy-technological complexes, it is known that
the larger the object, the more expedient are the measures to increase its efficiency,
the higher the energy capacity of the object, the more promising and justified,
primarily from an economic point of view, are measures for the deep utilization of
fuels, heat and high pressure resources. On the other hand, the smaller the unit
capacity of energy-technological facilities, the less economically justified are the
measures for the deep utilization of these resources, the more individual are the
decisions regarding their development.

Below is one of the options for mastering the thermal SER process of the
production of basalt fibers.

Most of the production processes of basalt fibers and products based on them
are characterized by small and medium capacities of technological equipment [2]. At
the same time, the specificity of these processes determines the formation of high-
potential thermal SER [3].

The source of the secondary resource is a high-temperature mixture of natural
gas combustion products from bath basalt melting furnaces and workshop air. The
mixture is contaminated with dust and fibers with particle sizes of 1-3 microns. The
temperature of the combustion products of natural gas is 500-700 °C [3], the
temperature of the gas mixture is 150-230 °C, the moisture content of the combustion
products is 134-142 g w/kg d.s.p., the moisture content of the gas mixture is 34-36 g
w/kg with. p., pollination of a gas mixture of 0.03-0.05 g/m°.
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The possible power of the HPP source is 218 kW, the economically feasible
power of the source is 65 kW, the actual power achieved in the recycling plant is 50
KW.

The decision on the use of secondary resources is based on the following
scientific and practical theses:

a) cooling of the gas mixture below the dew point temperature is ensured, as a
result of which the process of heat transfer in the heat exchanger is complicated by
the mass transfer process, and the latent heat of the phase transition during
condensation of water vapor is added to the physical heat of hot gases;

b) serial finned water-air heat exchangers of recuperative type are used as
utilisers;

b) it is not envisaged to install filters to clean the gas flow, the role of filtering
elements is performed by the heat exchange surfaces, the design of the heat exchanger
provides for their periodic cleaning, an overestimated value of the heat exchange area
is taken in order to reduce the impact of pollution on the efficiency of the heat
exchanger, in the periods between surface cleaning;

d) the minimum values of the aerodynamic and hydraulic resistance of the
utilizer are ensured in order to minimize operational costs for pumping media;

e) a short period of operation of the waste disposal heat recovery before its
complete replacement is allowed, preference is given to a simple and cheap

construction of the waste disposal heat recovery.

Conclusions.

The disposal system was developed and implemented at Chernivtsi TIM Plant
(Ukraine, Chernivtsi). The value of the economic effect of the engineering solution at
the scale of the enterprise is 1.20 million hryvnias/year (prices for equipment and
energy carriers as of January 2022).

During the heating season, the available potential of the hydroelectric power

plant is used in full, and during the rest of the year, hot water supply continues, and
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heating is not carried out. We consider it expedient to develop an additional
utilization system for the use of excess energy in the warm part of the year.

We offer two options for consideration.

1. Heating of the air directed to the heat generators of the dryers.

2. To develop a system of summer air conditioning in the hot shops of the

enterprise with an absorption refrigerating machine that uses heated heating water.
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VJIK 66.02

BJAOCKOHAJIEHHS EJIEKTPOMEXAHIYHUX CUCTEM, SAK EJIEMEHT
MNIJIBUIIEHHSI EHEPTOE®EKTUBHOCTI B XIMIYHIN
IMPOMUCJIOBOCTI
acmipanT ['omoniok C.B.; k.T.H., goueHT Cemincekuii O.0.
HaunionanbHuUil TeXHiYHMI YHiBepCUTET Y KpaiHu

«KuiBcbkuii noJirexniyauii incTuryt imeni Iropst Cikopcbkoro»

EneproedexkTuBHICTh cTajla MPIOPUTETHUM 3aBJAaHHAM Y BCIX Tally3sx
MIPOMHMCIIOBOCTI, OCOOJIMBO B Takiii €HEProeMHINA K XIMIYHA, SIKa 3a CIIOKUBAaHHAM
EJIEKTPOCHEPTii MOCIae Jpyre Micle micis MeTranypriiiHoi. CBITOBUUM MONMUT Ha
MPOJIYKLIID XIMIYHOI MPOMHUCIOBOCTI MPOJOBXKYE 3pOCTaTH, IO MPU3BOJIUTH [0
30UTbIIEHHSI CHOXKMBaHHS eHeprii. lLle 3ymoBiOoe HEOOXINHICTH BIPOBAIKEHHS
TEXHOJIOT1H, 10 JAlOTh 3MOTY 3HM3UTH E€HEPrOCHOKMBaHHS 31 30epexeHHsIM alo
MIJIBUIICHHSAM MPOAYKTUBHOCTI BUPOOHUIITB Ta 3a0€3MEUYCHHSM 3aJaHOTO PIBHS
AKOCT1 TponayKiii. TakoX BaXIMBO BIAMITUTH, IO TPOMHUCIOBICTE YKpaiHU
HallMEHIIl eHeproeeKTUBHA MOPIBHAHO 3 KpaiHamu-cycimamu 3 llentpanpHOi Ta
Cxignoi €Bpomnu. Hampukian, 3a eneproemuictio BBII Vkpaina y 2 pasu

nocrymnaeThest bonrapii, B 3 pasu — PymyHii, B 7 pasiB — Himeuunni [1].

5

@ 1) [Ipomucnosicts

O 2) )KutnoBuii cekrop

@ 3) KomepiiiiiHi Ta aep>kaBHI yCTaHOBU

O 4) Tpaucnopt

8 5) [ami

Puc. 1. Po3noaisieHHs: cCHOXKMBaHHS €IIEKTPOCHEPTii 3a cekropamu [2]
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[IpomuciioBe BUPOOHHUIITBO CHOXKUBAE ONMU3bKO 42% CBITOBOi €JIEKTPOCHEpPril
(puc.1), 3 sxoro 6m3pK0 70% MEPETBOPIOETHCS B MEXAHIYHHHA PyX 3a JOTIOMOTOIO
eNeKTpUYHUX ABUTYHIB [3]. O0’€KTH XIMIYHOI Tally3l MarOTh COTHI Pi3HOMaHITHUX
CJIEKTPpOMEXaHIYHUX cucteM. Ha puc. 2 mnokazaHo poO3MOAUT  CHOKUBAHHA
eNeKTpoeHeprii 3a Tumamu obnaaHaHHs [4]. OquH 3 HAROUTBIINX CIIOKUBAYIB €HEPTil
1€ HACOCHI CUCTEMHU, Ha siKi ipunanae 26% 3araibHOr0 CIOXKUBAHHS €JIEKTPOEHEPTii
B 1 ramy3i. EdekTHBHICTH cHCTEM eNeKTpONpUBOAA MOXKHA MIABUIINUTH.
Hanpuxknan, po6ora HacociB Ha MOCTIWHIN MIBUAKOCTI 3 BUKOPUCTAHHS TPaJAUIIIHHUX
METO/IB PETYJIIOBAaHHS IMOTOKY, TaKMX SK JPOCENIIOBAHHSA, MPU3BOJIUTH JO BTpPaTH
BEJIMKOI KIJIBKOCTI eHeprii. MoaepHi3alis eJeKTpUYHUX ABUTYHIB 1 €JIEKTPOIPHUBO/IIB
JI03BOJIUTH CKOPOTUTH CIOKMBAHHS €JIIEKTPOCHEPTrii, OJHOYACHO MiABUIIUBIIN

0e3IeKy 1 HaIIMHICTh iX poOOTH, a TAKOXK NPUOYTKOBICTh BUPOOHUIITB.

B 1) Hacocu
0O 2) Bentunstopu

3 3) IToBiTpsiHI KOMIIPECOPHI
YCTaHOBKH

B 4) OxonomxKyBajibH1 KOMIIPECOPHI
YCTaHOBKH

8 5) [ami cnokuBayi (Harpisaui,
€JIEKTPOJII3, EKCTPY3is)

Puc.2. CnoxxuBaHHS €NEKTPOSHEPTii CHCTEMaMU eJIEKTPONPUBOLY B XIMiUHIH
rajysi 3a TUIIOM 00JIaIHaHHSA

BapTo BiaMITUTH, 110 BIIOYBA€THCS MOCUJIEHHSI CBITOBUX BUMOT IIOAO PIiBHS
eHeprocnoxkuBaHHsi Ta koedimienta xopucHoi nii (KKJI) enexTpuuyHMX IBUTYHIB,
TOMY 3aMiHa 3acTapUIMX CHCTEeM JABUTYHIB Ha ABUryHH 3 BUcokuM KKJI omna 3
KJIFOYOBUX 3anad [S5]. 3rigHO 3 JaHuMU «EBPONENCHLKOr0 KOMITETY BHPOOHUKIB
CJCKTPUYHUX MAIIMH Ta CUJIOBOI €JIEKTpOHIKM» B mepion 3 2015 mo 2021 KigbKIiCTh
EJEKTPUYHUX JBUTYHIB 3 KiacoM eHeproedexktuBHocti [E1 Ta IE2 B €Bpomi

3MmeHmuiaacek 3 27% mo 13% ta 56% 1o 14% BiamoBigHO, B TOM 4Yac KIIBKICTH
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neuryHiB kiacy IE3 ta [E4 36insmmunace 3 16% no 69% ta 3 1% no 4% BiAmOBIIHO
[5]. [ligBummennst KKJ] enexTpuuHuX IBUTYHIB BaXJIUBa, OCKUTLKH 1HBECTHIII] y HOTO
MiJBUILIEHHS, HaBiTh Ha 2-3%, MBUAKO BIJIIKOAYIOTHCS 32 PaxXyHOK 3HIKCHHS
eKCIUTyaTaliiHuX BUTpar [6].

BuxopucTtanHs HOBUX KOHCTPYKIIii €EKTPOJIBUTYHIB BIAIrpae KIIOUYOBY POJIb
B MiJBUILICHHI iX eHeproedekTuBHOCTI. [IpuKiIagoM Takoi KOHCTPYKIIi € CHHXPOHHO-
acMHXpOHHI ABUTYHH SynRM, siki 3a0esneuyrorh eHeproeekTuBHiCcTh piBHA IES,
3MeHIytoun BTpatu eHeprii 10 40% [3] y MOpiBHAHHI 3 aCHHXPOHHUMH JBUTYHAMHU
crannapty IE3 Ta MaroTh KiJibKa 1epeBar:

- BOHM NEPEBEPIIYIOTh TPAJULINAHI ACHHXPOHHI JABUTYHU 32 €HEProe(eKTHUBHICTIO,
0C00JIMBO B YMOBAaX 3MIHHOI'O HaBaHTa)KECHHS;

- 3aBASKU HIDKYUM poOOYMM TeMIeparypaM Iii JABUTYHH MalOTh TOBIIUNA TEPMiH
CITY>KOU 1 MOTPeOYIOTh MEHIIIE OOCTYrOBYBaHHS;

- HaJiiiHa poOoTa B HEOE3NMEYHUX YMOBaX.

[ligBuIUTH eHeproe(EeKTUBHICTh E€JIEKTPOMEXAaHIYHUX CHCTEM JI03BOJISIE
BUKOPHUCTAHHS MPUBOJIIB 3 PETYJIHOBAHOIO MBUAKICTIO. J[OCTIIKEHHS TOKA3YIOTh, 1110
3HIDKEHHSI IIBUAKOCTI ABUTYHA (Hanpukiam, Ha 20%), B Mexax 371HCHEHHS THYYKOTO
YIOPABIIHHS TEXHOJIOTIYHUM MPOLIECOM, MOXE MPU3BECTH 10 CKOopoueHHd (10 50%)
cnioxkuBaHHs eHeprii [7]. Ha momaTok 10 ekoHOMIT eHeprii, BAKOPUCTAHHS TPUBOIIB 3
PeryJibOBaHOIO MIBUAKICTIO TMOKpAIIy€e YIPaBIiHHS MPOIECOM, 3MEHIIYE MEXaHIUHE
HaBaHTaXXCHHSA Ha oOJagHAHHA Ta TIOJIOBXKYE TEPMIH CIYy)KOU CHCTEM 3
€JIEKTPONPUBOAOM. 3aBASIKU POOOTI IBUTYHIB HA ONTUMAJIbHUX IIBUIKOCTSIX, a HE Ha
MOCTIHINA MOBHIA MOTYKHOCTI, BOHU MIHIMI3YIOTh 3HOC 1 3HIXKYIOTh BUTpaTH Ha
TEXHIYHE 00CITyrOBYBaHHSI.

MexaTpoHHI CUCTEMH KEpyBaHHS BIIITPalOTh BAXKJIUBY pOJib y MiABUIICHHI
eHeproeexkTrBHocTi [8]. 3aBOAKM TMOETHAHHIO MEXaHIKHM, CIICKTPOHIKH Ta
KOMIT'FOTEPHUX CHUCTEM, BOHM HAJAalOTh MOJJIMBICTh TOYHOTO KOHTPOJIO Ta
yHOPaBIiHHS POOOYMX MApaMETPIB, 110 J03BOJSE 3MEHIIUTH BTPATH €JIEKTPOEHEeprii,

3aBASIKKM 3HAXOMIKXCHHIO TO4YOK OIITMMAJIbBHOI'O ynpaBHiHHﬂ Ta JO3BOJAIOTH
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pEeryyoBaTH IMPOLECH B pPEAJbHOMY 4Yacl, BIANOBIIHO J0 MOTOYHUX MOTPEO
BUPOOHMIITBA,  3JIMCHIOBATH  BiANajJC€HUW  MOHITOPUHT  CTaHy  JIBUTYHA,
OPOAYKTUBHOCTI MpOLECy Ta CIOoXHUBaHHS eHeprii. LI cuctemu HanaroTh 1aHl B
peXHUMI peanbHOro 4Yacy, JOIoOMararoyd Oe3lepepBHO  BIACTEXKYBATH CTaH
oOJjaZHaHHS Ta BIOPOBADKYBaTH cTpaTerii mMpodiIakTHYHOTO OOCIyroBYBaHHS, SIKi
3MEHIIYIOTb BTpPaTH €HEPrii, 3a paxyHOK YHUKHEHHS HEIJIAHOBUX IPOCTOIB
oOJasiHaHHs, Ta MOJOBXKYIOTh TEPMiH €KCIUTyaTallil IBUTYHIB 1 IPUBO/IIB.

BrnpoBaiykeHHSI BUCOKOE(EKTUBHUX CHCTEM EJIEKTPOIPHUBOLY Ta MEXaTPOHUX

CUCTEM 1€ BAXJIMBUM KpOK Ha NUIAXY JO CKOPOUYEHHS EHEpProCIOKUBAHHS B
XIMIYHOMY BUpOOHUUTBI. Lli TEXHOJOr1i HE TUIBKM CKOPOYYIOTh BUTPATH Ha €HEPTIIO,
aje M CHpUSIIOTh JOCATHEHHIO IIMPIIMX LUIeH CTajJoro pO3BUTKY, TaKuX SK
CKOPOYEHHSI BUKH/IIB TAPHUKOBUX Ta31B 1 NIATPUMKA MIEPEXOY A0 HU3bKOBYIJICLIEBOL
ekoHOMIKH. [HBecTuuli B eHeproe(eKTHUBHI CUCTEMHU €JIEKTPONPHUBOAY ChOTOJHI
IPUHECYTh JOBTOCTPOKOBI BUTO/IM, TAPAHTYIOUH, 110 BUPOOHUKHU XIMIYHOT MPOTYKIIii
3QIMIIATUMYThCSI  KOHKYPEHTOCHPOMOXXHHMH, MIHIMI3YIOUM CBIi BIUIMB Ha
HABKOJIMIIHE CEPEIOBUIIIE.
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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: Usage, design and working principle of packed bed scrubber are
described, as well as object, subject and purpose of the research study.

Key words: SCRUBBER, CONDENSATION, CAPTURE, VAPOUR,
PARTICLES.

BJIOBJIFOBAHHSI BOJISIHOI ITAPU TA TBEPJIUX BKJIIOYEHH 3
I'A30BOT'O IOTOKY B HACAJAKOBOMY CKPYBEPI
acripant Ticauit I.C., k.1.H.. noueHT CremaHiok A.P.
HaunionanbHuil TeXHiYHMH YHiBepCUTET Y KpaiHU

«KuiBcbKkuii mositexHivnuii iHcTutyT iMeHi Irops CikopcbKoro»

AHortanisi: OnucaHo Npu3HAYEHHA CKpyOepa, 3po0JIEHO ONMUC KOHCTPYKIIIi
amapara, OIMCaHo MPeIMET, 00’ €KT Ta HAYKOBY HOBHU3HY JAOCIII>KEHHSI.

Kuarouosi ciaosa: CKPYBEP, KOHAEHCALIA, BJIOBJIIOBAHHS, 1TAPA,
YACTHUHKMU.

A wet scrubber is a filtration system designed to remove harmful pollutants
from gas streams. In such scrubbers, a liquid, usually water, is used to capture high-
dispersion particulate matter (d < 10 um) [1].

The aim of this work is to modernize the packed bed scrubber, which uses
special packing to increase the contact area between the contaminated gas and the
liquid, allowing for higher energy and cleaning efficiency. The overall design of the

packed bed scrubber is shown in Figure 1 [2].
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Figure 1 — Packed Bed Scrubber

Working Principle. Hot contaminated air enters the lower part of the scrubber
chamber. Water is supplied from the upper part, which is evenly distributed over the
packing forming a thin film that serves as the contact surface between the water and
the contaminated air (which consists of gas contaminated with water-soluble
particulate matter and water vapor). The capture of pollutants consists of
simultaneous processes of cooling the gas stream, condensation of water vapor, and
capture process the particles with their subsequent dissolution in water. Capture of
particulate matter occurs due to the contact with the water film that flows over the
surface of the packing. The packing is used to increase the surface area of contact
between the particles and the liquid. Contaminated water is drained from the bottom
of the scrubber, while cleaned air is extracted from the upper part of the scrubber [3].

Object of research: vapor condensation process and high-dispersion particulate

matter capture from the gas stream in a packed bed scrubber.
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Subject of research: technological parameters of the processes of vapor
condensation and high-dispersion particulate matter capture from the gas stream in a
packed bed scrubber.

Purpose of research: to establish patterns and improve the efficiency of the
processes of vapor condensation and high-dispersion particulate matter capture from
the gas stream in a packed bed scrubber.

Understanding of established patterns and optimal selection of technological
parameters of the experimental apparatus will allow to reduce water and energy

consumption, as well as to improve emission quality.
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1. Kornienko Y.M. Processes and equipment of chemical technology 2:
textbook /Y.M. Kornienko, Yu.Yu. Lukach, 1.0. Mikulonok, V.L. Rakytskyi, G.L.
Ryabtsev - K.: NTUU "KPI", 2011 - Part 2 - 416 p.

2. Jafari at email. (2012), Influence of liquid and gas flow rates on sulfuric
acid mist removal from air by packed bed tower, Retrieved from:
https://www.researchgate.net/publication/235390349 Influence_of liquid_and gas_f
low rates on_sulfuric_acid_mist_removal from_air_by packed bed tower.
20.11.2024

3. Harlan H. Bengtson (2002), Air Pollution Control: Wet Scrubbers,
Course No: C05-021
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V]IK 66.047

MOJAEPHI3BALISA YCTAHOBKHU 3 BUT'OTOBJIEHHA XJIOPUCTOI'O
KAJIIIO
cryneHt Ilyrau Spocnas, noir., k.T.H. ['ynienko C.B.,
HauionanbHuil TexHiYHMI yHIBepcUTeT YKpaiHu

«KuiBcbKuil moiTtexHivHui iHcTutyT iMeHi Irops Cikopcbkoro»

AHoTaunia: [HHOBamiliHe pIMIEHHS [IOJ0 MiABUINCHHA JOBIOBIYHOCTI
TEMJI000MIHHUKIB MOJsTae y Moaudikaiii KOHCTPYKINT MITyIepa IUISIXOM J0/IaBaHHS
cremiagbHoi  meperopojaku. lle  103BOMMTH  ONTUMI3YBAaTH  TLAPOAMHAMIYHI
XapaKTEPUCTHKH MOTOKY POOOUYOTO CEpPeIOBHUIIA Ta 3HAYHO 3HU3UTH PU3UK PO3BUTKY
€pO31iTHUX MPOIIECIB.

Kurouosi caosa: TEIINIOOBMIHHUK, EPO3IA, [TAPA, KOHAEHCAT

Anoranisi: A novel approach to enhancing the lifespan of heat exchangers
involves modifying the nozzle configuration by incorporating a specialized baffle.
This modification optimizes the hydrodynamic characteristics of the working fluid
flow and substantially diminishes the likelihood of erosion.

Kuiaiouosi ciosa: HEAT EXCHANGER, EROSION, CONDENSATE

TennooOMiHHI anapaTty BIAITPaOTh KPUTHYHY POJIb Y TEXHOJOTITYHOMY MPOLEC]
BUpPOOHUIITBA XJOpUAY Kamito. BoHu 3a0e3medyioTh e(EKTUBHUI TEIMIO00MIH,
HEOOXIAHUN sl MPOBEACHHS TaKUX OINepalliid, SK HarpiBaHHS Ta OXOJIO/HKEHHS
PO3YHMHIB, BUITAPIOBAHHS Ta KOHASHCAIIIS.

B ymoBax BUpOOHHMITBA XJOpHUIY Kaslil0 TEIJIOOOMIHHI amapaty MiJAaroThCs
BILJIUBY arpeCHBHOTO CEPEJOBHINA, 10 XapaKTEPU3Y€EThCS BUCOKOI TEMIIEPATYPOIO,
MIJBUIIIEHOI0 KOHIIGHTPAIIEI0 COJIEW Ta IHIMMX XIMIYHUX CIOIYyK, a TaKoX
aObpa3uBHUM 3HOIIYBaHHAM. lle mNpHU3BOAUTH 1O IHTEHCHBHOI KOpPO3ii Ta eposii
METaliB KOHCTPYKIIH, 10 3HMXKYE 1X EKCIUTyaTalliiHl XapakKTePUCTUKUA Ta BUMAarae

MIPOBEICHHS MEPIOIUIHIX PEMOHTIB.
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OpHoMO 3 TakuX MPoOJIeM € epo3is MmydyKa TpyO y MicIli BXOAy napu 1o np# [1]

Epo3is 300pakeHa Ha puCyHKY 1.

Shell Inlet Nozzle

) 4

“
; q- _ Impingement location

Pucynox 1 - epo3iss TpyO Temio0oOMIHHOTO amapary

SIK pilleHHs TPOIMOHYETHCS BCTAHOBIEHHS “‘BifOiifHMKA” a00 MEeperopojku.
Taka neperopoaka Oyne mpuiiMaTH Ha ceOe MpsAMUN MOTIK MHapy, IO CIPUUYMHSE
eposito. [ Taka neperopojaka Oy/e nepioJUIHO 3aMiHIOBATHUCH.

HaiinpocTimyuM METOI0M KpIIUIEHHSI NEPEropoJKku Oyae MpUBAPIOBAHHSA ii 10
nmydka TpyO. Takuit motik Oyae po3citoBaThCh MUHaIO4M nydok TpyO. Ilo 3HauHO
36KOHOMUTh BUTPATH Ha 3aMiHI ITy4yKa TPyO.

Ha pucynky 2 300pakeHO CHUMYJSILIO [OTOKY PIAMHU  BCEpEIuHI

TETII000MIHHOTO arrapary 3 BUKOPUCTAHHAM IICPCTOPOAKH.
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[Tepeeopodka

Pucynok 2 — Cumymsiiis MOTOKY piTuHU

[TpoananizyBaBIIM PUCYHOK, OauMMO IO MEperopjaka 3amnodirae npsMoMy
MOTOKY Mapu Ha TPyOH, 110 CIIPUATHME JOBTOBIYHOCTI ITy4ykKa TpyoO [2].

[Tapa 1m0 3axoauTh y BEpXHIA IITyIEp BiAOMBAETHCS BiJl TEPETOPAKU Ta
MOYMHAE PyX 00a014 TpyO.

Ha pucyHky 3 300pakeH0 KOHCTPYKIIiO JaHOI MepEeropaKu

a0

! 108.6

Ll
7] \

oy

20

114

PrucyHOK 3 — KOHCTPYKTHB NEPETOPIKH

KoHCTpyKTHB meperoposku sBisg€ cCOOO 3ITHYTY NEBHUM YUHOM, 3 JIMCTa
MeTajy TOBIIMHOKO 2 MM IuacTiHU. [Inacka moBepxHs Takoi MIaCTUHU Mae OyTH

OUIBbLIOI0 3a JAlaMeTp IuTylepa. A Kapas 3artHyTi mig kytom 45° mias toro mob6
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nepeaoaYnTH pi3Ke BIAOMBAHHS TMapH MO KOXKYXY TEIJIOOOMIHHUKA. AJKE 11€ TATHE
3a 00010 epo3io OOMYalKH anapary.
[Ipu kyti B 45° mapa oOrTikae my4ok TpyO 300Ky. Takum 4YHHOM MU

3a0e3neuy€eMo 1/iealibHy TPAEKTOPIIO Mapu IO JO3BOJIMTH 3MEHIIMTH ii BIUIMB Ha

CKJIaJIOB1 TETUIOOOMIHHHMKA
IlepeJiik mocujIanb:
1. Typical location of corrosion on heat exchanger. AMARINE.
URL.: https://amarineblog.com/2020/01/14/typical-location-of-corrosion-on-
heat-exchanger/ (date of access: 31.10.2024).

2. Baffle (heat transfer) - the engineering concepts. The Engineering Concepts.

URL.: https://www.theengineeringconcepts.com/baffle-heat-transfer/ (date  of
access: 31.10.2024).
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MODERNIZATION OF THE VIBROEXTRUSION PLANT

Anastasiia Dovhopol, Igor Andreiev
National Technical University of Ukraine

«Igor Sikorsky Kyiv Polytechnic Institute»

Abstract. The article describes the modernization of a fiber-reinforced concrete
products vibroextrusion plant. The use of a cascade vibratory extruder instead of two
basic mixers for mixing the components of the mixture provides the required total
shear deformations and leads to a lower metal consumption of the entire installation.

KEY WORDS: VIBROEXTRUSION, MIXING, FIBER CONCRETE.
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HauionanbHuil TeXHiYHUH YHiBepCUTET Y KpaiHU
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Anomauia. HaseOeno  MmoOepHizayilo  yCmMAaHOBKU  8iOpoeKkcmpy3ii
Qiopobemonnux eupobis. 3acmocysanms O 3MIULYBAHHSA KOMNOHEHMI8 CYMiudi
KACKaoHo2o eibpoexcmpydepa 3amicms 080X 0A308ux 3miutysavie szabesneuye
HeoOXIOHI cymapHi 3¢y8HI Oedhopmayii i npuzeooums 00 MeHUOI MemanoEMHICIIO
8CIEl YCMAHOBKU.

K/TIOYO0BI C/I0BA: BIFPOEKCTPY3IA, IEPEMIILIIYBAHHA,
@IFPOBETOH.

The vibro-extrusion plant is designed to produce fiber-concrete products for
construction needs.

The modernization of the basic installation consists in replacing two vibratory
extruders for mixing the mixture with one cascade 5, in which additional compartments

are formed by the inclined partitions and walls of the vibratory extruder hopper (see
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figure). In this case, the mixture in each compartment is redistributed anew, as a result
of which it is subjected to more uniform shear deformation. By adjusting the size of the
dispensing windows of the compartments, you can change the amount of shear
deformation to which the processed mixture is subjected.

Due to the presence of two parallel mixing sections in the cascade vibratory

extruder 5, the productivity of the entire installation is increased.

r 1 R R e ] g

i

= =\
ra 7

1 — cement mortar feeders, 2 — vibrating table, 3 — fiber feeder, 4 — conveyor, 5 —
mixing vibroextruder, 6 — forming vibroextruder, 7 — vibrating table

Fig. - Vibroextrusion unit

The modernized mobile vibroextrusion unit is mounted on a self-propelled
chassis and consists of cement mortar feeders 1 and fiber reinforcement 3, vibrating
tables 2 and 7, conveyor 4, mixing 5 and forming 6 vibroextruders, and electrical
equipment.

At the site of obtaining a thin layer of mortar, the cement mortar from the feeder-
dispenser 1 flows onto the conveyor belt in the form of four harnesses of adjustable
cross-section. Under the influence of vibration transmitted from the vibrating table 2,
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the cement harnesses spread over the entire width of the belt, forming a layer of mortar
with a thickness of (2...8)-10°m.

The coarse basalt fiber feeder 3 ensures continuous uniform feeding of fibers to
the moving mortar layer.

The productivity of the fiber feeder is regulated by a gate with a manual screw
drive and the speed of the conveyor and is 0.08...0.7 kg/s.

Conveyor 4 is designed to supply a layer of solution with distributed and fixed
fibers to the first mixing vibroextruder. The conveyor has a drive with adjustable speed
of the 0.65 m wide conveyor belt from 0.05 to 1.5 m/s.

The final mixing of the fibers with the mortar and the formation of the required
profile is carried out in the forming vibratory extruder 6.

The self-propelled chassis is designed to accommodate the installation units and
move the wind turbine along the railroad track. The self-propelled chassis is a welded
portal with a travel drive. The upper frame of the portal has a platform for wind turbine

maintenance and placement of the plant units. The travel drive provides a working

speed of (4...25)-10° m/s with stepless regulation and transport movement of the plant

with a constant speed of 0.42 m/s.
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ANNOTATION: The utility model discloses a reverse osmosis membrane
element, and relates to the technical field of filtering devices.
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MOIEPHIZAIISI MEMBPAHHOI'O AITAPATY
Crynent Crossip O.0O., noueHr, k.1.H. ['ymienko C.B.
HaunionanbHUil TeXHIYHUI YHiBepCUTET Y KpaiHu
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AHOTAIUA: Kopucha modenv  po3Kpusac  360pOMHbOOCMOMUUHUILL
MeMOpaHHUlLL elemMerm i BI0HOCUMbCS 00 2AJly31 MEeXHIKU QilbmpPyodux npucmpois.

KJIFOYOBI CJIOBA: 3BOPOTHFOOCMOTUYHUH MEMEPAHHUNI
EJIEMEHT, ®IJIbTPYBAHHA, MEMBPAHHUM AIIAPAT.

Reverse osmosis membrane element, a serial communication port, including
first casing (1), first casing (1) input fixed mounting and intercommunication have
second casing (2), first casing (1) output fixed mounting and intercommunication
have outlet pipe (3), second casing (2) input fixed mounting and intercommunication
have inlet tube (4), install reverse osmosis piece (5) in first casing (1), dwang (7) are
installed in second casing (2) rotation, dwang (7) the position with inlet tube (4)
assorted, second casing (2) internal fixed mounting has impurity to collect shell (8),

impurity is collected the center department fixed mounting of shell (8) and is had

126



306ipHuK Te3 nonosigeir XXVII mizkHapoaHOI HAYKOBO-NIPAKTHYHOI KOH(epeHLii CTy1eHTiB,
acnipaHTiB i MoJioguX BYeHuX ’PecypcoeHepro3oepiraro4i TexHoJ10rii Ta 00J1aJHaAHHA"

filter (9), be equipped with first filtration pore on impurity collection shell (8), be
equipped with second filtration pore on filter (9) and rotate on filter (9) and install
rotation push away piece, rotation push away on rotation push piece fixed mounting
has dwang (7), dwang (7) and paddle (6) fixed connection.

Membrane apparatus is shown in Figure 1.

6

1 — first casing; 2 — second casing; 3 — outlet pipe; 4 — inlet tube; 5 — reverse
osmosis piece; 6 — paddle; 7 — dwang; 8 — impurity collection shell; 9 — filter

Figure 1 - Membrane apparatus
This design is suitable as a prototype for modernization.

References:

1. Patent Ne CN 221557769 U. Reverse osmosis membrane element. HAITAI
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Abstract: The significance of hydrogen production is discussed, the advantages
of different types of catalytic are presented.

KEY WORDS: STEAM GAS REFORMING, CATALYTIC SURFACE,
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In the near future, the world economy should switch to the mass use of
hydrogen as an energy carrier and raw materials for industry [1].
There are several reasons for this:

e Hydrogen does not release greenhouse gases when burned, making it safe for
the climate.

e Hydrogen is the most abundant chemical element, with numerous sources and
technologies for its production.

e Hydrogen provides three times more energy per unit weight than
hydrocarbons.

e It can be accumulated, stored and transported over long distances both in its
pure form and in the form of ammonia.

e Hydrogen has the potential for wide application in metallurgy and the
chemical industry, in particular, in the production of nitrogen fertilizers.
However, for its mass commercial use, a number of technical challenges need

to be overcome, including the environmental consequences of modern hydrogen

production methods and the high costs of obtaining environmentally clean hydrogen.
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Currently, one of the most common methods of hydrogen production is the
steam conversion of natural gas or methanol. The technological scheme is presented
in Fig. 1 [2].

2 Steam 4 Hydrogen

is formed in the plant for the utilization of is obtained by adsorption separation.
waste heat by cooling hot flue gases and Product purity can reach 99,999+ vol.-%.
process gas.

P S—
£

v
|

:

3 Reaction

The reaction requires :
heat, which is generated |
during the combustion
of residual and natural
gas.Natural gas and
steam mainly react

with hydrogen and
carbon dioxide.

The reaction is activated
by a catalyst.

5 Residual gas
contains combustible gases
and is used as fuel for burners.

o — S . S — . S f—
—

1 Natural gas

is used as a feedstock for hydrogen
production and as a fuel for burners
in the reforming furnace.

Figure 1 — Technological scheme of hydrogen production by the method of steam

conversion

Catalyst deactivation by coking and the presence of sulfur in the feedstock can
reduce hydrogen production in steam conversion processes. Large-scale research is
being conducted in this field to develop more stable and cheaper catalysts [3].

The main reactions of steam conversion of natural gas are:

CH, + H,0 & CO +3H,,  AHQsx = 206,4 kJ/mol
CoHypiyr + nH,0 & nCO + (2n+ 1)H,,  AHogx > 0
CO+H,0 & CO, +H,,  AHYygx = —41,2 kJ /mol
Copper-based catalysts show high catalytic efficiency even at low temperatures
(about 250 °C), but they are easy to deactivate. On the other hand, palladium-based

catalysts are very stable but exhibit low steam conversion selectivity, producing high
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concentrations of CO as a byproduct [4].

In the Laboratory of Engineering, Environment, Biotechnology and Energy of
the University of Porto, bimetallic catalysts to which copper is added as a promoter to
increase the selectivity of the steam conversion of gas to palladium have been
Investigated.

Both methanol conversion and steam conversion selectivity were higher for the

CuPd-rich surface catalyst compared to the Pd-rich surface catalyst (see Fig. 2).

(@) 100 (b) 100
g0 | ®CuPd_A . 90 | ®CuPd_A
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Figure 2 - (a) Methanol conversion (%) and (b) CO selectivity (%) as a

function of temperature for CuPd and Pd catalysts..

The results obtained here suggest that the synthesis conditions play a
significant role in the degree of interaction between the metal ions and the base,
which is enhanced when Pd is initially infiltrated. This inclusion sequence promotes
uniform distribution of Cu and Pd on the support surface, resulting in finer CuPd
particles that are well mixed. On the other hand, when Cu is loaded first, more
isolated clusters of Cu and Pd are formed, leading to poor interaction. In this way,
two different catalytic surfaces were obtained, which indicates different

characteristics of steam conversion. Due to the synergistic effect between Cu and Pd,
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the electronegativity of Pd was adjusted, leading to different interactions with the
reaction intermediates and thus extremely low CO selectivity.

The results of the experiments well illustrate the influence of the synthesis
conditions on the catalytic and physicochemical properties, as well as how the correct
choice of the former can lead to the development of highly efficient steam conversion
catalysts.

The considered type of hydrogen production is relevant for today. However,
there are also other types, the improvement of process technology of which is also

relevant.
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AHoTamisi: Y JaHuX Te3ax pO3MIAIAEThCA BAXKIUBICTH Ta MOMJIHBOCTI
BukopuctanHsi CFD-aHanizy B cyyacHUX JOCHIIKEHHSAM MeMOpaH. Po3mnoBigaeTbces
PO CTBOPEHHS MOJENI HUIIHAPUYHOTO KaHally 31 CIieiicepoM, NepIll pe3yabTaTH, SKi
Oynu OTpUMaHi MpU MOJIETIOBaHHI B mporpamHomy 3a0e3nedeHHi OpenFOAM Tta
MOJAJIbIII HAIIl KPOKH.

KJIOUYOBI CJIOBA: CFD MOJIEJIIOBAHHS, CIIEMCEP, FREECAD,
MEMBPAHU, OPENFOAM, KPMUBU3HA KAHAJIIB.

Abstract: These theses consider the importance and possibilities of using CFD
analysis in modern membrane research. It tells about the creation of a model of a
cylindrical channel with a spacer, the first results that were obtained during modeling
in the OpenFOAM software, and our next steps

KEY WORDS: CFD MODELING, SPACER, FREECAD, MEMBRANES,
OPENFOAM, CHANNEL CURVATURE.

CFD (Computational Fluid Dynamics) mozenoBaHHSI Ma€ BeJIHUE3HE 3HAYCHHS
JUTSL aHATI3y Ta ONTUMI3AIll MPOEKTHUX PO3POOOK HA paHHIX CTaAisX, IO CIPHUSE
3HIDKEHHIO iX BapTocTi. Bce 1e pomomarae MpoeKTHUM OpraHi3alisiM CKOPOTUTH
UK PO3POOKH, IO CKJIAJAETbCSI Y BHUTOTOBJIICHHI 3pa3KiB-TMPOTOTHUIIB, iX
BUINPOOYBaHb, & TAKOX BUKIIIOUUTH JOPOTHUM MPOIIEC T0ONpalioBaHHs BUPOOiB.[1]

B memOpannux mnpouecax CFD mopaentoBaHHS A03BOJISIE TOYHO BU3HAYUTH
MOBEAIHKY PIAMHM, OLIHUTH PO3MOAUT THUCKY, MIBUIAKICTb MOTOKY, Ta I1HIII

rigpoauHamiyHi napamerpu. 3aBasku CFD Mo)kHa J€rko BHU3HAUMTH ONTHUMANbHY
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dbopMy 1 po3Mip KaHaJiB 1 creidcepiB, IO B CBOI YEPry CHJIBHO TIOJICTIIYE Ta
3MICIIEBITIOE MPOIEC MPOCKTyBaHHs. [[e KpUTHYHO Ba)KJIMBO, OCKUIBKH HEMpaBUIbHA
reoMeTpis creiicepa MOXKe MiJBUIIYBATH TIAPaBIIYHUA OMIp 1 3HUKYBaTH
edexTuBHICTD Tporiecy. Lle poOuTh iX BaXXJIUBUM 00’ €KTOM JOCITIIKEHHS, 0COOJIHUBO
IIPU MOJISITFOBAHHI T1IPaBIiYHOTO ONOPY Ta €(hEeKTUBHOCTI MEMOpPaHHUX CUCTEM. [2]
binbiicte AOCTIKYBAaHUX MOJIENIEH € TUIOCKUMU, TOA1 K MPOMUCIOBI MOAYJI1
€ PYJIOHHHMH, TOMY 3a METy POOOTH MH CTaBWUJIU TEPEBIPUTH BIUIUB KPUBU3HH
KaHaJIIB Ta crelcepa Ha TiApoJUHaMIKy mporecy. Ha mpomy ertami mMu 3aiHsUIMCS
CTBOPEHHSIM MOJIENl IWIIHAPUYHOTO KaHalmy 31 choeidcepoMm (pucyHOK 1),

BHKOPHUCTOBYIOUM mporpamy FreeCad.

Pucynok 1 — Moaenbs kaHary MEMOPaHHOTO MOYJIS 31 CIieiicepom

Pe3ynbTaTi MOKa3yIoTh, 10 3MOICIIOBATH TEYil0 B TAKUX KaHAJIaX MOJJIMBO 3
BUKOpPUTaHHSIM TporpamHoro 3abesmeuenHs OpenFOAM (Open-source Field
Operation and Manipulation). Ha pucyHky 2 Mmokas3aHo, III0 HaM BJAJOCS OTPUMATH

oJI€ MBUAKOCTEH B B UJIIHAPUYHINA MOJIEI1 MEeMOPAHHOTO KaHaJTy 31 CIIEHCepOM..
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Pucynox 2 — I[lone mBuakocTel B MWIIHAPUYHIA MOACITI MEMOpAaHHOTO KaHAITy 31

cnieficepoM (UITHAPUYHA TTOBEPXHS MPOXOJAUTH YEpPE3 CEPEIUHY CIehcpa)

Taki pe3ynpTaTi MOKa3y0Th, 10 3MOEIIIOBATH TEUII0 B KaHAJIAX 31 ceicepoM
3a moromororo OpenFOAM MOXITHBO 1 11€ BIAKPUBAE TIEPCTICKTUBH JIJIST JOCIKEHHS
MerogoM CFD teuili B IWIHAPUYHMX Ta KPUBUX KaHAlax 31 cCHehcepoM, Ta

BCTAHOBUTH BIUIMB KPUBU3HU Ha TIAPOAUHAMIKY B KaHAJII.
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Abstract: The article considers various designs of evaporators, analyses their
technical characteristics, advantages and disadvantages.
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The production of potassium chloride is an important process in the chemical
industry, requiring efficient methods of concentrating and separating the product from
solution. One of the key elements of this process is evaporators, which ensure that the
solution is converted from a liquid state to a more concentrated state by evaporation.
In modern industry, various types of evaporators are used, which differ in design and

principle of operation [1].
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The patent [2] describes a horizontal falling film evaporator equipped with a
compensation device using ultrasonic atomisation. The apparatus is shown in Fig. 1, it
consists of a horizontal cylindrical body, inside which there are tubes for the passage
of the coolant, which ensures the heating of the evaporated solution. The main feature
Is an ultrasonic atomisation device, which is located on the top of the housing and is
designed to spray the liquid evenly onto the surface of the evaporation tubes. This
contributes to the uniform distribution of the liquid film, prevents its accumulation

and improves the heat transfer process.

100 ig‘*-‘ . G, 'ﬁgg

100 - horizontal evaporator, 10 - evaporation device, 11 - housing, 12 - inlet, 13 -
outlet, 14 - tube grid, 141 - front tube plate, 142 - rear tube plate, 15 - head, 151 -
front head, 152 - rear head, 16 - liquid distributor, 17 - heat exchange tube bundle, 18
- coolant inlet, 19 - coolant outlet, 20 - ultrasonic spray compensation device, 21 -
micropump, 22 - liquid collection tube, 23 - liquid dosing head, 24 - distribution tube,
25 - ultrasonic spray nozzle.

Figure 1 — Schematic of a horizontal evaporator [2]

Although this device ensures uniform evaporation due to ultrasonic
atomisation, its disadvantages include the high design complexity and the need for
additional power consumption to operate the ultrasonic device. Furthermore,
ultrasonic components require regular maintenance and can fail due to exposure to
aggressive liquids or high temperatures. In some cases, uneven spraying of the liquid

Is possible when the properties of the starting solution change, which can reduce the
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process efficiency.

The patent [3] describes an evaporator (Fig. 2, of the ‘tube in a shell’ type, the
main components of which are an outer shell that acts as a condenser and a set of
light-transmitting heat exchange tubes located inside the shell. These tubes allow light
to pass through them, which helps to reduce the sediment on their inner surface. In
addition, the evaporator is equipped with liquid inlet and outlet connections and a

vapour extraction system.

u]
7 - scraper, 8 - blades, 9 - auxiliary blades, 10 - transmission tubes.

Figure 2 — Schematic of the evaporator [3]

This design improves heat transfer due to the transparent tubes, but its use is
limited due to the sensitivity of the tubes to chemically aggressive environments.
Light-transmitting tubes can be more fragile and susceptible to corrosion, which leads
to a reduction in the life of the device. In addition, such tubes can be sensitive to
mechanical damage during installation or operation. The light transmission properties
of the tubes can decrease over time due to the formation of sediment on their surface,
which requires frequent cleaning, which means additional maintenance costs.

The patent [4] describes an evaporator (Fig. 3) for workshop use with an
energy-saving effect. This apparatus includes a housing made of heat-insulating
materials to minimise heat loss. Inside the casing are heat exchange tubes through

which the coolant circulates. The evaporator is also equipped with a separator to

137



306ipHuK Te3 nonosigeir XXVII mizkHapoaHOI HAYKOBO-NIPAKTHYHOI KOH(epeHLii CTy1eHTiB,
acnipaHTiB i MoJioguX BYeHuX ’PecypcoeHepro3oepiraro4i TexHoJ10rii Ta 00J1aJHaAHHA"

separate the vapour from the liquid and a circulation system to ensure that the liquid

is evenly distributed over the heat exchange surface.

2

1 - body, 2 - separator, 3 - heat-insulating sleeve, 11 - inlet pipe, 12 -
evaporation chamber, 13 - steam outlet pipe, 21 - secondary steam outlet pipe.

Figure 3 — Schematic of the evaporator [4]

Despite its energy efficiency advantages, the main disadvantage of this design
Is its dependence on stable operating conditions. The device can lose its energy-
saving properties if conditions change, such as temperature changes or system
pressure. In addition, the thermal insulation of the case needs to be carefully
monitored and maintained, as if the insulation layer is damaged or worn, the device
begins to lose heat, which reduces its overall efficiency. An additional disadvantage is
the possible increase in design complexity, which increases production and
installation costs.

The analysis of evaporator designs shows the importance of selecting
technologies that provide a balance between energy efficiency, reliability and ease of
operation. The use of ultrasonic devices can improve evaporation uniformity, but
requires additional maintenance costs. Light-transmitting tubes reduce the likelihood
of sedimentation, but have a limited service life in aggressive environments. Thermal

insulation devices reduce heat loss but require careful monitoring of operating
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conditions. Thus, the modernisation of evaporation plants should include a
combination of modern technologies to achieve maximum efficiency in potash

production.
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ANNOTATION. The process of simultaneous capture of solid water-soluble
dust and water vapor in a modernized cyclone apparatus is considered. Stimulation
experiment of capturing solid water-soluble dust and water vapor was carried out.
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AHOTALIS. PosristnyTo MpoLEC CyMICHOTO BJIOBJIFOBAHHS B
MOJIEPHI30BaHOMY IIMKJIOHHOMY arapati TBEpJ0ro BOJAOPO3UYMHHOIO MUY Ta BOJSHOI
napu. IIpoBeneHO CTUMYNSIIAHUNA ~ €KCIIEPUMEHT  BIIOBIIOBAaHHS  TBEPJOTO
BOJIOPO3YMHHOTO MY T4 BOASHOI MMapH.

KJIIOYOBI CJIOBA: [MKJIOH, BJIOBJIIOBAHHA, IIWJI. BOIAHA
[TAPA, MOJIEHIOBAHHS, CUMYJISILIIMHOM EKCITIEPUMEHT.

Solution problems of providing the population with food leads to increased
demand for agricultural products, therefore it is important to create modern complex
fertilizers. however, during the granulation process, up to 10% of solids emissions

and water vapor, which was the solvent, are generated. Traditionally, dust collectors
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of the wet type are used, which are able to effectively separate small particles in the
range from 0.3 to 1.0 microns. But they have a number of disadvantages [1-2].

The purpose of the work modeling of the device for simultaneous capture of
solid and vapor emissions. It is suggested to use a cyclone device for catching [1-4].

The physical model of trapping solid particles is shown in Figure 1.

W

Figure 1 -Scheme of deposition of solid particles

The centrifugal force acting on a particle directly depends on its mass and, as a
result, on its size. That is, the smaller the particle, the less centrifugal force acts on it.
At certain sizes, the centrifugal force may not be sufficient for their capture, such
particles will not settle and will be removed from the apparatus.

It is suggested to use irrigation to catch such particles, cool and condense water
vapor. That is, the supply of water to the walls of the cyclone, which leads to the
formation of a water film. Water vapor will condense on the surface of this film,
creating an additional area that can trap particles.

The introduction of water irrigation creates favorable conditions for the capture
of solid particles and will reduce the formation of secondary emissions (Figure 2 and

Figure 3).
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Figure 3 — Scheme of deposition in a vertical section

In addition, for additional cooling, it is suggested to make the body of the device
with an outer shell, where the cooling water will be supplied. Physical model of the
process shown in Figure 4.

The picture shows:
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d4— the thickness of the shell body,
d3— the thickness of the cooling chamber,
&, — the thickness of the cyclone body,

d,— the thickness of the irrigation melt and condensed steam,

g4 43 82 ol

Figure 4 — Scheme of cooling and condensation in a cyclone

For condensation to catch water vapor, it is necessary to cool the walls of the
cyclone and the air flow to the temperature of the dew point. After that, a layer of
suspension consisting of condensed water and dust will form on the surface of the
wall.

The SolidWorks system was used for the simulation experiment. The results are
shown in Figures 5 and 6. According to the results of the simulation experiment, the
value of the heat transfer coefficient was obtained with a water supply speed of 2 m/s

and 3 m/s.
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Figure 5 - The heat transfer coefficient was determined with a water supply
speed of 2 m/s and: a — 3 nozzles with a diameter of 8 mm; b — 2 nozzles with a

diameter of 8 mm; ¢ — 3 nozzles with a diameter of 6 mm
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Figure 6 - The heat transfer coefficient was determined with a water supply
speed of 3 m/s and: a — 3 nozzles with a diameter of 8 mm; b — 2 nozzles with a

diameter of 8 mm; ¢ — 3 nozzles with a diameter of 6 mm
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As a result, it was established that an increase in the water supply rate
contributes to an increase in the efficiency of heat transfer, which, in turn, improves
the process of condensation of water vapor and the formation of a film on the walls of
the cyclone.
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INFLUENCE OF THE PROTECTIVE ENVIRONMENT ON THE KINETIC
CHARACTERISTICS OF PHYTOHORMONE DRYING
PhD Pereiaslavtseva O.0., leading engineer Protsenko E.M
Institute of Technical Thermophysics of the National Academy of Sciences of

Ukraine Kyiv, Ukraine

Abstract: The paper presents the results of studies of the kinetics of
dehydration of single drops of biosuspension of phytohormone of plant growth. An
analysis of the effect of various components of the protective medium on the change
in the nature of the kinetic curves and the intensity of moisture transfer in the
evaporative and drying stages is presented. The rational composition of the
component of the protective medium and the range of air temperatures at the
entrance to the drying chamber were determined for further research of the spray
drying process in production conditions.

Anomauin. B pobomi npeocmasieno pe3yibmamu OOCAIONCEHb KIHeMUKU
3HEGOOHEeHHsI NOOOUHOKUX Kpaneib Oiocynewsii himocopmMoHy pocmy pOoCIuH.
Haeeoeno amaniz ennuey pizHux KOMNOHEHMI8 3AXUCHO20 Cepedosuujd HA 3MIH)Y
xapakxmepy KiHemMu4HUuxX KpUeux ma IHMeHCUBHICMb 60.10208i00aui y GUNAPHIU ma
CYWUNbHUX —cmaodisax. Busnaueno payionanvHuil CcKia0 KOMHOHEHMY 3AXUCHO20
cepedoguwya ma OianazoH memnepamyp nosimpsi Ha 6x00i 8 CYWUIbHY Kamepy Ol
no0aAIbLUIO20 OOCTIONCEHHST Npoyecy PO3NUNIOBANIbHO20 CYWIHHA 68 BUPOOHUYUX
YMOBAX.

KEY WORDS: PHYTOHORMONE, SPRAY DRYING, DEHYDRATION
KINETICS, PROTECTIVE ENVIRONMENT.

K/IIO490BI C/IOBA: ©ITOI'OPMOH, PO3IIH/IKOBAJIBHE CYVIIIIHHA,
KIHETUKA 3HEBO/[HEHHA, 3AXUCHE CEPEJ[OBHUIIE.
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Phytohormone biosuspension for stimulating the growth of agricultural plants
under investigation includes cultures of 4 strains: Pseudomonas stutzeri;
Pseudomonas mendocina; Pseudomonas alkaligenes, Azomonas species. Given that
the quality indicator for such a preparation is not the number of viable cells, but the
content of a number of the main active components of cells and their quantity that
contribute to the active growth of plants, the possibility of obtaining its dry form by
the method of dehydration spraying is being considered. Since the studied bacterial
preparation is a complex, high-moisture, multicomponent system, the study of the
Kinetics of its dehydration is one of the important stages in the complex of studies of
the spray drying process.

The Institute of Technical Thermophysics of the National Academy of Sciences
of Ukraine has created experimental stands for studying the kinetics of the thermal
dehydration process in order to identify the degree of influence of the internal heat-
moisture transfer processes in a single drop (particle) on the intensity and duration of
dehydration [1]. In addition, the stands allow you to simulate the processes taking
place in the chamber of the spraying installation. During the research, the change in
drop temperature during dehydration in a high-temperature environment was studied,
the number of periods of dehydration, their duration and nature of the course were
determined; the size and weight of the drop at critical points and at the end of the
drying process were determined, which allows to evaluate the intensity of heat and
moisture transfer processes, as well as to judge the density of the dry particle itself;
the behavior of the product was visually studied for certain periods. An analysis of the
influence of the components of the protective medium on the change in the nature of
the kinetic curves and the intensity of moisture transfer in the evaporative and drying
stages was carried out. Finely dispersed chalk and urea recommended by the
developers of the drug were tested as such components, which were introduced in a
mass ratio of 1:1 to biomass. It was determined that the introduction of components of
the protective medium with different physicochemical properties contributes to the
change in the structure of the drop crust, which affects the intensity of dehydration, as
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well as the absence or presence of the boiling period and its duration. This makes it
possible to choose the optimal composition of the protective environment from the
proposed components. Thus, studies of the kinetic regularities of the process of
drying a phytohormone biosuspension with various protective components showed
the advantage of using finely dispersed chalk, which was further confirmed by
experimental studies of the spray dehydration process on a spray installation.

In addition, the obtained results make it possible to determine the range of air
temperatures at the entrance to the drying chamber for further research into the
process of spray drying of bacterial preparations in production conditions in order to

establish optimal drying modes.

LITERATURE:
1. PacnpumrensHas  cymka. Temnogusuuyeckue  OCHOBBL.  MeTobl
uHTeHcuukauu u sHeprocoepexxkenus / A.A. Jonuuckuii, K.JI. Maneukas .-T.1.-

Axanemnepuoanka.- 2011.-376 c.
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JUSTIFICATION OF THE SELECTION OF THE DESIGN OF THE
DRYER FOR THE INSTALLATION OF THE PRODUCTION OF BARIUM
CHLORIDE BY THE CHLORCALCIUM METHOD
Student Furman A.V., associate professor, Ph.D. Huliienko S.V.
National Technical University of Ukraine
«Igor Sikorsky Kyiv Polytechnic Institute»
Abstract: The drying process is considered, and the choice of the device is
substantiated with a comparison with analogues
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OBIPYHTYBAHHS BUBOPY KOHCTPYKIIII CYIHAPKH JIJIA
YCTAHOBKHU BUPOBHHUILTBA XJIOPUCTOTI'O BAPIIO
XJIOPKAJBIIEBUM METOJ10OM
ctynent @ypman A.B., gou. k.1.H. I'ymienxo C. B.
HaunionanbHuUil TeXHiYHMH YHiBepCUTET Y KpaiHU
«KuiBcbkuii mosirtexHivuui iHcTutyT iMeHi Irops Cikopcbkoro»
Anomauin: Pozensanymo npoyec cywinns, ma o6IpyHmosano eubip anapamy 3

n0pi6HﬂHHﬂM 3 anauiozcamu

K/TFOY90BI CJIOBA: XJIOPH/[ BAPIIO, CYIIIAPKA, BOJIOI' OBMICT

bapabanna cymapka € KIIOYOBUM, Ta (IHAIBHUM KOMIIOHEHTOM Y
TEXHOJIOTIYHOMY TIpolieci BUPOOHUIITBA XJIOPUAY Oapito, 3a0e3mneuyoun epeKTUBHE
BUJAJICHHS 3aJMIIKOBOI BOJIOTM 3 MPOAYKTY. JIIsl MOCSATHEHHS BHUCOKOI SIKOCTI
KIHIIEBOTO TMPOAYKTY BAXJIMBO KOHTPOJIOBATH PIBEHb BOJOTOBMICTY, 1 came
OapabaHHa cylIapka CIHpUSE€ IbOMY, 3a0e3Meuyloud pPIBHOMIPHE Ta IIBUIKE
cyunHHs.[ 1]

3aBAsSKA CBOiM KOHCTPYKIIi, IO JO3BOJISI€E TIOCTIMHE TEpeMIlTyBaHHS

Marepiaily BcepeauHi 6apabaHa, cyliapka CTBOPIOE ONTUMANIbHI YMOBH JIJIs CYIIIIHHS,
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IO CTIPHSE TiABHUIIEHHIO MPOAYKTUBHOCTI MPOIIECY Ta MOKPAIIEHHIO XapaKTEPUCTUK
TOTOBOTO MPOIYKTY.

Posymiroun 1o cymiHHs 1€ QiHaIpHUN Ipoliec BUPOOHHUIITBA XJIOpUIY Oapito,
NOTPiOHO BUKOPUCTOBYBATH HaWKpaliuii BapiaHT AJIs 3MCHIIEHHS BOJIOTOBMICTY Y
matepiani. s mporo OyB TPOBEACHHWM JOCHI PI3HUX CYMIAPOK Ta IXHBOI
e(EeKTUBHOCTI B JaH1/ TEXHOJOTIYHIA cXeMi BUPOOHHMIITBA Xjopuay Oapiro (puc.l).

[TopiBHSIHHS CYIIUIBPHUX anaparib

OcHOBHI KouBektuBHa | In¢paveps | KonnykrusH | bapabanu
TEXHOJIOT1YH1 cymiapka OHa a cymapka | a cymapka
MOKa3HUKU cylIapka
[IpoIyKTUBHICTh 3 2 3 5
PIBH.OMlpHICTB 4 3 4 5
CYILIIHHS
EneproedextuBHICTh 3 4 3 4
CkrnagHicTh 3 4 3 4
00CITyrOByBaHHS
M .
OKJTUBICTb 3 5 3 5
MaciTa0yBaHHS

Ha ocHOBI 11bOr0 MOPIBHSIHHS MOKHA 3pOOMTH HACTYITHI BUCHOBKHU:

1. KonBekTrBHa CcylIapka Ma€e CepeiHii piBeHb MPOAYKTUBHOCTI Ta 3a0e3mneuye
JOCTATHIO PIBHOMIPHICTh CYILIHHS, OJHAK 11 eHeproe()eKTUBHICTh JEII0 HUXKYa Yepes
HEMPSIMHUIA XapakTep mepeaadi Tera.

2. IadpauepBona cymapka A00pe MIAXOAUTH IS IIBUIKOTO CYIIIHHS Ha
HEBEJIMKUX 00csArax MPOAYKTY 3aBISKH BHUCOKIM e(PEeKTHUBHOCTI 1H(pPauyepBOHOTO
BUTIpoMiHioBaHHS. OJHAK BOHA MEHII MIPUIATHA I MPOMHUCIOBUX MacIITabiB yepes
CKJIQJHICTh 00CITyrOBYBaHHS Ta BUCOKY BapTICTb.

3. KonayktuBHa cymapka 3a0esleuye JOCTaTHIO PIBHOMIPHICTh Ta

eHeproe(peKTUBHICTh, aje € OOMEXKEHOI 3a MacimTadaMu dYepe3 OCOOIMBOCTI
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KOHCTPYKIIii, III0 YCKJIAJIHIOE 1i 00CITyTrOBYBaHHS.

4. bapabanHa cymiapka € HaHONTHUMAIBHIIINM BapiaHTOM JUIsi BUPOOHHIITBA
xjopuay Oapito. BoHa wmae HailBully NOpOAYKTHBHICTH Ta 3a0e3Mleuye BHUCOKY
PIBHOMIPHICTb CYIIIHHS, OCKUIBKHM MPOAYKT IOCTIMHO MEPEeMIIIy€eThCsl BCEpEIrHI
Oapabana. KpiMm Toro, GapabaHHi Cymapkd TpOCTI B OOCIyrOBYBaHHI Ta JIETKO

MacIITa0yeThCS JJI BEIUKUX 00CATiB BUPOOHUIITBA.[2]

1 - mokoBa npobapka 1j1st 6aputy; 2 — eneBarop; 3 - OyHKep I OAPIOHEHOTO
Oapury; 4 - TpyOdacTuii MIMH JUIsl Oaputy; 5 - OyHKEp JUIsl MEJIEHOTO OapuTy; 6 -
OyHKep JJIsl BYTijUIsi: 7 - aBTOMATUYHI Baru Jjisi OapuTy: 8 - aBTOMAaTU4YHI Baru JJis
ByruLIs; 9 - 3minryBau: 10 - odeptoBa miu (TamOyp); 11 — pesepByap st Mmazyty; 12 -
KOTEJ JUIsl pO3YMHY XJOPUCTOrO Kajbllito: 13 - BaroHetrka 3 turjieMm: 14 - mokoBa
npoOapka mJisl TaBa; 15 - BwiyroByBau mjaBa; 16 - neHTpudyra s BiIIIICHHS
nuiamy: 17 - pesepByap-BIACTIMHUK MJisi PO3YMHY XJOpUCTOro Oapiro: 18 -
BIIIEHTPOBI HacocH; 19 - pesepByap M pO3UMHY XJIOPUCTOTO Oapiro, 0 HATXOIUTh
Ha BumaproBanHs: 20 - Bakyym-BumapHa Oatapes; 21 - kamepa, mo rtpie: 22 -
OapoMeTpuuHMd KOHJeHcaTop: 23 - OpusroyjoBiioBau: 24 - KpHUCTaII3aTop
XJIOpUCTOTO Oapito: 25 - BEHTWIATOP MJIs TMoJadl OXOJIOJKYKOUYOTO TOBITPSI B
KpucTamizarop; 26 - nentpudyra s BiUTIJICHHS KPUCTAIIB XJIOPUCTOTO Oapiro; 27 -
301pKa MaTKOBOTO JyTy; 28 — OyHKEp IS XJIOPUCTOTO Oapito: 29 — cymapka.

Pucynok 1 - Cxema BupoOHMIITBA XJIOPUAY Oapil0 XJIOPKAIbIIEEBUM
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MeToaoM[ 3]

€ nominbHUM OOpaTH came amapar 3 oOepTOBHMM MEXaHI3MOM sK OapabaHHa
cymapka. Ii BHCOKa NPOAYKTHBHICTh, PIBHOMIpHE CYIIIHHA Ta MacIITaboBaHIiCTh
JI03BOJISIIOTH  33JIOBOJILHUTH BHUMOTH IIPOMHMCIIOBOTO BHUPOOHUIITBA. bapabanHa

Cylapka TaKOXX 3HIDKYE BUTPATH Ha EHEPrir0 Ta 3a0e3ledyye SKICTh KIHIIEBOTO

IPOIYKTY.
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ANALYSIS OF THE EFFICIENCY OF CAPTURE OF SOLID
PARTICLES IN CYCLONE SEPARATORS OF DIFFERENT DESIGNS
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ABSTRACT: This work analyzes the efficiency of trapping solid particles in
cyclone separators of various designs. The purpose, subject, and object of the research
are defined in this work

KEY WORDS: CYCLONE SEPARATORS, CAPTURE EFFICIENCY,
GAS PURIFICATION, CYCLONE DESIGN, FLOW VELOCITY, PROCESS
OPTIMIZATION

AHAJII3 EOEKTUBHOCTI YJIOBJIFOBAHHS TBEPJIUX
YACTHUHOK B IUKJIOHHUX AITAPATAX PI3HOI KOHCTPYKIII
acripant umkant M.B., k.1.H., no11. Crenaniok A.P.
HaunionanbHuUil TeXHiYHUI YHiBepcUTeT Y KpaiHu

«KuiBcbkuii moitexHivuuii incturyT iMmeHi Irops Cikopcbkoro»

AHOTAIUSA: B oaniti pobomi aunanizyemuvcs egekmueHicmsd V10811068AHHSL
Meepoux 4acmuHoK y YUKIOHHUX anapamax piznoi xoucmpykyii. Cghopmynvoearo
Mema pobomu, npeomem ma 06 €KM O0CAIOHCEH

KJIIOYOBI CJIOBA: I[IUKJIOHHI AIIITAPATHU, E®EKTUBHICTH
VIJIOBJIKOBAHHSA, OYUIIEHHA TA3IB, KOHCTPYKIIA TIMKJIOHY,
BUAKICTB ITOTOKY, OIITUMIZALIA ITPOLIECY

Cyclones are used to clean gases from solid particles, which is important for
reducing air pollution and improving environmental quality. The efficiency of particle
capture depends on many factors, including the design of cyclones, the rate of gas

flow, as well as the physical properties of the particles themselves. Analysis of the
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efficiency of solid particle capture in cyclone separators is an important task in the
field of ecology and industrial safety. [1].

The design of the cyclone (Figure 1) includes an inlet pipe (1) through which
dusty air is supplied to the cylindrical body (2) in which solid particles are captured.
Next, the air enters the conical part (4). Where the dedusted flow returns and enters
the outlet nozzle (6). The dusty air entering through the inlet nozzle starts a rotary-
transitional motion in the space between the housing and the outlet nozzle. Dust
particles move to the inner surface of the housing, then rotate around the axis and
move down to the outlet in the hopper (5). The cleaned air is discharged through the

nozzle (3).

1 —inlet pipe; 2 — cylindrical body; 3 — fitting for the removal of purified gas; 4 —
conical body; 5 — bunker; 6 — outlet pipe for purified gas;
Figure 1 — Scheme of the SRI of Gas cyclone of the "CN" type

One of the key aspects affecting the capture efficiency is the hydrodynamics of
the process. A change in the gas flow rate can significantly affect the efficiency of
trapping solid particles [2]. A high flow rate can lead to insufficient time for the
particles to settle and a secondary entrainment effect, while too low a flow rate can
reduce the overall performance of the cyclone apparatus. Thus, the balance between
flow rate and capture efficiency is critical for optimal results.

To increase efficiency, multi-stage cyclone separators are used to demonstrate
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higher cleaning efficiency compared to single-stage ones [3]. This is due to the fact
that multi-stage systems allow more detailed processing of gas flows, which leads to
better capture of particles of different sizes.

Also important are the physical characteristics of solid particles, such as their
size, shape, and density. For example, smaller particles may be more difficult to
capture due to their ability to remain suspended in the gas stream [2]. At the same
time, particles with a higher density have a higher probability of settling, which can
be used to improve the design of cyclones. Modeling the trajectory of particle
movement in cyclone separators allows for a better understanding of these processes
and to improve designs to achieve greater efficiency [4].

An important aspect is also the influence of external factors, such as
temperature and humidity, on the efficiency of trapping. An increase in humidity can
reduce the efficiency of capture due to the formation of agglomerates from particles,
which complicates their sedimentation [5]. This emphasizes the need to take into
account the operating conditions of cyclone separators when designing and using
them.

The aim of the work is to increase the efficiency of trapping solid particles in
the cyclone device by studying the influence of various process parameters and
conditions and developing recommendations for their optimization.

The object of research is the process of removing solid particles from a gaseous
medium.

The subject of the research is the efficiency of trapping solid particles in
cyclone separators and the influence of various parameters, such as device geometry,
gas flow rate, and physical properties of particles on cleaning results.

Analysis of the efficiency of trapping solid particles in cyclone separators of
various designs indicates the importance of an integrated approach to the design and
operation of these systems. Taking into account design features, hydrodynamics,
physical characteristics of particles and external conditions are critically important for

achieving high gas purification efficiency. Further research in this area could lead to
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significant improvements in treatment technologies, which in turn would help reduce

environmental pollution and improve air quality.

References:

1. A. Lyasheniuk, Yu. Lyuty, L. Tysovskyi, Yu. Dadak, "Theory and practice
of using cyclones at woodworking enterprises”, Scientific Bulletin of the National
Technical University of Ukraine, vol. 29, No. 10, p. 97-103, 20109.

2. V. Ryzhov, "Improvement of the calculation method of cyclone dust
collectors”, Technological audit and production reserves, vol. 4, No. 3(48), p. 20-25,
2019.

3. V. Aftanyuk, "Development of an integrated scrubber project for ship power
plants”, Ship Power Plants, vol. 45, No. 1, p. 103-108, 2022.

4. V. Shcherbina, "Modeling of the separation process in cyclone separators”,
Bulletin of NTUU "KPI" Series: Chemical engineering, ecology and resource
conservation, vol. 0, No. 1, p. 40-51, 2019.

5. Lee et al., "Effect of Particle Moisture on Separation Efficiency for an Axial
Cyclone Separator,” *Advanced Powder Technology*, vol. 30, No. 4, p. 724-731,
2019.

156



306ipHuK Te3 nonosigeir XXVII mizkHapoaHOI HAYKOBO-NIPAKTHYHOI KOH(epeHLii CTy1eHTiB,
acnipaHTiB i MoJioguX BYeHuX ’PecypcoeHepro3oepiraro4i TexHoJ10rii Ta 00J1aJHaAHHA"

CEKIIIS 2

«EKOJIOT'TA TA TEXHOJIOI'TA POCJIMHHUX ITOJIIMEPIB»

157



36ipuuk Te3 nonosigeit XXVII MizkHapoaHOI HAYKOBO-TPAKTHYHOI KOH(epeHILii CTy1eHTiB,
acmipaHTiB i MoJsionux BuYeHHX ’PecypcoeHepro3depirarodi TexHoJorii Ta 001agHaHHA"

UDC 676
IMPROVEMENT OF THE TECHNOLOGY OF PRODUCTION OF
COLORED CARDBOARD
Master's Student Serhii Diachuk, Assoc. Prof. Vita Halysh
' _ Igor Sikorsky Kyiv Polytechnic Institute,
2_ 0.0. Chuiko Institute of Surface Chemistry of NASU
ABSTRACT: This paper presents technical measures to ensure energy
efficiency in the production of colored cardboard. The dependence of steam
consumption in the drying section on the initial dryness of the cardboard sheet is
shown.
KEY WORDS: CARDBOARD, DRYING, STEAM
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Energy efficiency in cardboard production is a crucial aspect of the
manufacturing process that has significant implications for both environmental
sustainability and economic viability. Cardboard production, which involves energy-
intensive processes such as pulping, drying, and sheet formation, accounts for a
substantial share of energy consumption within the pulp and paper industry [1, 2].
The reliance on non-renewable energy sources contributes to high operational costs

and a notable carbon footprint, raising concerns about environmental impacts,
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including greenhouse gas emissions [3]. The energy required for cardboard
production primarily comes from non-renewable sources, leading to fluctuating costs
that can challenge manufacturers.

Consequently, the industry's need to improve energy efficiency has become
increasingly critical amid rising energy prices and growing regulatory pressures to
adopt sustainable practices. The cardboard industry is notable for its ongoing efforts
to implement innovative technologies and strategies aimed at reducing energy
consumption. Recent advancements in manufacturing processes, such as enhanced
drying techniques and the integration of renewable energy sources, have
demonstrated potential for significant energy savings and reduced environmental
Impacts.

The purpose of the work is to improve the technology for manufacturing
colored cardboard by modernizing the press part in order to reduce energy
consumption for drying the cardboard sheet.

The multi-nip press configuration, designated as TRI-NIP, represents one of

the viable arrangements of press rolls within the press apparatus (Fig. 1).

Suction
couch

1*press /

Center roll

2™press

Figure 1 - possible TRI-NIP press design.

The TRI-NIP comprises a compact assembly of four press rolls, which
collectively generate three distinct nips. This arrangement is particularly
advantageous for the design of the press section that incorporates a shoe-press
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module at the location of the third nip. Serving as the central roll between the first
and second nips, a three-chamber suction roll is employed, which features two
chambers operating under high vacuum conditions to facilitate the extraction of
moisture from the felt at the nip interface and an additional chamber operating under
low vacuum to enable the transfer of the paper sheet from the first nip to the second
nip. In the role of the central press roll for the second and third nips, a smooth press
roll devoid of felt is strategically positioned. This roll is engineered to accommodate
two nips with a linear load capacity of up to 1200 kN/m. The smooth surface of the
roll promotes efficient transfer of the paper from the second nip to the third nip. A
synergistic combination of a shoe-press module and a stationary press roll is
implemented at the third nip position, allowing for the application of a greater linear
load in the broader nip, thus enhancing the dewatering process of the paper.

The use of such press parts in combination with other presses allows to
increase the dryness of the cardboard sheet from 45 to 53%, which will reduce the
consumption of steam for drying in the drying part and thus ensure energy savings for
steam generation. In summary, energy efficiency in cardboard production is a critical
component of the industry's efforts to balance economic performance with

environmental responsibility.
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IMPACT OF POLYVINYL ALCOHOL USAGE ON THE QUALITY OF
FILTERING MATERIAL
Ph.D. in Technical Sciences, Associate Professor Iryna TREMBUS,
Ph.D. Student Anna HAPONIUK

Modern industrial development is increasingly focused on the implementation
of sustainable technologies that consider environmental, social, and economic
aspects. One of the key challenges is replacing traditional synthetic materials in
membrane production, which are often toxic and difficult to dispose of, with
environmentally friendly alternatives. The use of biopolymers, such as cellulose and
polyvinyl alcohol (PVA), opens up new opportunities for creating filtering materials
to replace conventional synthetic ones [1-3].

Cellulose, as one of the most widespread biopolymers, plays a vital role in the
development of environmentally friendly filtering materials. Its renewability,
biodegradability, and modifiability make it an indispensable component in membrane
production. The interaction between cellulose and PVA enables the creation of
composites with enhanced mechanical and sorption properties, which is crucial for
addressing environmental challenges and ensuring high efficiency in filtration
processes [2].

The production of cellulose from renewable resources, such as Miscanthus, is a
key component of sustainable development aimed at reducing dependence on
traditional raw material sources. Miscanthus stands out for its high productivity,
minimal maintenance requirements, and ability to grow on marginal soils, making it
an economically and environmentally advantageous raw material.

Delignification processes, particularly organosolv or oxidative methods, enable
the production of cellulose with a high a-cellulose content and a stable structure [4].
The integration of polyvinyl alcohol with the obtained cellulose facilitates the

creation of materials with enhanced mechanical and sorption properties.
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Oxidative-organosolv cellulose from miscanthus was obtained using acetic
acid, hydrogen peroxide, and citric acid as a catalyst, ensuring efficient removal of
lignin and hemicelluloses. This approach allows for the production of cellulose with
superior physicochemical properties, meeting the requirements of sustainable
technologies [4]. The cellulose was refined to 94+2 °SR and modified with an
amination mixture at a temperature of 40 °C for 60 minutes. After obtaining the
modified fiber, prior to forming the filtering material on the sheet-forming apparatus
LA-2, PVA was added to the fibrous suspension in quantities ranging from 10 to 40%
of the absolutely dry fiber mass.

The obtained samples of the filtering material were tested in a non-flow cell
using a model solution of sodium humate with a concentration of 100 mg/dm?. The
initial coloration intensity ranged from 1642 to 1688 degrees.

The research results determined the membrane's selectivity for coloration
removal and its productivity (Figs. 1-2).
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Figure 1 — Dependence of PVA dosage on the removal selectivity for
coloration of the filtering material: m — 10%, ¢ —20%, A —30%, ® — 40%.
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Figure 2 — Dependence of PVA dosage on the productivity of the filtering
material: m — 10%, ¢ —20%, A —30%, @ —40%.

The use of PVA in the production of filtering material enhances its sorption
and mechanical properties. Optimal selectivity for color removal and productivity are
achieved with a PVA dosage of 20% of the absolutely dry fiber mass, ensuring

filtration efficiency and mechanical stability of the material.
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Abstract

The methods for determining the artificial aging of cellulose fibers are
considered. The main approaches, including ISO, TAPPI, and ASTM standards, are
analyzed.

Anomauisn

POS’ZJZ}ZHymo MemoouKyu  6U3HAYEHHS wmy4Hoco CmapiHHﬂ YerojloO3HUxX

gonokon. Ilpoananizoeano ochogHi nioxoou, 3oxkpema cmanoapmu 1SO, TAPPI ma

ASTM.

Cellulose is a material of high industrial importance, with applications in
various fields, including industry, medicine, cosmetology, agriculture, and especially
paper-based products. Depending on consumer properties, certain types of paper and
cardboard require durability and longevity.

The International Organization for Standardization (ISO) established a
standard in 1993 (ISO 9706 — Information and Documentation — Paper for
Documents — Requirements for Permanence [1]).

The terms permanence and durability have been used differently. Permanence
often refers to maintaining strength and colour during aging, while durability refers to
retaining mechanical properties during use.

Cellulose, which constitutes the majority of paper products, is stable enough to
last hundreds of years. However, it is susceptible to acid hydrolysis, which results in

its degradation. Over time, chemical and physical changes occur depending on the
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composition of the cellulose fibres, processing conditions, and environmental factors.
These changes decrease the degree of cellulose polymerization, mechanical strength,
and optical properties. This process of irreversible changes in the fibres is known as
the aging of cellulose and paper.

Natural or artificial aging methods are employed to study the changes that
occur in fibres over time. Natural aging of cellulose occurs slowly, as under
environmental conditions, it can take years or even decades to produce statistically
significant changes. On the other hand, artificial aging is achieved through exposure
to aggressive environments, such as polluted atmospheres, elevated temperatures,
humidity, or light. These tests are essential for evaluating the resistance of paper and
cellulose to pollution, thermal impact, and light, which are critical factors in paper
deterioration [2].

The aim of the work is to analyze the methods of accelerated aging of
cellulose fibers.

The method of overcoming the problem of harmful effects is to use aggressive
environments to which paper and cellulose samples are exposed.

The earliest and most common approach involves exposure to elevated
temperatures, known as thermally accelerated aging. The temperature range for
thermally accelerated aging starts at ambient levels and can reach up to 105°C.
Experimental setups range from dry ovens to moist ovens and sealed containers.

The ASTM D6819-02e3 standard is an American testing method for the
accelerated thermal aging of printing and writing paper using a dry oven apparatus
[3]. This method assesses the relative stability of mechanical strength over time for
various paper types under normal conditions, assuming proper use. However, it does
not provide specific estimates of the expected lifespan of the paper.

Aging is performed in sealed glass tubes by exposing them to an oven
temperature of 105£2 °C. Sealed glass containers are recommended to keep
decomposition products in contact with the paper, better simulating natural aging

conditions in closed books. Following this method, Polish researchers analyzed the
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physical and chemical characteristics of six samples that underwent natural aging for
27 years and artificial aging for three days at 105+ 2 °C. High temperature and
humidity were used to accelerate aging. However, kinetic studies in closed and open
systems, measuring the degree of polymerization and breaking length, revealed no
statistically significant differences in degradation rates [4].

The TAPPI T-453 standard, Effect of Dry Heat on the Properties of Paper and
Board [5], regulates methods for determining changes in paper's physical and
chemical characteristics under the influence of dry heat in controlled conditions.
Initially developed for writing paper, this method can also be applied to other paper
types. Samples are conditioned under standard conditions (23 °C and 50 % relative
humidity) for at least 24 hours before being exposed to a temperature of 105 °C in a
drying chamber. Depending on the experimental goal, temperatures may vary from
150 °C to lower values. After one hour, samples are cooled and tested for physical-
mechanical properties. Before and after aging, physical-mechanical properties
(breaking strength, tear resistance, number of double folds), optical properties
(whiteness, yellowness), and chemical properties (pH, alkali solubility) can be
compared.

The 1SO 5630-3:1996 standard method for Moist Heat Aging [6] involves
exposing samples to 80 °C and 65 % relative humidity, accelerating chemical
processes such as hydrolysis and oxidation that typically occur over many years.
Samples are placed in an accelerated aging chamber in a way that prevents contact,
ensuring uniform exposure to heat and humidity. The study duration usually spans
24, 48, or 72 hours, depending on the experiment's purpose. After aging, samples are
assessed for changes in physical-chemical properties such as mechanical strength
(breaking or tensile strength), optical properties (whiteness, yellowness), and acidity
(pH).

Conclusions:

Research into accelerated paper aging methods demonstrates that various
standards, such as ASTM, TAPPI, and ISO, allow the modelling of the effects of
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temperature, humidity, and pollutants on the longevity of paper materials. These
methods accurately assess changes in physical-chemical properties, helping predict

the lifespan of documents and archival materials.
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Abstract. The study examines the hydrochemical state of urban water bodies,
evaluating the impact of seasonal fluctuations to identify risks to the city's
environmental situation. Special attention was given to the development of a program
to optimize the cleaning of underground rivers from heavy metals and to practical
recommendations for effective measures to reduce emissions and pollution of water
bodies.

Anomauia. Y 00cniodxicenHi 6UBYAEMbCSL 2I0POXIMIYHUL CIMAH BOOHUX 00 €KMIg
Mmicma Kueea, 3 OL;iHKOiO 6NJlU6Y CE30HHUX KOJUBAHb Ol BU3BHAYEHHS pusukie
exono2iynoi cumyayii micma. Ocobausa ysaza npuoiisalacy po3pooyi npozpamu 3
onmumizayii OYUWeHHs NiO3eMHUX DPIYOK B8i0 BAMNCKUX Memali@ ma NpaKmuyHum
PEKOMeHOayiam uooo e@deKmusHUx 3axo0ieé 3MeHUeHHs BUKUOie6 ma 3a0pyOHEeHHS
B000IIM.

KEYWORDS: WATER BODIES, MONITORING, WATER POLLUTION,
HYDROCHEMICAL COMPOSITION, SEASONAL FLUCTUATIONS.

K/JIIOY0BI C/JIOBA: BO/[HI OF’€KTH, MOHITOPHHI, 3ABPY/[HEHHA
BOﬂOﬁM T'IJI[POXIMI YHUU CKJIA]], CE3OHHI KOJIMBAHHA.

Water resources are one of the primary natural components that sustain

ecosystems and human life. However, due to intensive urbanization, industrial
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activities, insufficient monitoring of pollutant emissions, and inefficient purification
methods, water bodies of Kyiv suffer from pollution, which has negative
consequences for both ecosystems and human health.

In 2020, pollution of surface water bodies of Ukraine with oil products from
wastewater reached significant levels. Based on the data obtained, the area of the
water surface covered by a thin oil film could exceed 200 min m® Such a film
hinders gas exchange, causing oxygen deficiency in water bodies, which leads to fish
mortality [1].

It is necessary to have a multi-level water supply system that is as resilient as
possible to any emergencies, including wartime. Such a system should include the
following elements: in case of centralized water supply systems — at least two water
supply sources (one of which must be groundwater); a backup power supply system;
a highly protected water intake and treatment system [2].

Where necessary, provisions should be made for water quality improvement
systems. For local drinking water supply: pumping stations (water kiosks) with
maximum protection for equipment and people waiting in line for water; an
autonomous backup power system for pumps to duplicate central power; and, if
required, water quality improvement tools [2].

The waters of the Cenomanian-Kellaway complex are of higher quality than
those of the Bajocian horizon. For both aquifer systems, waters whose cation
composition is largely determined by ion exchange are of better quality. lon exchange
processes can be regulated to some extent by managing water extraction from wells,
which can also help regulate water quality. Another way to regulate water quality is
by mixing water from the two horizons during water preparation. This approach can
balance the drawbacks of each horizon's water while ensuring the constant operation
of wells, thereby maintaining relatively stable physical and chemical processes within
them [3].

Seasonal sampling was conducted at key water bodies in Kyiv, including the

Syrets, Orikhuvatka, and Lybid Rivers, as well as lakes such as Yordanske,
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Andriivske, Ptashyne, Opechen, Kyrylivske, Nyzhniy Telbin, and Verkhne
Vyhurivske.

Observations of water bodies of Kyiv during the spring and autumn seasons
revealed noticeable changes reflecting the influence of air temperature, seasonal
phenomena, and natural processes on water ecosystems. In spring, as air temperature
began to rise after winter, tadpoles appeared in the water bodies, signaling active
recovery of aquatic fauna. Tadpoles, as an intermediate stage in amphibian
development, indicate the stability of aquatic ecosystems.

Conversely, in autumn, when air temperatures began to drop again, intensified
water blooming was observed. This process was associated with the proliferation of
microscopic algae, particularly cyanobacteria, which reached peak activity before the
temperature dropped to critical winter levels. Water blooming was accompanied by
an unpleasant odor caused by the decomposition of organic matter and the release of
volatile compounds, such as hydrogen sulfide.

In water bodies such as Opechen and Kyrylivske Lakes, Na® and K*
concentrations remained stable during spring and autumn, indicating a relatively low
Impact of seasonal changes or anthropogenic factors. This stability is likely due to
their location, hydrological characteristics, or limited exposure to urban runoff.

In contrast, lakes such as Opechen, Yordanske, and Andriivske showed nearly
double the levels of Ca?" in autumn, attributed to water evaporation during the
summer, leading to the concentration of dissolved substances. A particularly
significant increase in calcium concentrations was observed in the Lybid and Syrets
Rivers, where autumn values greatly exceeded spring levels. This increase indicates
heightened anthropogenic pressure, including the influx of runoff from nearby areas,
leaching of minerals from soils, and the use of fertilizers.

A rise in chloride concentrations was recorded in all studied water bodies
during the autumn season, with significant changes noted in the Syrets and
Orikhuvatka Rivers. The calcium content in drinking water should not exceed

350 mg/m®, yet, according to the study, its concentration reached as high as
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1898.6 mg/m® in the Orikhuvatka River — far exceeding the standard. This river
originates from a collector beneath a highway, and the sharp increase in chloride
concentration is linked to rainwater runoff containing chlorides from road reagents.

In lakes, nitrate concentrations were significantly higher in spring but declined
substantially or fell below the detection threshold in autumn. The reduction in NOs~
concentrations in autumn indicates a natural decrease in organic residues after the
summer period of active blooming and their gradual decomposition.

Based on the balance assessment of the main anions and cations, stable water
bodies include Opechen and Kyrylivske Lakes, which demonstrate equilibrium in
cation and anion content, indicating relatively stable hydrochemical conditions and
minimal external impact.

Overall, seasonal observations confirmed that spring and autumn are critical
periods for the ecological state of water bodies of Kyiv. Spring is characterized by
increased biological activity and water volume, while autumn highlights issues of
eutrophication and pollution concentration.
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ABSTRACT: This paper proposes measures to ensure resource saving on
paper-based paper products. The need to ensure sustainable development of the
domestic paper industry is substantiated.

KEY WORDS: CARDBOARD, PAPER, WASTE PAPER, RESOURCE
CONSERVATION
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PECYPCO3BEPEXXEHHA

In Ukraine, recent years have witnessed enhancements in the processes
related to the production of paper and cardboard, driven by economic and
environmental constraints, specifically due to the insufficiency of domestic
manufacturing of primary fibrous semi-finished products [1, 2]. These advancements
have primarily focused on augmenting the proportion of recycled paper utilization,

which consequently results in considerable contamination of production wastewater
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and an increased demand for processed natural water within technological operations.
Moreover, the issue pertaining to the generation of substantial quantities of fibrous-
Inorganic waste resulting from water treatment, manifesting as hydrophilic sediments
with elevated moisture content, is becoming increasingly pressing. The potential for
repurposing fiber extracted during local wastewater treatment processes is
constrained by the stringent quality standards imposed on the final product. The
challenges associated with effectively treating industrial wastewater generated from
paper production, in order to eliminate contaminants during the initial stages of local
treatment and to produce water amenable to reuse throughout various phases of the
technological process, alongside the difficulties in processing secondary waste from
water treatment, persist unresolved. Consequently, it is imperative to devise pertinent
strategies aimed at facilitating the sustainable development of the industry.

The purpose of the work is to propose ways of developing the industry, taking
into account the achievements of chemical technology and engineering. This can be
achieved by combining innovative methods of obtaining cardboard sheets with the
use of highly effective sizing agents and the use of effective water purification
technologies for the reuse of purified water in technological processes. Considering
that waste paper is a polydisperse material containing fibers of various sizes and
various chemical substances of organic and inorganic nature, it is obvious that some
of these substances enter wastewater during the formation of a cardboard sheet. By
settling such wastewater, a fibrous-inorganic sludge is formed, the characteristics of
which are presented in Table 1 in comparison with waste paper.

The quantity of sludge generated is contingent upon the specific production
process, potentially attaining volumes of 80-100 dm® (with a moisture content
ranging from 95-99%) for every 1 m® of wastewater processed. Generally, the
management of sludge disposal constitutes a significant and multifaceted challenge. It
Is feasible to reintegrate a portion of the sludge into the production cycle, utilizing it
in the formulation of paper and cardboard in quantities not exceeding 10%, as

surpassing this threshold adversely affects the mechanical properties of the final
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product and the quality of the effluent water. High content of short fibers in the paper
composition degrades both production performance and product quality. This is
primarily due to the retention of mass on the paper machine wire and the fine fiber

washes in the forming section of the cardboard making machine.

Table 1 - Fractional composition of waste paper pulp and sludge from

wastewater settling

_ The proportion of fiber fraction in the material, %
Fraction, mm

Waste paper pulp Sludg
0,20-0,60 65,3 73,1
0,61-1,20 254 24,7
1,2-2,00 7,7 2,14
2,00-3,00 1,5 0,1
3,00-7,00 01 0,0

The advancement of both the domestic and international pulp and paper
sectors must occur in alignment with the principle of sustainable production. In this
context, several primary strategic directions have been delineated: minimizing the
consumption of freshwater; augmenting the proportion of recycled fibers; exploring
alternative sources of fibrous materials; mitigating greenhouse gas emissions;
promotion clean production methodologies.
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The utilization of natural resources, including fossil fuels, water, and plant
biomass, is linked to their depletion and the generation of substantial quantities of
environmentally hazardous waste [1]. The implementation of more stringent
environmental regulations has compelled producers to prioritize the enhancement of
their technological processes and the expansion of rational waste disposal practices.
This approach is driven by the dual objectives of energy conservation and
environmental preservation [2].

Paper or cardboard laminated with plastic film and/or aluminum foil serves as
the primary raw material for the production of packaging for liquid and paste-like
food products, including Tetra Pak bags of various shapes and capacities. The waste
resulting from the production of sacks and used sacks represents a significant volume
of recyclable material. This waste is classified as Group G, grade MS-12G [3]. The
value of this raw material lies in its ability to be transformed into fiber, polyethylene,
or polyethylene-aluminum sinter. The global annual volume of such raw materials is
in the millions of tons.

However, the difficulty of adequately separating cellulose fibres from plastic
film and aluminium foil, coupled with the lack of effective technologies for selective
separation of components, has resulted in the continued underutilisation of MS-12G
waste paper resources. The relevance and potential for recycling MS-12G waste
paper lies in its capacity to facilitate the environmentally beneficial removal of large-
tonnage waste materials belonging to hazard class 4, which exhibit a natural decay
period exceeding 400 years [4].
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The Tetra Pak packaging base for the production of bags is characterised by a
multilayer structure. The alternating layers of polyethylene, cardboard, and
aluminum foil provide the structure with the requisite frame strength and absolute
barrier to the influence of unwanted environmental factors. Furthermore, the MS-12G
waste paper, in its commercial form, is a mixture of deformed and contaminated used
bags or scraps from die-cutting bags (clean waste) of varying degrees.

The specific characteristics of Tetra Pak packaging, including its appearance
and structure, influence the recycling process for this type of waste paper. The
material is highly durable and water-impermeable, which presents unique challenges
during the dissolution stage. To facilitate the penetration of water into the cardboard
and subsequent separation of fibers, an intense mechanical component is essential.

The primary component of Tetra Pak that presents an interesting source of
high-quality fiber is the layer of cotton. The distinctive characteristics of this
component can be summarized as follows [4]:

a) The cellulose in the carton is derived exclusively from primary sources
(cellulose, semi-cellulose, and wood cellulose);

b) The fiber has undergone only one stage of processing to become a carton.
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O®OPMYBAHHA BA'ATOIIAPOBOI'O ITIOJIOTHA KAPTOHY

MmarictpanTka Kaprnenko X.0., k.T.H., go11. MoBuaHiok O.M.

Hayionanvnuu mexniunuu ynisepcumem Yxpainu “Kuiscokuu

noaimexuiunuu incmumym imeni leops Cikopcokoeo”

JlocBin eKCIITyaTaIii KapTOHOPOOHHX MalIlliH MOKa3aB., 101(0)
MEPCIEKTUBHIMIMMHU € T1 KOHCTPYKIIi CITKOBUX YaCTHH, IO JO3BOJISAIOTH (hOPMYBaTH
OaraTomapoBe MoyIOTHO. baratomapoBe (opMmyBaHHS BIJIKpHUBAaE MOXIIMBICTD
BUKOPUCTAHHA pI3HUX HamiB()aOpuKaTiB [ PI3HUX 1IapiB, IO JONOMAarae
ONTHUMI3yBaTH CHIBBIIHONICHHS IIHK Ta SIKOCTI, Ja€ 3MOTy OTPUMYBAaTH MIIIHI
30BHIIIHI IApH KapTOHY 3 MOJIMIICHOK €CTETUYHOIO MPUBAOIUBICTIO Ta BUCOKOIO
KOPCTKICTIO, BOJHOYAC 3MEHUIYIOUYM COOIBAPTICTh 32 PAaXyHOK BHKOPUCTAHHS
JICHIEBIIOI BTOPUHHOI CHPOBUHU y HIKHIX 00 BHYTPIIIHIX IIapax.

[lepmmm BapiaHTOM OararomapoBoro (opMyBaHHS OyJdu KpPYIJIOCITKOBI
KapToHOpoOHI MamuHu. OJIHAaK, HE JMBIISIYUCH HA MOJIEPHI3AIliIO0, JIIKBITYBaTH iX
OCHOBHHI HEJOJIK — 0OMEXKEHY MIBUAKICTh — TaK 1 HE Bliajocs. ToMy CbOr0JiHI BOHH
MPAKTUYHO BUTICHEHI MJIOCKOCITKOBUMHU MalllMHAMM.

Icayrots nBi  TexHozorii (opmyBaHHS 0araTromrapoBOTO TOJIOTHA Ha
MJIOCKOCITKOBUX MaIllMHAX:

1) okpeme opMyBaHHS KOXKHOTO IIapy Ha 1HAWBITyaTbHOMY CITKOBOMY CTOJI
3 HAMMPHUM SIIAKOM Ta MOAAIBIINM 00’ € THAHHSM IaPiB;

2) hopMyBaHHsI 0araToIIapoBOi CTPYKTYpH HA OJHOMY CITKOBOMY CTOJI, 3
BUKOPHUCTAHHSM OJIHOTO HAITyCKHOTO MPUCTPOIO.

Meta po60TH — TIABUIIUTH TPOIYKTUBHICTH KaPTOHOPOOHOT MAIMHU Ta
MOKPAITUTH SKICTh KapTOHY [UIAXOM 3aCTOCYBaHHS CyYacHHUX TEXHOJOTiH
¢dbopmyBaHHs 6araTomapoBOTo MOJOTHA.

OpHi€ro 3 IHHOBAIIMHUX TEXHOJOTH (hOpMyBaHHsS 0AraToIIapoOBOTrO KapTOHY
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€ Bukopuctanss HamipHoro siumka OptiFlo Layering Fourdrinier (puc. 1) 1 akBa-

TexHoJorii kommanii Valmet [1].

Puc. 1. Hamipnawuit sk OptiFlo Layering Fourdrinier [1]

HoBa akBa-TexHonoriss 0a3yeTbCsi HA BUKOPUCTAHHI TOHKOIO IIapy BOJAM
(puc. 2), 110 di€ K KJIUH MIXK JBOMa BOJIOKHUCTUMHM IIapaMH, JJIsS 3a0€3MEUCHHS 1X
cTabumizalii 1 piBHOMIpHOCTI miAg 4ac 3’enHanHsA. lle 3amobirae 3MilllyBaHHIO
BOJIOKOH II1apiB, 3HIKYE PU3UK YTBOPEHHs Me(EKTIB y TOJOTHI, a TAKOXK BIJIKpUBAE
MOXJIUBOCTI mojayl (QyHKI[IOHATbHUX J00aBOK 3 akBa-mmapom. llel Ttum
(dbopMyBaHHs 0araToIIapOBOCTI JAa€ MOKJIUBICTh PETYJIIOBATH TMOKA3HUKU SKOCTI
KapTOHY, 0COOIMBO MilHICHI. MIIHICTh Ha CTUCHEHHSI MOKHA TOKpaIuT Ha 15%,
Mpu 11boMYy 3HIKYIOUYHM Ha 30% BuUTpaty Kpoxmanto. Taka OaraToriapoBa CTPyKTypa
KapTOHY 3a0e3leuye He JUIIe MOKpalleHy MEXaHIYHY MILHICTb, ajle il J03BOJISIE
PEryJIIoBaTH BJIACTUBOCTI MOBEPXHI, IO € OCOOJIMBO BAKIUBUM JUIsI 30BHIIIHHOTO
mapy MaiOyTHBOI YMakOBKH. EKOHOMII MOXXHaA JOCSATTH, HAMNPUKJIIAJ, MIJISIXOM
BUKOPUCTAHHA 1HINOI SKOCTI OOpoOieHHs, jemieBmioro HamiBpabpukary Ta
(yHKIL1OHATBHUX 100aBOK MIXK mapamu [1].

Hamipuuit smuk OptiFlo Layering Fourdrinier 3 HOBOIO akBa-TEXHOJIOTIERO
n03BoJIsie (hOpMyBaTH JIBO- Ta TPHUIIAPOBE TMOJOTHO KapTOHY, MIATPUMYE BHCOKY
IIBUJIKICTh BUPOOHHUIITBA Ta CTAOLIBHICTh MPOLIECY, IO € BAXXJIMBUM JIJIsI Cy4aCHUX

BHCOKONPOJYKTUBHUX MalluH [1].
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[arerparis nanipuoro simuka OptiFlo Layering Fourdrinier 3 ¢opmyBanbHORO
gactuHoto OptiFormer Hybrid (puc. 3) 3a0e3neuye ime Ouibily €(peKTUBHICTH Y
nporueci ¢popmyBanHs. OcoOmuBicTh KoHCTpYKIiT OptiFormer Hybrid momsirae B
TOMy, MmO 1 (opMyBajibHa YacTHHA MOEIHYE CUCTEMH OJHO- 1 JBOCITKOBOTO
¢dbopMmyBaHHS, a 11e CHpPUsE ONTUMAIFHOMY 3HEBOAHEHHIO MOJIOTHA. Y 30HI KOHTAKTY
JIBOX CITOK peaji3yeTbcs BOCTOPOHHE 3HEBOJHEHHS, 110 HE JIMIIE MPHUIIBUALIYE

IpoIIeC, aJie ¥ MABHUIIYE PIBHOMIPHICTh PO3MOILTY BOJIOKOH [2].

Puc. 2. Cxema ¢opmyBanHs 0araTomapoBOro mojoTHa KapTOHY y HApPHOMY SIIIUKY
OptiFlo Layering Fourdrinier 3 BUKOpHCTaHHSM aKBa-TeXHOJIOTI [1]:

1, 3 — BOJIOKHUCTI 1mIapu; 2 — map BOAU

Komoinamisi OptiFlo Layering Fourdrinier i OptiFormer Hybrid no3Bose
JOCSITTA MBUAKOCTI poOoTH Mammuu a0 1200 — 1500 m/XB, KpiM TOTO, CKOpOUYE
4yac Mepexojly MK 3aMOBJICHHSIMU PI3HOTO ACOPTUMEHTY, IO 3HAYHO MiJABUILYE
MPOJYKTUBHICTh BHUPOOHMIITBA Ta THYYKICTH MpoOLECiB. 3aBASKU  IbOMY
MIANPUEMCTBA MOXYTh INBUJIIE pearyBaTH Ha 3MiHY MONUTY Ta BUPOOJIATH
IIUPOKUH aCOPTUMEHT TPOIYKIIIi.

OptiFormer Hybrid BukopucroBye yHikanpHy TexHosorito VacuShoe st
MIJBUILEHHS SKOCTI MPOAYKIIi Ta MOTY>KHOCTI HOBUX 1 pEKOHCTPYHOBaHMX MalllH B

IIMPOKOMY Jiama3oHl MIBHJKOCTI MallMH Ta Macu KapToHy. VacuShoe — e
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BUTHYTUH €TIEMEHT, SIKHH MOHTYETHCSI BCEPEINHI BEPXHBOI CITKHU 1 MPU3HAYCHUH IS
3HEBOJHEHHSI IOJIOTHA 3a PAaxXyHOK CTBOPEHHS BakyyMy. 3aBISKH TEXHOJIOTII

VacuShoe nporiec 3HEBOTHEHHS 3HAYHO TPUIIBHIITYETHCS.
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Puc. 3. ®opmyroua yactuna OptiFormer Hybrid [2]:

| — HamipHUM SAMMK; 2 — CITKOBUM CTLT; 3 — BEpXHS CITKa; 4 — MpecoBa YacTHUHA

®opmyBansHui npuctpiit OptiFormer Hybrid 3a06e3neuye BUCOKY HIBUIKICTD
3HEBOJHEHHS 1 JI03BOJIA€ 3OUIBIIUTH MIBUAKICTb MAaIIUHUA. PeKoHCTpyKIis
(opMyBalIbHOI YAaCTUHM KapTOHOPOOHOI MamuHU 13 BcTaHoBIeHHsM OptiFormer
Hybrid nokpaiitye npoJyKTUBHICTh MAIIMHU 1 SIKICTb MPOIYKIIi, II0 CKOPOYYE Yac
OKYMHOCTI KamiTaJlOBKIa/ICHb.

TakuM 4MHOM, TEXHOJIOT1A (POPMYBaHHS 0AraToIIapoOBOro MOJIOTHA KAPTOHY 3a
nonomMoroto HamipHoro simuka OptiFlo Layering Fourdrinier ta ¢popMyrodoi yacTuHu
OptiFormer Hybrid BigkpuBae HOBI MOXJIMBOCTI JjIsl MIABUILIEHHS MPOAYKTUBHOCTI
Ta eHeproeeKTUBHOCTI KApTOHOPOOHOI MAaIIWHU, a TAKOX IIJIBUIICHHS SKOCTI,

PO3IIUPEHHS ACOPTUMEHTY 1 3HUKEHHS COOIBAPTOCTI KAPTOHHOI MTPOTYKIIii.

IlepeJiik mocuIaHeb:
1. OptiFlo Layering Fourdrinier headbox. Two- or Three-Layer headbox

for lightweight containerboards. URL:  https://www.valmet.com/board-and-

paper/board-and-paper-machines/forming/optiformer-hybrid-with-shoe-blade/
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2. OptiFormer Hybrid with shoe and blade technology. Innovative top

forming unit boosts dewatering. URL: https://mwww.valmet.com/board-and-

paper/board-and-paper-machines/forming/optiformer-hybrid-with-shoe-blade/
(date of access: 23.11.2024).
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""Igor Sikorsky Kyiv Polytechnic Institute™

References: GL&V's Hedemora Arc Screen is designed for additional cleaning
of waste from filtrate screening. The main function of the arc screen is to maximise
the recovery of usable fibre from the incoming waste stream, consisting of small
fibres, pieces of film and plastic, which have a similar specific gravity to waste paper
fibres and have not passed through the perforations of the filtrate screening screens,
and to select filtrate for dilution in the primary hydropulper [1]. The diagram of the

arc screen is shown on figure 1.
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Figure 1. The diagram of the arc screen

The Hedemora arc screen consists of the following main units:
1. The body
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2. Slotted screen

3. Pneumatic swing shower

4. Inlet branch

5. Cleaned filtrate outlet

6. Waste discharge branch

The filtrate containing small light inclusions (pieces of film, unscattered fibres,
etc.) comes from the filtrate sorting waste line and is distributed in a uniform flow
over the surface of the upper part of the arch screen through the inlet pipe [2]. The
screen is made in the shape of an arc and has 0.25 mm wide slots. The shape of the
screen increases the passage time of the filtrate flow through it, which makes it
possible to catch suitable fibres smaller than the size of the slit and to achieve
maximum dewatering of the waste sent for disposal. The filtrate stream with the
captured fibre is sent to the primary hydropulper for mass dilution and the dewatered
waste is discharged through a trough into the screw conveyor hopper. In order to
prevent waste from clogging the gaps, a pneumatically driven oscillating shower is
provided. The response time of the shower and the time between starts are set by the
operator in the control system as required to achieve the highest quality of rinsing.
The pneumatic drive of the Hedemora swing shower is automatically controlled

according to the process flow chart.
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UDC 676
THE NEWEST MEMBRANES BASED ON THE COMPONENTS OF PLANT
RAW MATERIALS
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ABSTRACT: This document investigates the possibility of obtaining ceramic
membranes using plant raw materials components to form a porous structure.
Technological solutions have been developed for the effective implementation of the
carbonization process.

KEY WORDS: CELLULOSE, LIGNIN, CERAMIC MEMBRANE,
WASTEWATER TREATMENT

HOBITHI MEMBPAHU HA OCHOBI KOMITIOHEHTIB POCJIMHHO1
CUPOBHUHHU
AcmipanT Cepriit Munokoct, gorieHT Bita ["anum
! _ KIII im. Irops CikopcpKoro,
? _ IncruryT ximii moepxmi im. 0.0. Uyiika, HAHY

AHOTAUIA: V oaniii pobomi 00ChioHceHO MONCIUBICIM 00EPHCAHHSL
KepamiyHux MMeMpaH 3 BUKOPUCMAHHAM KOMNOHEHMI8 POCIUHHOI CUPOBUHU OISl
Gdopmyeanns nopysamoi cmpykmypu. Po3pobneno mexnonociuni piwienns 0.
eghexmusHoi peanizayii npoyecy xapooHizauyii.

K/IIOY0BI CJIOBA: HEJIFOJIO3A, JIITHIH, KEPAMIYHA
MEMBPAHA, OYNMIIEHHA CTIYHHUX BOJ{

Membrane water purification represents a sophisticated technological
advancement that proficiently addresses the challenges associated with water
pollution and scarcity. This technique employs an array of membrane types to isolate
impurities from water, thereby enhancing the overall quality of the water. The

effluent produced following this treatment process is rendered appropriate for either
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reclamation or secure disposal. This approach has garnered significant interest owing
to its effectiveness and adaptability [1]. Membranes exhibit considerable variability
in their pore dimensions and structural configurations, which subsequently influences
their efficacy across diverse applications [2]. The undoubted advantage of using
membrane technologies is that wastewater after such treatment becomes suitable for
reuse or safe disposal [3].

Membranes employed in the treatment of wastewater can be systematically
categorized into distinct classifications, each exhibiting specific characteristics and
applications. The primary classifications encompass polymeric membranes, ceramic
membranes, and hybrid membranes, with membrane technologies presently being
implemented across a multitude of sectors, including industrial, agricultural, and
residential wastewater treatment [4]. The economic feasibility of membrane
technologies often depends on the cost of materials. That is why the use of renewable
and cheap natural polymers of plant origin in the production of membranes is an
Important factor in ensuring the sustainable development of membrane technologies.

Therefore, the aim of the work was to establish the possibility of using
aromatic and polysaccharide components of plant raw materials in the production of
ceramic membranes. It is advisable to use plant polymers in the form of powdered
materials to ensure effective homogenization with inorganic components before
carbonization; accordingly, from this point of view, microcrystalline cellulose, kraft

lignin, and hydrolysis lignin can be considered (Fig. 1).

Mo T T

Figure 1 - Initial plant polymers for the production of ceramic membranes:
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1 - microcrystalline cellulose; 2 - kraft lignin; 3 - hydrolysis lignin.

The difference in the chemical structure of the selected polymers has a
significant impact on the efficiency of the carbonization processes of plant materials
and the formation of a carbonized residue. In the case of polysaccharide components,
the physical transformation is pronounced and about 8% of carbon is formed. In the
case of using lignins, the aromatic component of plant raw materials gives a carbon
yield of 20-25%. Thus, greater weight losses of plant raw materials occur when using
cellulose, which mostly decomposes with the release of aliphatic compounds, carbon
dioxide and water.

Innovations in membrane technologies are perceived as necessary and
promising for achieving sustainable water management and supporting a circular

economy.
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OBJIATOPOI)KEHHSI MAKYJATYPHOI MACHU CTIOCOBOM
IMPOMUBAHHSA
b. CxypariBcekuii, marictpanT, P. UepbonkiHa, J10LEHT
HarnionanbHuit TeXHIYHUN YHIBEPCUTET YKpaiHu

«KuiBchkuii moniTexHiuHui 1HCTUTYT iMeHl [ropst CikopcbKoroy

AHnomauyia. 3anponoHosano cxemy o001A20POONHCEHHI MAKYIAMYPU CHOCOOOM
NpoMueamHs Ol BUPOOHUYMEA  NANEepPy-OCHOBU  CAHIMAPHO-2IIEHIYHO2O

NPUSHAYEHHAL.

REFINING OF WASTE PAPER BY WASHING METHOD
B. Skuratovsky, master, R. Cherepkina, Assoc. Prof.,
National Technical University of Ukraine
"Ihor Sikorsky Kyiv Polytechnic Institute"
Abstract. A scheme for refining waste paper by washing for the production of

base paper for sanitary and hygienic purposes is proposed.

CaHiTapHO-TITIEHIYHI BUJM Tamnepy 3a CBOIMH BJIACTUBOCTSMM TPUHIIAIIOBO
BIJIPI3HSIIOTHCA B1J] IHIIMX BHUJIIB. BOHU XapakTepu3yroThCs CHelialbHUMU BUMOTaMU
— BHCOKOIO TIOTJIMHAIOYOI 3JIaTHICTIO, IMIJBHUINCHOI M'STKICTIO, MYyXJICTIO 3a
BIZTHOCHO HEBHCOKOI MEXaHIYHOI MIIIHOCTI Ta HU3bKOI Macu 1 MZ, 3HaueHHsM pH
BOJHO1 BUTSI)KKH.

Jly1st BUpOOHMIITBA MManepy-OCHOBA HUHI BUKOPUCTOBYIOTH HamiBpaOpUKaTH Ha
OCHOBI TIEPBMHHOTO BOJIOKHAa Ta Makynarypy. Ilix dac BuOOpY BOJOKHUCTHX
HamiBpaOpUKaTiB HEOOXITHO TOPSAT 3 KOMIUIGKCOM OCHOBHUX CIIOKHBUUX
BJIACTUBOCTEH BPaxOBYBaTH €KOHOMIYHI MOKA3HMKHU Ta TITIE€HIYHI XapaKTEPUCTUKH.
[Iponykuisi, 1m0 BHPOOJIAETbCS HA OCHOBI IMX HamiB()aOpUKATIB KOHKYpY€E, B

OCHOBHOMY, 3a I[IHOIO, a HE 3a SIKICTIO.
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Buxkopuctanns 1o 100 % makynatypu y BUpOOHHIITBI MAaCOBHUX BUJIB Marepy
CaHITAPHO-TITIEHIYHOTO TPU3HAYCHHS JIO3BOJISIE PO3IMIMPUTH CHUPOBUHHY 0a3y,
3HM3UTH COOIBapTICTh MPOAYKIIii, 30€perTd IENoNo3y 1 JEepeBHY Macy, a TaKOX
3MEHIIIATH JIOJTIO BiJXOIB HA 3BATHIIUIIAX.

Opnak MakyJnaTypa K CApOBHHA JIOCUTh HE OJTHOPIIHA 32 CKIAJO0M 1 3 KOXKHUM
IUKIIOM TepepoOsieHHsT SAKICTh i1 3HMWXKYeThcs. lle mpu3BOIUTH 10 BMICTY Yy HIH
OubIlle KOPOTKUX BOJIOKOH Ta OOpPUBKIB ISl YTPUMAHHS SKUX, BUKOPHUCTOBYIOTH
XIMIYHO-IOIOMIXKHI peuoBuHH [1].

HaiiGinpm1  [IHHOIO MakyJaTypor Jjsi BHPOOHMIITBA MAarnepy-OCHOBH €
makyinarypa wmapok: MC-1A Tta MC-2A, sgxa MICTUTh MIiHIMaIbHY KUIBKICTh
3a0pyJIHEHb, BIJICYTHICTh 3all€4yaTkKy, B KOMIIO3UI[li MEPEeBaXKatOTh MEPBUHHI BUOLICH1
ICJTI0JI03H] HamiBhadpukaTH [2].

OpHak HUHI CIIOCTEPITAETHCS MOCTIMHUM NeIIUT MaKyJaTypy SIK IIUX MapoK,
TaKk 1 3arajoM, B OCHOBHOMY, i3-3a2 HHU3bKOTO BHUKOPHUCTaHHS mamepy. Tomy
HiANPUEMCTBA BCE YAaCTIlIE BBOAATH Y KOMIIO3UIIIO MANepy-OCHOBU MAaKYJaTypy
mapok MC-3A, MC-5b, MC-6b, MC-7b/1, MC-7b/2, MC-7b/3, MC-8B/1, MC -
8B/2, MC-12B 3rigno JJCTY 3500:2019 [2].

Taki BuIM MakyJgaTypud MICTATH BOJIOTOMIIIHMI mamip, 3aneyaTaHui
IPYKapChbKUH, 3 KOJHOPOBUM JIPYKOM, TOKYMEHTHHW Ta IHIII, 1[0 BUMAara€e 3HaYHO
OUTBIII CKJIAJHOI TEXHOJOTIi MIATOTOBKA BTOPUHHOTO BOJIOKHA. KpiM BoOJIOKHA Yy
KOMITO3UIIIi Tanepy MICTIThCS pi3HI HAMOBHIOBAadi, MIHEpaJIbHI BKIIOYCHHS 3
MOJIIrOH1B 300Dy, (hapbOa Ta iH. s O611bll epeKTUBHOTO BUKOPUCTAHHS MAaKyJIaTypH 1
MIIBUIIEHHS SKOCTI TManepy, y TEXHOJOTIYHOMY TMOTOIll HEOOXITHO mepedadnTH
YCTAHOBKM JJII OYHMIIEHHS Mach BiJ TpyOMX BKIIOYEHb Ta 00JIArOpOIKEHHS
MaKyJIaTypH 3 METOIO BUIAJICHHS IPyKapchKoi (papOu, 3HeOapBICHHS Ta M1 BUILICHHS
i 6itocTi crocobamu mpomuBanus, ¢uroTarii [3].

OOnaropo/pKeHHS BOJIOKHA TIOYMHAETHCS BXKE HA CTadil PO3BOJIOKHEHHS 3
BIJIJIEHHS! YaCTUHOK (papOu MiJl BIUIMBOM JIY>)KHMX peareHTiB. BojokHa y gy)HOMY

cepeloBHUIlll HAOyXaroTb, IO CIPUSE BIAPUBY YacCTUHOK (apOu BiJ TMOBEpPXHI.
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BininenHss 1 naucnepryBaHHS 4YacTUHOK ¢apOu BigOyBaeThCs TaKOXK MiA  dYac
COpPTYBaHHS Ta PO3MEIIOBAHHSI.

Bunanenus BijyIiIeHUX BiJ BOJIOKHA 1 TOOpE AWCIEProBaHUX YaCTHHOK (hapOu
MIPOIMOHYETHCS] MPOBOJUTH CIIOCOOOM (D13MKO-MEXAHIYHUM — IMIPOMUBAHHAM, @ TaKOXK
¢uoTariiero — pizuko-ximigauMm [3].

Bulip TexHOJOr1YHOI cXeMu 00JaropoKeHHsI MaKyJIaTypH 13 3aCTOCYBaHHAM
crioco0y TpPOMHUBAHHS 3aJCKUTh BiJ TOYAaTKOBOI Ta KIHIIEBOI KOHIIEHTpAIlii
BOJIOKHUCTOI CYCIEeH311, 3 IKO1 MOTP1IOHO BUIAIUTH YaCTUHKU THIOTpadchkoi dhapowu,

a TaKOX BiJl HASSBHOTO BULy oOnagHaHHs (prc.l).

o CBixKa
XIMIKATH BOZIA
Makynatypa l L 2
- B
/ Ha mamuny

Bigxomn 3 3 3

'

Biaxomu

Pucynok 1 — [IpuHnumnoBa cxema o0J1laropo/iKEHHS MaKyjIaTypu Clioco0oM
IPOMHBAHHS:
1 — rizpopo30uBay; 2 — TIAPOIUKIOHHN Ta COPTYBAHHS; 3 — 3rylyBayi; 4 — NpucTpii

JUTST OCBITJIEHHS BOOU

VY 3anexHocTi BiA (pakUifiHOrO CKJaay, BULY MakKyJlaTypu, KOHIEHTpalli Ta
CTYIIEHSI MJIMBA MacH, MPOIYKTHBHOCTI OOJIaqHAHHS, MPOMHUBAHHS MaKyJIaTypHOI

Macu 3A1MCHIOIOIOTh, 3a3BHYal, 13 3aCTOCYBAHHSIM JEKUIBKOX CTYIIEHIB, HANpPUKIIAM
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3ryIIyBadiB. 3a YMOBH J00pe MUCIIEPTOBAaHMX YaCTUHOK (papOu, Ha OJHOMY CTYIICHI
POMHBAHHS MOYKHA BUJAIUTH 110 85 % vacTuHOK [3].

[Ipotiec mpoMUBaHHS CYIPOBOKYETHCSA (PUIBTPAITIE€I0 BOJOKHUCTOT CYCIICH3II.
Ha moBepxHi umiHapa YTBOPIOIOETHCS IIAp MAacH yepe3 KU QuIbTpaT MPOXOAUTH
BCEpely 1 BHUBOJUTHCS HATIOBHCHWU TOHKOJMCIICPCHUMH JOMIIIKaMHU, YaCTUHKAMHU
¢dapOu. Ilicns mpomuBaHHS MaKyJIaTypHOI MacH CTajis OYMIICHHS (iIbTpary €
00OB'I3KOBOI0O 3  BUKOPHUCTAHHSAM  CIICHIQJIBHUX JIOBYIIOK, SKI  OOJagHaHI
ycTaHOBKaMu it MikpodioTarii. OuuineHHss (uisTpaTy € HEoO0XiJHOI YMOBOIO,
OCKUIbKH 11 €IMHUN c110c10 BUBEICHHS (apOu 13 CUCTEMU BOJI00O0OPOTY.

BucHoBoK. 3anporoHoBaHa cxema 00Jaropo/KEHHsI MaKyJaTypu MOxe OyTu
BHKOPHCTaHA y TEXHOJIOTIYHOMY TOTOIll IMATOTOBKH MAaKyJIATypH JIJIi BUTOTOBJICHHS
nanepy-oCHOBM IMOOYTOBOTO Ta CaHITAPHO-TITIEHIYHOTO TMPU3HAYEHHS BHUCOKOI

SIKOCTI.
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YK 678.057
BUPOBHUITBO HETKAHUX INTOJIIMEPHUX MATEPIAJIIB
METOJIOM MELT BLOWN: IIEPCIIEKTUBU, ITPOBJIEMMHA TA
HJIAXHW BUPIIHEHHSA

€snamkin M.B., Cokonscbkuii O.J1., CiBenpkuii B.1.

AHoTanisi. Y poOOTi BUCBITJICHO aKTyaJlbHICTh BUBUYECHHSI BIUIMBY MapaMeTpiB
nporecy i oOnajHaHHS HAa XapaKTEPUCTUKH OTPHUMYBaHOTO MeronoMmM Melt Blown
HETKAHOTO MOJIMEPHOTO MaTepiaiy.

Kumrouosi cioa: HETKAHI MATEPIAJIM, MELT BLOWN, EKCTPY JIEP,
BIOPO3KJIA/THI MATEPIAJIM, EKCTPY3IMHA HACAJIKA.

Herkani mnomiMepHi MaTepiajid BiIIrPalOTh KPUTUYHY POJIb y CyYacHId
MIPOMUCITIOBOCTI 3aBISKMA IXHIM YHIKQJbHUM BJIACTUBOCTSIM, TaKUM SK JIETKICTb,
MIIIHICTh, THYYKICTh Ta 3/IaTHICTH 3a0e31euyBaTi e(heKTUBHY (PLIBTpAIIitO.

[fonuT Ha HETKaHI MOJIMEPHI MaTepiajd MOCTIHHO 3pOCTa€ 3aBASIKU iX
[IUPOKOMY CIIEKTPY 3aCTOCYBaHb. Y MeauiuHI [1] BOHM 3a0e3meuyioTh 3aXHCT Bij
MIKpOOIOJIOTIYHUX 3arpo3 y BUIJISAAI MAacOK, 3aXMCHHX KOCTIOMIB Ta CTEPUIBHUX
cepBeToK. Y cdepl OYMIIEHHS I Mareplagd BUKOPHUCTOBYIOThCS Yy (UIbTpax s
MOBITPSI Ta BOJU, II0 OCOOJUBO aKTyaJlbHO Y 3B’SI3KY 3 €KOJOTIYHUMHU BUKIUKAMH.
byniBenbHa Ta aBTOMOOLTBHA Taly3l 3aCTOCOBYIOTh HETKaHI MOJOTHA SIK 130JIALIMHI
Marepianv, fAKi TO€JHYIOTh JIETKICTh 13 BHUCOKOK edexkTuBHICTIO. BomHowac
3a0€3Me4YeHHs] BUCOKOI SIKOCTI Ta €KOJIOTIYHOCTI ITUX MaTepialliB BUMAarae mocCTiitHOTO
BJIOCKOHAJICHHSI BAPOOHUYMX MTPOILIECIB.

BupoOHUIITBO HETKaHMX MaTepiaiiB B YKpaiHl JEeMOHCTpPyE CTaOlIbHE
3poctaHHs. 3rigHo 3 gaHuMmu Jlep:kaBHol cinyxOu craTtucTuku Ykpainu [2], y 2018
polli BUpOOHUIITBO HETKAHUX MarepiaiiB 0€3 MOKPUTTS 3 MOBEPXHEBOIO IIUIBHICTIO
oumpmie 150 r/m? ckiano 12 376 tonu, a y 2019 pomi neit nmokasuuk ckinanas 14052

ToHu. lle BkiOWae BHpPOOM 3 HETKAHUX MaTeplajiB, OKpIM MPEIMETIB OATY.
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['mo0GanbHUIl pUHOK HETKAHUX MaTepialiB TaKOX JEMOHCTPY€E MO3UTHUBHY TUHAMIKY.
3riIHO 3 MPOTHO3aMHM, OUYIKY€EThCA, 1110 10 2025 poky 00CAT PUHKY JIOCATHE 3HAUHHUX
MOKA3HUKIB, 110 CBIAYUTH MPO 3POCTAIOYHM MOMUT HA 11 MAaTEpialiu B PI3HUX Taly3sX,
BKJIIOUAIOYN MEIUIMHY, OYIIBHUITBO Ta BUPOOHHMIITBO 3acO0IB 1HIWBITYaJbHOTO
3aXHUCTY.

['imoTe3a pOro TOCHIIKEHHS MOJISITa€ B TOMY, 110 BAOCKOHAJICHHS MTapaMeTpiB
(GOpMyBabHOTO  YCTaTKyBaHHS MOXX€ 3HAYyHO TMOKpAIUTH CTPYKTYypy Ta
dyHKIIIOHATBHI ~XapaKTEePUCTUKU HETKAHUX MarepiajiiB, 3a0e3ledyyrdu iXHIO
BIIMOBIIHICTh CYYaCHUM BUMOTaM.

Crooromui Melt Blown [5] € onHi€0 3 MpPOBITHUX MPOLIECIB BUPOOHUIITBA
HETKAaHUX MAaTepialliB 3aBJSKH 3JaTHOCTI OTPUMYBATH YJBTPATOHKI BOJIOKHA Ha
MIKpO- Ta HaHOpiBHiX. [Ipoliec MOXIMBHUN 3aBASKU IUIABICHHIO TIOJIMEPY B
eKCTpyZepi, 1o 3abe3nedyye pIBHOMIPDHHUM TIOTIK PO3ILIABICHOI CHUPOBHUHH.
Po3mnaBnena cupoBuHa QOPMYETHCS y CTPYMiHb, MPOXOASYM YEpe3 HACAAKY.
BucokomBHIKICHUH MOTIK rapsyoro MoBITpsi 00TyBa€ 11l CTPYMEH1, PO3TATYIOUH iX Y
HaJITOHKI BoJokHa 3 giametpoM Big 0,3 nmo 0,9 mxm. I'eomerpis Hacagku 1
MOBITPSHOTO COIJIa, a TAaKOX CIIBBIJHOIICHHS IIBUJIKOCTEH 1 TeMIeparyp
BU3HAYAIOTh MapaMeTpy KIHIEBOTO TMPOAYKTY. YTBOPEHI BOJOKHa XaOTHUYHO
OCiJIal0Th Ha PyXOMY MOBEPXHIO, CTBOPIOIOYM HETKaHe MoJoTHO. [1ix yac ocamkeHHs
BOJIOKHA MOXXYTh YaCTKOBO CIUIABIIATHCS MIXK CO00I0, IO crpusie (popMyBaHHIO
MIIHOT CTpYKTypu Martepiany. IIoJOTHO OXOJOIKYEThCS, a CTPYKTypa BOJOKOH
CTa0lIi3y€eThCsl, 3a0e3leuyroud HEeoOXiJIHI MEeXaHIuHl BJIacTUBOCTI. OTpumaHe
MOJIOTHO 30MPAETHCS 1 HAMOTY€ETHCS AJIs MOIAIBIIOT 0OPOOKH.

He3Bakatoun Ha TEXHOJOTIYHUN TPOTPEC, Taixy3b BHUPOOHHUIITBA HETKAHHUX
MOJIIMEPHUX MaTepialliB CTUKAETHCSA 3 HU3KOIO CYTTEBUX BUKJIMKIB, 1110 OOMEXYIOTH ii
edexTuBHICTE. OAHIEIO 3 TOJOBHHX NPOOJEM € BHCOKAa BapTICTh OOJaHAHHS,
3YMOBJICHA CKJIQJHICTIO KOHCTPYKIIl €KCTPY31MHUX HACaJ0K Ta HEOOXITHICTIO iX
BHUCOKOTOYHOTO HanamTyBaHHs. Lle 3HauHO 301/blIye BUTpaTH Ha BUPOOHHUIITBO.

Kpim Ttoro, mpomec Melt Blown € eHeproemHum, 10 MiABUILYE COOIBApTICTh
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OPOAYKII Ta CTaBUTh MiA TUTaHHS 11 KOHKypeHTocnpoMmoxHicTh. llle omauM
BUKJIUKOM € Je(iuT TpagulifHUX TOJIMEPIB, SAKI HE 3aBXIU JIOCTYyHHI abo
ekojoriyHo Oe3neyHi. BupoOHmMUI JiHIT 9acTO XapaKTepU3YIOThCS OOMEKEHOIO
THYYKICTIO, TOTPEOYIOUN 3HAYHOTO Yacy JIsl MepeHaNalTyBaHH [7]. 3 MIIaCTUKOBUX
BIIXOAIB TMIJKPECIIIOE HEOOXIIHICTh IEepexoay J0 BUKOPHUCTAHHS Ol0pO3KJIATHUX
MaTepialiB, 0 MOXKE CYTTEBO 3MEHIIUTH HETaTUBHUI BIUIMB HA JOBKIILIS.

JlocnikeHHsT BIUTUBY KOHCTPYKTHBHHUX IapaMETpiB €KCTPYy31HHOI Hacaaku
IPOIOHYE HU3KY €(PEeKTUBHUX PILIEHB JJI MOAOJAHHS LUX MpobiieM [4]:

1. BuxopucTtaHHs creriai30BaHux HacaJIoK U1 poboTH 3
Olopo3KJIaHUMU TIOIMEpHUMH MaTepiaiamMu [5]: KoHcTpykuii, amanToBaHi 0
BJIACTUBOCTEN 010MOJIIMEPIB, JO3BOJISIOTH 3a0€3MEUUTH CTAOUIBHUI MOTIK PO3IUIABY
Ta YHUKHYTH 3a0pyJHEHHS! HABKOJHUIITHHOTO CEPEIOBUIIA i1 YaC BUPOOHHUIITBA.

2. Iaterparmiss HacaJoK 3 aBTOMAaTUYHUM PETYJIOBAHHAM IapaMeTpiB:
Hacaaku 3 BOymoOBaHMMH JaTYMKaMH Ta CHCTEMaMH KOHTPOIIO TeMIlepaTypu Ta
TUCKY 371aTHI B PEXKUMI PEAJbHOTO Yacy aJamnTyBaTHUCS N0 3MiH Yy BUPOOHUUOMY
npotiieci, 3a0e3nevyroun piIBHOMIPHICTh BOJIOKOH.

3. MopaynpHa KOHCTPYKIliSI HAcaJoK HJisi CHPOIICHHS OOCIyrOBYyBaHHS:
Po30ipH1 MOAysIl HO3BOJISIFOTH MIBUIKO 3MIHIOBATH T€OMETPII0 OTBOPIB HACAKH, IO
BIUTMBAE HA TOBIIMHY BOJIOKOH 1 SIKICTh OCAJKEHHS, 3MEHIIYIOYM Yac MPOCTOIB Ta
BUTPATH Ha MOJIEPHI3AIIIIO.

4. OnTuMizallis HacaJoK Yepe3 KOMIT IOTEpHE MOJICIIOBAHHS: 3aBIsSKH
CUMYJISIIISIM MOYKHA MPOEKTYBATH HACAIKU 3 TIOKPAIICHUMH TOBITPSHUMHU KaHAJIaMU
Ta OTBOPAMH, 10 3a0e3Meuye pIBHOMIPHHA PO3MOI1T BOJIOKOH 1 CTa0lIbHICTh MMOTOKY
nig yac Bupoounuirea Melt Blown matepiaiis.

Po3yMiHHS B3a€MO3B’SI3KIB MK MapaMeTpaMHu eKCTPY31MHOi Hacagku Ta
KIHIIEBUMH BJIACTUBOCTSMH MATEpialliB € KPUTUYHUM JUIsI pO3pOOKH ehEeKTHBHUX
BUPOOHHYMX cucTeM. [IpoBeeHHS EKCINEePUMEHTIB 1 TEOPETUYHUX JOCIIIIB
JIOTIOMOKE€ BU3HAYUTH 111 3aJICKHOCTI Ta 3aIPOIIOHYBATH YHIBEPCATBHHM MIAXIJT 0 1X

ontuMizailii [6]. AKTyaJlbHICTh M€l TEMU MiAKPIIJIEHA 3POCTAHHSAM TMOMUTY Ha
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BHCOKOSIKICHI Ta €KOJIOTIYHO YKCTI MaTepiaiu, a TaKOX MOTPeOOoI0 Y BJOCKOHAJICHHI
TEXHOJIOT1{ BUPOOHHUIITRA.

PesynpTaTi mOCHIKEHHS HE JIMINE TiABUINATH SKICTh HETKAHUX MaTepialliB, a
i COpUATUMYTh 3HUKEHHIO BHUTpPAT 1 MIABUIICHHIO KOHKYPEHTOCIPOMOXKHOCTI
BUPOOHHUIITBA. 3ampONOHOBAaHI MIJXOIW JI03BOJISIOTH BHUPIIIUTH HHU3KY MpoOiieM
rajrysi, 30KpeMa MiIBUIUTH €PEKTUBHICTh MPOIECY Ta 3a0€3MEeYUTH BIATOBIIHICTH
NPOAYKINI HAWBUIIMM CTaHAapTaM. TakKUM YWHOM, PE3YyIbTAaTH IBOTO TOCIiIHKCHHS
CIOPUATAMYTHh  CTAaJIOMYy PO3BUTKY TPOMHCIOBOCTI Ta PO3IMIUPEHHIO Ccdep

3aCTOCYBaHHS HETKaHUX MaTepiajiiB B YKpaiHi.
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YK 66.07:661.9

MIJIOTHUAM CTEHJ, JJ1S1 TOCALI)KEHHS ITPOIIECIB
I'TAPYBAHHSA ABOOKCHUAY BYTJIEHIO BOAHEM
K.1.H. Hromsamyk A.M., k.1.H. Conosiios I'.I., k.T.H. KocTorpus K.II.

IncrutyT rasy HanionaabHoi akagemii Hayk Ykpainu

RESEARCH OF HEAT AND MASS EXCHANGE PROCESSES
IN AN 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

AHOTAIIS: Bkazano Ha BaXJIHMBICTh JOCHKEHb Y HANpIMKY
BaMiHleHH}I TpEl,Z[PIHifIHHX I[MajiuiB, IMPCACTABICHO CXCMY II1JIOTHOT'O CTCHAY JIA
JTOCJIIDKEHHST pPeakilii TipyBaHHS ABOOKCHUY BYTJICLIO BOJHEM, OMUCAHO HOTO
0COOJIMBOCTI.

ABSTRACT: the importance of research in the direction of replacing
traditional fuels is pointed out, the scheme of a pilot stand for researching the
hydrogenation reaction of carbon dioxide with hydrogen is presented, its features
are described.

KJIIOYOBI CJIOBA: AJIBTEPHATUBHI ITAJIMBA, “POWER TO
GAS”, METAHI3ALIA, TETEPOI'EHHI KATAJIIBATOPH.

KEYWORDS: ALTERNATIVE FUELS, POWER TO GAS,
METHANATION, HETEROGENEOUS CATALYSTS.

OpHuM 3 OCHOBHHMX €JIEMEHTIB TEXHOJIOT1 “power to gas”, siki HEOOXIJIH1
st nekapOoHizamii [1], € TexHomorii mepeTBOPeHHS JBOOKCHY BYTJCIIO Ha
METaH MUIAXO0M HOoro rigparaiii (MeTaHizaiii) «3eaeaum» BogaHem: CO,+H,=CH,.

L TexHOJMOTIE MOXKE OYTH 3aCTOCOBAHA SIK JUJISl aKyMYJISALIT €JIEKTPUYHOI €HepTii
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TaK 1 Ui «3B’si3yBaHHs» BioBleHoro CO,, HampUKIA] 3 AUMOBUX abo 1HIIHUX
TEXHOJIOTIYHUX CKUJIHMX Ta3iB, TaK 1 JUIA MPUBEACHHS 0lorasy /10 CTaHy, SKUM
BiNMOBiTa€ BUMOTaM «TEXHIYHOTO periaMeHTy MPUPOJHOTO Tazy» To
octatrouHomy BMmicTy CO, (He Oinbire 2,5%). B cyqacHux ymMoBax, 1MoB’s3aHUX 3
BIMCBKOBOIO arpeci€ro pocii, TEXHOJOrii 3aMillleHHS TPaTullIMHUX MaJIuB
aNbTePHATUBHUMH HEOOXITHO PO3TIIAAATH SIK €JIEMEHT IO MOTEHIIITHO MOXe
MBULIUTH €HEPTreTUYHY CTIMKICTh YKpainu [2].

B Iactutyti razy HAH Ykpainu BUKOHYIOTbCS A0CHiKeHHs [3] 11t po3poOKu
ONTUMAJILHUX  MPOIECIB  JeKapOoHi3alii Ta  JOCHII)KEHHS  TIeTePOTCHHUX
KaTal3aTopiB Ta KaTaJlTUYHUX IpoIeciB. Po3po0JIeHO TakoX MIJOTHUN CTEHI JJIs
JOCJIIKEHHS PeaKilii TipyBaHHs TBOOKCUAY BYTJEII0 BogHEM (peakilisi «CadbaTrey).
[TinotHuit crenn (puc. 1) po3MiiieHo Ha MeTaneBoMy kapkaci. OCHOBOIO CTEHAY €
NUJIOTHUN KaTamiTHIHUM peakTop 1. Y KinbleBuit 3a30p peaktopa 1 Mixk BHYTPIIIHIM
J1aMeTpOM 30BHIIIHBOI TPYyOM Ta 30BHILIHIM Jl1aMETPOM BHYTPIIIHBOI TPyOH, siKa
BUKOHYIO (DYHKIIT TEII00OMIHHUKA-pEKyIlepaTopa, 3aBaHTAXKYIOTh TI'PAHYJIbOBAHY
dopmy cepiitnoro Ni kartamizaropa (mapku ['TAII-3-6H), Bucora mapy karamizaropa
ckianae 0,5 M, Ilnoma BMOHTOBAHOTO Y peakTop | TermnooOMIHHHKA-peKyrepaTopa

2

cucteMu «ras-ra3d» ckiagae 0,04082 wm°. IDioma g07aTKOBOTO TEIIOOOMIHHUKA

CHUCTEMH «Ta3-BojJia» JJIsl OLIbII TJIMOOKOro BiABEAEHHS Temia peakiii ckianae: 0,04
M.

[lepenbauene OesnepepBHE BUMIPIOBAHHS TEMIIEpaTypy y JAEKIIBKOX TOUYKAX
M0 BHMCOTI peakTopa Ta BIAOIp NpOO CHHTETHUYHOTO raszy Il HACTYIHOTO HOro
aHai3y y razoaHaiiTuuHii nadboparopii Inctutyry razy HAH Ykpainu.

[linoTHMII cTEeHJ € YyHIBEpCAIbHUM, BIH MOXe 30HMpaTtuci B ACKUIBKOX
BapiaHTaxX, SKi BIAPI3HATUMYThCS OJMH BiJ OJHOTO pO3MipaMH Ta B3aEMHUM
pO3TaIIyBaHHSIM €JIeMEHTIB. TOMy Ha CTeH]II MOYKHA MTPOBOJIUTH JTOCIIIIKEHHS 1HIIINX

KaTajli3aTOpiB Ta T'eTEPOTCHHUX KaTaJITUYHUX PEaKIif Ta MpOoIEeCiB, MiAKIIOYATH

1HIIIE yCTaTKyBaHHS.

200



36ipuuk Te3 nonosigeit XXVII MizkHapoaHOI HAYKOBO-TPAKTHYHOI KOH(epeHILii CTy1eHTiB,
acmipaHTiB i MoJsionux BuYeHHX ’PecypcoeHepro3depirarodi TexHoJorii Ta 001agHaHHA"

2 7. 97 5 o 20

H2 az N2 [3HB

1 — minoTHUM peakTop; 2 — eNSKTPUYHUIN HarpiBay;

3 — peocrar, 4 — TerI000MIHHUK-KOHJIEHCATOP; 5 — cenaparop; 6 —
KOMITIpecop: 7 — pecuBep-HaKonu4yBay; 8 — repMonapu; 9 — mumibHUK ra3oBuit; 10 —

CKJIsIHI ra30Bi minetku; 11 — 6anon BogHeBHit 3 peaxykropoM; 12 — 6asion

BYTIJIEKHCJIOTHUH 3 peAyKTOpoM; 13 — OanoH a30THHI 3 peaykTopoM; 14 — 6asioH
MIPOMAHOBHM 3 peyKTOpoM; 15 — kpanu; 16 — kpanu raszosi; 17 — kpanu nis Bigoopy
ra3oBux npoo; 18 — porametpu; 19 — TpyOa meTaneBa temnoizonboBana; 20 — mIaHTH
ra3osli

Pucynox 1 — IlinoTHuii creny
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YK 666.9
BJIOCKOHAJIEHHS ITOAPIBHIOBAJIBHOTI'O OBJIAJITHAHHA 3
YPAXYBAHHAM TEIVIOBUX E®EKTIB

Camyceko b.M., Bacuibuenko .M., Cokonbcbkuii O.J1.

AHoTamias. Y  poOOTI  BHCBITJIEGHO  aKTYaJbHICTh  BJOCKOHAJCHHS
TEXHOJIOTIYHOTO TIpollecy Ta OOJIafHAHHS MJid TMOAPIOHEHHS CHUIIKUX MaTepiaiB.
3anponoHOBaHO NUIAX I1HTEHCU(IKAIT TpoLecy 3a paxyHOK 3MIHHOTO TOJs
TEMIIepaTyp Ta HEOOXIJHICTh KOHTPOJIO TEMIIEpaTypu JUIsl  3alo0IraHHIO
JUCUTIATUBHOTO TIEPETPIBY MaTepiay.

K/IIOYOBI  CJIOBA: [IOJAPIBHEHHA, JUCHUITALIIA, CHUIIKI
MATEPIAJIN.

AKTYaJIBHICTH npoodJIeMu B/IOCKOHAJICHHSH NOAPiOHIOBAILHOIO

00JIaTHAHHS

[TonpiOHIOBaNbHE OO0NaAHAHHA € KJIIOYOBOI CKJIQJIOBOIO TEXHOJIOTIYHUX
MpoIECiB y 0araThOX Tally3siX MPOMUCIIOBOCTI. 3 OTJISy Ha PO3BUTOK Cy4acCHUX
TEXHOJIOT1H 1 BUMOT JI0 SIKOCTI MPOAYKIIi, BUHUKAE MOTpeOda BIOCKOHAJICHHS TaKUX
CUCTEM 3 ypaxyBaHHSIM TEIUIOBUX €(EKTIB, K1 CYTTEBO BIUIMBAIOTHh Ha €(DEKTUBHICTD
1 CTab1IBHICTH TIPOIIECY MOAPIOHEHHS.

Di3uK0-MeXaHiYHi OCHOBH NMOAPiOHEHHS

MexaHiuHe TOAPIOHEHHSI CYNPOBOKYETbCSI BHUHUKHEHHAM HAIPYKEHOTO
CTaHy y TBEpAMX TUIaX, IO MPU3BOJUTH JI0 pejaKcailii eHeprii yepe3 BHUIILICHHS
Teria, YTBOPEHHsS MIKpoJe(deKTiB 1 HOBUX MoOBepxoHb. Lli mpouecu 0coOaMBO
BaXJIMBI Tpu 0OpoOIll TEPMOUYTIMBUX MaTepiaiiB, OCKUIBKM HEKOHTPOJIbOBAHE
MIIBUIIIEHHS TEMIIEpaTypyu MOXKE CIIPUYMHUTH HeOa)kaHl 3MIHHM 1XHIX BJIACTHBOCTEH.
ToMy Temmeparypa MpOAYKTiB MOBHHHA KOHTPOJIOBATHUCH Ta MiATPUMYBATHCS Ha
nocTiitHoMy piBHI. Jjis boro apo0apka abo MIWH MarOTh CHOPSIHKATHCH 3aC00aMU

TEPMOCTATYBaHHs. 3amo0IrTH MEpPEerpiBy Marepiany CHpHUS€ 3HIKEHHS MOYaTKOBOL
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TEMIIEpaTypu TMOAPIOHIOBAHOTO MaTepialy, IO MOXIHUBE 3a paxyHOK Horo
oTnepeHLO1 KPIOTeHHOT 00pOOKH.

Jlyis BU3HAUEHHS e€Heprii, HeoOXiIHOI /I MOAPIOHEHHS MaTepialy BiioMi JIBi
OCHOBHI TiMOTE3W — TOBepXHEeBa 1 o0O0’eMHa. 3TiTHO TMOBEPXHEBOI TeEOpii,
3anporonoBadoi II. Pitiarepom, mpu mnoxapiOHeHHI poOoTa, ska HeoOXigHa ISt
no/IpiOHEeHHA, MPOMOpIiiHA HOBOCTBOPEHIN MOBEPXHI MOJAPIOHIOBAHOTO MaTtepialy.
O6’emHa Teopid, 3ampornoHoBaHa B. KupnuyoBum, BUXOAWTH 3 TOTO, IO MpPH
noApiOHeHH1 poOoTa BUTpadaeThcs Ha JedopMalrito MaTepialy, sika Mmepeaye Horo
pyiinyBanHto. Ilpu KpymHOMY 1 cepeaHbOMY MOJAPIOHEHHI JOCTOBIPHINII JaHi
EKCIIEPUMEHTAJIbHO OTPUMaHl MpPU BHUKOPUCTaHHI 3anexHocTedl Kupnuyosa, npu
TOHKOMY 1 HAITOHKOMY — PiTiHrepa.

[TopiBHsTIPHA OIIHKA MAIMH JJIs TOAPIOHEHHS TMOKa3ye, 0 MAIIUHUA IS
TOHKOTO TOJIpIOHEHHST MEHI e(EeKTUBHI, HIK JUIsl BEJIMKOTO 1 cepelHboro. Bemuka
BUTpaTa €HEeprii Npu TOHKOMY IIOMEJl TMOSICHIOETbCA 3MEHUIEHHSM KUIBKOCTI
ne(deKTIB YaCTHHOK Y MIpy 3MEHIIEHHS X pO3MIpYy.

YTBOpeHHS TPILIUH BiJOYBA€THCS Yepe3 HAKOMMYEHHS JIOKAJIbHUX HalpyKeHb
y KOHTaKTHUX 30HaX. BUHUKHEHHS TETIOBUX €(EKTiB CIIPUYMHEHE MEPETBOPEHHIM
KIHETHYHOI €HEeprii B TeIUI0, K€ YaCTKOBO HAKOMHMYYEThCS y Marepiani. Pi3ki
mepemagyd Teria B YAaCTHHKAaX TAaKOXK MOXYTh  CHPUYUHSTH  JIOJAaTKOBE
TPIIMHOYTBOPEHHS Y KPUXKUX MaTepiaiax.

BruiuB TensioBux e(eKTiB Ha Mpouec noApPiOHeHHs

TemneparypHi edekTu y mpoiieci moApiOHEHHs BIUIMBAIOTh HA AKICTh 1 PO3MIP
YaCTUHOK, W10 YTBOPIOIOTHCS. 3pPOCTaHHS TEMIIepaTypd MOXKE 3HIKYBaTH
e(eKTUBHICTh MOAPIOHEHHS, OCOOJMBO y BHUIAJKY KPUXKHX a00 TEpPMOYYTIMBHX
MaTepiaiB.

3MEHILEHHS! [OYaTKOBOI TEMIEpaTypd Marepiany, HaOpUKIaJ, 4epes
KpIOT€HHY O0O0pOoOKy, MJO03BOJISIE MIHIMI3yBaTH TEIUJIOBI BTPAaTH Ta YHUKHYTHU
Heba)kaHOTO TEeperpiBy.

EdexkTuBHE OXOJOMKEHHS Yy 30HI NOAPIOHEHHS NOTpedye BIPOBAHKEHHS
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CUCTEM TEPMOCTAaTyBaHHS Y KOHCTPYKIIIO OIPiIOHIOBAIILHUX MAILKH.

IlepcneKTHBY KOHCTPYKTHBHOTO BIOCKOHAJICHHS 00JIaITHAHHSA

BukopuctaHHs Cy4acHMX METOJIB MOJEIIOBAaHHS Ta aHali3y TelJIOBUX
MPOLIECIB JIO3BOJISIE CTBOPIOBATH HOBI THUIHM JApPOOapOK 1 MIMHIB 13 BpaxyBaHHSIM
PO3MOJUTY TEIUIOBUX HaNpykeHb. ONTHUMI3allisl IPOLIECY BKIIOYAE:

o 3acToCyBaHHS IMITyJIbCHOTO OXOJIOJKEHHsSI a00 TepemnajiB TeMIepaTyp
JUT YTBOPEHHS T0AATKOBHUX TPILIUH 1 MIBUIICHHS €(PEKTUBHOCTI MOIPIOHEHHS.

o BropoBamkeHHss MatepiaiiB 1 TEXHOJOTIH, sIKI 3a0e3MedyroTh Kpary
TEIIONPOBITHICTD Y POOOYMX 30HAX OOJIa HAHHS.

OuikyBaHi pe3yJibTaTH

Po3pobka  pexkoMeHamiii 1040  BAOCKOHAJEHHS  IMOAPIOHIOBAJIBLHOIO

oOJagHaHHS 3 ypaxyBaHHSAM TEIJIOBUX €(PEKTIB CIIPUATUME:

o [TinBuIIeHHIO €(EKTUBHOCTI MOAPIOHEHHS TEPMOUYTIMBUX MaTepialliB.

o 3HIKEHHIO €HEPTOBUTPAT IT1]1 YaC TEXHOJIOTTYHOTO MPOIIECY.

o 3a0e3neueHHI0  CTAOUIBHOCTI  TEMIIEPATypHOTO PEXKUMY B  30HI
MOAPIOHEHHS.
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3. [MTanamapuyk M.I. OcHnosu koncmpykyii mawiun 011 NOOPIOHEHHS
mamepianis. JIbBiB: IlomiTexnika, 2018.

4, Ilpoyecu ma obnraonamnus ximiunoi mexuonoeii 2: miapyunuk / .M.
Kopnienko, FO.10O. Jlykau, [.O. Mikynbonok, B.JI. Pakunekuii, I'.JI. Psbues. KuiB :
HTVYY KIII”, 2011. Y.2. 416 c.

S. Kypunan "MammHoOyayBanHs 1 MatepianodHaBctBo". Kwui: HAH

VYkpainu, 2021, Ne4.

205



36ipuuk Te3 nonosigeit XXVII MizkHapoaHOI HAYKOBO-TPAKTHYHOI KOH(epeHILii CTy1eHTiB,
acmipaHTiB i MoJsionux BuYeHHX ’PecypcoeHepro3depirarodi TexHoJorii Ta 001agHaHHA"

6. Odiuiinuit caiit JlepkaBHOI HAyKOBO-TEXHIUHOI 010110TeKH YKpaiHu

https://gntb.gov.ua.

7. [TyOnikanii HaykoBoro xypHaiy "Texnika 1 TexHomorii". Kuis, 2022.

206


https://gntb.gov.ua/
https://gntb.gov.ua/
https://gntb.gov.ua/

36ipuuk Te3 nonosigeit XXVII MizkHapoaHOI HAYKOBO-TPAKTHYHOI KOH(epeHILii CTy1eHTiB,
acmipaHTiB i MoJsionux BuYeHHX ’PecypcoeHepro3depirarodi TexHoJorii Ta 001agHaHHA"

YK 666.9
BAOCKOHAJIEHHA OBJIAJHAHHA 1JIA 3SMILITYBAHHSA CUIIKUX
MATEPIAJIIB
Mawnapitayk O.M., Coxonscrkuii O.JL.

AHoTanig. Y poOOTi BUCBITJIICHO aKTYyaJbHICTh BIOCKOHAJCHHS OO0JIaTHAHHS
JUIS 3MIIITYBaHHS CUIKUX MaTepiaiB

K/IIOYOBI  CJIOBA: 3MIIIYBAHHA, CUIIKI MATEPIAJIN,
MEXAHI3MHI 3MILITYBAHHA, TICEBIO3PIJPKEHMIA [IAP,
AEPOJIMHAMIKA, OTITUMI3ALA KOHCTPYKIIII.

3MilIyBaHHS CUIIKMX MaTepialliB € OJTHUM 13 KIIFOUOBHX IPOIIECIB y Oararbox
rajiy3sx IPOMHUCIOBOCTI, BKJIIOYAIOUM XapyoBy, XIMIUHy, OyaiBeJIbHYy Ta
(dapmaneBTnuHy. EexTrBHE 3MilllyBaHHS BIUIMBA€ Ha SIKICTh KIHLIEBOTO MPOIYKTY,
3HIDKY€E BUPOOHMYI BUTpATH Ta MiHIMIZYye Biaxoau. [IpoOiemaTuka BIIOCKOHATICHHS
oOnagHaHHS [l 3MILIYBaHHS TOJISATa€ B JOCSITHEHHI PIBHOMIPHOCTI 3MIIIyBaHHS,
3MEHIIIEHH] €HEProCIOKUBAHHS Ta MOKPAIIEHH] €pPrOHOMIKHU.

CydacHe oOnagHaHHS NJIs 3MINTyBaHHS HE 3aBXKIM BIANOBIAAE 3POCTAIOYUM
BUMOTaM J10 €(heKTUBHOCTI Ta SKOCTI nporecy. OCHOBHUMU MPOOJIEMaMHU €:

o 3actapiyii KOHCTPYKIIiT poOOUYMX OpraHiB, siki HEOCTATHHO BPAXOBYIOTh
¢G13MKO-MEeXaHiuHI ~ BJIACTUBOCTI ~ CHUIKUX  MaTepiamiB  (HANpUKIad,  iXHIO
IPaHyJIOMETPIIO, LIIIBHICTD, 37I€KYBAHHS).

) Husbka eHeproedeKTUBHICTE MPOIIECY, 10 BEIE /10 IMiIBUIICHHS BUTpAT
Ha BUPOOHHUIITBO.

o CknanHictb poOOTH 3 0araTOKOMIOHEHTHHMMH MaTtepiajaMu, 0COOJIMBO
AKII0O BOHM MAalOTh CYTTEBI BIAMIHHOCTI Yy BJIACTHUBOCTSX (pO3Mipax YacTHHOK,
IIUTHHOCTI, CUITYYOCTI).

° Bucoxuii piBeHb 3HOIIEHHS 00JIaHAHHS, 1110 BUKJIUKAE YacTl MPOCTOI Ta

MiJBUIIY€E BUTPATH HA TEXHIYHE OOCITYyTOBYBAaHHS.
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KpiM TexHIYHUX BHUKJIHKIB, BXJIMBUM (AKTOPOM € 3pOCTalodi BUMOTHU IO
€KOJIOTTYHOCTI Ta eHEeproePeKTUBHOCTI BUPOOHUIITBA. BripoBaykeHHsT 1HHOBAIIITHUX
pillleHb y 3MillyBaJbHE OOJIAHAHHS JO3BOJHUTH: 3HU3UTH EHEPTOCHOKUBAHHS,
3MCHIIYIOUM BYTJCIEBUA CHiJi BHUPOOHWIITBA; CKOPOTUTH KITBKICTh BIIXOIB,
MOB’s13aHUX 13 HEPIBHOMIPHUM 3MIlllyBaHHSAM a00 BTpaTamMu MarepiajliB depe3 ix
HAJMIaHHA HA poO0Yl Opranu; 3a0e3MeYnTH CTaOUIbHY SIKICTh KIHLIEBOTO MPOAYKTY,
1110 JI03BOJINTHh BUPOOHUKAM Kpallle 3aI0BOJIbHATH TOTPeOU CIIOKHBAYiB.

OCHOBHI TUITU 3MIIIIyBayiB, IKi BUKOPUCTOBYIOTHCS y IPOMUCIIOBOCTI:

o ['pasiTarniitai 3minryBadi (IIIHEKOB1, OapabaHH1);
o MexaHi4Hi 3MillTyBadi 3 PyXOMHMH €JIEMEHTAMU;
o [THeBMaTH4HI 3MilTyBayi.

[lepeBaru Ta HEAOMIKM KOKHOTO TUITY 00JIaJlHaHHS PO3IJISIAl0ThCA B poOoTax
[1, 2]. 3okpema, HArOJIONIYETHCS HA BAXJIMBOCTI BHOOPY ONTHMAIBHOI KOHCTPYKIIil
3alIeKHO Bi (DI3MUHHUX BJIACTUBOCTEW MaTepialliB, IO 3MIIMIYIOThCA (HACHITHA
IyCTHHA, ()opMa YaCTUHOK, BOJIOTICTB).

CyuacHi 1HOBAIII}H1 MIX0IU bi (e} BIIOCKOHAJICHHS oOJ1aTHaHHS
30CEPEIKYIOThCS Ha TaKUX aCMEKTax:

o BukopucTaHHs 1HTENEKTYaJIbHUX CHCTEM YIPABIIHHS AJI1 MOHITOPUHTY
Mpoliecy 3MIIIyBaHHS B peajbHOMY Yaci [3].

o Po3pobka HOBUX TeoMeTpiil 3MINTyBabHUX KaMmep JJIsl 3MEHIICHHS 30H
3acTOr0 MartepiaiiB [4].

o 3acTocyBaHHA TIOpHIHMUX 3MIIIyBayiB, SKI MOEAHYIOTb MEXaHIYHE Ta
MTHEBMATUYHE 3MIIITYBaHHS IS MIBUIIEHHS e(PeKTUBHOCTI [5].

3ritTHo 3 JOCHDKEHHSAMH  [6],  BHUKOPHUCTAHHS  €HEPTOOIIaHUX
CJICKTPOJIBUTYHIB Ta aBTOMAaTH3allis MPOIIECIB TO3BOJISIOTh 3MEHIIUTH CIIOKWBAHHS
e”eprii Ha 10—15%. OkpiM TOro, BaXJIMBUM € 3HUKCHHSI IIIyMOBOT'O BIUIMBY Ta MUY
nig 4yac poOOTH oOJagHaHHS, IO JOCSITAEThCS 3a JIOMOMOIOK TepMeTH3allii Ta
acmipariiHuX CUCTEM.

B Vkpaini nepcrneKTHBHUMH € BIPOBAHKEHHS BJOCKOHAJIICHUX 3MIITYBayiB JJIs
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OyxaiBenbHHX cymimieil. Ha cBiToBoMy piBHI mMpoBiAHI KoMmaHii, Taki sk Biihler ta
Hosokawa, akTUBHO TpaIltol0Th HaJl 1HTerpaliero muppoBUX TEXHOJOTIN y Iporiec
3MinryBaHHs [7].

BucHoBku. BrockonaneHnss o6yiagHaHHs A 3MIIIYBaHHS CUIIKMX MaTepialiiB
€ OaraTorpaHHUM TPOIIECOM, I1I0 OXOIUTIOE TEXHOJIOT14HI, €KOJIOTIYHI Ta €KOHOMIUHI
acriektd. OCHOBHUMH HampsiMKaMy € TiABUIICHHS PIBHOMIPHOCTI 3MIITyBaHHS 3a
pPaxyHOK ONTHMI3allii KOHCTPYKIIi 3MIIIyBayiB Ta BHKOPUCTAHHS Ti10pUIHUX
TEXHOJIOT1M, a TaKOXX 3MEHIIEHHS EHEPrOCIOXUBAHHS IIUISXOM BIIPOBAXKECHHS
E€HEProoaHUX €JIEKTPOJABUTYHIB 1 CUCTEM aBTOMAaTH3allli. BaXJIMBUM € 3HUKEHHS
HEraTMBHOTO BIUIMBY HA JOBKUUIS 3aBASKA repMmeTu3aiii oOJagHaHHS Ta
3aCTOCYBAaHHIO acHipaliifHUX CHCTEM, IO MOKpally€ EKOJOTIYHICTh 1 Oe3neKy
BUPOOHUYUX MpoIieciB. [HTerpatlisi HUPPOBUX TEXHOJOTIN, TAKUX K 1HTEJIEKTYaIbH1
CUCTEMHM YIPABIIIHHA Ta CEHCOPHUN MOHITOPHHI, CHOPHUSE MiJABUILEHHIO TOYHOCTI Ta
aJanTUBHOCTI 3MINIyBaHHS B pEaJbHOMY 4Yaci. YJOCKOHAaJE€HI KOHCTPYKIIi
3MINIyBa4yiB 13 HOBUMHU TE€OMETPUYHUMH GOpMaMH Ta MOIYJIbHUM JTU3AHHOM
3a0€3Me4yl0Th €KOHOMIYHY €(DEKTUBHICTb, 3HHKYIOTh BUTPATH HAa OOCIyrOBYBaHHS
Ta PO3MUPIOIOTH cdepy 3acTocyBaHHA oOnagHaHHg. [lepCreKTHBH TOJANBIINX
JOCITIDKEHBb BKJIIOUYAIOTh aJIaITaIliio 10 pOOOTH 3 HOBUMH MaTepialaMu, TiIBUIIICHHS
TOYHOCTI 3MIIIYBaHHS T4 CTBOPEHHS YHIBEPCAJIbHUX 3MILIYBaviB AJIsI BUKOPUCTAHHS
y pi3HHX Tamy3sx. Lli 3axoau crnpusiOTh MiIBUIIEHHIO KOHKYPEHTOCIPOMOMXHOCTI

POIYKIIii, TOKpaIIeHHIO €¢()eKTUBHOCTI BUPOOHMIITBA Ta 30€PEIKCHHIO JOBKIJIIA.

Cnncox BUKOPHCTAHUX JIKepeJt
1. bounapenko B. 1. Texnounoris 3mitryBaHHsl cunkux MmarepianiB. — K.: Hayk.
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209



36ipuuk Te3 nonosigeit XXVII MizkHapoaHOI HAYKOBO-TPAKTHYHOI KOH(epeHILii CTy1eHTiB,
acmipaHTiB i MoJsionux BuYeHHX ’PecypcoeHepro3depirarodi TexHoJorii Ta 001agHaHHA"

4. Komanenko II. HO. Amromarm3zamisi TpOIECIB 3MIIIyBaHHS CHITKAX
marepiaiib. — X.: XHTYVY, 2019.

5. Wagner S. Hybrid Mixing Equipment for Industrial Use. — Wiley, 2021.

6. Ivanov O. Energy-Efficient Mixing Technologies. — Cambridge University
Press, 2022.

7. Ormsin HOBITHIX po3poOok Hosokawa. XKypuan «I[IpomucnoBa iHxeHepis»,

Ne4, 2023.

210



36ipuuk Te3 nonosigeit XXVII MizkHapoaHOI HAYKOBO-TPAKTHYHOI KOH(epeHILii CTy1eHTiB,
acmipaHTiB i MoJsionux BuYeHHX ’PecypcoeHepro3depirarodi TexHoJorii Ta 001agHaHHA"

VJIK 621.6.01

BILIUB JJUCHUIIALIT HA TEXHOJIOTTYHI PEXKUMHU OBJIATTHAHHS
JJIS1 OBPOBKU B’A3KUX PIIUH
Kypu A.B., acnipant

AHoTanisi. B poO0Ti BUCBITIICHO aKTyaJIbHICTh BpaxXyBaHHS BIUIUBY JUCHITAII]
Ha TEXHOJIOT1YHI PeXUMU 00IaTHAHHS B Taly31 00pOOKH B’SI3KUX PiJIUH.

KJIFOYOBI CJIOBA: JIUCUITALLA, B’A3KA PIAMHA, MIKPOKAHAJI,
MAKPOKAHAJIL, PO3CIFOBAHHA, B’ A3KICTb

3a ominkamu [1], OUTBIIICTE AOCHIPKEHbh OOMEKEHO MPUMTYIICHHSIMH CTaJIOCTI
BJIACTUBOCTEH PIIUHU, 30KPEMa, HE3MIHHOCTI IIBUJKOCTI BIPOJOBK IMPOXOKEHHS
kaHairy. 3rigHo [3], mpu po3misal JlaMiHapHOI Tedii B MaKpoKaHamax (3a BUHATKOM
BUIIA/IKIB IOTOKIB BIIHOCHO B’SI3KMX PIJIMH MOPIBHSIHO BUCOKHUX IIBHJIKOCTEW) BIUIUB
B’SI3KOi JUCHMAL] 3HEXTOBHO MaJlui, yepe3 110 B’S3KYy JUCHUIMALII0 IPU BUMYIICHIN
KOHBEKIIIi 32 YMOB JIAMIHAPHOCTI PYyXYy PO3IJISIAAOThH JIMILE JJIsl BUIMAJKIB PIAMH 3
BEJIMKMMH 3HA4YCHHAMU uncia [Ipanaris [2, 3].

Ha BigmiHy Bim po3risiy MakpOKaHamiB, /i€ BIUIMB B’SI3KO1 AMCHMAINi J1OCi
BPaxOBYBAJIM JIMIIE JIJISl PIAMH BUCOKOI B’SI3KOCTI Ta MOTOKIB BUCOKOI IIBUIKOCTI, Y
BUIAJKYy MIKPOKAHAJIB TEPTS CYTTEBO BIUIMBAE€ HABITh y BHUMAAKAX JIOCHIIKEHHS
MOTOKIB PIJUH MPHU JIaMiHAPHUX 3HAYCHHAX unciia PeliHonbaca, CIPUYUHAIOYN 3MIHU
B'A3KOCTI Ta KOE(IIEHTY TepTs, L0 BIUIMBAE HA PEKUMU POOOTH
MIKPOTEIIIOOOMIHHUKIB OXOJIO/PKCHHS €JIEKTPOHIKH Ta Oe3KIamaHHUX HAcOCIB [2, 4].

B [3] BuBeneHO kpuTepiil OLIHKMA BIUIUBY B’SI3KOi AUCHOALIi MpU PO3TISAIL
MOTOKIB B MIKpOKaHajgaxX, 3po0JeHO chpo0y TOSICHEHHS EKCIIepUMEHTaTIbHUX
pe3ynbTaTiB  BUMIPIOBAHHS  TepTAd IS MIKpPOKAHAIIB 13  3aCTOCYBAaHHSIM
3araJbHONPUMHATOI KoHIenii piBHsAHb HaB’e—CToKca 3a paxyHOK e(eKTiB, 110 Oyiu
0 3HEXTOBHO MaJUMH B BHUIAJKy pO3IIIALYy MAaKpOKaHajiB, TaKuX, SK B’SI3Ke

HarpiBaHHs piauH. /laHi cBiAYaTh, 10 MPU TaKMX MOTOKAX BUAUICHHS BHYTPIIIHHOTO
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Telyia 37aTHE COPUYMHUTH HArpiBaHHA HaBiTh B ajia0aTHYHMX KaHajlaxX, a
JTUCUTIATMBHA 3MiHA TEMIIEpaTyp 3MIHIOE TeIIo(Mi3uyHl BJIACTUBOCTI PIAMHU
(0co0nMBO B'SI3KICTH) HA MOYATKY 1 KIHII PyXy MIKPOKaHAJIOM.

B [4] HaBeneno anamiTHuHI Bupa3w s umcia Hyccenmbra miisi BUDAAKY
MOTOKY MDK TapaJielbHUMU IUIACTUHAMHM, CHCTEMAaTHYHO JOCTIIKEHO BHUIIAJIKU
cTaJiol Teuli KaHaJaMH MPOCTOT TeOMETPIi.

ABtopamu [2, 4] BCTaHOBICHO PO30DKHOCTI MK  OMYyOJIKOBAaHHUMH
pe3yibTaTaMu  €KCIEPUMEHTAIbHUX  CIOCTEPEkKEHb  IMOTOKY  PIAMHM  Ta
TEIUIoOnepeaadi, 30KpemMa, B TeMIIepaTypHUX MOKa3HWKax. (s MoscCHEHHS IbOro B
paMKax JOCHIKCHb MOTOKIB B MiKpOKaHajiaX B [2] 3amponoHOBaHO MOJIEINi BILIMBY
MTOBEPXHI, FEOMETPIi Ta TEMIIEPATYpPH PIAMHU HA KOEPILIEHT TEPTH.

TakuMm 4YWHOM, JUCHUIIALS, BIUIMBAIOYM HA MIBUIKICTh IMPOIIECIB, MOXKE
CIPUYUHSATH 3PDOCTAHHS Y 3MEHILIEHHS €HEPrOBUTPAT, a OTXKE, 116 BAKIUBUN (PakTop
MpU TPAHCHOPTYBaHHI W mepepoOul B'3kuX piavH. HeBpaxyBaHHsS Aucunanii MOxe
IOPU3BECTH IO HEPALIOHAIBHO CIPOEKTOBAHUX TPYOONPOBO/IIB, EPEPOOIIOBATILHOTO
oOJaHaHHS 1 HACOCHUX CHCTEM, 1110 3HMXKYBAJIO O iX 3arajibHy €()EeKTUBHICTh. 3MIHU
TEMIEpaTypyd Ta B'SI3KOCTI MOXXYTh HETaTHBHO BIUIMHYTH Ha SIKICTh KIHIIEBOTO
POJYKTY, OCOOJMBO B XapyoBiii Ta HadTOXiMiuHIM mpomucioBocTi. CBoedyacHe
BpaxyBaHHs LUX (AaKTOPIB, CBOECK YEProro, AO3BOIWIO O 3MEHIIUTH BUTPATH,

MIIBUIIUTH €(EKTUBHICTB 13 3a0€3MeUCHHSIM HAIECKHOT SIKOCTI MMPOAYKITIT.
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MODERNIZATION OF A COKE PRODUCTION FACILITY WITH THE
DEVELOPMENT OF A DRUM DRYER AND CYCLONE

student Nikita Kekukh, Ph.D., associate professor Andpii Stepaniuk
National Technical University of Ukraine
"Ihor Sikorsky Kyiv Polytechnic Institute™

Annotation: The characteristics and area of use of coke are given. The
technological scheme of coke production is described. The selection of the type of
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MOJAEPHI3ALIA YCTAHOBKHN BUPOBHULITBA KOKCY 3
PO3POBKOIO BAPABAHHOI CYIHIAPKHU TA IUKJOHY

ctyaeHT Kekyx M. O., k.T.H., noueHT Crenanwk A. P.
HaunionanbHUil TeXHiYHUI YHiBepcUTeT Y KpaiHu

«KuiBcbKuil nmosirtexHivHui iHcTuTyT iMeHi Iropst Cikopebkoro»

AHoTania: HaBeneHo XapakTepuCTUKY Ta 00JIaCTh BHUKOPUCTaHHS KOKCY.
OnucaHo TEXHOJOTIYHY cXeMy BHpPOOHHUIITBA KOKCy. OmnucaHo BUOIp TUIY amapariB
Ta HaBEJCHI CXEMH IIUX aIlapariB.

Kuruosi ciosa: MOJIEPHIZAIA, KOKC, bBAPALAHHA CYIIAPKA
TA LIUKJIOH.

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 air
access. It is used as fuel and reducing agent in blast furnace production, as fuel in
foundry production, for agglomeration of ores, rolling of polymetallic waste, as raw

material in electrode production. Depending on the type of raw material, coke is
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distinguished: hard coal, pitch (electrode) and petroleum. Coal coke is a product of
coal coking with a carbon content of 78-89 to 90-95%. It has a gray color, is a
smokeless fuel in metallurgy, an iron ore reducer in pig iron smelting, and a charge
disintegrant. Blast furnace coal coke usually has lump sizes of at least 10 mm.
Combustible gas is produced during the production of coal coke. After cooling,
separation of some chemical products and purification from hydrogen sulfide, coke
gas contains on average 55-60% H2, 20-30% CH4, 5-7% CO, 2-3% CO2, 4% N2,
0.4-0, 8% O2. It is used as fuel in industrial furnaces, gas engines, and as a raw
material in the chemical industry. Production of coking products is carried out by

enterprises of the coke chemical industry [1].

The coke production scheme is shown in Figure 1 [2].

[}
25
N \%
Vil X — o6
e

1 — coke chambers; 2 — switching taps; 3, 7, 23, 26, 28 —air cooling
condensers; 4, 17, 29 — heat exchangers; 5, 11, 13-16, 21, 30, 33 — pumps; 6 —
rectification column; 8, 19, 22, 27 — refrigerators; 9, 20 — gas separators; 10 —

evaporation columns; 12 — capacity; 18 — stabilization column; 24, 25 — boilers; 31,
32 —ovens; 34 — centrifuge; 35 — drum dryer; 36 — heater; 37 - cyclone.
| — raw material; Il — gas; 11 — gasoline; IV — heavy gas oil; V — light gas oil;
VI — coke; VII — water condensate; VIII — turbulator; IX — chemically purified water;
X is a couple; XI — water vapor; XII —air; XIII - coke dust.
Figure 1 — Scheme of coke production

Coking raw materials are pumped by centrifugal pumps 33 in two parallel
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streams through heat exchangers 4 and coils of furnaces 31 and from there enter the
rectification column 6 on cascade plates. In contact with steam and gases entering
column 6 from chambers with a temperature of 425 °C, the raw material is heated to
400 °C. Condensed high-boiling coking products (recyclate) mixed with raw
materials form the raw materials of coke chambers (secondary raw materials). From
the bottom of the column, secondary raw materials are sent to receive furnace pumps
30. Each of these pumps pumps raw materials through coils of tubular furnaces 32,
where it is heated to 510 °C, and then enters the corresponding chambers 1, which
work in pairs.

To obtain coke with a low content of volatile substances and high mechanical
strength, an additional amount of heat is supplied to the chambers, and heavy gas oil
vapors serve as the heat carrier. Heavy gas oil from the lower evaporation column 10
is pumped by the pump 16 through the coils of the furnaces 31, where it is heated to
515-520 °C, and after mixing with secondary raw materials, it is sent to the coke
chambers through the switching taps.

Before unloading the coke, the chambers are first cooled to 400 °© C with
steam. The steam is sent to column 6. After that, the coke is cooled with water. With
the help of special devices, coke is removed from coke ovens 1 and sent to a
centrifuge 34 to remove moisture from the material for further drying. Then the coke
is sent to the drum dryer 35, where the drying process is completed. Heaters 36 are
used to obtain hot air. After drying, the dusty air goes to cyclone 37, where it is
cleaned of coke dust.

The scheme of the drum dryer is shown in Figure 2.

The drum dryer consists of a drum 2, which rotates with the help of the
movement of the crown gear 5, which is connected to the gear, which is located on
the shaft of the reducer, which is part of the drive station 7. The axis of the drum is at
a small angle to the horizon. The pressure caused by all the rotating masses is
transmitted with the help of tires 4 to the rollers of the support-stop 6 and the support

station 8. The support rollers play the role of supports, the stops - to prevent the
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inclined drum from moving along the axis. Bandage 4 is a ring rectangular in cross-
section, which is put on shoes installed around the circumference of the drum.

Loading 2 and unloading 3 cameras are installed on both sides of the drum.

/ 4 5 e 3

-
O
T\—/TH ﬁ:ﬁ Iﬂ;_mlf ﬁ %::{

6 / 8

1 —drum; 2 — loading chamber; 3 — unloading cell; 4 — bandage; 5 — crown
gear; 6 — bearing-bearing station; 7 — drive station; 8 — reference station.

Figure 2 — Diagram of a drum dryer.

The nozzle is selected depending on the material being processed. For large
particles and material prone to sticking, a blade nozzle system is used, for bulk
materials - a distribution system, for dust-forming materials - a transshipment system
using closed cells. The drum is usually filled with material up to 20%. The drum
filling factor, or the ratio of the cross-sectional area of the drum filled with material to
the cross-sectional area of the drum, is taken depending on the type of nozzle and the
properties of the material being dried [3].

The dusty air enters the cyclone 1 (Figure 3) through the tangentially built-in
nozzle 2 at a certain angle to the cyclone body and, acquiring a rotational motion,
descends spirally down along the inner surface of the walls of the cylindrical and,
further, conical parts of the device body. Rotating first in the annular space, which is
formed by the cylindrical part of the cyclone body and the exhaust pipe 3, and then in
the horse zone located below the end of the exhaust pipe, the gas flow forms a
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rotating vortex. At the same time, centrifugal forces develop, under the action of
which solid particles in the gas stream, which have a much higher density than the
gas, are thrown to the walls of the cyclone body. The movement of solid particles
along the inner surface of the cyclone to the hopper 4 is caused not only by the
influence of gravity, but also by the influence of the pressure of the gas flow, which is
directed downwards. Having reached the lower end of the conical part of the cyclone
body, solid particles enter the hopper. In the conical part of the cyclone body, the gas
flow begins to change direction and move up to the exhaust pipe, forming an internal
vortex. The gas stream freed from solid particles enters the exhaust pipe 3 and, rising

along it spirally upwards, is removed from the cyclone [4].

\
— l‘l"'"'\‘\._i
)‘l\-i Jr I' \‘_\.\ 2

1 - cyclone body; 2 - inlet pipe; 3 - exhaust pipe;
4 - hopper (collector of trapped solid particles)
Figure 3 — Schematic diagram of the operation of the cyclone
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AHoTauniss. YV cmammi posenaHymo cyyacHi Memoouxu  OO0CHIONHCEeHHS
Oiononimepuux mamepianié HaA OCHOBI KPOXMAI0, GKIIOUAOYU  PeosloiYHULL
CMPYKMYPHUL, MEePMIYHUL, MeXaHIYHUL, MOPEONOIUHULL aHANI3U MA  OYIHKY
Oioposkiaonocmi. Y3aeanvHeHno KI0408I acnekmu UKOPUCAHHA YUX MemoOuK O
BUBUEHHS GACMUBOCIEU KPOXMAN0, MOOUPDIKOBAHO20 pIZHUMU 000asKamu, ma
BU3HAYUEHO HANPAMKU NOOANbUIUX OOCTIOHNCEHD.

KJIIOUOBI CJIOBA: KPOXMAJIb, BIOIIOJIMEPH, PEOJIOT'IA,
TEPMIYHWI AHAJII3, MOJU®IKAIILS, BIOPO3KJIAJTHICT.

Summary. The article reviews modern methods for studying starch-based
biopolymer materials, including rheological, structural, thermal, mechanical,
morphological analyses, and biodegradability assessment. Key aspects of applying
these methods to examine starch properties modified with various additives are
summarized, and directions for future research are identified.

KEYWORDS: STARCH, BIOPOLYMERS, RHEOLOGY, THERMAL
ANALYSIS, MODIFICATION, BIODEGRADABILITY.

Introduction

Starch-based biopolymeric materials are a promising area of research due to
their environmental friendliness, biodegradability, and availability of raw materials.
Starch, as a natural polymer, exhibits a wide range of properties that can vary

depending on its chemical composition, processing conditions, and the presence of
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modifiers. The study of such materials is important for the creation of innovative
biopolymers with specified characteristics for use in packaging materials, medicine,
agriculture, etc. This article summarizes modern methods for studying the properties
of starch-based biopolymer materials, analyzes their effectiveness, and identifies
areas for further research.

Rheological properties

Determining the viscosity of biopolymers is key to understanding their
behavior under different conditions. For this purpose, rotational viscometers are used
to evaluate the effect of temperature, shear rate, and pH on viscosity. Additionally,
capillary viscometers are used to accurately determine the viscosity coefficient under
non-uniform conditions. [1]

Structural analyzes

Fourier transform infrared spectroscopy (FTIR) techniques provide information
about the functional groups formed as a result of chemical modification. X-ray
diffractometry (XRD) is used to analyze the crystallinity of the material, which
allows to determine changes in the internal structure of the polymer under the
influence of modifiers. Additionally, small-angle X-ray scattering (SAXS) methods
are used to analyze nanostructural changes in the material. [2]

Thermal properties

Differential scanning calorimetry (DSC) and thermogravimetric analysis
(TGA) are the main methods for evaluating the thermal stability and thermal
transitions of materials. In addition, thermomechanical analysis (TMA) allows to
determine the changes in sample dimensions under the influence of temperature and
load. [3]

Mechanical testing

The mechanical strength of biopolymers is evaluated using tensile testers to
determine their tensile strength and elasticity. Dynamic mechanical analyzers
(DMASs) are also used to evaluate the viscoelastic characteristics of materials over a

wide temperature range. [4]
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Morphological analysis

Scanning electron microscopy (SEM) provides a detailed analysis of the
surface morphology of the material, allowing to assess the homogeneity of the
structure and the quality of particle distribution in the matrix. Transmission electron
microscopy (TEM) is used for a more detailed study of the internal structure. [5]

Gas permeability and water absorption

The gas permeability of materials is assessed using gas analytical systems that
allow determining the degree of barrier properties of biopolymers. To determine
water absorption, gravimetric methods are used, which involve weighing samples
before and after contact with water. [6]

Spectrophotometry

Ultraviolet-visible spectrophotometry (UV-Vis) is used to evaluate optical
properties and study changes in the composition of samples after chemical or physical
modifications. This is especially important for materials that are to be used in
transparent packaging or biofilms. [6]

Biodegradability

To study the biodegradability of materials, tests in soil or compost conditions
are used. Changes in mass, morphology, and composition are analyzed at regular
intervals. Biochemical tests are also used to evaluate the activity of microorganisms
in interaction with biopolymers. [7]

An analysis of the literature shows that the use of an integrated approach to the
study of biopolymer materials allows for a comprehensive assessment of their
properties. In particular, the modification of starch with various additives, such as
glycerin, acids, or sorbitol, significantly changes its properties. FTIR and XRD
studies confirm the chemical and structural changes that affect the mechanical and
thermal characteristics of materials.

At the same time, some aspects remain insufficiently understood. For example,
it is necessary to improve methods for assessing the stability of biopolymers under

different operating conditions, as well as to expand the analysis of their interaction
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with other components in complex systems.

Conclusion

The review of methods for studying starch-based biopolymer materials shows
their importance for a comprehensive study of the properties of these materials. The
combination of rheological, structural, thermal, mechanical, and morphological
analysis methods allows us to obtain a deep understanding of the properties of
biopolymers and determine the possibilities of their practical application. Further
research should be aimed at improving existing methods and developing new

approaches to optimize the characteristics of biopolymer materials.
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HIATOTOBKA JEPEBUHU JIJIS1 MPOIMUTKMU Ii METOJ0OM
PO3PIIKEHHA

acmipanT [loguman I'. C., k.T.H., npodecop MapueBcrkuii B.M.

HauionaiibHuil TexHiYHMI yHIBepcUTeT YKpaiHu

“ KuiBcbkni mojiitexHiyHuii iHcTutyT iMeni Iropsa Cikopcebkoro ”

AHOTALIIA: V pobomi pozensioacmovcs npoyec niocomosxku 0epesunu 0is
NpPOCOUeHHs — Memooom  po3piodicenus.  Ilpedcmaeneno — excnepumeHmanbHy
YCMAHOBKY, Wo 3abe3neyye CYWiHHg OepesuHU Y B8aKyyMHil Kamepi. Memoo
PO3PIONCEHHs. 003601A€ eheKMUBHO BUOANAMU 80102y MA NOGIMPs 3 NOPONCHUH
oepesunu, wo cnpusc ii eaboKomy ma pPIBHOMIPDHOMY HACUYEHHIO 3aXUCHUMU
poszuunamu. Onucano nepcnekmuU 6npoBaAONCeHHs pPO3POOIEeHO020 NiOX00Y Y
0epesoobpobHy NpomMuciosicme 051 NIOBUWEHHST SAKOCMI ma 008208IYHOCH

Ooepesuni.

KJIFOYO0BI CJIOBA: IEPEBUHA, CYIIKA, PO3PIJDKEHHA

JlepeBuHa - OJMH 3 HAWMOMYJAPHIMIKX OYyIIBEIbHUX MarepianiB. 3HAYHOIO
MIpOIO 11€ 3yMOBJIEHO 1i MIIITHICHUMH BJIACTUBOCTSIMU Ta €CTETUYHUM BUTJISIIOM.

O6poOka epeBUHHU Y 1epeBOOOPOOHI MPOMHUCIOBOCTI Mae 3abe3neuyBaTu ii
JIOBFOBIYHOCTI, CTIHKICTh 10 OI10JOTIYHOrO Ta XIMIYHOTO BIUIMBY, a TaKOX
ONTUMAIbHUX (D13UKO-MEXaHIYHUX XapaKTEPUCTHUK.

OmauM 13 cydacHUX 1 €(eKTUBHMX METOJIB IIJTOTOBKU JICPEBUHHU O
TIPOCOYCHHS € METOJ] po3pi/pkeHHs [1].

[e# MeTox momsirac y CTBOPEHHI 3HUKEHOTO TUCKY B MOPOKHUHAX JICPEBUHH,
IO JI03BOJISE BUAAIUTU 3 HUX TOBITps 1 Bojory. Lle, y cBoro uepry, 3abe3neuye
rMOIIe TPOHWKHEHHS TMPOCOYYBAJIbHUX PO3YHMHIB Y CTPYKTYPY JCPCBUHH.
[TepeBaramu MeToAy pO3PIIHKEHHS € TIBUIIEHHS SIKOCTI MTPOCOYYBAHHS, 3MEHIIICHHS
gacy oOpoOKH i 00'€éeMy BHKOPHUCTAHOTO MPOCOYYBAIBHOTO PO34YMHY (MOPIBHSIHO 3

TPAIUIIIHHAMU METOJaMH), MOKPAIICHHS €KOJIOTTYHOCTI TPOIeCy Ta IiABHIICHHS
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JIOBTOBIYHOCTI KIHIIEBOTO MPOIYKTY.

Jlig Toro, mo6 MiAroTyBaTH JEPEBUHY HEOOXIJHO CIIOYATKY BU3HAUUTHUCH 3
HACTYITHHUMU aCHIEKTaMU:

1) BuOiIp CHPOBHHU - BUBUYCHHS BIACTHBOCTEH PI3HUX MOPII JCPEBUHU IS
onTUMI3alIi MpoIecy;

2) TEXHOJOTIYHI TapaMeTpu - BIUIMB BEIUYHHU PO3PIIHKEHHS, dYacy
€KCIIO3ULIi Ta TUITYy IPOCOYYBaJIbHOTO PO3YUHY Ha €(PEKTUBHICTH MPOLIECY.

Y Xomi MOCHIKEHHS PO3pPOOJICHO EKCIEPUMEHTAIBLHY YCTaHOBKY (puc. 1),
dKa 3a0e3leuye CyUIHHSA JEpEeBUHM 3a YMOB po3pimkeHHs. [IpuHuun pobotu
YCTaHOBKM TOJIATA€E Y CTBOPEHHI PO3PLIKEHHS B 3aMKHEHIM Kamepi, 1O CIpHsE
BUJIAJIEHHIO BOJIOTM Ta MOBITPS 3 MOPOKHHUH JAepeBHHH. Lle cyTTeBO minBHILYyE ii

SILaTHiCTB a0 TIIMOO0KOTO Ta piBHOMipHOFO HAaCHUYCHH:A IIPOCOYYBAJIbHUMHA PO3YHNHAMMU.
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Pucynok 1. — EkcnepumeHTanbHa YCTAaHOBKA JMJIs CYIIIHHSA 3a YMOB

PO3PIIKEHHSI.

OCHOBHI eTany MiATOTOBKH JICPEBUHM:
1) momepeaHe 3aBaHTaXEHHS Marepiany mependadyae MiArOTOBKY JEPEBUHU

HEOOX1THOI MOPOIM Ta ii PO3TalllyBaHHS B KaMepi;
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2) CyUIIHHS 32 YMOB PO3DIIDKCHHS mependadae 3HWKECHHS THCKY B po0Oodii
KaMepl Ta KOHTPOJIIO TEMIIEPATYPH, 110 3a0e3neuye e(peKTUBHE BUJATICHHS
BOJIOTY;

3) omliHKAa TOTOBHOCTI JIEPEBHHU Iependadae KOHTPOJb  3AJIAIIKOBOI
BOJIOTOCTI Ta PIBHOMIPHOCTI 11 pO3MO/I1JIY B 3aTOTOBIII.

Po3pobnenuii miixiag NepcrneKTUBHUM sl BIPOBAIKEHHS Y JIEpeBOOOPOOHY
IIPOMHUCIIOBICTh, OCKIJIBKU CIIPUSE MIJBUIIEHHIO €KOJIOTTYHOCTI, 3MEHILIEHHIO BUTPAT
pECYpPCIB Ta MOKPAIIEHHIO AKOCTI KIHIIEBOI'O IPOAYKTY. Y MOAAIBIIOMY JTOCIIIKEHHS
MOXYTh OYTH CHPSIMOBaHI Ha BJOCKOHAJIEHHS YCTAHOBKH Ta PpO3MIMPEHHS 11

3aCTOCYBAHHA JJIA piSHI/IX THIIIB ACPCBUHU.
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Methanol (CHsOH) is an important substance used in many industries. It serves
as a raw material for the production of formaldehyde, tert-butyl methyl ether,
solvents, resins and pesticides, which are the basis for many production processes. It

Is also used in the energy industry as an environmentally friendly fuel, a fuel additive,
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or in the production of biofuel.
In addition to its traditional use, the use of methanol by capturing and
converting carbon dioxide into useful raw materials contributes to the environment. It

Is this versatility that makes methanol indispensable in many industries (Figure 1) [1].

& | <

1 —turbo compressor, 2 — circulating compressor, 3, 7 — refrigerator,

»
§—>
o

4 — separator, 5 — adsorber, 6 — adiabatic reactor, 8, 17, 18, 20, 21 — heat exchanger,
9 — recovery boiler, 10, 19, 22 — separator, 11 — throttle, 12 — collector,
13, 14 — rectification column, 15, 16 — steam generator.

Figure 1 — Technological diagram of methanol production

The technological process of methanol production consists of four consecutive
stages [2]:

1) Synthesis gas preparation

2)  Synthesis

3) Purification of methanol

Synthesis gas, previously purified from sulfur compounds, is compressed in the
compressor (1) to an operating pressure of 5-9 MPa. Next, the gas is cooled in the
refrigerator (3) and enters the separator (4), where water is separated from it. After
that, circulation gas, previously compressed in the compressor (2) to the same

pressure, is added to the synthesis gas. The mixed gas mixture enters the adsorber (5),
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where it is cleaned of pentacarbonyl.

Next, the gas flow is divided into two directions: one is heated in the heat
exchanger (8) and fed to the reactor inlet (6), and the other is directed into the reactor
between the catalyst layers for temperature regulation. After passing through the
reactor, where the mixture reaches a temperature of about 300 °C, it again divides
into two streams. One of the flows is used as a coolant in the heat exchanger (8), and
the other is cooled in the recovery boiler (9), where it generates high-pressure steam
for production needs. The streams are combined and fed to the refrigerator (7), after
which the cooled mixture is directed to the high-pressure separator (10). Alcoholic
condensate is separated here - raw methanol, and the gas component becomes
circulating gas.

The circulating gas is returned to the synthesis process, having previously been
compressed to the working pressure in the compressor (2). Raw methanol passes
through the throttle (11), where it reaches atmospheric pressure, and enters the
collector (12), from where it is sent to the purification columns for purification. Gases
and dimethyl ether are removed in the first column (13), and higher alcohols are
separated in the second (14). The steam used in the columns is generated by steam
generators (15) and (16). Methanol with a purity of 99.95% is obtained at the output.

As a steam generator for this installation, it was decided to use a gas steam
generator due to its efficiency, reliability and simple design, which will greatly
facilitate further modifications. In addition, the gas used in the steam generator can be
used as fuel for the tubular furnace, which will further increase the efficiency of the
installation.

The steam generator consists of a body (1) and covers (2). Evaporation of
water takes place thanks to the flue gases that enter through the fitting into the
distribution chamber (3), and from there — into the pipes (4), secured by pipe grates
(5). Water is supplied through another fitting into the inter-pipe space, where,
washing the pipe bundle, it is heated and turns into steam. The steam is discharged

through the upper connection, and the remaining water is discharged through the
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lower connection (Figure 2).

Mapa

Ounmosi TT T 1

rasum 5

Sw(f# _
TF o~ i

Odnmosi Bona 3anuuwok
rasm

1 —housing, 2 — covers, 3 — distribution chamber, 4 — pipes, 5 — pipe grid.

Figure 2 — Scheme of the steam generator

A plate-type rectification column with plates was chosen for the rectification
process. Such a column is the optimal choice for the installation due to high cleaning
efficiency, adaptability to changes in process parameters, resistance to contamination
and economical design (Figure 3).

The column consists of a body (1) in which there are plates (4) with overflow
devices (5), a cover (3) and a bottom (2). Raw methanol enters the middle part of the
column through the fitting, where it flows down, passing through the plates in turn. A
layer of liquid accumulates on each plate, which gradually evaporates.

In the upper part of the column, the gas phase is cooled, and pure methanol is
condensed. Part of the condensed material is returned to the column in the form of
phlegm to ensure a more intensive mass exchange process, and the rest is fed to the

outlet as a finished product.
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MeTtaHon

KyboBui 3anuLuok

1 —body, 2 — bottom, 3 - lid, 4 — plates, 5 - overflow wall.

Figure 3 — Scheme of the rectification column
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Pimennst
XXVII MixkHApOAHOT HAYKOBO-TIPAKTHYHOI KOH(pepeHTIIil
CTYZCHTIB, aCIipaHTIB 1 MOJOJUX BUCHUX.
«PecypcoeHeproszbepirarodi TEXHOJOT1I 1 00IaTHAHHSD)

Ha 3akmiouHoMy IUIeHapHOMY 3acifaHHI KOHQepeHuli Oyno NpUHHATO
HACTYIIHE PIllICHHS:

1. Po6oty Panu monmonux Buenux lHctutyTy TexHiunoi terodizuku [TTO
HAH Vxkpainn, OpranizamiiiHoro komitery HaiioHanbHOTO — TEXHIYHOTO
yHiBepcuteTy Ykpainun «KuiBChKMN TMONITEXHIYHUNA 1HCTUTYT 1MeHi Irops
Cikopcebkoroy, Incturyty I'asy HAH VYkpainu Tta IlporpamHoro komitery 3
MiJTOTOBKH Ta MPOBEACHHS 3aXO0JIB Y paMKaX MIDKHAPOJIHOI HAYKOBO-TIPAKTUYHOL
KoHpepeHIi «PECYPCOEHEPI'O-3BEPIT"' AIOUI TEXHOJIOI'II TA
OBJIAJHAHH» cxBanutu.

2. 3a pesynbTaTaMud OOTOBOPEHHS TIPEJCTABICHUX Ha KOH(EpEeHIlii
JIOTIOB1/Ie BHW3HATHU TIEPCHEKTUBHICTH BUKOHAHUX JIOCTI/PKEHb Ta CXBAJIUTH
JIOLUIBHICTh TMOJAJBIIOTO PO3BUTKY Ta TMOTJIUOJICHHS HAYKOBUX pPO3POOOK Yy
BIINOBITHUX HAYKOBUX HAIPSIMKaXx, 1110 BU3HAYEHI B MpoOeMaTulll KoH(epeHIlii.

3. 3 MeTOoI CTBOPEHHS HAyKOBO-METOJOJIOTIYHUX OCHOB BHBYCHHSA
OCHOBHHUX PECyCOEHEpro30epirarounx 3axojiB, 0OJaJHaHHS TEIUIOTEXHOJIOTIN Ta
XIMIYHUX TEXHOJOTi B VYKpaiHl pPEKOMEHIYEThCS 3alyddTH MaTepiaiu
KoH(pepeHlii A0 JTUCIIMILIIH «OcCHOBHI nmpouecu  Ta oOJ1aTHaHHSI
pecypcoeHeproszoepiralounx TexHoJyorii» Ta «CydacHe oOJagHaHHS XIMIYHHUX
TEXHOJIOT1i1» 3 PO3POOKOIO BIAMOBITHOTO METOJAMYHOTO 3a0€3CUCHHS.

4. TlimBumMTH piBEHb 3aJy4€HHS CTYJCHTIB, aCIIPaHTIB JO HAYKOBUX
JOCIIKEHb YKpaiHU B Tally31 pECypco- Ta eHepro30epeKeHHs.

5. Buparu 30ipHuUK npanb KOH(pepeHii.

6. PexomennyBaTu myOmikaliro IIJICHAPHUX JOMOBIAEH B IKypHamax
«XimMiyHa  1HXKEHEpis, EKOJIOTisI Ta  pecypco30epekeHHs»,  «XiMidHa
MPOMUCTIOBICTh YKpainu» Ta «Temnodizuka ta Teroenepretukay. [Ipocutu rosis
CeKIlii KoH(epeHIlii BU3HAYNUTH JOMOBII BiJl CEKIH sl ONMyOJiKyBaHHS B
«YKpalHCbKOMY  aHTApKTUYHOMY  JKypHadIl».  Y4YacHUKaMm KOoH(pepeH1i
MPEACTABUTH PEKOMEHAOBAaH1 JOMOBIAlI Yy BUIJISAAl MyOJIKamiid 3TiIHO MpaBUil
myOJTiKaIii BIMOBIIHUX KyPHATIB.

7. BuzHaunTH 3a JOUUIbHE TOMUPEHHS iH(opMalii mpo KOHGEpEeHIo B
3acobax MacoBoi 1HGopmarii Ta 3alydeHHs 10 HACTymHUX KoH(depeHIin
ITUPOKOTO KOJIAa BITYM3HIHUX 1 IHO3EMHUX HAYKOBIIIB.

8. Opranizatopu KoH(]epeHIlii BUCIOBIIOIOTh BASYHICTH BCIM Y4aCHUKAM
KOH(pepeHIIi.
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