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A NEW ENERGY-TECHNOLOGICAL COMPLEX FOR DRYING SOLID
DISPERSED MATERIALS
Ph.D. Belyaev G., Ph.D. Belyaeva I., Zhukov K., Stetsuk V.
Institute of Engineering Thermophysics of the National Academy of
Scienceof Ukraine
ABSTRACT. The paper is devoted to the creation of a fire-safe, ecological,
energy-technological unified complex for the production of generator gas and its use
for the organization of the drying process of solid dispersed materials (both fuel

chips and target products).

KEYWORDS: WOOD FUEL CHIPS, BIOFERTILIZERS, GENERATOR
GAS, SOLID DISPERSED MATERIALS, DRYER

HOBUWH EHEPTO-TEXHOJIOTTUYHU KOMILJIEKC CYIITHHS
TBEPIUX JUCIIEPCHUX MATEPIAJIIB
K. T. H. benses I[.B., bensera LI1., XKykos K.JI., Cremtok B.T.
IncTuTyT TexHiuHOI Terogiznkn HanionanbHoI akageMil HayKk YKpaiHu
AHOTAI[IA. Poboma npucesaueHa CMBOPEHHIO  NOMCEHCOOE3NeYHO20
eKOJIO2IUHO20 ~ eHEP2OMEXHONO2IYHO20 — VHIQDIKOBAHO20 — KOMNIEKCY  00EPICAHMS
2EHEPamopHo20 2a3y 1 U020 3acmocy8auHs Ol Op2aHizayii npoyecy CYUIHHA

meepoux OUCNepPCHUX Mamepianié (K NaIusHoi mpicku max i Yyiibosoi npooyKyii).

K/IFO490BI CJ/IOBA: JEPEBHA [TAJINBHA TPICKA,
BIOJJOBPUBA TEHEPATOPHUII T'A3, TBEP/I JUCIIEPCHI MATEPIAJIH,
CVYIIIAPKA

The purpose of the work.

The use of purified generator gas as an energy carrier makes it possible to
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simultaneously contribute to the improvement of global ecology, and as a source
contributes to the improvement of global ecology, and the burning of purified
generator gas provides a composition of gaseous combustion products that is tolerant
of local ecology (absence of sulfur, CO and low NOy content). And fire safety is
ensured due to the absence of solid particles in the drying agent, which usually lead

to fires in dryers of flammable materials.

Create a unified complex with high factory readiness for obtaining generator
gas from pre-dried wood fuel chips. And its application in the organization of drying

processes of both fuel chips and other solid dispersed materials.

Results. The development was carried out as a result of the joint activity of the
participants of the ITT consortium (intensification of thermal technologies) and is
intended for equipping the production of wood fuel chips, biofertilizers and other
technologies for dewatering solid dispersed materials that allow direct contact. with

generator gas combustion products [1].

When developing the complex, innovative technical solutions were applied

regarding:

- production of generator gas from wood fuel, pre-dried chips, with an increase

in the oxygen content of the oxide with the help of a membrane;
- method and device of wet cleaning of generator gas;
- utilization of the cooling heat of the working chamber of the gas generator;

- drying of solid dispersed materials in rotary-vortex dryers by means of
transformation of the flow part to optimize the technological process (rotor speed,

variable partitions, bypass windows, etc.);

- a system of automatic control of the combined operation of the gas generator

and the dryer.
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The technical and economic advantages of the complex include:
- high factory readiness;

- autonomy;

- compactness;

- energy efficiency.

Conclusions.

The developed complex makes it possible to compose the application of the
modular principle of energy-efficient enterprises of any required productivity on the
basis of unified equipment with high factory readiness. In addition, the developed

complexes can be used in combined technological drying systems [2].
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phenyl chloride are described.
KEYWORDS: PHENYL CHLORIDE, TECHNOLOGICAL SCHEME,
HEAT EXCHANGER

MOJIEPHI3AIIAA YCTAHOBKHU BUPOBHULITBA ®EHIJIXJIOPUAY 3
PO3POBKOIO TEIINIOOBMIHHUKA
Crynear TAPTAUHUU Hazap, acuctucrent, [IOJJMUMAH I'puropiii
HaunionanbHuUil TeXHiYHUI YHiBepcUTEeT YKpaiHu
«KuiBcbKuM noJtiTexHivHui iIHcTUTYT iMeHi Irops Cikopcbkoro»
AHOTAIIA: OnucaHno TEXHOJIOTIYHY CXeMy Ta amapaT JJisi BUPOOHHUIITBA
beHniaxmopumy.
KJIIOYO0BI CJIOBA: O®OEHUIXJIOPU/, TEXHOJIOITYHHA CXEMA,
TEINNIOOBMIHHUK

Phenyl chloride or vinyl chloride is one of the important products used both in
the production of vinyl chloride and as a copolymer in the synthesis of plastics with
vinyl acetate, vinylidene chloride, and other monomers. Chlorination of the polymer
produces perchlorovinyl resin, which is highly soluble in organic solvents and is
widely used as varnishes and enamels.

Synthesized in 1835, vinyl chloride is currently obtained according to three

reactions:
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- by hydrochlorination of acetylene:
CH=CH + HCl —» CH,=CHCI;
- dehydrochlorination of trichloroethane:
CH;Cl—CH;Cl —» CH,=CHCI + HClI;
- oxidative hydrochlorination of ethylene:

CH,=CH, + 0,50, + HCl —» CH,Cl—CH,Cl + H,O.

Acetylene hydrochlorination is a catalytic process, and only toxic sulfite is
used, which indicates unecological production. In the contact method, the product
leaving the reactor consists of 5% hydrogen chloride, 0.5% acetylene, 0.3%
asymmetric dichloroethane, and 0.3% acetaldehyde for 93% of vinyl chloride. To
obtain 1 ton of vinyl chloride, 0.45 ton of acetylene, 0.63 ton of hydrogen chloride,
and 0.2-0.5 kg of sulfite are consumed.

It cannot be classified as a low-waste process, since the production of vinyl
chloride is carried out by dehydrogenation of dichloroethane with 42% alkali
(NaOH). The product yield is 80% of the charged dichloroethane. 0.82 tons of solid
alkali are consumed per 1 ton of vinyl chloride, and since the process is carried out in
an alcohol solution, the consumption of alcohol (ethanol or methanol) is 92 kg.

In world practice, the method of pyrolytic (480-500 ° C) dehydrogenation of
dichloroethane is widespread, which allows obtaining 97-98% of vinyl chloride from
the theoretically possible. The method does not require costs for auxiliary materials
and reagents, and the amount of waste is correspondingly reduced.

In order to reduce waste, namely the hydrogen chloride formed, the production
of vinyl chloride from dichloroethane and oxidative hydrochlorination were
combined. Thus, the hydrogen chloride released in the process of dehydrogenation of

dichloroethane was further used for the hydrochlorination of acetylene.
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More perfect (with less waste generation) may be the so-called balanced
scheme using hydrogen chloride for the synthesis of dichloroethane.

In the process, reactions occur that result in the formation of a single product -
vinyl chloride. Part of the dichloroethane in this production is obtained by direct

chlorination of ethylene in the liquid phase.:
CH,—CH, + Cl, —» CH,Cl—CH,CI.

The other part is obtained by oxidative chlorination reactions. For this,
hydrogen chloride formed as a result of dichloroethane cracking is mixed with
oxygen and ethylene. Oxidative hydrochlorination occurs in the presence of catalysts
containing copper chloride on a carrier. The catalyst can be in a stationary or
fluidized state. According to the Monsanto scheme (Fig. 1), a mixture of ethylene
(stream 1) with chlorine (II) and recycle gases (lll) is introduced into the direct
chlorination reactor 1. Ethylene chlorination is carried out in liquid dichloroethane.
The product at the outlet from the reactor is washed with a solution of alkali (IV) in
column 2 to remove unreacted chlorine. Unreacted ethylene (V) is discharged at the

top of the column. The washing liquid is discharged into the effluent (\V1).
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Fig. 1. Technological scheme of vinyl chloride synthesis

In reactor 3, ethylene (VII) is oxychlorinated with a mixture of hydrogen
chloride with oxygen or air (VIII). Hydrogen chloride (I1X) released during the
cracking of dichloroethane is used. If necessary, fresh hydrogen chloride (X) is added
to the reactor. The gaseous mixture at the outlet of the oxychlorination reactor is
condensed and fed to the separator.

The liquid product is washed in column 4 with a solution of alkali (XI) to
neutralize the weak solution of hydrochloric acid formed when hydrogen chloride is
dissolved in the aqueous condensate. The washing liquid (XII) is discharged into the
drain, and the uncondensed gas (I11) is sent to the direct chlorination reactor.

Next, the raw dichloroethane obtained by chlorination and oxychlorination of
ethylene is combined and sent for purification. In rectification columns 5 and 6, low-
boiling impurities (XIIl) and heavy chlorine-containing by-products (XIV) are
sequentially separated from the raw dichloroethane. The purified dichloroethane

(XV) is subjected to chemical cracking in furnace 7. The washing liquid (XII) is

10
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discharged into the drains, and the non-condensed gas (Ill) is sent to the direct
chlorination reactor.

Next, the raw dichloroethane obtained by chlorination and oxychlorination of
ethylene is combined and sent for purification. In rectification columns 5 and 6, low-
boiling impurities (XIII) and heavy chlorine-containing by-products (XIV) are
sequentially separated from the raw dichloroethane. The purified dichloroethane
(XV) is subjected to chemical cracking in furnace 7.

The product of dichloroethane cracking is quenched in column 8, after which it
Is introduced into column 9, where dry hydrogen chloride is distilled off. The
separated hydrogen chloride (LX) is recycled to the oxychlorination reactor or is
discharged as a by-product (XV1). The bottom residue of the stripping column 9 is
fed to the rectification. In the form of distillate from column 10, commercial vinyl
chloride (XVII) is taken, and the bottom liquid (XVIII), containing unreacted
dichloroethane, is returned to the purification system to remove heavy impurities.

The described process is characterized by a high yield of the target product, the
absence of temperature corrosion, low cost of the catalyst, the formation of a small
amount of wastewater, and slow accumulation of coke. When using oxygen instead
of air as an oxidant in oxychlorination, gas emissions are significantly reduced
(approximately a hundred times). Disposal of organochlorine waste by incineration
(thermal decomposition) is the most radical.

Heat exchangers are used to supply hot steam to the distillation (Figure 2).

T, T

=T =
3 : : : 1 | : :
- : ! : ; ! Q

Figure 2 — Shell and tube heat exchanger
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The apparatus consists of the main components: a tube shell, which includes
two tube grids, between which a tube bundle is located, and a casing. For the supply
and removal of the working medium, inlet and outlet pipes are provided in the casing.
Segmental transverse partitions are installed in the space between the tubes. The
medium enters and exits the tube space through a distribution chamber consisting of a
shell, flanges, and walls. The apparatus is mounted using supports. This heat
exchanger is designed to heat phenyl chloride using flue gases.

The essence of the modernization is to modernize the shell-and-tube heat
exchanger (heater) to intensify the heat exchange process.
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Abstract: The methods of desalination of water and the importance of
modernizing evaporation apparatus are discussed, and a technological scheme is
presented.

Keywords: desalination, seawater, evaporation apparatus, reverse 0SmMosis,
distillation.

The seawater desalination plant is designation for obtaining of fresh water from

seawater by removing of salts and minerals. The process product is the fresh water
13
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with applied for drinking, domestic purposes, and for agriculture. The concentrate is
the salt solution, which formed after removing od desalinated water [1-2].

There are several methods of water desalination. One of them is the distillation
method which consists in boiling and vapor firming. The seawater is heated to the
vapor formation, and the vapor is cooled separately and water became suitable for
consumption. The disadvantage is the highly concentrated salt solution [1].

The other method of desalination in the reverse osmosis method. In the reverse
osmosis process water and dissolved material are separated on the molecular level.
The purification occurs using the membrane which remove salts and different
Impurities. The disadvantage can be the low amount of purified water [1].

These methods also include the freezing method, in which the seawater is
transformed in ice without entering the dissolved salts, and electrodialysis, in which
water pass through the chamber with electrodes and charged membranes [1].

In current work, the technological scheme of water desalination which includes
the reverse osmosis and evaporation stage, is considered. The evolution of Bittern
brine after reverse osmosis (RO) under condition of discontinuous evaporation is
shown in the scheme. As shown in figure 1, the process starts with intake of the brine
after RO from the desalination plant into the system. This brine undergoes the initial
stage of “preconcentration”, which is characterized by the process of evaporative
concentration in evaporation pond. During this stage marked by the dashed orange
line, the solar radiation reduce the volume of solution, which lead to obtaining of the
high concentrated mixture of solid and liquid materials, which is called the
“concentrate” [2].

Subsequently, this concentrate is filtered through the Filter 1, yielding a dense
solution named °‘bittern’ and a mixture of salts, specifically calcium carbonate
(CaCO0,), calcium sulfate (CaSO,), and sodium chloride (NaCl). The filtered-out salts
are collected as a byproduct. The “Bittern”, still containing dissolved salts, is passed

through a “Heater” to induce further evaporation. After heating, the solution is

14
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allowed to rest until its temperature stabilizes at 20 °C, then it enters a “Cooler”. This
part of the process is designated by the blue dashed line and represents the

discontinuous evaporation phase [2].

- Cooler
—ROLrine | < ——{ Concentrate }— 5
oL \ Fiter 1 Cas0, \ Fiker 2
Evaporation pond . 1 1 Salts 09 caco < 7y
S
P .
1 _Bitern |24

Discontinuous evaporation

Figure 1. — The flowsheet of the preconcentration process of the brine after reverse

osmosis and Bittern discontinuous evaporation [2]

The evaporator is key component in the process of water distillation. Its task is
to evaporate the seawater which leads to the separation to the vapor and concentrate.
The vapor is condensed into the fresh water and concentrate is utilized.

The modernization of evaporator may include the increasing of energy
consumption effectivity, increasing of the amount of the produced fresh water or
decreasing of concentrate formation. It is essentially important in the conditions of
increasing environmental requirements and increasing demands in fresh water.
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MOJIEPHIBALIA AITAPATY 3BOPOTHOI'O OCMOCY YCTAHOBKHA
OINPICHEHHA MOPCBHKOI BOJU 3 YTUIIBALIEIO KOHIIEHTPATY
cryaentka [Ipoitok M.O., o1, k.1.H. ['ymienko C.B.
HaunionanbHUil TeXHiYHUI YHiBEpCUTET Y KpaiHu

«KuiBcbkuii noJiitexHiynmii incruryT iMeni Irops Cikopcbkoro»

AHoTanisi: Po3risHyTo MeToau ONpiCHEHHS BOJM Ta BAXJIMBICTh MOJIEpHI3AIlil
armapaTy 3BOPOTHOTO OCMOCY, HABEJIEHO TEXHOJIOTTYHY CXEMY.

KJIIOYOBI CJIOBA: OIIPICHEHHS, MOPCBKA BOJIA, AITAPAT
3BOPOTHOI'O OCMOCY.

Abstract: The methods of desalination of water and the importance of
modernizing the reverse osmosis apparatus are discussed, and a technological scheme
IS presented.

KEYWORDS: DESALINATION, SEAWATER, REVERSE OSMOSIS
APPARATUS.

VYcranoBka ONpiCHEHHS MOPCHKOi BOJM MPU3HAYEHA JJISI OTPUMAHHS MPICHOT
BOJIM 3 MOPCBHKOT, IIUISIXOM BUAQJICHHS coJieil 1 MiHepaliB. [IpoaykT nporecy — npicHa
BOJA, SKa BHUKOPHUCTOBYEThCS SK B XapyoBid MPOMHUCIOBOCTI, Tak 1 s
TEXHOJIOTTYHUX TIporieciB. KOHIIEHTpAT — 11e PO3YMH COJIl, SIKUI yTBOPIOETHCS MICIIS
BWJIyYEHHS MpicHOi Bou [1-2].

Icaye kinbka crocobiB onpicHeHHs] Boau. OUH 3 HAUTIOMHUPEHINTUX € METOT
3BOPOTHOTO0 OCMOCY. 3BOPOTHHUM OCMOC Tepedayae BUKOPUCTAHHS HAMIBIPOHUKHOT
MeMOpaHH, sKa 03BOJIAE MPOMYCKATH MEPEBAKHO MOJIEKYJIM BOJH, & TAKOXK 1 JIEAKY
YaCTUHY 10HIB 3 MaJE€HbKOIO MOJIEKYJIIpHOIO Macoro. [IpuHIum poObOTH 3BOPOTHOTO
OCMOCY MOJISITa€ B TOMY, 1110 PO3YMHHUK (BOJa) 3 OUIBII KOHIEHTPOBAHOTO IparHe

BHUJIUTUTHCS B MEHIII KOHIICHTpOBaHe cepenonuie [1].
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[HmMM MeTOJOM OIpiCHEHHS BOAM € METOJA JUCTWiAli. JIucTuisiis
HaWCTapIlIMil METOJl OTPUMAaHHA JAeMiHepani3oBaHoi Boau. [IpuHiun aii mossrae B
TOMY, IO TMIJ Yac HarpiBaHHS YAaCTUHY BOAM BHUAUIAETHCS y BUIIIANI Tapu Ta
KOHJICHCYETHCSI B EMHOCTI-301pHHUKY KOHJICHCATY, a TIOTIM BUBOJIUTHCS 3 CHCTEMH [1].

Takox 1CHye METOJ BUMOPOXKYBaHHS, sKe TIiependayae  4YacTKOBE
3aMOpPOKYBaHHS BOJU B €MHOCTI, KOJIM 30BHIIIHS 3aMep3Jia YaCTUHA 3aIHUIIAEThCA, a
BHYTPIIIHII pO3CUT BUIMBAETHCA, TaKy ONEPALII0 PEKOMEHAYEThCS MPOBECTH KiJIbKa
paziB [1].

B naniii poOOTI poO3risAaeTbCcsi TEXHOJOTIYHA CXEMa OMPICHEHHS BOIM, IIO
BKJIIOUYa€ 3BOPOTHHUI ocMoc. CoJloHa BO/Ia, Ma€ CHCTEMY 3a00py BOAM 3 TOBEPXHi, 110
BKJIIOYA€ (PUIBTpAILI0 Yepe3 CITKY 3 PO3MIPOM OTBOPIB 5 cM 1 00epTOBUil (PiIBTP
posmipom 3,15 mxm. Jlani Mopcbka BojAa MPOXOJIWTH JBa €Talud MONEpeaHbOT
00poOku: npsmy aepodioranio (DAF) 1 ynerpadinsrpanito (UF), mob 3meHmuTu
HaBaHTa)XEHHs Ha MeMOpaHu 3B0poTHOro ocmocy (RO). YcranoBky RO cknagarots 6
JHINA, KOKHA 3 IKUX MICTUTH 173 meMOpanu, po3aiieHi Ha 1Ba npoxoau. Kpim Toro,
JUTSL TIABHUIIECHHS €HEProeeKTUBHOCTI MPOIIEC BKIKOYAE MPHUCTPIN pekyrepartii
eneprii (ERD) micist o00poOku, nepes CKUAaHHSIM PO3COy JIJIsl BITHOBJICHHS €HEPrii 3

MOTOKY BUCOKOT'O TUCKY po3coy [2].

Seawater intake DAF UF m
Rotary
— Filter
—_— — : R S Pump } |, Permeate
@
~ 3 I Iy

am
— =i}!; Reject Brine

Pucynok 1. — TexHosoriuna cxema mporecy onpicCHeHHs MOPChbKOT BoIu.[ 2]

Amapar 3BOPOTHOTO OCMOCY € KIIOUYOBUM KOMIIOHEHTOM Yy TMpPOIECi
onpicHeHHs Boju. Moro 3aBaaHHs MOJSATae y BUAAJICHHI COJiEH Ta IHIIUX JIOMIIIOK
[IUISIXOM BUKOPUCTAHHS HAMMIBIPOHUKHOT MEMOpPAHH, SIKA MPOITYCKAE MOJIEKYIIH BOH.
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VY pesynbTaTi Mmporiecy OTPUMYIOTh MPICHY BOJY Ta KOHIIEHTpAT (po3Cii), SKUM
YTHITI3YETHCSL.

MopepHizallisi amapata 3BOPOTHOIO OCMOCY MOXE BKJIFOYATH ITiABUIICHHS
€(eKTUBHOCTI €HEePrOCIOXKUBAHHS, 301JIBIIICHHS KUIBKOCTI BUPOOJIEHOT MPICHOT BOAU
a00 3MEHIIIEHHsI 00CATY YTBOPEHOTO KOHIICHTpaTy. Lle 0co0ImMBO BayKIMBO B yMOBax

ITOCHJICHHST €KOJIOTTYHMX BHUMOT Ta 3pOCTAaHHA IIOIINTY Ha HpiCHy BOLOY.

IlepeJiik mocu/Ianb:

1. OnpicaenHs Mopchbkoi Boau [EnexkTponHuii pecypc]. — peXum AOCTYITy. —
https://ecosoft.ua/ua/blog/opresnenie-morskoy-
vody/?srsltid=AfmBOoonz9CZeAKjSLMZgHYy4KASq5crCeT93tZYtEgMbmg3-
NrlggZ8A

2. Bouazza A., Ait Hak S., Faddouli A., Khaless K., Benhida R. (2024).
Kainite crystallization from RO bittern: A novel approach using discontinuous
evaporation. Desalination. Vol. 582. 117652, Doi:
https://doi.org/10.1016/j.desal.2024.117652
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EFFECTIVENESS OF HYDRODYNAMIC CAVITATION FOR WATER
ACTIVATION IN PRODUCTION
Ph.D B. Tselen, Ph.D A. Nedbailo, Ph.D L. Gozhenko, Ph.D N. Radchenko

Institute of Engineering Thermophysics of the National Academy of Sciences of
Ukraine

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

AHOTALIIA:  ABtopamMu  pO3IVIIHYTO  MOJKJIMBICTH  3aCTOCYBAHHS
TpOIMHAMIYHOT KaBITaIlll JIsl akTUBallii BOAU. EKCliepuMeHTalIbHO JIOBEJICHO 3MIHY
il (p13UKO-XIMIYHUX BJIACTUBOCTEH Ta BU3HAYEHO, IO JAOCATHYTHI €(EeKT akThBalii
3QJIMIIAETHLCA CTAa0OLILHUM 10 3 110.

KEYWORDS: WATER ACTIVATION, HYDRODYNAMIC CAVITATION

KJIFOY0BI (CJIOBA: AKTHUBALIA BOIW, TITAPOANMHAMIYHA
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

20



36ipuuk Te3 nonoeineii XXXV BceeykpaiHchKoi HAYKOBO-NIPAKTHYHOI KOH(pepeHUil CTy1eHTiB,
acmipaHTiB i MoJsionux BueHux “O0JaTHAHHSA XiMiYHUX BUPOOHHMUTB i MiANPUEMCTB OyaiBeJIbLHUX
MarepiaiiB”

treatment.

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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MOJAEPHI3ALISA YCTAHOBKU JEDJEI'MATOPA YCTAHOBKH
BUPOBHIUTBA AHUETATAJBAEITAY
crynent E€pmypaki C.JI., mor., k.1.H. ['ymienko C.B.
HaunionanbHUil TeXHiYHUI YHiBepCUTET YKpaiHu

«KuiBcbKuil moJiTexHivHuid iHcTUTYT iMeHi Irops Cikopcbkoro»

AHoTtanisi: Po3risiHyTo Meton poboTu nediiermaTopa Ta BaKIMBICTH HOTO
MOJIEpHI3allli B YCTAaHOBKAaX BHPOOHUIITBA alle€TabJEriay, HaBEAECHO TEXHOJOTTYHY
CXEMY.

KJIIOUOBI CJIOBA: AIIETAJIBJEI]], BUIIAPHUM AIIAPAT,
TEITJIOOBMIH, JED®JIETMATOP.

AnoTtanisi: The method of operation of the dephlegmator and the importance
of its modernization in acetaldehyde production facilities are considered, and a
technological scheme is given.

KJIIKO4YO0BI CJIOBA: ACETALDEHYDE, EVAPORATOR, HEAT
EXCHANGER, DEPHLEGMATOR.

Auertanpaerin Broepiie OyB oTpumanuii Illleenem y 1774 poui muisixom aii
JIOKCHTy MapTraHIlio 1 CipuaHoi KUCJIOTH Ha eTaHoJ. CTpyKTypa aneranbaeriay Oyia
BcraHoBieHa JliGixom y 1835 pormi 3 3pa3ka, OTPUMAHOTO HUISIXOM OKHCJICHHS
€TUJIOBOTO CIHMPTY XPOMOBOKO KHCJIOTOO. JIi0iX Ha3BaB croiyky "ampaeria' Bif
JATUHCBKUX CIIB, IO TMepekiagaloTbes sk al(koronb) dehyd(poreHoBanwuit).
YTBOpEHHS areTaibIeTiAy MUISIXOM J0/IaBaHHS BOJM JIO alleTUICHY OYJIO BHUSBIICHO
Kyueposum y 1881 pori. - [2]

Anieranberii BOepiie mrupoKo BUKOPUCTOBYBaBCs mija dac [lepioi cBiToBO1
BIMHU SIK BUXIJIHa PEYOBMHA JIJI1 BUPOOHHUIITBA allETOHY 1 OITOBOI KucioTu. Hapasi

1€ BOXKJIMBHA TPOMDKHUN MPOAYKT Y BUPOOHHUIITBI OITOBOI KHCJIOTH, OIITOBOTO
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aHT1IpUy, €TUJIOBOrO aleTaTy, MepOLTOBOi KHUCIOTH, NEHTACPUTPUTY, XJIOpaJIo,
TIOKCaio, ankiamiHiB 1 mipuauHiB. KowmepriiiHi mporiecu  BUpPOOHUIITBA
aleTanbAer1y BKIIOYAIOTh OKUCIICHHS a00 JIET1JpyBaHHs €TaHOIy, JOIaBaHHS BOJU
710 aleTUJICHY, YaCTKOBE OKHWCJICHHS BYTJIEBOIHIB 1 TPsIME OKHCIICHHS €TWICHY. Y
1989 pori Oyno migpaxoBaHo, IO 28 KOMIIaHIH, sKi Manu moHan 98% cBiTOBOI
BUPOOHUYOT MOTYKHOCTI B 2,5 MUJIbIIOHA TOHH Ha PIK, BUKOPUCTOBYBAJIHU MPOIECU
Bakepa-Xexcra 11 IpsIMOTO OKUCIICHHS €THIICHY. - [2]

AlleTaIBICTIT € TPOJYKTOM OUIBIIOCTI OKHWCHEHb BYIVICBOAHIB. BiH €
MPOMIKHAM TPOAYKTOM Yy JWXaHHI BHUIIMX POCIHH 1 TPAIUIAETHCS B HE3HAYHHX
KUTBKOCTSIX y BCIX CTUIVIMX ILJIO/AaX, Kl MalOTh KUCIUM CMak J0 J103piBaHHS. BMmict
aNbJETIy Yy JIETIOUMX PEYOBMHAX OYyJIO 3alpONOHOBAHO SK XIMIYHHMHA 1HAEKC
JO3pIBaHHSL MiJ] Yac XOJOJHOro 30epiraHHs sOJyK. AILETAIbACTII TaKOX €
OPOMDKHUM TPOAYKTOM OpOJIHHS, aje Maibke BiJpa3dy K MEPETBOPIOETHCS Ha
eTaHoJ. BiH MoXe yTBOPIOBATHCS Y BHHI Ta 1HIIMX aJKOTOJbHUX HAMOAX IMICHS
BIUTMBY TIOBITPS, HAJAI0YM HEMPHEMHOTO CMaKy; albJeTiJl pearye, YTBOPIOHOYHU
TICTUJIOBUM alleTallb 1 €THJIOBHH areTaT. AleTalbIeri]l € TPOMIXHUM IIPOJTYKTOM Y
pO3KJIalaHH1 I[yKpPIiB B OpraHi3mi 1, TaKUM YHUHOM, 3YCTPIYAETHCS B HE3HAYHUX
KIJIBKOCTSX Y KpOBi. - [2].

[Ipu omgHOCTamitHOMY MpOIECl 3 3aCTOCYBAaHHSIM TEXHIYHOTO KHCHIO B
peakTop, 3alOBHCHMWI KaTaai3aTOPHUM PO3YMHOM, OE3MEpPEepBHO TOAIOTh CTHIICH,
KHCEHb Ta OOOPOTHUM ra3, M0 MICTUTh TMEPEBAXHO HE MPOpPEAroBaHUN ETHIICH 1
KHCEHb. PeakIiio MNpoBOAATH T THUCKOM 3-7 arMmocdep TMNpuU  KHUIIIHHI
KataiizaropHoro po3uuny (~120°C). Termno ek30TepMIYHOT peakilii BIABOAUTHCS MPHU
[IbOMY TIEPEBAXHO 3a PAaxXyHOK BUITAPOBYBAHHS BOJM 1 MPOAYKTIB peakiii. s
MNIITPUMAHHS TEBHOI KOHIIGHTpAIlll KaTajai3aTOPHOTO PO3YHMHY B  PEAKTOP

Oe3mepepBHO MOIAI0Th BOY B KiJIbKOCTI, PiBHIN KiJIbKOCTI BUIIAPOBaHOi BOIM. - [1].
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—

+ OBopoTHWI ras

K1ceHb

AueTanuioeris

Pucynok 1. Cxema oTpuMaHHs aleTanbAEr1ly OKHCIECHHIM €TUIIEHY
(omuocTaniitamii mporiec): 1. Peakrop; 2. Xonogmibauk; 3. CkpyOep; 4.

Juctunsiitii konony; 5. Jleduermatopu; 6. Kun’ sTuinbHUKY.

YTBOpeHMIl ameTtanpaeriji pa3oM 3 TapamMd BOJU 1 HEMpopearoBaHUMU
ra3ono/II0OHMMHU peareHTaMu MicJisi BUXOY 3 PEAKTOpa 0XOJIOKYIOTh 1 TPOMYCKAIOTh
yepes CKpyOep, 3pollyBaHUN BOJIOIO, SKa PO3YMHSAE areTaiapieria. Po3uuH
aleTanbAeTiy CHPSIMOBYIOTh Ha peKTHdikamiro Ta cradimizamiio (BiITIJICHHS
PO3YMHEHUX Yy HbOMY ra3iB), a 0OOPOTHHI €TUJIEH 13 BEPXHbOI YACTHHH CKpyOepa
pa3oM 13 HENmpOpearoBaHWM KHCHEM IOBEpPTAIOTh Y BHUPOOHWYMM MUKI. Takum
YUHOM, TPU OJHOCTAJIMHOMY TIPOIIECI OKHUCJCHHS €TWICHY Ta pereHeparis
KaTaji3aropa 371HCHIOIOThCS B OJIHOMY peakiiiiHoMy amapati. Buxin arneranpaeriay
cTaHoBUTH 95% 1 Bue. - [1]

Pextudikariiina KojioHA € BaXXJIMBOK CKJIAJOBOK) CHUCTEMH PO3JIUICHHS
mpoayKTiB peakmii. s 11 ctabuibHOi poOoTH HEoOXimHo, moO nedaermatop
MpAIfiOBaB HAJICKHUM YMHOM, aJpKe caMme BiH 3a0e3Mledye 4acTKOBE KOHJIEHCYBAaHHS

napiB 1 MOBEpPHEHHS piAKOi (a3u y BEpPXHIO YaCTHUHY KOJIOHHM, IO MIATPUMYE
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ONTUMAJIbHE PO3IUICHHS aleTajabJeriay BiJl JOMIIIOK 1 3a0e3neuye e()EeKTUBHICTh
mporecy. Came ToMy s oOupar0 MOJEpHi3aIlifo aederMaropa, OCKUIBKH HOTO
edekTHBHA poOOTa € KPUTUYHO BAXKIMBOIO ISl CTaOUIBHOCTI Ta MPOJYKTHUBHOCTI
Bciei pektuikamiifHoi cuctemMu. MopepHizallis J03BOJUTH MIJBUIIUTH TOYHICTh
PO3MUIEHHST TPOAYKTIB, 3MEHIIUTH BTpPaTH KOPUCHOTO MPOAYKTY Ta 3arajioM
MIIBUIIUTH €(EKTUBHICTh POOOTH KOJIOHHW, IO MO3UTHBHO BIUIMHE Ha SKICTh Ta

BHX1J aneranpaeriay. - [1]

IlepeJsik mocuJjIaHb:
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I'.JI. (2011). IIpouecu ta oOnagHaHHs XiMidyHOI TexHojorii. [Tigpyunuk. Yactuna 2.
Kuis. HTYY «KIII»

2. Kirk-Othmer Encyclopedia of Chemical Technology Vol 01.
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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: TlpoaHanizoBaHO CTaH BITYM3HSHOTO PHUHKY BHUPOOHUIITBA
(GYHKIIOHATBHUX TPOJYKTIB, CHOPMYIHOBAHO OCHOBHI NPOOJEMH Ta HAMPSIMKHU
PO3BHUTKY. Cepen IICPCIICKTUBHUX BI/IIIiB CUPOBHHHN BHU3HAYCHO H‘lMiHB, a
e(peKTUBHUM CITIOCOOOM HOro 00OpOoOKU — EKCTPY3isl.

KEYWORDS: FUNCTIONAL PRODUCTS, BARLEY, EXTRUDER

KJIIO4Y0BI (JI0BA: ©OYHKUOIOHAJIBHI ITPOAYKTHU, AYMIHB,
EKCTPYJIEP.

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%)
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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 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-
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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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VJIK 66.07

MOJAEPHIBALISA BATATOKOPIITYCHOI'O BUITAPHOI'O AITAPATA
YCTAHOBKHW BUPOBHUIITBA BOJHIO

ctynent [IpaBocymosuy O. /I., o, k.T.H. ['ymienko C.B.

HaunionanbHuUil TeXHiYHUI YHiBepCUTET YKpaiHu
«KuiBcbKuM noJiTexHivYHui iIHCTUTYT iMeHi Irops Cikopcbkoro»
AHoTania: Po3riasgHyTo MeTon poOOTHM  0araToKOpIyCHOrO  BHUIIAPHOTO
anapara. BaxxiuBicTe HOoro MojiepHi3ailii B yCTaHOBKaxX BUPOOHUITBA BOJHIO.

KJIFOUOBI CJIOBA: BOJIEHb, BUTTAPHMIA ATTAPAT, TEITJIOOBMIH.

Anoranisi: The method of operation of a multi-body evaporator is considered.
The importance of modernization in its hydrogen production facilities.
KJIIOYOBI CJIOBA: HYDROGEN, VAPORIZER, HEAT EXCHANGE.

[cTopis BIAKPUTTS BOJHIO TIOUYMHAETHCA 3 PAHHIX EKCIIEPUMEHTIB ajJXiMIKIB y
16 cronitTi. BoHM mOMITHIIM, IIO TIPH B3a€EMOJii METAIIB 3 KUCIOTAaMU BUIIISETHCS
nerko3zaiMuctuii raz. OmHUM 13 nepuMx, XTo 3adikcyBaB 1Lel mpouec, OyB
[Tapanenbc, sIKUi CrIOCTEpiraB BUAUICHHS ra3y NMpU PO3YMHEHHI 3ajli3a B CipyaHii
kucioti [1].

Y 1671 poui PoGept boiinb, BigoMuii aHrIINHCHKUN XIMIK, TaKOX MPOBOJIVB
€KCIIEpUMEHTHU 3 METajlaMU Ta KUCJIOTaMH, OTPUMYIOUH BOJCHB, XO4a TOJI1 BIH I HE
OyB Bu3HaHUU OKpeMuUM eyemMeHToM [2]. Jlume B 1766 poui I'enpi Kasewmin,
AHTJIMCHKUN BUYCHM, BIEpINE 1MCHTH(]IKYBaB BOJACHb K OKpPEMYy pedoBUHY. BiH
Ha3BaB HOT0 “TOPIOYHMM MOBITPSAM” yepe3 HOro 3MaTHICTh Topity [3]

KaBenpim Takox BUSBUB, IO TPHU 3TOPSHHI BOJHIO YTBOPIOETHCS BOAQ, IO
CTaJO0 BAXJIUBUM BIOKpUTTAM i ximii. [le Bimkputts miaTBepauB AHTyaH

JlaBya3be, axuit y 1783 poui mpoBiB €KCHEPUMEHTH, IO MOKa3ajad, IO BOJA
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CKJIQJIA€EThCS 3 BOAHIO Ta KUCHIO [4]. JlaBya3be maB BOAHIO MOro cy4acHy Ha3By, IO
MMOXOJUTH BiJ Tperbkux ciiB “hydro” (Boga) Ta “genes” (yTBOpIOBATH).

Y 19 cromtTri BOJEHb IMOYAJM BHUKOPUCTOBYBATH B PIZHUX Taly3sX,
BKJIIOUAIOYM  BUPOOHMIITBO  TOBITPSAHUX KyJdb Ta K  OXOJOIXKYyBad Y
TypOoreneparopax. BiZKpuTTs 130TOMIB BOJHIO, TaKuX SK JEHTEpid Ta TpPUTIH,
PO3IIUPHUIIO HOTO 3aCTOCYBaHHS B HAYI[l Ta IPOMKCIOBOCTI [1]

Bonenp Biairpae BaxIMBY pOJIb y CY4aCHOMY KHUTTI 3aBISKUH CBOIM
YHIKaJIbHUM BJIACTUBOCTSIM SIK YHCTOTO JpKepelna eHeprii. BiH BUKOPUCTOBY€EThCS B
PI3HUX Taly3sX, BKJIIOYAIOUU BUPOOHUIITBO amiaky, HaQTONEepepoOKy Ta SIK MaIuBO
JUIA TPAHCHOPTHHUX 3ac0o0iB. BomeHb nomomMarae 3MEHIIWTH BUKHIWA MapHUKOBHUX
ra3iB 1 CIpHsi€ MEPeXoay 0 BIIHOBIIOBAHUX JKeped eHeprii. OTpuMaHHS BOJHIO €
HAJ3BUYAHO BaXJIMBUM I 3a0€3ME€UEHHS] CTajJoro pO3BUTKY Ta 30€peKEeHHS
HABKOJIMIIIHBOTO cepeoBuia. [6]

OnHMM 13 METOIIB BHJIOOYTKY BOJHIO € BUKOPUCTaHHS OaraTOKOPILYCHOTO
BunapHoro amnapara (Pucynoxk 1). Ils TexHOJOTIS 103BOJISIE €PEKTUBHO OTPUMYBATH
BOJICHb, BUKOPUCTOBYIOUM MEHIIIE €HEprii Ta pecypciB, M0 POOUTH MPOIEC OLIBII

€KOJIOTIYHO YUCTUM 1 EKOHOMIYHO BUT1IHUM.

__________________________________
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Pucynok .1 — TexHonoriyna cxema yCTaHOBKH BUPOOHUIITBA BOJHIO
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PrcyHOK 2 — TeXHOJIOT1YHA CXeMa BUCOKO(EKTHOTO BUIIAPHOTO anapara s

KOHLCHTPYBAHHA CUPOBUHU

Y umii cucteMi CHPOBMHA MIAJAETBCA TUCKY, 1 HANpaBIIAE€TChs 10
OaratoedekTHOro Bunapuuka (PUCYHOK 2) ISl KOHIICHTPYBAaHHS CUPOBUHH. Teruio,
HeoOXiaHe g OaraToe)eKTHOTO BUITAPHUKA, 3a0€3MEUYYEThCS TapsSuol0 PiIMHOKIO 3
teriooOMinHuKa. [licns TemnooOMiHy 3 OaraToe()eKTHUM BHUIAPHUKOM PpiJHUHA
noTparisie B 010Kk po3aiieHHs. KoxkeH eeKT MOACIIOEThCs 3a JOTIOMOTOI0 MOYJIS
¢rem-BunapHuka Ta MOAYJS TEMJ0OOMIHHMKA. BumapeHna mapa 3 momepeaHboro
e(eKTy BUKOPUCTOBYETHCS JJIsl BUTIAPOBYBAHHS CHPOBUHHU HACTYIHOTO edekTy [5].

[Totim momaeThess B rasudikamiitnuii  Onok. [azudikamiiinuii 610K
MOJIETIOETHCSI TPhOMa MOIYJISIMHU: CTEXIOMETPUYHUM PEAKTOpOM, peakTopoM ['160ca
Ta MojayleM cenaparopa. CrexiomeTpuuHuii peaktop 1 peakrop [160ca
BUKOPHUCTOBYIOTHCS JJIsl MOJICJIFOBAHHS 17]€aIbHOTO Mpolecy radudikaiiii B ymoBax
xiMiyHOi piBHOBaru. lleit MeTon MIMPOKO BUKOPUCTOBYBABCS JUIsI MOJICITIOBAHHS
MPOIECIB HAAKPUTHUHOI Tasu@ikamii Boau. Moaynb cemapaTtopa BIIOKPEMITIOE
He3nayHi exemeHTu (Cl, N, S 1 3071y), sIKi, SIK TOBIIOMJISIETHCS, OCIJAI0Th Y TBEPIY
300y [5].

[licns BigaiIeHHS 30JIM rapsya piuHa, yTBOpPEHAa B pe3yJbTaTi peaxiii
CUPOBHHHM Ta BOJAW B TrasudikamiifHoMy 001, HAAXOAUTh y OJIOK OKHUCJICHHS 1

npoxoauth uepe3 O2. bIok OKuCIEHHS MOJENTIOEThes sk peaktop [100ca. [Mapsiaa
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plIMHA TOJATKOBO HArpiBa€ThCs 3a PAXyHOK OKHCIIEHHS TOPIOYOro rasy 1 HaJXOAMTh
y TEIJIOOOMIHHHMK. Y TEMJI0OOMIHHHKY BiJOYBAa€ThCS TEIUIOOOMIH MIXK TapsSdoio
PIIMHOIO Ta TMOINEPEAHBO HATrpPITOI0 BOJOI, IO MPU3BOJAUTH JIO IIiABUIIECHHS
TEMIIEpaTypu TMOMEPEeIHBO HArpiTOoi BOAU JO pIBHA, MNPUAATHOTO ISl BXOIYy B
razudikaiiaii peakrop. Ilicis mporo rapsida piavHa HaJXOAUTh Y OXOJIOMKYyBad
JUTSL IOAANBIIIOTO OXO0JIOMKEeHHs. [1icisa 3HMKEHHS TUCKY Ta TeMIIepaTypu 1s piivHA
HaJIXOJUTh Yy Ta30pIAMHHUN cemapatop (MOIyib (Uieli-BUIIAPHUKA) Ta cemapaTtop
BOJIHIO (MOJ1yJIb Cenaparopa) AJis pO3JIJICHHS BOJIU, BOJHIO Ta 3QJIMLIIKOBOrO rasy[5].

MopnepHizaliss 0araTOKOPIyCHOTO BHUIIAPHOIO amapara B  YCTaHOBKax
BUPOOHUIITBA BOJHIO € BAXJIUBOI Yepe3 IMIJBUIICHHS €(PEKTUBHOCTI MPOIECY
BUIIAPIOBAHHS, IO JO3BOJISIE 3MEHIIMTH EHEPreTUYHI BUTPATH Ta IiJIBUIIUTH
NpOAYKTUBHICTh. CydacHl TEXHOJIOTIl J03BOJISIIOTH ONTHUMI3yBaTU TEIJIOOOMIH 1
3HU3UTU BTPATH TEIUIa, IO CHpPHSIE €KOHOMII pPecypciB 1 3MEHIIEHHIO BIUIUBY Ha
HaBKOJNMIIHE  cepepoBuule. Kpim  Toro, MojepHizawiss  MOXe  BKJIIOYAaTH
BIIPOBA/KEHHS aBTOMATH30BAHUX CHCTEM KOHTPOJIO Ta YIPAaBIiHHSA, [0 MiABHUIIYE
HaJIMHICTB 1 6€3MeKy eKkcrutyaTalli oonagHanus [7].

IlepeJiik mocujianb:

1) Hydrogen - Wikipedia;

2) Henry Cavendish and The Revolutionary Discovery of Hydrogen;

3) It's Elemental - The Element Hydrogen;

4) The Historical Journey of Hydrogen;

5)  Thermodynamic and environmental analysis of an integrated multi-

effect evaporation and organic wastewater supercritical water gasification system for

hydrogen production;

6) Bojienb — eHeproHociii MalWOyTHBOTO: BCE MPO BUPOOHMIITBO,

BUKOPHCTAHHI Ta 663HCKV. Yactuna 1 | «KypHaJjl r0JIOBHOT'O €HEPreTUKA»
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7) BUITAPHI YCTAHOBKH. - OXOPOHA HABKOJIMIIHBOI'O
CEPEJIOBUINA: TIPOILIECHU 1 AITAPATHU 3AXUCTY T'IAPOCOEPU -

ITixpyyYHUKH U CTYACHTIB OHJIAWH
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MODERNIZATION OF ETHANOL PRODUCTION FACILITY WITH
DEVELOPMENT OF RECTIFICATION COLUMN
student Sviatoslav Hnidenko, Ph.D., Assoc. Andrii Stepaniuk
National Technical University of Ukraine
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ANNOTATION.The use of ethanol in the chemical industry is described and
characterized, and the technological scheme of its production is given. Description of
the distillation column.

KEY WORDS: ETHANOL, PURPOSE OF ETHANOL, TECHNOLOGICAL
SCHEME, COLUMNS, RECTIFICATION, RECTIFICATION COLUMN.

MOJIEPHI3ALISI YCTAHOBKY BUPOBHULITBA ETAHOJTY 3
PO3POBKOIO PEKTU®IKALIIITHOI KOJIOHU

crynent C. B. T'ninenko, x.T.H., goi. A.P. Cremaniok
HaunionanbHUil TeXHiYHUI YHiBepCcUTET Y KpaiHu
«KuiBcbKui noJtitexHivyHui iIHcTuTyT iMeHi Iropst Cikopebkoro»
AHOTAMNIA. Onucano 1 0xapakTepU30BAaHO BUKOPHUCTAHHS €TAaHONMY ¥
XIMIYHI MPOMHUCIOBOCTI Ta HABEIECHO TEXHOJOTIYHY CXEMYy MOro BUPOOHHUIITBA.
Onuc pexTudikaifHoi KOJIOHH.
KJIFOYOBI CJIOBA: ETAHOJI, IIPUBHAYEHHA ETAHOIJLY,
TEXHOJIOTTYHA CXEMA, KOJIOHU, PEKTU®IKAILILS, PEKTUDIKAIIMHA
KOJIOHA.

Ethanol (ethyl alcohol, ) is widely used in the chemical industry due to its
properties and versatility. C,HsOH. In a simplified way, the following definition can

be given: ethanol is a colorless, transparent, volatile, flammable hygroscopic liquid
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containing from 96.6% v/v to 95.1% v/v C,H;0H and water; has a characteristic

smell and burning taste [1].

According to its pharmacological properties, it belongs to narcotic substances
derived from the fatty series. When used internally in the human body, it is quickly
absorbed and, like ether and chloroform, first causes excitement, and then suppresses
the vitality of all organs, including the brain. With frequent use, it causes addiction
(alcoholism) and is not recommended for use because it leads to fatal consequences at
high doses in the body [1].

Or another definition: Ethanol is an organic substance, a monoatomic alcohol,
a product of natural fermentation of organic matter, which is in demand in a number
of areas of production. It is also known by the following names: ethyl alcohol,
alcohol, methylcarbinol and wine alcohol [2].

Physical properties:

- has the properties of a highly effective solvent;

- mixes with many organic and inorganic substances;

- the boiling point of the reactant is ;+79°C

- it is noticeably lighter than water and vegetable oil, when it is in an open
container, it evaporates abundantly, spreading a characteristic alcohol smell into the
air;

- vapors of the substance are also combustible, form vapor-air mixtures
with atmospheric air, highly flammable, the combustion of which at certain
concentrations can be compared with an explosive effect [2].

Chemical properties:

- the substance belongs to the group of chemically active reagents, has
similar properties to the classes of acids, but expressed in a somewhat less bright

quality;
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- interacts with representatives of the group of alkaline earth metals. As a
result of the interaction, ethylate is formed (chemical compounds that are structurally
similar to classical salts);

- under certain conditions, it reacts with carboxylic acids, forming esters
during this interaction;

- oxidizes to oxalic acid, acetaldehyde and acetic acid;

- reacts with sulfuric acid (in its concentrated form), at the same time,
when the temperature of the reaction conditions increases, diethyl ether is formed
[2].120°C

Fields of application:

- Is an active component of various alcoholic beverages (vodka, gin, wine,
beer, in particular, and non-alcoholic, albeit in small quantities...);

- can be used to dissolve food flavorings, as a preservative for bakery and
confectionery products. Known as food additive E1510;

- fuel and fuel, alcohol thermometer filler and disinfectant/disinfectant
component;

- the use of alcohol with other mixtures for automotive products, such as:
cooling antifreeze fluids and glass washing agents;

- solvent for the paint industry and in the production of household
chemicals and other purposes;

- use for medical purposes: defoamer during oxygen supply, artificial lung
ventilation, etc. [3].

Production of ethyl alcohol[4].

Ethanol production is one of the oldest biotechnologies. The biochemistry of
alcoholic fermentation is well studied. The energy of the substrate in the fermentation
process is distributed as follows: 90% goes into ethanol and 5% into biomass and
heat. Alcoholic fermentation is carried out by yeast-saccharomyces (Saccharomyces
cerevisiae, S. rosei), some mycelial fungi (Aspergillus orysae), bacteria (Zymomonas
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mobilis, Z. anaerobia, Sarcina ventricula, Ervinia amylovora, Clostridium
thermocellum). However, only yeast is used as producers in alcohol production.

Raw materials for alcohol production:

- starch-containing raw materials - grain (rye, wheat, corn, barley, oats, millet);
- potato;

- molasses (sugar industry waste),

- malt, malted milk;

- mash;

- wood hydrolyzate.

There are several technologies for obtaining ethanol. The production of alcohol
includes a number of stages.

First, the raw materials are crushed and boiled in order to hydrolyze the starch.
Since starch is not fermented by yeast (they lack amylase), the boiled mass is treated
with amylolytic enzymes of malt or microorganisms (Aspergillus niger, A. oryzae,
Bacillus subtilis, B. amylolitica). In recent years, ready-made amylase enzyme
preparations have been used.

The mixture sweetened in this way contains carbohydrates (maltose, glucose,
dextrins). In addition, it contains peptides, amino acids, organophosphorus
compounds, mineral salts, trace elements.

The next stage is the fermentation of the sugared mass. For this purpose, pure
yeast cultures are used, which are grown in special yeast departments. To suppress
the development of bacteria in them, the fermentation mixture, cooled to , is acidified
with sulfate water to pH 3.8-4.0.30°C

Producers are yeast Saccharomyces cerevisiae race XII (Figure 1). Fructose,
sucrose, maltose ferment well, raffinose and galactose are somewhat weaker

(accumulate up to 11% alcohol in the medium).
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Saccharomyces cerevisiae

Figure 1 — Microscopic image of a pure cultureSaccharomyces cerevisiae

Requirements for yeast-producers:

- they must have high fermentation activity;

- quickly and completely ferment sugars;

- use other components of the environment in anaerobic conditions;

- be resistant to the products of their metabolism (especially alcohol);

- good at resisting infection.

You can increase ethanol production in the following ways:

1) use continuous fermentation instead of batch fermentation. This increases
system performance by 2 times. Ethanol yield increases with the use of flocculating
yeast races, biomass recirculation and cell immobilization;

2) carrying out vacuum fermentation at a dilution of 32-35 mm Hg. Art. to
remove ethanol;

3) implementation of flash fermentation, in which part of the culture liquid
periodically enters a vacuum chamber to remove ethanol,

4) selection of ethanol-tolerant strains of microorganisms capable of producing
high concentrations of ethanol.

The economic advantages of ethanol production depend on a number of
conditions: the structure of agricultural crops, the cost of raw materials; capital
investments for the construction of factories; price policy. Landlocked countries are
interested in replacing oil with other types of fuel.
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The physical essence and principle of the rectification process [5].

The use of multiple distillation processes is energetically unprofitable and does
not allow separating even binary solutions into practically pure individual
components. More modern, in many respects, is the method of multiple distillation in
one apparatus, which has received the name of rectification.

Rectification, as a method of separating complex solutions into almost pure
individual components, is based on the processes of partial evaporation of liquid
mixtures of different composition and partial or full condensation of steam. These
processes are repeatedly repeated on contact devices by means of counterflow and
repeated contacting of vapor and liquid phases of non-equilibrium composition.

The essence of the processes that make up the rectification, and the results that
are obtained at the same time, can be followed with the help of a diagram (Figure
t—X—-Y

By heating the initial mixture of the composition to the boiling point, we will
obtain steam that is in equilibrium with the liquid (point b).X;

As a result of the selection and condensation of this steam, we obtain a liquid
composition enriched with a low-boiling component (LC). After heating this liquid to
the boiling point , we will obtain steam (point d), the condensation of which gives a
liquid with an even higher content of NC, and has the composition . By conducting a
series of liquid evaporation and vapor condensation processes in this way, a liquid
(distillate) can be obtained, which is almost pure NC.X, (X, > X, )t;Xs.

Similarly, starting from the vapor phase, which corresponds to the composition
of the liquid, by carrying out a series of successive processes of condensation and
evaporation, it is possible to obtain a liquid (residue), which consists almost entirely
of the high-boiling component (VKK) X,.

Thus, the physical essence of the rectification process is based on the repeated
interaction of the vapor and liquid phases of non-equilibrium concentrations, as a

result of which processes of condensation and evaporation of phases occur on the
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contact devices, as well as thermodiffusion mass exchange of substances between the

Interacting phases.
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Figure 2 — Diagrammatic representation of the process of separation of a binary

mixture by rectificationt — X — Y

Figure 3 shows a simplified technological scheme for obtaining ethyl alcohol
by direct hydration of ethylene. A mixture of ethylene and water vapor is fed into the
contact apparatus 1 under a pressure of about 80 atmospheres. The optimal molar
ratio of water vapor and ethylene when using phosphoric acid as a catalyst on an
asbestos carrier ranges from (0.6-0.7):1.

Output ethylene from the hydrocarbon gas separation plant is pumped into the
system by compressor 6, circulating ethylene by compressor 5. Both streams of
ethylene are mixed in a tee; the gas mixture is heated to in the heat exchanger 3 by

the reaction products coming out of the contact apparatus 1. Next, the gas is mixed in
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the injector 2 with superheated water vapor. The temperature of the process is

maintained within;

the vapor—gas mixture enters the contact apparatus at

approximately the same temperature.220 - 230°C280 - 300°C

The technological scheme of ethanol production is shown in Figure 3 [6]
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1 — contact device (hydrator); 2 — steam injector; 3 — heat exchanger-

recuperator; 4.17 - refrigerators - condensers; 5 — circulation compressor; 6 —

compressor; 7 — high pressure separator; 8 — salt separator; 9 — low pressure

separator; 10 — heat exchanger; 11 — collector for alkali solution; 12 — high pressure

pump; 13 — boiler; 14 — evaporation column; 15 — rectification column; 16 —

dephlegmator; 17 — heat exchanger; D.V. — throttle valve

Figure 3 — Scheme of production of ethyl alcohol by direct hydration of ethylene
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The synthesis products carry out a small amount of phosphoric acid from the
contact apparatus, which at later stages of the process can cause a corrosive effect on
the equipment and pipelines. To avoid this, the acid contained in the synthesis
products is neutralized with alkali, which is supplied from the tank 11 by the high-
pressure pump 12 to the tee located on the pipeline near the contactor. After passing
through the salt separation 8, the synthesis products are cooled in the heat exchanger-
recuperator 3 and the refrigerator-condenser 4, where condensation of water vapor
and alcohol takes place.

Separation of non-condensed ethylene from the liquid is carried out in the high-
pressure separator 7.

For a more complete release of ethylene from liquid drops and splashes, plates
are installed in the separator, which dramatically change the speed and direction of
the gas flow. Ethylene in the upper part of the separator enters the suction pipeline of
the circulation compressor 5 (see Fig. 3) and is again sent to the tee for mixing with
fresh ethylene.

The concentration of ethylene in the circulating gas is maintained by at least
80-85 vol. %. In order to prevent the dilution of recycled ethylene with inert gases,
part of the circulating gas is continuously taken from the discharge pipeline of the
compressor 5 and directed to the hydrocarbon gas separation plant for cleaning.

Instead of extracted gas, fresh ethylene is supplied to the system. Diluted
alcohol (15-16 vol. %) flows from the lower part of the high-pressure separator 7,
which enters the low-pressure separator 9 through the throttle valve.

Due to the decrease in pressure, dissolved ethylene is released from the liquid,
which is sent to the suction pipeline of the compressor 4 or to the hydrocarbon gas
separation plant.

Aqueous solution of alcohol enters for concentration. In the heat exchanger 10,
the solution is heated by the cubic liquid from the rectification column 15 and sent to

the evaporation column 14. The cubic liquid from this column is a phosphate solution
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formed as a result of the neutralization of phosphoric acid with alkali. VVapors from
the upper part of the evaporation column 14 enter the rectification column 15. The
distillate of the rectification column - concentrated ethyl alcohol - is a commercial
product of this production.

The cubic liquid is used in the heat exchanger 10 to heat the diluted alcohol
and partly to dissolve the alkali in the collector 11. After all the necessary processes,
the ethyl alcohol with a small concentration of water enters the heat exchanger 17,
where the device removes the remaining heat, reducing the risk of volatility and
evaporation of the substance.

Application of the rectification column in the alcohol industry [7].

Rectification column (or rectification column apparatus) — this unit is used in
distillation, in the processes of extractive rectification, extraction of liquids, heat
transfer from steam to liquid, and vice versa, as well as in similar manipulations.

The column is a tall tube that comes from the distillation cube. The hot steam
rises and cools slowly. Then the formed condensate flows down. During this
movement, the condensate is heated again and turns into steam. This steam contains
ethyl alcohol. Through the outlet tube, alcohol in the form of steam enters the
refrigerator and flows as a liquid into the tank in the form of purified moonshine.

Its main application in the production of alcohol is to purify the alcohol
product from impurities, which allows obtaining high-quality alcohol with an ethanol
content of up to 96-97%.

An important part of the column during the rectification of moonshine is
various nozzles. These are its internal elements, most of which are loose. The
simplest and most standard type of nozzle is considered to be the washcloths for
washing and cleaning dishes, which are made of metal. To do this, it is enough to find
a magnet that immediately reacts to the metal.

The difference between a moonshine machine and a distillation column is that

moonshine is based on a simple distillation method. The liquid is heated, steam is
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formed, which then condenses into alcohol. The alcohol vapor rises into the cooler,
where it turns into a liquid. At the end of distillation, the concentration of alcohol is
usually 40-60% alcohol. Using a column, the principle of which is based on multiple
rectification without disassembly of the device itself for cleaning from organic
residues.

Multi-stage distillation, where alcohol vapors pass through several levels of the
column (usually two or more), allows you to separate the components at boiling
temperatures and obtain almost pure alcohol (ethanol), without a significant amount
of impurities and without the aroma of the raw material. The alcohol concentration is
already 95-96% alcohol. After that, the alcoholic substance can be used in the field of
liquor and vodka production, pharmaceuticals and for many other needs. Therefore,
when choosing between two devices, you need to take into account the production
goals for which they will be used. In our case, it is advisable to choose a rectification
column for more concentrated and pure ethanol production.

Modern distillation columns have quite a lot of advantages, thanks to which
they are chosen, but each device has its pros and cons.

Among the advantages are noted:

- High separation efficiency;

- The possibility of repeated use depending on its setting for certain mixtures;

- Energy saving: columns are often equipped with heat recovery systems;

- A wide range of applications: used in oil refining and for the production of

food alcohol.

- Controlled process: automation systems allow precise control of

rectification parameters, which ensures stable product quality.

Disadvantages:

- Long distillation process;

- High cost;

- High cost of equipment: manufacturing and installation;
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- Energy consumption;

- The need for fine-tuning;

- Complexity of service

- The column of continuous action, as a rule, consists of two parts: the
upper - strengthening (concentration) and the lower - exhausting (distillation).

- The initial mixture enters the column heated to the boiling temperature
and is fed to the feed plate, which is located in the middle between the lower and
upper columns. The steam produced by the boiling of the liquid (usually water) rises
up the column and comes into contact with the substance flowing from the top to the
bottom. During the movement of steam from the lower part of the column to the
upper part, a process of gradual enrichment of the vapor phase with a low-boiling
component occurs.

The scheme of the rectification column is shown in Figure 4.

Highly concentrated alcohol with a small amount of water is removed from the
top of the column. The alcohol condensate obtained as a result of condensation is
partially removed as a finished product - distillate, and partially pure alcohol with
water impurities is fed to the upper plate of the column in the form of phlegm.

The supply of phlegm to the upper plate of the column ensures the constancy of
the composition of the phases interacting on the contact elements of the upper column
in the column. When phlegm flows from plate to plate from top to bottom, the liquid
is depleted of the low-boiling component and enriched with the high-boiling
component.

On the feeding plate, the concentrations of the substance in the phases equal to
the concentrations of the initial mixture are achieved.

In the lower cubic part of the column, the process of extracting the cubic
residue takes place, which can be heated and reused for the thermal power of the
column. This process takes place due to the heat and mass exchange between flows of
flowing liquid and steam, which is formed in the lower part of the column during the
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evaporation of the liquid and rises up. The vapors formed are fed under the lower
plate of the distillation part of the column, contact with the liquid flowing from
above, while the liquid boils on the plate and creates an upward flow of steam,

respectively, in a concentration at the boiling temperature of the liquid on the plate.
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1 — column; 2 — cube (bottom); 3 — cover; 4 — plate; 5 — condensate removal system

Figure 4 — Scheme of a plate-type rectification column [8].

After separating the alcohol from various impurities, the alcohol passes
through a heat exchanger, where it gives part of the temperature to the walls and is
cooled for further use [9].
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Methanol, the simplest monoatomic alcohol () is a highly toxic substance. It is
widely used in a number of industries [1] CH3OH.

Methyl alcohol is one of the most important products produced by the chemical
industry.One of the most important properties of methanol is that it is a high-quality
and effective solvent for a large group of chemicals.Under normal conditions, methyl
alcohol has the following characteristics: a colorless, volatile, flammable liquid,

sometimes with an odor that resembles the smell of ethyl [2].
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The largest amount of methanol goes to the production of formaldehyde, which
Is used to make urea, melamine and phenol-formaldehyde resins.

One of the areas of use is a solvent component of paint and varnish materials
[1]. It is widely used in laboratory practice as a solvent for carrying out reactions with
polar organic substances, as a solvent for chromatographic separation and as a
reagent for obtaining methyl esters of acids,widely used as a fuel for high-pressure
internal combustion engines[2]. Methyl alcohol is also used as a denaturant for
ethanol [3].

Possibilities of using methanol as a fuel [5].

Methanol is promising in that after the depletion of oil reserves, it can become
a raw material for the synthesis of almost the entire range of products that modern
petrochemicals provide.

The wide possibilities of using methanol are due, in particular, to the relative
simplicity of its production, the variety of sources of raw materials (synthesis gas for
the production of methanol can be obtained by processing natural gas, coal, heavy
residual oil fractions, and waste from various industries).

The demand for methanol will increase due to the fact that in recent years new
developments using methanol as a fuel in so-called fuel cells have appeared. In
January 2001, the world's second largest manufacturer of mobile phones - the
Motorola company - announced a discovery made by scientists in the company's
laboratory and the National Laboratory in Los Alamos (USA).

A miniature battery has been developed that can replace all existing traditional
batteries in laptops, cell phones and other devices. The new miniature cells use
methanol. When methanol interacts with air oxygen, electricity is produced. A
mixture of platinum and ruthenium is usually used as a catalyst in the methanol
element of the direct reaction.

The unlimited solubility of methanol in water (water in methanol), very low
solidification temperatures of pure methanol and its aqueous solutions, in particular,
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at a methanol concentration of more than 50% by mass, led to its use in the oil and
gas complex as the most effective hydration inhibitor in the extraction and
transportation of natural gas

When using methanol as a fuel in internal combustion engines, the toxicity of
exhaust gases decreases, compared to the use of gasoline on average: in terms of CO
content - 4.4 times; for NOx — 11 times; unburned hydrocarbons - by 10%.

The use of 100% methanol as an independent fuel is limited by its high
toxicity, lower lubricating properties, and greater aggressiveness to engine
construction materials, compared to petroleum fuels. Therefore, it is currently
proposed to use gasoline-methanol mixtures (BMS) BMS-5 and BMS-15 with a
methanol content of 5 and 15% by weight.

Currently, the most common raw materials for the synthesis of methanol are
natural gas and refinery gases, which are subjected to steam, steam-oxygen or steam-
oxygen-carbon dioxide conversion of methane and its homologues in order to obtain

process gas for the synthesis of methanol: mixtures ().CO + CO, + H,

Historically, the first methanol synthesis installations (Severodonetsk VO
"Azot", 1951) worked under a high pressure of 25 MPa on a zinc-chromium catalyst.
Modern multiton schemes work under an average tower pressure of 5 to 9 MPa on a
copper-zinc-chromium catalyst.

Current status of methanol production [6].

Several methods of obtaining methanol are known: dry distillation of wood and
lignin, thermal decomposition of formic acid salts, synthesis from methane through
methyl chloride followed by saponification, underoxidation of methane and
production from synthesis gas. Initially, the method of obtaining methanol by dry
distillation of wood was mastered in industry, but later it lost its industrial
significance. The modern production of methanol from carbon monoxide and
hydrogen was first carried out in Germany by the BASF company in 1923. The
process was carried out under a pressure of 10 to 35 MPa on a zinc chromium

50



36ipuuk Te3 nonoeineii XXXV BceeykpaiHchKoi HAYKOBO-NIPAKTHYHOI KOH(pepeHUil CTy1eHTiB,
acmipaHTiB i MoJsionux BueHux “O0JaTHAHHSA XiMiYHUX BUPOOHHMUTB i MiANPUEMCTB OyaiBeJIbLHUX
MarepiaiiB”

catalyst (ZnO/Cr203) at a temperature of 320 to 450 °C. Subsequently, the synthesis
of methanol on copper-containing catalysts promoted by zinc, chromium, etc., at 200
to 300 °C and pressure from 5 to 10 MPa, developed in England, became widespread.
The modern industrial production method is synthesis from carbon dioxide (Il) and
hydrogen on a copper-zinc oxide catalyst at a temperature of 250 °C and a pressure of
7 MPa.

Description of the technological scheme of methanol production [7].

The scheme for the synthesis of methyl alcohol is shown in Fig. 1.
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1-  compressor; 2 — gas refrigerators; 3 — water separator; 4 — scrubber;
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5 — high pressure heat exchanger; 6 — synthesis column; 7 — refrigerator-condenser;
8 — heat exchanger; 9 — separator; 10 — motor-pump-turbine unit; 11 — collection of
raw alcohol; 12 — circulation compressor; 13 — mixer of fresh and circulation gas;
14 — carbon filter.

Fig. 1. Technological scheme of methanol production:

The gas mixture is compressed by a multi-stage compressor 1 to a pressure of
200 to 350 atm (the degree of gas compression at each stage of the compressor is 3).
Moving from stage to stage, the compressed gas is cooled in intermediate water

coolers 2 to the temperaturewhich he had at the entrance to this section of
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compression. After each refrigerator, gas is separated in water separators 3 from the
moisture condensed during cooling. Periodically, every 30-60 minutes, the water
separators are blown with the same gas for a few seconds to remove moisture,
because when the separators are filled with liquid, the normal operation of the
compressor is disturbed. From the third stage of the compressor, the gas under a
pressure of 27 atm goes to the nozzles of the scrubber 4, which is irrigated with
water. In the scrubber, the gas is washed from carbon dioxide, which dissolves well
in water under pressure. Water for irrigation of the scrubber is supplied from the
water supply network by a centrifugal pump connected by elastic couplings on one
side to the electric motor and on the other to the hydraulic turbine. Such a unit is
called: motor-pump-turbine. The water pressure created by the pump exceeds the gas
pressure in the scrubber by 2-4 atm: the water saturated with carbon dioxide flowing
out from the lower part of the scrubber enters the turbine blades and causes them to
rotate: the water pressure in the turbine drops to almost atmospheric. Thus, the energy
of water throttling is used to rotate the centrifugal pump shaft; insufficient power is
compensated by the operation of the electric motor. Using the energy of the water
flowing out of the scrubber allows you to significantly (by 30% or more) save the
cost of electricity for supplying water to the scrubber 4.

The gas purified from carbon dioxide is compressed in the fourth and fifth
stages of the compressor and under a pressure of 243 atm enters the mixer 13, where
it is mixed with the return (circulation) gas, pumped by the compressor 12. Then the
gas mixture is purified in the filter 14, filled with activated carbon, from iron

pentacarbonylFe(CO)s.

The gas, purified from At this temperature, the gas mixture enters the synthesis
column 6.Fe(CO)5

The reaction of methanol formation proceeds with the release of heat (26.5
kcal/mol), therefore, to maintain the temperature in the contact zone within 400 -

420° C, cold gas is introduced into this zone.
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The contact gases from the synthesis column are cooled to 80-100 °C in the
high-pressure heat exchanger 5, after which the substance enters the heat exchanger-
condenser 7, and then cools down to 30 °C in the heat exchanger-refrigerator 8. Here,
alcohol vapors condense; the liquid (crude alcohol) is separated from the gases in the
separator 9, and the gases are pumped into the mixer 13 by the circulation compressor
12. The crude alcohol flows into the collector 11. A throttle valve is installed on the
pipeline between the separator and the collector, which reduces the pressure of the
liquid to atmospheric pressure. When the pressure is reduced, the alcohol entering the
collector is separated from the gases that were dissolved in it under pressure. Next,
the raw alcohol goes to purification and rectification.

Selection of the type and design of the device [8], [9].

The design scheme of the shell-and-tube refrigerator is shown in Fig. 2.
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1 — distribution chamber; 2 — flanges of the substance; 3 — pipe grid; 4 — cooler
flanges; 5 - body; 6 - tubule; 7 — cover.
Rice. 2. Design scheme of a shell-and-tube refrigerator
Installation of a shell-and-tube heat exchanger solves the following tasks:
1. It has improved thermodynamic characteristics, thanks to which heating

or heat utilization occurs faster than in other types of heat exchangers.
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2. It has a large range of operating parameters, thanks to which it is easy to
adapt it to various technological processes and types of environments. Shell and tube
heat exchangers are less picky about the quality of liquids involved in the heat
exchange process.

3. The reliable design of the shell-and-tube heat exchanger makes it
immune to hydraulic shocks and temperature changes.

Advantages:

— Ability to work with contaminated environments

— Good efficiency and wear resistance

— Proven design that provides reliability and durability of the device

Disadvantages:

— Large dimensions of the device

— High cost
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VJIK 532.538

THTEHCHU®IKAIIA MPOLECY EKCTPAKIIII METOJ10M
KOMBIHOBAHOT' O KABITAIIIHMHOT' O BILINBY
np.H.c. A.T.H. [Banuupekuii I'. K., c.H.c., K.T.H. [ o)xenko JI. I1., np.H.c., k.T.H. Llenenp
b. S, c.u.c., k.1.H. Pamuenko H. JI., c.H.c., x.T.H. Hexbaiino A. €.

IncTuTyT TexHiyHoi Tenopizukn HAH Ykpainn

Anomauyia. [Ipeocmasneno docniodxcenns inmencugixayii npoyecy ekCmpaxyii
bionociuno axmusHux pewoeun (BAP) 3 pocaumnoi cuposunu npu nonepeoHii
Kkasimayiuniti ~ akmueayii  excmpazcenma.  OOIpYHMOBAHO  BUKOPUCMAHHSA
KOMOIHO8AH020 KasimayiliHo20 6naugy y npoyecax excmpaxyii. Hasedeno izuko-
XIMIYHI  81ACMMUBOCMI  eKCMPAaKmy Hnpu  3aCMOCY8AHHI  Memo0dy  OUCKPEMHO-
iMnynscno2o esedenns enepeii (/[IBE) na oopobniosane cepedosuwe. Becmanoenerno,
wo eubpama i 3M00eNbO8AHA KOHCMPYKYISL KOMOIHOBAH020 2IOPOOUHAMIYHO2O
ob1a0HanHs 3a0e3neyye inmencugixkayiro sunyuyenns bAP 3 pociunnoi cuposuni.

KJIO4OBI CJIIOBA: EKCTPAKLISA, METO/J[ MAIBE, KABITAIIIA,
KABITALIMHUI PEAKTOP ITYJIbCALIMHOIO THITY .,

[Ipouecu excTpakiii MKUPOKO 3aCTOCOBYIOThCS Y (papMalleBTUUHIN, XapyoBIH,
XIMIYHIN Taly3sx mpoMuUciIoBocTi. Bix crocoOy iHTeHCHbIKAIlT mpoIecy eKCTpaKiii
3QJIeKaTh TEXHIKO-CGKOHOMIYHI TIOKa3HUKM BUpOOHHUIITBAa. OCHOBHE 3aBJaHHS
iHTeHCU(DIKalli TMOIsIrae y pecypcoeHepro30epekeHHl npu BuiydeHHl BAP ms
oJiep KaHHS SKICHOT MPOMYKIIIT JIs1 PI3HUX KOMIUIEKCIB raily3eil mMpOMHUCOBOCTI.

BupimeHHss 3aBIaHb JIOCHIIKEHHS 1HTEHCU(IKAIi MpoIecy eKCTpakiii
JOCSITAETHCA 32 YMOB M1JIBUIIICHHS €HEProe(EeKTUBHOCTI 00IaqHAHHS Ta 3017IbIIESHHS
BUx0ny MUTboBUX KOMMOHEHTIB. Y ITT® HAH VYkpainu Ha OCHOBI MpaKkTUYHUX
BIIPOBA/KEHb 3acTocyBaHHa Metony JIBE nns mpormecy ekcTpakiiii mpoBOASTHCS

JTOCITIDKEHHST 1 po3p0oOKK OOJagHAaHHS 3aJIeKHO BIJl BIACTUBOCTCH CHPOBHHH Ta
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nTboBUX BAP. Oco6iuBy yBary mpuaijieHO AOCTIIHKEHHSIM IONEPEAHBOTO BILIUBY
mexani3miB JIIBE Ha ¢i3uKo-XiMi4HI BIaCTUBOCTI €KCTpAreHTa.

OtpumaHi  pe3ylbTaTH  JOCHKEHb  (PI3UKO-XIMIYHHUX  BJIACTUBOCTEH
OTPUMaHUX EKCTPAKTIB MpPU MEPIOJUYHIN EKCTpakKIii MoKa3adu KIHETHKY IMpOIEeCy
BUJIYYEHHS I[IJIbOBUX KOMIIOHEHTIB 3 POCIMHHOI CHPOBUHU 3aJIEKHO Bia (GopMu
no/piOHeHHsI. BUKOHAHO 4YHCENbHI PO3PAXYHKU JJIsl TMOJANBIIUX JOCHIJKEHb
OesnepepBHOi  ekcTpakilii. I[IpoBeaeHi TeopeTWYHI MOCHIHKEHHS JIO03BOJISIOTH
BUOpaTH 1 3MOJIEIIOBATH KOMOIHOBAaHE TiIpoJWHAMIYHE OOJIaTHAHHS 3aJCKHO Bij
3a/1aHO0i MPOAYKTUBHOCTI BUpoOHUITBA. KoOHCTpykuiss BHOpaHOro o00JaHaHHA
3a0e3reuye BEACHHS NPOIIECY EKCTPAKIli MOCUICHUMH e(eKTaMu KaBiTallliHUX
MexaHI13MiB. 3a paxyHOK BHU3HA4Y€HOI reomeTpii comia Bentypi i pobouoi kamepu y
anapaTri BUHUKAIOTh CYKYNHI TOTYXHI JAWHAMI4HI eQeKTH, 010 30UIbIIYIOTh
KaBiTaI[IWHUI BILUIUB Ha 00poOtoBane cepenoBuie. [1oTik piiuHu B KOMOTHOBAaHOMY
TiApOJMHAMIYHOMY O0JaJHaHHI 1HTCHCHBHIIIEC JOCSATa€ TEPIOJMYHO 3MIHHUX
IIBUJKOCTEH, IO MPU3BOJUTH IO PI3KOTO MEPIOJUYHOTO 3HAKO3MIHHOTO THUCKY 1
BUHUKHECHHS TOTY)KHIIIMX KaBITAIIMHUX €(EeKTiB, 110 B CBOIO YEPry iHTCHCHQIKYE
KOHBEKTUBHE MepeHeceHHs UIboBUX BAP Ha Mikpo Ta HaHOPIBHI.

Ha 6a3i mnpoBeaecHOr0 MaTeMaTHYHOTO MOJCIIOBAHHS T1IpPOJIUHAMIYHUX
IPOLIECIB Yy KaBITALlIMHOMY pPEaKTOpl ONTUMI30BAHO TEXHOJOTIYHI MapaMeTpH 1
pexuMHU eKkcTpakiii uuiboBux BAP y po3pobneHomy o6mnanHanHi. BusHaueHo
napaMeTpu 1HIIIIOBaHHS KaBITAIlIMHOTO KJIacTepa, €KCIIEPUMEHTAIBHO JOCIIIKEHO
BILJIUB IMITYJICIB TUCKY Ha (p13MKO-XIMIYHI BIIACTUBOCTI EKCTPAKTY B KOMOIHOBAaHOMY
rigpoarHaMiyHOMy oOJiagHaHHl. BcTaHOBiIeHO, MO TMIJABUILEHHS 1HTEHCUBHOCTI
TEIIOMacoOOMiHY B po3p00IeHOMY KOMOIHOBaHOMY TiAPOAMHAMIYHOMY 00J1aJIHaHHI
oOyMOBJIEHE BUHUKHEHHSIM TIpU PI3KUX 3MIHax O0’€My HECTallilOHaApHOIO
riapoanHaMigHOro crany. Ha BiiMiHY BiJ KOJMBaHb, 110 BUKIUKAHI 3MIHOIO 00’€My
PIIMHYU, BUCOKOYACTOTHI KOJIMBAHHSI, 1[0 BUHUKAIOTh B CHUCTEMi, HE TOTJIUHAIOTHCS
CYLIUIbBHUM CEpEeJOBUILEM, a AUCUIYIOTh Ha Mik(pa3HI MOBEPXHi, 3yMOBIIOIOYH
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TpUBaJIC IMIJABUIIEHHA TeruioMacooOMiHy. Ile oOIpyHTOBYye BUKOPHCTAHHS
KOMOIHOBaHOTO  KaBiTamiHoro BBy Metony JIBE  nns  onmepikanHs
TepMonabuTbHUX 1TbOBUX BAP. Ilpu 1boMy 103BOJISIE 3MEHIIUTH TPUBAIICTh

npoliecy 1 301IpInTH BuXia sakicHux BAP 6e3 1ogaTkoBuX BUTpaT Ha HarpiBaHHS.
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UDC 661.727.4

MODERNIZATION OF THE ACETONE PRODUCTION FACILITY
Student Murashov H. 1., assistant , Podyman H.S.
National Technical University of Ukraine
"Ihor Sikorsky Kyiv Polytechnic Institute™
ABSTRACT: The technological scheme and apparatus for the production of

acetone and phenol are described.
KEY WORDS: ACETONE, TECHNOLOGICAL SCHEME, HEAT

EXCHANGER

MOJEPHI3AIISA YCTAHOBKHN BUPOBHUILITBA ALTIETOHY
Crynent Mypamos I'.1., acucr., [loguman I'.C.
HanioHanbHUil TeXHiYHUI YHiBepCUTET YKpaiHu
«KuiBcbKuil motiTexHivHui iIHcTUTYT iMeHi Irops Cikopcbkoro»
AHOTAIIA: OnucaHo TEeXHOJOTIYHA CXeMa Ta amapar JJisi BUPOOHUIITBA
aneToHy Ta GeHoIy.
KJIIOYOBI  CJIOBA: AIIETOH, TEXHOJIOITYHA  CXEMA,
TEITJIOOBMIHHUK

Acetone (also known as propanone or dimethyl ketone) is an organic

compound with the chemical formula
(CH3),CO

It is the simplest representative of the homologous series of aliphatic ketones.

Main properties:

. Physical state: Colorless volatile liquid with a characteristic odor.

o Boiling point: 56.1°C.

. Melting point: -95°C.

o Density: 0.7899 g/cm? at 20°C12.
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Uses: Acetone is widely used as an industrial solvent due to its miscibility with
water and many organic solvents. It is used in the production of varnishes, paints,
explosives, and medicines and in laboratory practice for washing chemical dishes.

Biological role: Acetone is a product of metabolism in living organisms,

including humans. It is formed by breaking down fats and is one of the components
of the so-called ketone bodies.

CH CH
@ +H3C—CH:CH2& o O, ¢—300H
CH, CH,
Cxena Hpoiecy
M 4uso, CH,
CH, CHz
. _
1 23 - vi
5
; i
1l ‘\ ~T— [_'
1
| - isopropylbenzene ; 11 - air; 11l — acid catalyst;

IV — easily boiling substances; V — acetone; VI - phenol
1, 2 — oxidation reactors; 3 — concentration column; 4 — hydroperoxide
decomposition apparatus ; 5 — washer ; 6-8 — rectification columns;
9 — apparatus for purifying isopropylbenzene ; 10-12 - rectification columns
Fig. 1 - Technological diagram of acetone production

Isopropylbenzene and oxides are removed with air Il in two parallel reactors 1
and 2. Hydroperoxide is then concentrated in column 3. Low-boiling substances are
returned for oxidation, and the cubic liquid containing 80% hydroperoxide enters

apparatus 4, where under the action of acid catalyst Il its decomposition is taking
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place. The mixture of products is then sent to the separation of the catalyst in
apparatus 5. The organic phase is separated in column 6. Crude acetone is separated
from above, and phenol is concentrated in the cube. From crude acetone in the
rectification column 7, low-boiling substances IV are separated, and in column 8
commercial acetone V and unreacted isopropylbenzene, which is returned to
oxidation after purification in apparatus 9. Phenol VI is extracted in rectification
columns 10-12. The conversion of isopropylbenzene is 95%. To obtain 1 ton of
phenol, it is necessary to consume 1345 kg of cumene, while 600 kg of acetone is
formed.

In the column, acetone vapors have a temperature of about 110-130 °C, and for
condensation install a refrigerator 16 in which the temperature of the substance
decreases to a temperature of 50°C.

The essence of modernization consists of the modernization of shell and tube
heat exchangers for the intensification heat exchanger.
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YK 53.1, 532.5, 66.06.
BUKOPUCTAHHSA I'' IPOJJMHAMIYHOI KABITALUT 151
THTEHCU®IKAIII TEPEMIIIIYBAHHSA TETEPOT'EHHUX CUCTEM
k.7.H. Llenens B.SLY, x.r.1. IBanumnpkuii [.K.*2, k.1.1. HenGaitno A.€.1,
K.T.H. Pagyenko H.H.l, K.T.H. ' 0’k€HKO H.H.l, [lenkin B.I.l, [lynsk B.B.
TucturyT Texniunoi Terodisuku HAH Vipainu
HarioHanbHuil TeXHiYHMI yHiBepcuTeT YKpainn "KuiBChKril TOTiTeX HidHHi

iHcTUTYT iIMeHi Iropst Cikopcekoro”

AHOTAIIA. Ilposedeno  amaniz ~ma  OOCHIONCEHHS  MONCIUBOCHEN
BUKOPUCAHHS epO3TUHUX eghexmis 2i0poouHamiunoi kagimayii O iHmeHcugikayii
nepemiuly8aHus 2emepoceHHux cucmem. JlocnioxceHo 6nau  nepemiulyoyux
npuUCmpoie Ha OUCNEPCHUL pO3NOOLT I CeOUMEHMAayitiHy CMIUKICMb eMYNbCI.

KJ/IFO490BI CJI0BA: KABITALIA, IIEPEMIIIITYBAHHA,
EMYJIBI'YBAHHA.

USE OF HYDRODYNAMIC CAVITATION FOR MIXING
INTENSIFICATION OF HETEROGENEOUS SYSTEMS
Ph.D. Tselen B.Ya.}, Dr. Sc. Ivanitsky G.K.*?, Ph.D. Nedbailo A.Ye.},
Ph.D. Radchenko N.L.}, Ph.D. Gozhenko L.P.}, Shchepkin V.1.%, Shulyak V.V.!
"Institute of Engineering Thermophysics of the NAS of Ukraine

*National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”

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.

OgHuM 3 TIOMMPEHUX BHUIB OOJIaHAHHA, SKE BUKOPUCTOBYETHCA B

TEXHOJIOTIYHUX TpoIecax € MepeMIllyroUl IPUCTPOi, TEXHOJOTTYHI XapaKTePUCTUKU
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AKUX BU3HAYAIOTBCA KOHCTPYKTUBHUMHU OCOOJMBOCTSMHM, CIOCOOOM BBEICHHS
eHeprii B po0Oode cepemoBuIlle Ta il PO3MOAUICHHSIM B TEpeMilllyBaHOMY 00’ €eMi
cepefoBuiia. Onrumizaiiis TEXHOJOTIYHMX PEXKUMIB MOTpeOye JTOCIIKESHHS
T1IPOIMHAMIYHHX MPOIIECIB, IO MEePEOIraloTh B MEPEMIIIYIOUHX MPUCTPOSX 1 MOIIYK
HOBHUX CITOCOO1B T1JIBUIIICHHS X €()eKTUBHOCTI.

OaHuM 3 Takux CcrnocoO0iB € BHUKOPHUCTAHHS amapaTiB 3 MNepeMIlIyIOuUMHU
MPHUCTPOSIMH, 1[0 MAIOTh ITiIBUILEH], TOPIBHSHO 3 MPAKTHYHO BUKOPHUCTOBYBAHHMH,
pobouil 06epTu. BukopucTaHHs MBUAKOXIAHUX MPHUCTPOIB JO3BOJIUTH 3MEHILIUTH X
rabapuT, Macy, 301JIbIINTH BUX1] 1 IKICTh LIIIOBOTO MPOAYKTY, a TAKOX IM1IBUILIUTH
€(EeKTUBHICTh NEPEMINIYIOUUX MPUCTPOIB 3a PAXYHOK BUKOPUCTAHHS €HEprii
yJlapHUX XBWJIb, JIOKAJIbHUX TUCKIB 1 TEMIEPATYP.

Metoro poOOTH € aHami3 Ta JOCIIKEHHS MOXJIMBOCTEH BUKOPUCTAHHS
epo3iitHuX edeKTiB TiApOAMHAMIYHOI KaBiTalil /Uit 1HTeHCU(IKAIi MepeMillyBaHHs
reTepOreHHUX CUCTEM.

ExcriepuMeHTH 3 JOCHIIPKEHHS TMPOLIECiB €MYJbI'YBaHHS TPOBOJWIM Ha
JOCIIHIA yCTAHOBIIl OCHAIIEHIM €eMHICTIO giametpoM 300 MM 3 BHCOTOMO
3anoBHeHHs 450 MM. Sk mepeminryrodi NPUCTPOi BUKOPUCTOBYBAIM MIIIATIKHA 3
BIIKDUTOIO 1 3aKpPUTOIO TypOiHaMHU 3 JIOMATSIMHU JlaMeTpoM 75 MM, KUIBKICTIO
jJomate 6 mMTyK 1 KyTOM Haxuiy Jjomared jo ruiomuHu obeptands 90°. Taxox
JOCTIIHA YCTAaHOBKA OCHAIllEHA HACOCOM BaKyyMHUM. [IJIsi TOCHIKEHHS TMPOIECY
€MYJIbI'YBaHHS BHKOPUCTOBYBAJIM BOJY 3 KOMIIPECOPHMM MACTHUJIOM B HPOMHOPLIT
15/85 %. Sk mepemililytoyl MPUCTPOi BUKOPUCTOBYBAIN MIIIANKY TYpOIHHY BIAKPUTY
1 mimanky TypOiHHy 3akputy. Yac oOpoOku cranoBuB 3, 5 1 10 xB. Temnepatypa
PILAMHU Ha BXOJ1 B IOCJIIIHY YCTaHOBKY cTaHoBuia 18 °C.

[IpoBeneHO aHali3 TEXHIYHOI JIITEPATypH MO JOCHIIKEHHIO SIK TEOPETUYHOTO
TaK 1 EKCIEePUMEHTAIBHOTO XapaKTepy, B SKUX HaBEJEHI OCOOJMBOCTI poOOTH
NEePEeMIIIyIOUUX TPUCTPOIB Yy JIaMiHAPHOMY, TypOYJEHTHOMY Ta KaBiTalllHHOMY
pexumax oOTiIKaHHS JiomaTedl Mimanok. BcraHoBieHo, 1o B amaparax 3i
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IIBUJIKOX1THUMH MPUCTPOSMH T'€Hepallisl BEJIUKOI MIIJILHOCTI €Heprii B T€TEPOreHHIM
CUCTEMI 3/11iCHIOETHCS BHACHIIOK PO3BUTKY Ha JIOMATAX MIMIAJIOK OyIp0amkoBoi uu
IUTIBKOBOT (D OpMHU KaBiTallii 3 MOJAJIBIIMM KOJAICOM KaBITAIIMHUX OyJIbOaIloK 1
BUBUTHPHEHHSIM C€HEPTil y BUTJISAMI BUCOKHX THCKIB 1 TEMITEpaTyp Ta yAapHUX XBHUJIb.
L{s eHeprist BUTpayaeThCs HA TUCTIEPTYBaHHS OJIHIET 3 (pa3 Ta/abo Ha mepeMillyBaHHS
Ta TypOy:izalito Mixkda3zHoi MOBEPXHI 1 MPUJIETIIUX J0 HET IapiB.

[Ipu oTpuMaHHI eMyJbCli BOAW 3 KOMIIPECOPHUM MACTHJIOM 3 3aCTOCYBaHHSAM
MIIANKKH TypOiHHOT BigkpuToi micias 10 XB oOpoOKM OTpUMYBAIM €MYJLCIIO 3
niametpoM kparmuH Big 0,51 mxm go 2,4 mxm (82 % Bim 3arainbHOi Macu) 1 10
0,51 mxm (18 %). CegumenTaniiina CTiiKiCTh eMynbcli ctaHoBmia 11 mi0, wepes 27
110 criocTepirayiv MoBHE PYWHYBaHHS €MYJIbCIi.

BuxopuctanHs B mpolieci eMyNbryBaHHS BOAM 3 KOMIIPECOPHHM MAaCTHIIOM
MIanKu TypOiHHOI 3akpuToi miciast 10 xB. 0OpoOKM OTpUMYBaJM €MYJBCIIO 3
JlaMeTpoM KparutiH BiJ 2,7 MKM 10 5,6 MkM (79 % Bix 3aranbHOi Macu) 1 10 2,7 MKM
(21 %). CenumenTaliiiHa CTIWKICTh €MYJIbCii cTaHoBWiIa 6,5 a10, yepes 17 nid
eMYJIbCisl CIIOCTEPITalId TIOBHE PYWHYBAHHS €MYJIbCIi.

Pe3ynbpTaTi eKCrieprMEeHTIB TIOKa3ajIy, 110 I KOYKHOTO THITY ITePEMINTyF0Y0ro
IPUCTPOI0 HEOOXITHO BU3HAYATH IIBUAKICTH OOEpPTaHHS MpU SKIH 3a pi3HUN dac
00pOoOKM KOMIIOHEHTIB OTPUMYIOTh €MYJILCII0 MOTPIOHOT nucnepcHocTi. [lpu npomy
OCHOBHHMM KpHUTEpIEM €()EKTUBHOCTI 1 MPAKTHYHOI JOLIIBHOCTI BUKOPHCTOBYBAHHUX
croco0iB Jisi iHTeHCU]IKaIlli TEXHOJIOTIYHUX MPOIECIB MOBUHHO OYTH Ii/IBUIIICHHS
NUTOMOI MPOAYKTHUBHOCTI amapara a00 TEXHOJOrIYHOI JiHIT Tpu 3HUXKEHI

€HEeproBUTpar.
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ANNOTATIONThe scheme of the installation and research of the process of
heat transfer from the surface to the air is described.

KEY WORDSREFRIGERATOR, INSTALLATION, MATHEMATICAL.
MODEL, HEAT EXCHANGE.

HPOLEC TEIVIOOBMIHY Y HOBITPAHOMY XOJOAUJIBHUKY
acuctentu Irop BAPTAHSH, Onekciit BAKYTA, Jleanc KYUEP,
K.T.H., 1011. Ctenaniok A.P.

HauionanbHuU TeXHIYHUI YHIBEPCUTET YKpaiHH

«KuiBCbKHUI MOJMITEXHIYHUHA IHCTUTY )

In order to ensure the preservation of the environment in modern conditions, an
acute problem of saving raw resources has arisen. This is especially acutely related to
the preservation of water resources. Therefore, it is advisable to continue the
development of modern heat exchangers with alternative cheap heat carriers. Air is
best suited to such conditions. Therefore, it is advisable to study the process of heat
transfer from the surface to the air [1].

Figure 1 shows the scheme of the experimental setup for researching the heat
transfer of the ribbed surface of the pipe.

The installation is presented as follows. In the tank (1), the water is heated by
an electric heater, which is regulated by the control unit (2). From the fan (6), air

enters the chamber (7), in which the finned pipe system (3) is located. Water and air
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consumption are measured by rotameters (4) and (5). To control the temperature in
the system, chromel-copel thermocouples are used.

The purpose of this work is to obtain the solution of the mathematical model
for the created laboratory stand and to solve the following problems:

- experimental determination of heat transfer coefficients at different Reynolds

numbers;

- obtaining similarity equations in an explicit form.

2 /
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J
Annonnm.
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kg
"\}_
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1 — heater capacity; 2 — control unit; 3 — pipe; 4, 5 — rotameters;
6 — fan; 7 — camera.
Figure 1 — Installation for researching the heat transfer of air to the ribbed

surface of the evaporator
The solution of the problem is reduced to the solution of the Fourier equation:

dQ:—xﬂdFdr.
on
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In our case, heat transfer is carried out through a cylindrical wall of length L

with an inner radius rb and an outer radius rn (Figure 2).

\

Ny

\%

Mg

Figure 2 — Heat conduction through a cylindrical wall

Boundary conditions: atr =r, t =t , withr =r, t =1t,.
The temperature along the thickness of the cylindrical wall varies non-linearly.
The non-linearity of the temperature change is explained by the fact that isothermal
surfaces are cylinders, the surface area of which changes along the radius, and
therefore the heat flow will also change along the radius.
Since the temperature in a cylindrical wall varies according to the curvilinear
law along the thickness of the wall, the solution of the equation has the form:
Q — ZnLr(tle _tCmZ)
1,.d, '
—In
Aod,
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During the experimental study of the process of heat transfer from the surface

to the air, it is planned to analytically solve the mathematical model from the
obtained initial conditions.

List of links:

1. Innovative heat exchange equipment [Text]: monograph / 10
Mikulonok. Kyiv: KPI named after Igor Sikorskyi, 2023. — 140 c.: ill. - Bibliography:
p. 130-137.
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ANNOTATION:The scheme of the installation and study of the boiling
process in the intertube space of the evaporator is described.
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B MDKTPYOHOMY MPOCTOP1 BUTIAPHUKA.

KJIIOYOBI CJIOBA: BUIIAPHUK, YCTAHBKA, MATEMATHUYHA.
MOJEJIb, TEINIOOBMIH.

The use of heat pumps and refrigeration units has made it possible to
significantly reduce the use of primary energy resources in recent years, replacing
them with secondary ones. As mentioned earlier [1], this made it possible to reduce
emissions of greenhouse gases into the atmosphere, which corresponds to the

principles of sustainable development of society.
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But the use of these technological schemes is connected with the organization
of the process with insignificant driving forces and low intensity of the refrigerant
boiling process in evaporators - the main devices of this technology.

Let's describe the mathematical model of the convective heat exchange of the

boiling process in the intertube space, the main component of which is:

A& o

Given that:
- the process is stationary (86ﬂ =0);
T
- the main change in speed occurs along the Z axis;

- there is no source of forced movement (Z—P =0),
z

the Navier-Stokes equation then takes the following form:

oW oW
z _ _ z , 2
PN, — 5= pg —u— (2)
where pW, ag/vz —a component that takes into account the change in speed due to
A

inertial forces;

pg— a component that takes into account the influence of gravity;

7 a;V\Z/Z Is a component that takes into account the influence of the viscous
yA

resistance of the medium.
Also, the differential equation of temperature change in space is included in the

mathematical model system. Given that:

- the process is stationary (Z—T =0);
T

or _oT _ T _dT _,

- temperature change occurs along the Z axis (% % o oy );

- there are no internal sources of heat (% =°);
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- internal friction can be neglected (% =9),

then this equation takes the form:

ot et oT ar

2
oy _ 0T _oP W,

, (3)

or
_Wz .
where 62 “— component of convective temperature change;

2
pral -
Jz° — temperature change due to molecular thermal conductivity;

9P oW,
oT oz — the work of volumetric expansion forces.

Equations (1), (2) and (3) make up the mathematical model of convective heat
exchange of the refrigerant boiling process in the intertube space of the evaporator.
The solution of this system makes it possible to solve the main equation of
convective heat transfer - the Newton-Richmann equation:

dQ=a AT -dF-dr. (4)

Analyzing these equations, we can come to the conclusion that the
intensification of the convective component will lead to a significant increase in the
efficiency of the heat transfer process. This can be achieved by introducing the liquid
phase refrigerant into the evaporator together with the recirculating vapor phase
(bubbling in the intertube space of the evaporator), as a result, this will lead to an
increase in the heat transfer coefficient, and therefore to an increase in the heat flow
through the wall. But at the same time, on the upper pipes of the evaporator, due to
the significant concentration of the vapor phase, there is a possibility of transition
from the bubbling boiling mode to the film boiling mode, and therefore, a significant
drop in the value of the heat flow.

Therefore, for the effective use of the proposed improvement, it is necessary to
conduct experimental studies of boiling modes depending on the recirculation
coefficient of the refrigerant in the apparatus. Based on the results of research, it is

necessary to establish the range of high-quality operation of the device. It is also
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necessary to establish criterion dependences for boiling during recirculation of a part

of the vapor refrigerant.

List of links:

1. Innovative heat exchange equipment [Text]: monograph / 10
Mikulonok. Kyiv: KPI named after Igor Sikorskyi, 2023. — 140 c.: ill. - Bibliography:
p. 130-137.
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UDC 664.859.4

BABY FOOD PRODUCTION ESTABLISHMENT
assistants lhor VARTANY AN, Oleksii BAKUTA, Denis KUCHER,
Ph.D., Assoc. Stepaniuk A.R.

National Technical University of Ukraine

""Kyiv Polytechnic Institute"

ANNOTATIONThe scheme of the installation of the production of baby food
Is described.
KEY WORDSREFRIGERATOR, INSTALLATION, BABY. FOOD.
YCTAHOBKA BUPOBHUILTBA IUTAY0T'O XAPYYBAHHS
acuctentu Irop BAPTAHAH, Onekciit BAKYTA, Jleauc KYUEP.
K.T.H., gou. Ctenaniok A.P.
HauionanbHui TeXHIYHUI YHIBEpCUTET YKpaiHU

«KuiBChbKHUI MOJITEXHIYHUHA IHCTUTYT)

AHOTANIA Ommcano cxeMy yCTaHOBKM  BHUPOOHHUIITBA  JUTSYOTO
Xap4yBaHHS.

KJIKOYOBI CJIOBA XOJIOAWJIBHUK, VYCTAHBKA, JUTAYE.
XAPYYBAHHAL.

Baby food is one of the important products because it significantly affects the
health of the future generation. Fruit and vegetable purees have gained particular
popularity. It is produced in several varieties: puree with sugar, homogenized or
mashed from one type of fruit; puree from a mixture of fruits and sugar; puree from a
mixture of vegetables, fruit puree with juice; fruit puree with milk and cereals. With
such a variety of products, unfortunately, not many manufacturers can provide the
necessary quality of this product. Therefore, the production process needs

Improvement and improvement.
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The technological scheme of the unit for heat treatment, homogenization and
deaeration of mashed products is shown in Figure 1.

The installation works as follows: a product with a temperature of at least 60 is
taken from the workshop containers°C is pumped by the pump into equalization tank
1, in which the specified level is automatically maintained. From it, the product is fed
into the heating and homogenization apparatus. Correspondingly with the
introduction of the product into the heating chamber, a heating agent is introduced -
purified water vapor with a given pressure. Depending on the holding time, the
product can be fed either immediately to the deaerators or to the holding section. In
the deaerator, the product boils due to the rarefaction maintained in it. Gases and
water vapor released at the same time go to the shell-and-tube heat exchanger, where
they condense. Water vapor condensate and non-condensable gases are pumped out
by a rotary water-ring vacuum pump. The product is pumped by a pump from the

lower part of the deaerator into the finished product container.

: THo/1a 42 NPDIYKIY

S5

v

Boaa CKHIaHHS BOIH

e | —H H—

/

Buxii npeaykTy

1-capacity; 2-heating and homogenization apparatus; 3- holder; 4- deaerator; 5-
condenser (heat exchanger).

Figure 1 — Technological diagram of baby food production
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The purpose of the work is the design and modernization of the shell-and-tube
heat exchanger, which in this technological scheme serves to condense contaminated
steam. This makes it possible to avoid environmental pollution. The steam enters the
pipe space, and the water used for condensation enters the pipe space (the pipe space
Is easier to clean from dirt).

A shell-and-tube heat exchanger was chosen because, with relatively small
dimensions, this type of heat exchanger provides a sufficiently large heat exchange
area. Parametric and structural calculations of the main structural elements such as:
body, bottom, fittings, supports, pipe grid, flanges were carried out.

The modernization of the apparatus was carried out, which consists in the
installation of multi-layer tubes, which are made by applying a coating of corrosion-
resistant metals, to a tube made of unalloyed steel. Thanks to this, the thermal

conductivity of the pipe increases, and therefore the heat transfer coefficient.
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MODERNIZATION OF THE CONTINUOUS WASTEWATER TREATMENT
PLANT WITH THE DEVELOPMENT OF A REFRIGERATOR
Associate Professor, Ph.D. Novohat O. A., student Honchar B. M.

National Technical University of Ukraine

"Igor Sikorsky Kyiv Polytechnic Institute"

ABSTRACT: Description of continuous wastewater treatment plant is given.
The issues of modernization of wastewater treatment systems by integrating
refrigeration units are considered.

KEY WORDS: CLEANING, SEWAGE, REFRIGERATION UNIT,
REFRIGERATOR.

MOJEPHI3ALISL YCTAHOBKHA HEIIEPEPBHOI'O OYUUIEHHSA
CTIYHHUX BO/I 3 PO3POBKOIO XOJIOJINJIBHUKA
k.T.H. HoBoxar O. A., ctynent ['onuap b. M.
HanionanbHuil TEXHIYHUNA YHIBEPCUTET YKpaiHu
«KuiBchbKuii MOMTEXHIYHUHN THCTUTYT IMeHI [rops CiKOpChbKOTO

AHOTANIA: Po3ristHyTO MUTaHHA MOJEPHI3allli CUCTEM OYMILEHHS CTIYHUX
BOJI IIUISIXOM IHTETpallii X0JI0IUJIbHUX YCTaHOBOK.

KJIIOYOBI CJOBA: OUMIIIEHHA CTIYHHMX BOJ, MOJEPHI3AIIIA,
XOJIOANJIBHA YCTAHOBKA, BIOJIOITYHA OUYUCTKA, EKOJIOT'TA.

The problem of wastewater treatment is one of the most acute environmental
problems of our time. The growth of industrial production and urbanization leads to
an increase in the volume of wastewater containing various pollutants. Inadequate
wastewater treatment has a negative impact on the state of aquatic ecosystems,
human health and quality of life. Therefore, the modernization of existing treatment

facilities and the development of new cleaning technologies is an urgent task.
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The purpose of this work is to modernize the existing installation of continuous
wastewater treatment by improving the design of the refrigeration unit. It is expected
that this solution will improve the efficiency of cleaning, reduce energy consumption
and improve the quality of purified water.

Wastewater is formed as a result of human economic activity and can be
domestic, industrial or mixed. The composition of wastewater depends on their
origin and may contain organic substances, inorganic compounds, pathogenic
microorganisms, petroleum products and other harmful impurities.

There are different methods of wastewater treatment, which can be combined
into the following groups:

— Mechanical methods: Sedimentation, filtering, centrifugation.

They are used to remove large insoluble particles from the water.

— Physical and chemical methods: Coagulation, flocculation, adsorption,
ion exchange.

They are used to remove fine particles, organic substances and some inorganic
compounds from the water.

— Biological methods: Aerobic and anaerobic biological cleaning.
Founded

on the ability of microorganisms to decompose organic substances [1].

Refrigeration units can be used in the process of wastewater treatment, for
cooling biological reactors, which increases the activity of microorganisms and the
effectiveness of biological treatment. Refrigerators can also be used to condense
volatile organic compounds, to prevent their release into the atmosphere. Cooling of
waste water before discharge into natural reservoirs may be necessary to comply with
environmental standards [2].

Modernization of the continuous wastewater treatment plant using upgraded
refrigerators will improve the efficiency of treatment by reducing the concentration of

pollutants in the treated waters. Reduce energy consumption by optimizing the
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installation and improve the quality of purified water, it will help to obtain water that
meets more stringent requirements. Also increase the resource of equipment, extend
the service life of existing equipment.

Figure 1 shows a diagram of the rectification continuous-action installation.

0y
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— CTTT ¥
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Waste water ~ | _ —
( * _* ~ — = ~|| phlegm /
2 —
Vapor | >
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1 — remote boiler; 2 — collector of waste water; 3 — preheater; 4 — the
rectification column; 5 — deflector; 6 — the separator of phlegms; 7, 9 - refrigerators;
8, 10 — the collectors

Figure 1 — technological scheme of continuous wastewater treatment with

rectification

From the bottom up on the column rises steam coming from the remote boiler .
Steam passes through a layer of liquid on the bottom (first in the course of steam)
plate. Since the steam has a higher temperature, the liquid on the first plate partially
evaporates and in steam passes mainly low-boiling component, and from steam to

liquid condenses mainly high-boiling component, the content of which in a pair,
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arriving on a plate, is higher than the equilibrium with the composition of the liquid
on the plate. On the second plate, the liquid contains more low-boiling component
than on the first, and therefore boils at a lower temperature. When faced with this
liquid, the steam partially condenses and, enriched with a low-boiling component, is
removed to the above plate, etc. Thus, the steam coming from the boiler and
containing mainly high-boiling components, as you move to the top of the column is
enriched with low-boiling components and leaves the top plate of the column in the
form of almost pure pair of low-boiling components. The latter condenses in water-
cooled dephlegmator.

The condensed liquid is divided into a distillate and a phlegm, which returns to
the top plate of the column. Flowing down the column and interacting with a pair
moving toward, on the lower plate of the column, it becomes almost pure high-
boiling component, which enters the boiler, where it is heated by a deaf steam or
other coolant. At a certain distance from the top of the column to the liquid from the
deflector in the feeding plate, the sewage is attached, which is fed by the pump from
the collector of sewage and heated in the heater to the boiling point of the liquid on
the feeding plate (about 110-120 °C).

In dephlegmator, steam can condense in whole or in part. In the first case, the
part of the condensate left after the return of the phlegm is a rectification (distillate),
which, after cooling in the refrigerator to a temperature of 25-30 ° C, is sent to the
collector. In the second case, the steam not condensed in the defflegmator condenses
and is cooled to a temperature of 25-30 °C in the refrigerator, which, under this
variant, is a condenser-refrigerator of the distillate. The liquid that comes out of the
lower part of the column and is close to high-boiling components is also divided into
two parts, one of which is directed to the boiler, and the second after cooling with
water in the refrigerator to a temperature of 25-30 ° C enters the collector [3].

The introduction of the refrigeration system into the wastewater treatment plant

provides optimal conditions for biological processes, which leads to a more complete
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decomposition of organic substances and an increase in the quality of purified water.
And modernization of refrigeration equipment will reduce the power consumption of
the system, increase the service life of equipment and promote the preservation of
aquatic ecosystems, which makes it economically profitable and environmentally

appropriate.
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Annotation. The importance of obtaining hydrogen fluoride, in particular by
sulfuric acid decomposition of fluorite, is shown. The negative aspects arising during
the operation of heat exchangers are defined. Proposed solutions for improving the
design of heat exchangers and their operation.
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Hydrogen fluoride is an important chemical used in a variety of industries,

including the chemical industry, metallurgy, electronics manufacturing, and
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pharmaceuticals. One of the methods of obtaining anhydrous hydrogen fluoride
consists in the decomposition of fluorite with sulfuric acid (H2SO.), which is
economically beneficial, but requires a high-temperature regime. For effective
decomposition of fluorite, it is important to maintain a high temperature of sulfuric
acid, which is usually heated to 200-300°C.

The developed heat exchanger, a device that provides heat transfer between
different media, in this case is designed to ensure the reaction process.

Ways to modernize a used heat exchanger directly depend on the negative
factors that arise with it during operation.

The following disadvantages of outdated heat exchanger designs are common:
large heat losses, frequent breakdowns due to corrosion and the need for regular
repair or replacement. One of the main problems in this technological process is a
corrosive environment due to the aggressiveness of sulfuric acid, which causes rapid
wear of heat exchanger materials. Also, due to the lack of effective heat distribution
and increased energy consumption, the cost of production has increased. The use of
more resistant materials, such as Teflon or special alloys, allows you to reduce
maintenance costs and increase the durability of the equipment.

Replacement of traditional metal structures with composite materials that
reduce thermal conductivity to the external environment and minimize heat loss.
Introduction of nanocoatings to protect against corrosion and increase resistance to
the chemical environment.

Another way to improve the design of the heat exchanger is to improve the
geometry of the device to increase the contact area between the sulfuric acid and the
coolant, which contributes to more efficient heating.

It is possible to use highly efficient coolants to achieve a uniform and stable
temperature regime inside the heat exchanger.

Automation of temperature control processes, which allows reducing the

influence of the human factor and increasing the accuracy of maintaining the
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temperature regime. Increasing the efficiency of heat transfer helps reduce energy
consumption by 10-15%. Also, reducing corrosion activity and increasing the
durability of equipment allows you to reduce operating costs. Optimization of the
heating process improves the kinetics of fluorite decomposition, increasing the
productivity of HF production. Modernization of the heat exchanger is a key factor
for increasing the economic efficiency and environmental safety of the production of
anhydrous hydrogen fluoride.

Further research in the field of materials science and thermodynamics will
allow developing even more sustainable and effective solutions for working with
aggressive chemicals.
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JOCIIIKEHHA KUHETUKU 3BHEBOJAHEHHSA BAKTEPIAJIBHOI'O
IPEITAPATY «®I'-5»
KaHJI. TEXH. HayK, c.H.C. [IepescnaBueBa O.0., nmpos.inx [Iporenko €.M.

[acTutyT TexHiunoi Terodizuku HAH Ykpainu

Anomauin. B pobomi npedcmasneno pezyibmamu O00CHIONCEHb KIHEMUKU
3HEBOOHEeHHSI NOOOUHOKUX Kpaneib biocynensii bakmepianvHozo npenapamy «PI-5y.
Haeeoeno amaniz enaugy pisHux KOMNOHEHMIB 3AXUCHO20 CepedosuUa Ha 3MIHY
xapakmepy KiHeMUYHUX Kpueux ma IHMEeHCUBHICIb 80J10208I00ayl V GUNAPHIU ma
CYWUTbHUX ~cmadiax. Buznaueno payioHanvHuti CcK1a0 KOMHOHEHMY 3AXUCHO20
cepedosuwya ma O0ianazon memnepamyp noeimps Ha 6X00i 8 CYUUIbHY Kamepy OJis
no0aIbLUIO20 OO0CTIOJNCEHHS NpoYecy PO3NUTIOBANbHO20 CYWIHHA 6 BUPOOHUYUX
VYMOBAX.

Abstract: The paper presents the results of studies of the kinetics of
dehydration of individual drops of biosuspension of the bacterial preparation "FG-
5". 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.

KJITIO490BI CCJIIOBA: PO3IIHIIFOBAJIBPHE CVIIIHHA, KIHETHUKA
3HEBO/IHEHHA, [IOOJIHMHOKA KPAIIJIA, TEMIIEPATYPHI PEXUMU,
BIOCYCIIEH3IA,3AXHUCHE CEPE/[OBUIIIE.

KEY WORDS: SPRAY DRYING, DEHYDRATION KINETICS, SINGLE
DROP, TEMPERATURE REGIMES, BIOSUSPENSION, PROTECTIVE
ENVIRONMENT.
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[Ipenapar «®I'-5» €  diToropmoHOM, IO CTUMYJIIOE  3POCTAHHS
CLILCHKOTOCTIONIAPCHKUX POCIuH. biocycneHsis mpenapary BKIIIOYAE KyIbTypu 4-X
mramiB: Pseudomonas stutzeri; Pseudomonas mendocina; Pseudomonas alkaligenes,
Azomonas specias. BpaxoByrouu, 1110 sSIKICHUM MTOKa3HUKOM JIJIsl TAKOTO Tpernapary €
HE caMa KUIbKICTb JKUTTE3/IATHUX KIIITHUH, @ BMICT Y HbOMY PSIIy OCHOBHUX aKTHBHHX
KOMITOHEHTIB KJIITUH Ta iX KUIBKOCTI, SIKI CHPHUSIOTh aKTUBHOMY 3POCTAHHIO POCIIHH,
PO3IIIAAAETHCA MOKIIMBICTh OACPKAHHS HOTO CyXOi (pOpMU METOAOM 3HEBOJHEHHS
po3nuiatoBaHHs. Tak SK IOCHIIKyBaHUWU OakTeplaJbHUN Npenapar € CKIAIHOIO,
BHCOKOBOJIOTOIO, 0araTOKOMIIOHEHTHOIO CHCTEMOIO, BUBYCHHS KIHETHKH HOTO
3HEBOJHEHHS € OJHHUM 13 BQXJIMBUX €TaliB Yy KOMIUIEKCI JOCIIIKEHb IPOLECY
PO3MUITIOBAIBHOTO CYIIIIHHS.

B Iucruryri Texniunoi  terodizuku  HAH ~ Ykpainm  cTBOpeHO
EKCIIEPUMEHTAJIbHI CTEHAM JJI JIOCII/DKEHHS KIHETUKH MPOIECY TEPMIYHOIO
3HEBOJHEHHSI 3 METOI0 BUSBICHHS CTYINEHS BIUIMBY BHYTPIIIHIX MPOLECIB TEIUIO-
BOJIOTONPOHOCY B OJMHHWYHIM Kparull (YacTHUHIN) Ha IHTEHCHUBHICTh Ta TPUBAIICTH
3HeBogHeHHs [1]. KpiM Toro, creHau 103BOJISIIOTH 3MOJEIIOBATH MPOLECH, LIO
BiIOYBaIOTHCA B Kamepi pO3MIIIIOBAIBHOI yCTaHOBKH. [Ipu mpoBeneHH1 TOCTiIKEeHb
BUBYAJACs 3MiHA TEMIEpaTypu Kparull IpH 3HEBOAHEHHI Y BUCOKOTEMIEPATYPHOMY
CEpeNIOBHUIIl; BHU3HAYaNACs KUIBKICTh TEPIOJIB 3HEBOJAHEHHS, 1X TPUBAIICTh Ta
XapakTep nepediry; BH3HAYaBCs PO3MIpP 1 Maca Kpamil B KPUTUYHUX TOYKAX Ta
HAIPUKIHII TPOILECY CYIIIHHSA, IO J03BOJISE OIIIHUTH I1HTEHCHUBHICTH IIPOIIECIB
TEIUIO- Ta BOJIOTONEpEadl, a TaKOXK CYAMTH IMPO IIUIBHICTH CaMOi CyXOi YaCTKH;
BI3yaJlbHO BHUBYABCS XapaKTep MOBEIIHKH MPOAYKTY MeBHI mepiogu. IIpoBeneHo
aHai3 BIUIMBY KOMIIOHEHTIB 3aXHMCHOTO CEpEJIOBHINA Ha 3MIHY XapakTepy
KIHETUYHUX KPUBUX Ta IHTEHCHBHICTh BOJIOTOBIIJIayi y BUIAPHIA Ta CYIIMIBHUX
cTadisx. Ik Taki KOMIIOHEHTH OyJM BHUIPOOYBaHI PEKOMEHJOBaHI PO3POOHHKAMU
npenapary apiOHOAMCIIEpCHA Kpeija Ta CEYOBHMHA, SIKI BBOJWIIUCS Y MAacOBOMY
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crniBBigHomeHH! 1:1 1o 6iomacu. BusHaueHo, 1110 BBEJEHHS KOMIIOHEHTIB 3aXHCHOI'O
CepeoBHINA 3 PI3HUMH (PI3UKO-XIMIYHUMH BIIACTUBOCTSIMH CIIPHSIE 3MiHI CTPYKTYpHU
KIPKH Kparuli, 10 BIUIUBA€E HA IHTCHCUBHICTh 3HEBOJIHCHHS, a TAKOXX BJICYTHICTh 200
HAsIBHICTh TMEpioJly KHUIIHHA 1 Horo TpuBamicth. lle mae MoXIMBICTH BHOpaTH
ONTUMAJIBHUM CKJIAJl 3aXMCHOTO CEepeIOBUIIA 13 MPONOHOBAHMX KOMIIOHEHTIB. Tak,
JTOCITIDKCHHSI KIHETMYHHMX 3aKOHOMIPHOCTEH TMpolecy CYIIiHHS — OlocymneH3ii
npenapary «®PI'-5» 3 pi3HUMH 3aXMCHUMHU KOMIIOHEHTAMH IIOKa3aJld IepeBary
BUKOPHUCTaHHSA  JPIOHOTUCIIEPCHOI  Kpeiau, 110 Hajadl  IIATBEpAWId |
EKCIIEpUMEHTAIbHI  JTOCHIDKEHHS TPOIECY PO3MIIIOBATBHOTO 3HEBOJHEHHS Ha
PO3NUITIOBAJIbHIN YCTaHOBII.

KpiMm Toro, orpumaHi pe3yJabTaTH JO3BOJIAIOTh BU3HAYUTH Jiana3oH
TEMITepaTyp TMOBITPS HA BXOJI B CYIIMJIBbHY KamMepy IS MOJANBIIOTO JTOCTIKCHHS
IPOLIECY PO3MUIIOBAIBHOTO CYIIIHHS OakTepialbHUX IMpenapariB y BUPOOHUYMX

YMOBax 3 MCTOIO BCTAHOBJICHHA OIITUMAJIbHUX pC)KHMiB CYIHiHH}I.

IlepeJiik mocujianb:
1. PacnpututenpHast — cymka.  Teruodusudeckue  OCHOBBL.  MeETOIbI
uHTeHcu(ukanuu u sHeprocoepexxenus / A.A. Jomunckui, K.JI. Manenkas .-T.1.-

Axanemnepuoauka.- 2011.-376 c.
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UDC 536.24; 666.3

RIBBED MULTI-STAGE HEAT UTILIZER OF DUSTY GAS RENEWABLE
ENERGY RESOURCES
Kremnev V., Timoshchenko A., Timoshchenko A., Korbut N.
Institute of Engineering Thermophysics of the NAS of Ukraine
ABSTRACT. The paper is devoted to the development of a research and
industrial heat exchanger-utilizer suitable for highly dusty gas flows that contain a
significant amount of superfine basalt fibers
KEYWORDS: HEAT AND MASS EXCHANGER-UTILIZE, SECONDARY
RESOURCES, FIBER PRODUCTS, PARTICLES, HIGH TEMPERATURE
MIXTURE.

OPEBPEHUM BATATOCTYIIHYACTHM TEIIJIOYTHUJII3ATOP
SAITMJIEHUX I'A30BUX BEP
KpemuboB B.O.,Tumomenko A.B., Tumomenko A.b., Kop6yt H.C.
IncTuryT Texniunoi rermogizukn HAH Ykpainu

AHOTAIIA. Pob6oma npucesuena po3pobaeHHI0 O0CHIOHO-NPOMUCTIOBO20
MeniomMaco0OMIHHUKA—YMULI3amopa NpuoamHo20 01 BUCUKO3ANUTEHUX 2a308UX
NOMOKIB, SKI MICMAMb 3HAYHY KIIbKICMb CYNEPMOHKUX DA3AIbMOBUX 80JIOKOH.

K/IFO90BI CJ/IOBA: TEINIOMACOOBMIHHUK-YTUJII3ATOP,
BTOPMHHI PECYPCH, BOJIOKOHHA IMPOAYKIIA, YACTKH,
BUCOKOTEMIIEPATYPHA CYMIIII.

In the production of basalt fibers and products based on them, high-temperature
emissions are formed, which transport fragments of superfine basalt fibers.

The development is aimed at the operation of the heat and mass exchanger-
utilizer during the utilization of thermal energy of secondary gas resources containing

a large number of solid fuel particles that are not prone to sticking together. Such
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highly dusty gas flows are characteristic of various productions of fiber products
(glass fiber, basalt fiber, etc.) [1].

Most of the production processes of basalt fibers and products based on them are
characterized by small and medium capacities of technological equipment. At the
same time, the specificity of these processes determines the formation of thermal
secondary energy resources of high potential. 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, the temperature of the gas mixture is 150-230 °C, the
moisture content of the combustion products is 134-142 g water/kgdry air, the
moisture content of the gas mixture is 34-36 g water/kg dry air, pollination of a gas
mixture of 0.03-0.05 g/m”.

The purpose of the work. To create a unified heat and mass exchanger using
serial finned water-air heat exchangers of the recuperative type, which does not
require preliminary cleaning of highly dusty gases, and on its basis - a plant-wide
heating system due to the utilization of heat from secondary energy resources.

Results. The installation uses innovative technical solutions regarding the
method of operation and the device for its hardware design, which provide
simultaneous heat and mass exchange and gas purification. Periodic cleaning of the
heat exchange surface from the outside is carried out in the installation.In this device,
heating water moves in the inner space of finned heat exchange pipes. The minimum
values of the aerodynamic and hydraulic resistance of the utilizer are ensured in order
to minimize the operating costs for pumping media. The unified heat exchanger has
the following technical characteristics:

- Coolant temperature at the inlet/outlet is 60/40 °C.

- Volume consumption of gas secondary resources up to 2800 m*/h.

(up to 2426 kg/h).
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matepiasis”
- Live section for passage:

gas flow 0.329 m%

coolant 0.000846 m”.
- Heat exchange surface 4x16.34 = 65.36 m.
- Full aerodynamic resistance up to 1200 Pa.

The recycling system implemented at the Chernivtsi Thermal Insulation
Materials Planprovides an actual economic effect of up to UAH 1.20 million/year|[2,
3].

Conclusions. Analogous systems can have a significant distribution in the
utilization of the heat of dusty gas emissions containing dust that is not prone to

clumping (as in the case of basalt fibers).
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MODERNIZATION OF THE DEPHLEGMATOR OF THE ETHYL
ACETATE PRODUCTION PLANT
Student KOTSYUBKO Artem, assistant, PODYMAN Hryhorii
National Technical University of Ukraine
"Ihor Sikorsky Kyiv Polytechnic Institute™

ABSTRACT: The technological scheme and apparatus for the production of

phenyl chloride are described.
KEYWORDS: ETHYL ACETATE, TECHNOLOGICAL SCHEME,

DEPHLEGMATOR

MOIEPHI3AIIA JEDJIEIT'MATOPA YCTAHOBKHU BUPOBHUILITBA
ETUJIALETATY
Cryneat KOIIOBKO Aptewm, acuctucrent, [IOJJUMAH I'puropiii
HaunionanbHUil TeXHiYHUI YHiBepCUTET YKpaiHu
«KuiBcbKui noJtiTexHivHui iHcTUTYT iMeHi Irops Cikopcbkoro»
AHOTANIA: The technological scheme and apparatus for the production of

ethyl acetate are described.
KJIIOYOBI CJIOBA: ETHWIALETAT, TEXHOJIOITYHA CXEMA,

HNEDJIETMATOP

Ethyl acetate is an organic compound, an ester of acetic acid and ethanol,
which is widely used as a solvent, in the production of varnishes, paints, and in the
food industry as a flavoring.

Main characteristics of ethyl acetate:

e e+ Chemical formula: C4H802

e + Molar mass: 88.11 g/mol

e + Boiling point: about 77 °C
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e < Solubility: well soluble in water and organic solvents.

Application:

* As a solvent in the pharmaceutical, cosmetic, and chemical industries.

* In the production of varnishes, adhesives, and printing.

Importance of the reflux condenser in the plant: The reflux condenser in
the ethyl acetate production process plays a key role in separating the components of
the mixture, allowing it to achieve high product purity. It provides effective cooling
and condensation of vapors, which reduces raw material losses and increases the
yield of the finished product.

Modernization of the reflux condenser can increase the productivity of the
plant, reduce energy costs, and improve environmental performance.

Production of ethyl acetate: From pressure tank 1, the initial mixture of
reagents containing acetic acid, ethanol, and sulfuric acid as a catalyst is continuously
fed to the reaction through a flow meter. It first passes through the heat exchanger 2,
in which it is heated by the vapors leaving the reaction column, and then enters the
upper plate of the etherizer 4. Due to the heating of the column cube with high-
pressure steam, the ethyl acetate formed together with the vapors of alcohol and
water is distilled from the column, and the liquid is enriched with water as it moves
down the plates. The residence time of the reaction mass in the etherizer and the ratio
of the initial reagents are selected so that the bottom liquid contains only a small
amount of unreacted acetic acid (all the acetic acid also remains in it). This liquid is
removed from the cube, and after neutralization is discharged into the sewer.

The vapors leaving the top of the reactor contain 70% alcohol and 20% ether.
They are sent for cooling and condensation first to heat exchanger 2, where the
mixture of starting reagents is heated, and then to condenser 3. Condensate from
Apparatus 2 and part of the condensate from Apparatus 3 are returned to the upper
plate of Reactor 4. The rest of it enters the distillation column to separate the
azeotropic mixture from aqueous alcohol. The cube of column 5 is heated by a boiler
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13 and reflux is created in apparatus 6, from which part of the condensate is returned

for irrigation.
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Kucnan Boda

1 - pressure tank; 2 - heat exchanger; 3 - condenser; 4 - etherifier;
5, 10 - rectification columns; 6, 9 - condensers-refluxers; 7 - mixer;
8 - separator; 11 - refrigerator; 12 - assembly; 13 - boilers.

Figure 1 - Technological scheme of ethyl acetate production

The bottom liquid of column 5 consists of alcohol (most of it) and water. It is
removed from the column and enters one of the lower plates of the etherizer 4 to
ensure a sufficient amount of alcohol in the lower part of this column and to achieve
complete conversion of acetic acid.

The vapors from column 5 are condensed in apparatus 6, from where part of
the condensate goes to irrigation, and the rest enters the mixer 7, where it is diluted

with an approximately equal volume of water (without this, the condensate will not

92



36ipuuk Te3 nonoeineii XXXV BceeykpaiHchKoi HAYKOBO-NIPAKTHYHOI KOH(pepeHUil CTy1eHTiB,
acmipaHTiB i MoJsionux BueHux “O0JaTHAHHSA XiMiYHUX BUPOOHHMUTB i MiANPUEMCTB OyaiBeJIbLHUX
MarepiaiiB”

stratify, since water is quite soluble in a mixture of ether and alcohol). The emulsion
formed is separated in the separator 8 of continuous action into two layers - the upper
one, containing ether with alcohol and water dissolved in it, and the lower one, which
Is an aqueous solution of alcohol and ether. The lower layer is returned to one of the
middle plates of column 5. The crude ether from separator 8 is sent for purification
from water and alcohol. It is carried out in rectification column 10 by distilling a low-
boiling ternary azeotropic mixture of ether, alcohol, and water. Part of this mixture
after the condenser 9 goes to the irrigation of column 10, and the rest is returned to
the mixer 7. Ethyl acetate is removed from the cube of column 10 and, after cooling
in refrigerator 11, is sent to collector 12.
Description of the reflux condenser
Construction of the reflux condenser:
Type: Tubular or flat reflux condenser.
1. Internal part: Usually has a system of tubes or plates to improve heat
transfer.
2. Cooling circuit: Equipped with cooling fluids that pass through the outer
walls, taking heat from the vapors.
Working principle:
1. The vapor mixture enters the reflux condenser from the top of the column.
2. The vapors are cooled by the circulation of a cold liquid, which allows
some of the vapors to condense, which are returned to the column for further
distillation.
3. Separation of components: Due to the temperature difference, the lighter
components rise to the top, while the heavier ones remain at the bottom.
Reflux modernization
1. Improving heat transfer:
a. Using new materials with high thermal conductivity.
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b. Optimizing the shape of internal elements (tubes or plates) to increase the
contact area.

2. Control systems:

a. Introducing automatic temperature and pressure control systems for stable
operation.

b. Using sensors to monitor condensation efficiency.

3. Environmental aspects:

a. Implementing technologies to reduce emissions and waste disposal.

b. Using an energy recovery system to reduce resource consumption.

4. Cooling system:

a. Introducing new, more efficient coolers that provide better performance
with reduced energy consumption.

5. Increasing throughput:

a. Expanding tube diameters or changing their configuration to improve flow.
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REFRIGERATION TECHNOLOGY OPERATING BY CARNOT CYCLE
assistant Podyman Hryhorii, student Koren Dmytro
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ABSTRACT: This paper examines the principles and technical efficiency of
refrigeration systems that operate based on the Carnot cycle. Special attention is
paid to the thermodynamic processes involved and the potential for improving energy
efficiency through advanced technological approaches.

KEY WORDS : CARNOT CYCLE, REFRIGERATION SYSTEMS,
THERMODYNAMICS, ENERGY EFFICIENCY, COOLING.

XOJIOANJBHA TEXHIKA, 1O ITPAIIO€ 3A IIUKJIOM KAPHO
acucteHT [lonuman I'. C., ctynent Kopens .M.
HanionanpHuit TEXHIYHUNA YHIBEPCUTET YKpaiHu

“ KuiBchkHid MONITEXHIYHUN IHCTUTYT 1MeH1 Iropst Cikopcbkoro ”

AHOTAIISA: V pobomi oocriosceno npunyunu ma epexmusnicms pooomu
X0N0OUNbHUX cucmem, wjo @yukyionyrome 3a yuxiom Kapno. Ocnosna yseaca
npuodiieHa  MepMOOUHAMIYHUM — npoyecam I  MOJNCIUBOCMAM — NIOBUWEHHS
eHepeoehekmueHoCmi 3a paxyHoK CY4acHUX mexHoL02Iu.

KJIFOYOBI CJIOBA: THMKJI KAPHO, XOJIOAWJIbBHI CUCTEMMU,
TEPMOIMHAMIKA, EHEPTOE®EKTUBHICTD, OXOJIOJ’KEHHA.

Cy4acHi XOJIOUIIBbHI CUCTEMH BiITPAIOTh KIIOYOBY POJIb B MMPOMHUCIOBOCTI,
TpaHCIIOPTI Ta MOOyTI, 3abe3neuyround 30epiraHHS MPOIYKTIB, OXOJOMKCHHS
oOJlalHaHHS Ta KOHAMWI[IOHYBAaHHsS MOBITPS. E(QEKTUBHICTh XOJOJWJIBHUX MAIUH
3HAYHO 3JIKUTH BiJl BUOOPY TEPMOAMHAMIUHOTO IUKITY, HA IKOMY BOHHU HPALIOIOTh.
[Mukn KapHO € TEOpeTHYHUM €TajJOHOM JUIS JIOCATHEHHS MaKCHMAaJbHOTO

koedimienta wopucHoi mii (KK]I[) y mnpomecax termonepenavi. BuBdeHHs
95



36ipuuk Te3 nonoeineii XXXV BceeykpaiHchKoi HAYKOBO-NIPAKTHYHOI KOH(pepeHUil CTy1eHTiB,
acmipaHTiB i MoJsionux BueHux “O0JaTHAHHSA XiMiYHUX BUPOOHHMUTB i MiANPUEMCTB OyaiBeJIbLHUX
MarepiaiiB”

MO>KJIMBOCTEN ioro MPaKTUYHOTO 3aCTOCYBaHHS LTSt 1JBUILLIEHHS
eHEeProe()eKTUBHOCTI XOJOIUIBHUX CHCTEM € BAXJIMBOIO 33/1a4€i0 B Cy4YacHIN
1HXKEHepii.

Mertoro naHoi poOoTH € aHami3 ePEeKTUBHOCTI 3acTOCyBaHHs UKy KapHo B
CydyaCHUX  XOJOJIWIBHUX  YCTAHOBKAX, BHUABJICHHS  LUISXIB  MIJBUIIEHHS
eHeproe(p)eKTUBHOCTI 3a PaXyHOK BUKOPHUCTaHHS HOBITHIX MaTepialliB 1 TEXHOJIOTIH, a
TaKOoK OOTPYHTYBAHHS MOKJIMBOCTEHN IXHbOI MOAEPHI3aLlli.

[Muxn KapHO € 3aMKHEHUM LUKJIOM, IO CKJIAJA€ThCA 3 JBOX 130TEPMIUHUX 1
IBOX afiabaTHuX mpoueciB. Ha mepuriii cranii, mij 4ac 130TepMIYHOTO PO3LIMPEHHS,
po0oye TUI0 (XO0J0I0areHT) NOrJIMHAE TEIJIO Bl OXOJIOKYBAHOTO CEPEAOBHILA TIPU
NoCTiMHIN TemmnepaTypi. Ha npyriét cramii, mig dvac ajiabaTHOro pO3IMIMPEHHS,
BIIOYBA€ThCA  3HIDKEHHS TEMIIEpaTypd  XoJiojoareHta 0e3  Terjonepenadi.
HactynHuii eran — 130TepMiyHe CTUCKaHHS, IiJl 4ac SIKOTO XOJIOJOAreHT Iepeaae
TEIUIO B HABKOJIMIIHE CEPEOBUILE. 3aBEPIIYETHCS LIUKII afiadaTHUM CTHCKaHHSM, B
pe3ynbTaTi 4oro TeMIiepaTypa 3HOBY I1JBULLY€ETHCS.

Teopernuno, nukn Kapho 3a6esneuye makcumanbuuii KKJI, ockinbku B
HbOMY BpaXOBYEThCS 17€ajbHa Temuionepenaya 0e3 BTpar. OIHAK HAa MPaKTHUII
BIIPOBA/KCHHSI 1OTO IUKIY Ma€ psii TPYAHOIIB Yepe3 TEeXHIYHI OOMEeXEHHS
MaTepiaiiB Ta poOOYMX CEPEIOBHUII, a TaKOX Yepe3 BUCOKI BUMOTH JI0 TOYHOCTI
poOOTH CUCTEM YTIPABIIIHHS.

HesBaxkatoun Ha TeopeTHUHY €(EKTHBHICTb, MpPSIME 3aCTOCYBAHHS LUKITY
KapHo B X0I0oAMIBHUX YCTaHOBKaXxX € CKJIAJHUM Yepe3 TexHiuHi oomexenHs. [Ipore,
y CydaCHUX XOJOIWIbHHX CHCTEMaxX BUKOPHCTOBYIOTHCS ~TEXHOJOTIl, IO
HaOIIKAIOTRCS IO 171€aTbHOTO IUKITY, Takl SIK pereHeparlis Teruia, BUKOPHUCTAHHS
HOBUX TEIJIOI30JISIIIHHUX MaTepialiiB Ta ONTUMI3allisl poOOYUX MapaMeTpiB.

JlocmiokeHHsT  TOKa3ald, 1[I0  BUKOPHUCTaHHS  BUCOKOC(EKTUBHHUX
XOJIOIOATCHTIB 13 HU3BKOIO TEIUIOEMHICTIO JTO3BOJISIE 3HU3WTH €HEPTrOCIIOKUBAHHS
cucteM Ha ocHOBI 1ukiy KapHo. BoaHoyac BHKOpHCTaHHS HaHOMAaTepiaiiB y
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TEMJI000MIHHUKAX JI03BOJISIE MOKPAIIUTH TeIulonepeaady 1 30UIbIINTH 3arajibHUN
KK cucremu. Hanpuknaza, 3acTocyBaHHsT HAHO(IIOIIIB SIK TEIJIOHOCIIB ITi/IBUIILY€E
TCIUIOBIABEACHHS 1 3HIDKYE CHEPreTHUYHI BUTpaTd mpu oxojomkeHHi (Gao et al.,
2020).

Jlnst miABUIIEHHS €Heproe(peKTUBHOCTI XOJOJAMIBHUX YCTAHOBOK HAa OCHOBI
nukiy Kapuo Oyio 3ampornoHoBaHO Jiekiibka miaxo/iB. [lo-nepiie, y1ockoHaIeHHS
MaTepialiiB, 3 IKUX BUTOTOBJISIOTHCS TEIIOOOMIHHUKHU, € OJTHUM 13 TOJIOBHUX IILISAXIB
3MEHIICHHs  BTpaT  eHeprii.  Bukopucranns  marepiaidiB 13  BHCOKOIO
TEIUJIONPOBIHICTIO, TAKUX SIK MiJb a00 KOMIO3UTHI MaTeplajyd Ha OCHOBI rpadeny,
J103BOJIsI€ 30UTBITUTH e(PeKTUBHICTH Terutonepeaadi (Smith et al., 2022).

[To-apyre, iIHHOBAIIIMHI TEXHOJIOTIi, TaKl IK MarHiTHE OXOJIOKCHHS, MOXXYTh
CTaTH TIEPCIICKTUBHUM HAIMPSMOM PO3BUTKY XOJOMMIBHUX CHUCTeM. Ll TexHomoris
0a3yeTbcst Ha eeKTi MarHiTOKajaopii, MO J03BOJIIE OTPUMYBATH BUCOKOE(EKTUBHI
CHCTEMH OXOJIO/DKEHHsI 0€3 BUKOPUCTAHHS TpaauiinHux xonomoareHTie (Doe, 2021).

Pe3ynpTaT MOCHIDKEHHS TOKa3ylTh, IO IWKI KapHO € TeopeTHdHO
HaWOIbI  €(EKTUBHUM  CIIOCOOOM  OXOJIO/DKCHHS, TMPOTE WOro IpaKTHYHE
BIIPOBA/PKCHHSI TOTpeOy€e YIOCKOHAJICHHS CyYaCHHX TEXHOJIOTiH. BukopucranHs
HOBUX MaTepiaiiB, TakKuX SK HAHOQMIIOIMM 1 KOMIIO3UTH, [O3BOJSE CYTTEBO
nigsummT KKJ[ xonogunbHux ycTaHOBOK. I[lomambimi JOCHIPKEHHS B I[bOMY
HaIpsiMi MOXYTh MPUBECTH IO CTBOPCHHSI HOBUX BHUCOKOC(HEKTHBHUX XOJIOIUIHHUX

CHCTCM.
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BUNPOMIHIOBAHHS, 1020 6naue Ha O0o0ekiuia. Hasedeni Hosi memoou 3axucmy
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TenyoBe BUIPOMIHIOBaHHS € TJI00AJBHOK EKOJIOTTYHOK NpOoOJIEMOI0, IO

BUHUKAE 4Yepe3 HarpiBaHHs O0'€KTIB MiJ JI€I0 BHCOKUX TEMIIEPaTyp, MPOMHUCIOBHUX
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IPOLIECIB, @ TAKOXK MPUPOIHUX (DAKTOPIB, TAKUX SK COHSYHE BUIpPOMiHIOBaHHS. Ha
MPUPOJIHI €KOCUCTEMH BIUIMBAE TEIJIOBE BUIIPOMIHIOBAHHS, 110 CHPUSE TT1BUIIICHHIO
TeMIeparypu Ha ypOaHI30BaHUX TEPUTOPISX 1 MOXKE NPHU3BECTH 0 Jerpajaarii
IPYHTIB, TIABHUILEHHS pIBHS BOJM B OKEaHaX Ta 3HWKEHHS SIKOCTI MOBITpsS. Y
BEJIMKHUX MICTaX, 1€ KOHIEHTPYEThCA BEIMKA KUIBKICTh TPAHCIIOPTY Ta MPOMHUCIOBUX
HIITPUEMCTB, €(EKT TETUIOBOTO BUIIPOMIHIOBAHHS MOXKE 301IbIITYBATH TEMIIEPATYPY
10 5-7 TpaayciB BUILE, HIXK Yy MPUIETIUX CUIBCHKUX MICIEBOCTSIX, CTBOPIOIOYHM TaK
3BaHI "MICBKI TEIJIOBI OCTPOBHU".

[1InsixoM nepeTBOPEHHS €HEprii opraHiyHoro najusa npuoau3no 30% eneprii
MajgnBa TEPETBOPIOCTHCS Ha ENEKTPUYHY CHEPrilo, a YacTUHA EHEprii MocTyrnac B
3a0pyIHEHHS TOBKULISL Y BUTJIAJI TEIJIOBOTO 3a0pyAHEHHSI aTMOC(EpH MPOAYKTaMHU
3rOpaHHsI.

TeroBe 3a0pynHEHHS BOAOWMIB Ta atMochepu Mae wMicue 1 MpHu
eKCIUTyaTalllii aTOMHHMX €JEKTPOCTaHIlii. 3apa3 BCTAHOBJIEHA 3aKOHOMIPHICTb
3arajbHOTO MiJIBUILEHHS TEMIIEpaTypy y BOJOMMax, piukax, arMocdepi, 0coOIUBO B
MICIISIX 3HAXOJKEHHS CJICKTPOCTAHIlIH, MPOMUCIOBUX MIANPHEMCTB Y BEIUKHX
1HIyCTplaJbHUX paiioHax. B cBOIO uepry ne npuBOAUTH 10 3MIHH T€IJIOBOTO PEKUMY
BOJOWMIB, IO BIUIMBA€ Ha JKUTTS Ol0OpraHi3MiB, /10 BUHUKHEHHS HeOakaHUX
MOBITPSTHUX TMOTOKIB 13-3a MIJBUIIEHHS TEMIIEpaTypu B aTMoc(epi, 3MiHU BOJIOTOCTI
MOBITPS Ta COHAYHOT pajiialii 1, B KIHHEBOMY BUIAJKY, 10 3MIHH MIKPOKJIIMATYy.

JIst 3MEHIIeHHS BIUIMBY TEIJIOBOTO BHUIPOMIHIOBAHHSA 3aCTOCOBYIOTHCS
pI3HOMAHITHI MeETOAM Ta TexHoyiorii. (OCHOBHUMHU Cepell HHUX € YCTaHOBKa
TEIJIOBIIOMBHUX TIaHEJNeW Ta BHUKOPUCTAHHS 130JIALIIMHUX  MaTepialiB, IO
3MEHIIYIOTh PO3CIFOBaHHS Teruia. 30KpeMa, maTepiaiiv, Taki SK piaka KepamidHa
TEIIO130JIAMIsl  a00  TEMJIO3aXMCHI  IUIIBKM, MOXKYTh CYTTEBO  3HM)XYBATH
TeIUIonepeavy, 3MEHIIYIOUM HEOOXITHICTh y KOHAMIIOBaHHI. BaxnuBy poisb
BiJlirpae 3ejeHa iHQPacTPyKTypa, O3€JICHEHHS, CTBOPECHHS "3€JIeHUX JaxiB" Ta CTiH,
AKI TPUPOJHUM NUIAXOM 3HIKYIOTH TeMmIeparypy noBiTps. JochimkeHHs
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MOKa3yl0Th, IO 3€JICHUM JaX MOXK€ 3MEHIIUTU Temmeparypy mnoBepxHi Ha 20-30
IpayciB B MMOPIBHSHHI 31 3BHUaHUM JaXOM OyiBIIi.

CydacHi mnpuctpoi, Taki fK 1HGpauyepBOHI TOIJIMHAYI Ta CHUCTEMHU
OXOJIOKEHHSI 3 TEPMIUHOI0 PELUUPKYJIALI€I0, JOMOMAaraioTh 3MEHIIUTH BILTUB
TEIJIOBOTO BUIPOMIHIOBAHHS, JO3BOJIAIOYM 3MEHIIUTH pO3CIIOBaHHSA TeIjla B
HABKOJIMIITHE CEPEJIOBUIIE, CIPSIMOBYIOYHM HOTO AJid MOJAIBIION0 BUKOPUCTAHHS B
MPOMUCIIOBUX  IUIsIX, abo ama  o0irpiBy npumimeHb. HoBiTHI  Metoau
TEIUIO3aXUCHOIO 3aXUCTy pOOJIATh 3HAUHUN BHECOK Yy 30€pEeKEHHS HABKOJUIIHBOTO
cepenoBuia. [loegHanua ¢i3uyHUX 1 O10JOTTYHMX METOJIB J03BOJSIE €(PEKTUBHO
3aXMIIATH HABKOJUIIHE CepeloBUIIE, 30epiraloud IMpu UbOMY [PUWHATHE
CepeloBHUIlle ISl MPOXKUBAaHHA JOAWHU. HaykoBi NOCHIDKEHHS B JaHid Tamysi
MOXYTh JIOIIOMOITH Yy pO3poOIl Oulbill ePEeKTUBHUX Ta CTIHKMX METO/IIB
MOM'SIKIIIEHHS BIUIMBY TEIJIOBOTO BUIIPOMIHIOBAHHS Ha JIOBKULIS, CHPUYUHEHOTO
JIIOJINHOIO.
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