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YK 621.21
CONDITIONS FOR PROVIDING THE QUALITATIVE NON-UNIFORM
FLUIDIZATION
Dr. Tech. Sc., professor Kornienko Y.M., PhD, senior lecturer Haidai S.S.

National Technical University of Ukraine

“lgor Sikorsky Kyiv Polytechnic Institute”

Abstract. The conditions of introduction of the liquefying agent through slits of
gas distributing device at which absence of motionless zones of granular material on
a working surface of gas distributing device is provided and the qualitative
hydrodynamic mode of non-uniform jet-pulsating fluidization is realized are
substantiated.

Keywords: FLUIDIZED BED, GRANULATION, HYDRODYNAMICS, INDEX
OF DYNAMIC QUALITY OF HYDRODYNAMICS.

YMOBU 3ABE3IIEYEHHSA AKICHOI'O HEOJIHOPITHOI'O
IICEBAO3PLKEHHSA

1.T.H., mpodecop Kopnienko ., k.T.H., cT. Bukna [aigait C.

Anomayia. OOIpyHMOBAHO YMOBU BBEOCHHS 3PIOJNCYBALHO2O A2EHMY Yepe3
winunu I'PII, npu axux 3a6e3neyyemuvcs i0CYMHICMb MAIOPYXOMUX 30H 3ePHUCTO2 0
mamepiany Ha pooouiu nosepxui I'PII ma peanizyemvcs axichuil 2iopoOuHamiyHuil

pedrcum HeoOHOPIOHO20 CMPYMEHEBO-NYIbCAYIUHO20 NCeBO03PIONCEHHSL.
Knwouosi  cnosa:  TICEBJO3PUDKEHHH — ILIAP,  T'PAHVJIALIA,
TIIPOJTUHAMIKA, THIEKC THHAMIYHOI SKOCTI I'JIPOJJUHAMIKH.
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According to previous studies is established that increasing of the energy
efficiency of obtaining the new generation of granular organic-mineral
fertilizers, which would contain biological substances of mineral and organic origin,
deoxidizing and stimulating impurities that are responsible for modern land use even
before the start, regardless of development is possible with the use of non-uniform
fluidization [1-6].

The use of non-uniform fluidization in the granulation of liquid heterogeneous
systems provides intensification of diffusion-controlled processes [1-6], but this
increases the risk of formation of stagnant zones on the working surfaces of the gas
distribution device (GDD).

According to the researches [1-6] the process is cyclical and is characterized by
three stages [1-3]. On the first stage the energy of injected gas torch in dot A, Figure
1, should be sufficient to overcome the total resistance that is caused by friction forces

of the granules with the surface of gas distributing device (plate of GDD), Figure 2,

and as well the component of the hydrostatic pressure.
T | A
AP hydrostatic

scheme of action of forces

Ec ,,,,,,,,,,,,,,,,,,,,,,,,,,
A
Zone D E ]
m a : r - a r : .
& .
| A
W; Mgas) qu'lH: Mgas2 ]/LZ\,";,; Mgas LW\'H:‘: }ngcﬂ.\z top view
a) 7=0 b) t=0.757¢ycle c¢) Gas distribution device

Figure 1 — The scheme of interaction of forces in the zone of injecting of the

liquefying agent into fluidized bed granulator



XIX mixHapogHa HAyKOBO-NIPAKTUYHA KOH(EpeHLli CTYAEHTIB, aCHIPaHTIB 1 MOJIOIUX
BueHux ~Pecypcoenepro3oepiraroyi TeXHOJIOrIT Ta 001aAHaHHSA

The force with which the layer of granular material is acted upon by a

liquefying agent introduced into dot p through a slit with height h; and width Bi:
%as = ‘&PcounteractionBlhl (1}

a

EJ | |
M commteractiongty”

Figure 2 — The scheme of interaction of forces in the zone of gas distributing device

To ensure the movement of the cluster of solid particles in Zone D, a necessary
condition is to ensure the values of the total force with which the gas jet acts on the
layer of granular material during injecting from the slit of gas distributing device, in

dot must be greater than Fgas on value Af’:
Ftota! - Egas + A}c’/ (2)
The force of hydrodynamic pressure of the gas Fr.sy must be bigger than the

total force of counteraction Tcounteraction ON the surface of gas distributing device (GDD)

that is resulting from hydrostatic pressure:

Fgas > Tcounteraction (3)

Fgas=APgas fsiit (4)
where APgas — gas pressure in dot p, Pa

APgas=(pgasWslit?)/2 (5)

where fqi; — the area of the slit in dot p, m?:
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fait=h1B1 (6)
where h; and B; — height and width of the slit in dot p.
Teounteraction — the total force of counteraction, N:

Tcounteraction = APhydrostatic Kt fapp (7)
where APhydrostaic — hydrostatic pressure of the layer of granular material in
dot p, Pa:

APhydrostatic = Psolids§Ho(1-&o) (8)
where psoligs — density of granules, psoligs=1450 kg/m?;
g — acceleration of gravity, g=9.81 m/s?;
£o— porosity (proportion of voids) of a tightly packed bed (£=0.4);
feoo — the area of the working surface of the gas distributing device

(trapezoids with bases B; and B, and height 1), m?:

B, + B,
fepp = 2 [ (9)

where K: — the coefficient of transformation; h; and B; — height and width of the slit
in dot p.
Then after substitution (4) and (7) in (3):
AFyasfsiic = APnyarostaticKefepp (10)

For the case when Hg = 0.32 m, the coefficient of transformation is determined

by the expression:

AP, o fai
K’r _ gasfsht

ﬂPhyd rosmtichDD

(11)

Thus, taking into account the coefficient of transformation K. = 0.0254, which
was determined for the qualitative hydrodynamic mode at Ho = 0.32 m, when using
gas distributing device of the slit type [7], we can determine the required pressure,
which should create a gas flow to ensure effective qualitative hydrodynamic mode of
non-uniform fluidization with the absence of a stable zone on the working surfaces of
the GDD.
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For all other cases, it is possible to determine the injected gas velocity from the
slits of gas distributing device, which provides an index of hydrodynamic quality
Iquaiity>0.9 by the expression:

* 0.5
W — ( 2Ps01ias8Ho (1 — Eo)fc:nn)
e =
st i fs!itpgas

(12)

where Hg — set value of the total height of the fixed layer, m.

The calculated values of gas velocity in the slits, which provide the conditions
of qualitative non-uniform fluidization for the bed of granular material with the initial

height up to Ho™ <1 m are shown on Figure 3.
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Figure 3 — Calculated dependence of wsi=f(Hy)

The values of the injected gas velocity through slits of GDD, Figure 3, are
calculated, but they must be compared with the experimental data in future and
determine if this obtained values actually provides the conditions of high-quality

hydrodynamic mode of non-uniform fluidization.
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THE CORRECTING OF THE RELATIONSHIP FOR OF THE MASS
TRANSFER COEFFICIENTS DETERMINATIONS DURING THE
MEMBRANE MODULES REGENERATION
student Tereschenko 1.Y., post graduated student Metlina M.S.,
assistant professor, Ph.D., Huliienko S.V.
National Technical University of Ukraine

«lgor Sikorsky Kyiv Polytechnic Institute»

Anomauin: Ompumano ymouHeHe KpumepianibHe DIBHAHHA O PO3PAXVHK)
KoeghiyieHmie nepeHecen s Macu npu peceHepayii MemMoOpaHHux mMooyJis.

Kniwouoei cnoea: membpanHuii  Mo0yniv,  peceHapayis,  KpumepiaivbHa
3ANEeHCHICMb

Abstract: The adjusted dimensionless relationship for calculation of transfer
coefficients during the membrane modules regeneration was obtained.

Key words: membrane module, regeneration, dimensionless relationship

The fouling of the membrane surface is on of the most important problem in
exploitation of membrane plants including reverse osmosis. Despite the development
of membrane with fouling resistance, methods od pretreatment and optimization of
working parameters in module, the necessity of periodic regeneration is still
actual question [1]

In realization of regeneration process the prediction of membrane properties
after regeneration procedure are important and insufficiently researched topic, with
was the object of the previous work [2]. However, in this work it was used the
dimensionless equation, which was obtained with some admissions, which are nor

quite agree with real conditions. Therefore, the aim of this research is the correction

12
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of the dimensionless equation for calculation of transfer coefficients during the
membrane modules regeneration with using both previous and new experimental data

The researches were carried out with domestic membrane modules TFC-75
type. The imitative fouling of NaCl were deposited on the membrane surface. The
regeneration process was carried out by the rinsing under subatmospheric pressure.
The deionized water was used as cleaning agent. The flow rate of cleaning solution
was measured ne weight method. The concentration of NaCl in the input and output
of membrane apparatus was measured by conductometric method. The data
processing was carried out using the theory of similarity methodology [3].

During the data processing, as it was in previous work [2] the exponential
quantity for Schmidt number was n = 0,33. In this case the problem of dimensionless
equation obtaining was reduced to determination the exponential quantity for
Reynolds number m and the factor A.

Depending from Schmidt number value all range of the result was devided into
the 17 groups within them the Sc values was varied less to 5%. For each group, using
the means squares method according to the technique described in [4], the
approximation of relationship Sh = f(Re) was carried out, the mean value of
exponential quantity m’ was defined, which was specified. As a result, the value of
exponential quantity was defined as m = 0,8. After that the approximation of
generalized relationship was carried out (figure 1).

Approximation of the generalized dimensionless relationship allows to receive
equation in the form:

Sh =0,0018Re%® 5’| - 2)
d

e

As the result of the approximation the exponent of the generalized dependence
Is 1,0023, which means that there is no need in further clarification of the factors in

the dimensionless equation.

13
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Figure 1 — The generalized dimensionless relationship
The sample correlation coefficient of dependence (2) is r* = 0.712, and

statistical analysis confirms the existence of the dependence [4].
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FORMULA FOR CALCULATING THE VIBRATION VISCOSITY OF
FIBER-REINFORCED CONCRETE MIX AT VIBRATION EXTRUSION
student Kramar Alexandra, assistant professor, Ph.D., Andreiev Igor
National Technical University of Ukraine

«Igor Sikorsky Kyiv Polytechnic Institute»

Abstract. Disclosed is a vibration viscometer which simulates the process of
vibration extrusion of fiber-reinforced concrete mix. A formula for calculating the
vibration viscosity of a fiber-reinforced concrete mix during vibration extrusion is
obtained, which can also be used to determine the rheological properties of any non-
Newtonian liquids when they flow from converging flat channels.

Key words: vibration viscometer, viscosity, vibration extrusion, fiber-reinforced
concrete mix.

OOPMVYIJIA JJISA PO3PAXYHKY BIBPOB’A3KOCTI ®IBPOBETOHHUX
CYMIIIEX ITPA BIBPOEKCTPY3Ii
crynenTtka Kpamap Onekcannpa, K.T.H., foi. AHapees Irop
HauionajibHMil TeXHIYHUI yHiBepcUTeT YKpaiHu

“KuiBcbknil mositexnivHuii inctutyt imeni Irops Cikopcbkoro”

AHomayia. 3anponoHosano BiOpoGicKko3uMemp, AKUU MOOeNoe€ npoyec
gibpoexcmpy3ii  ¢hibpobemonnux 6upodie. Ompumana Gopmyra Ol PO3PAXYHKY
8iOpo8 'askocmi  ibpobemonHoi cymiwi npu eibpoexcmpysii, sKa Modice Oymu
BUKOPUCMAHA MAKOMNHC OJIsl GU3HAYEHHS PeOJIO2IYHUX XAPAKMEPUCTUK 0)YO0b-AKUX
NCeBOOHBIOMOHIBCLKUX PIOUH NPU IX BUMIKAHHI 31 30I0CHUX NIOCKUX KAHAI8

Knrouoesi cuosa: 8iOposicKo3UMemp, 8 sA3Kicmb, gibpoexcmpys3is,

gibpobemonna cymiu.
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To determine the vibration viscosity of the fiber concrete during the direct
formation of flat products, the authors proposed to use an existing vibro-extruder with
a slotted outlet hole. In this case, quantitative physical rheological characteristics can
be obtained using the available theoretical prerequisites.

Provided that a constant level of the mixture in the bunker of the vibro-extruder
(see Fig.) is maintained, the vibration viscosity can be calculated by the formula [2]:

_ pgIALA (20, cos 29, — sin2 gp)
~ 2qcos2@,cos @, (L +L,) '

ne ¢, —angle of inclination of the inclined wall of the channel to the vertical, rad.
(@, <45%); L, — distance from the origin of coordinates to the initial cut of the bunker,
m; L, — L, — mixture column height in the hopper, m; p— density of the processed

mixture, kg / m®; g= 9,81 m/s? — acceleration of gravity; g — productivity per unit

length of an endless flat symmetrical channel, which narrows, m?/s.

Figure. Design flow diagram in a flat symmetric converging channel of the vibration

viscometer hopper
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The disadvantages in this case are the need to maintain a constant level of the
mixture in the bunker of the vibro-extruder all the time during the measurement and a
large loss of the fiber-reinforced concrete mix, and with a limited amount of material,
the determination of vibration viscosity becomes generally impracticable.

It is easier to calculate the rheological characteristics of the mixture during the
flow t, of a certain amount of the mixture from the vibro-extruder. The solution to the
problem was carried out using a differential equation that describes the change in the
level of the mixture in the vibro-extruder hopper [3]. As a result, a formula was

proposed:

Hs = =

' . ™
pglili(2pgcos2po—sin2¢plt, _ pgt,
atam T = i ‘:"’ 2 2" !
sin 2ggeos2egly+L N1y L5 ) O

sin 2¢, €0s 2¢, (L, + Lz)('-f - L§)
ne C = i
« L7L5 (29, cos 2¢, —sin 2¢,)

The resulting formula for calculating the vibro-viscosity of a fiber-reinforced

— structural parameter, m=.

concrete mix during vibration extrusion can be used to determine the rheological
characteristics of any non-Newtonian fluids when they flow out from converging flat

channels.
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YK 66.074.2
FLUE GAS CLEANING IN THE PROCESS OF HEATING BUILDINGS
IN A CLOSED HEAT SUPPLY SYSTEM
student Khomenko M., associate professor, Ph.D., Stepaniuk A.
National Technical University of Ukraine

“lgor Sikorsky Kyiv Polytechnic Institute”

Summary.

The description of the technological scheme of individual heating installation
on housing and communal, industrial and administrative buildings is given.

The modernization of a group of devices for flue gas cleaning to increase the
efficiency of these devices with the idea of reducing dust emissions into the
atmosphere is proposed.

KEYWORDS: FLUE GAS CLEANING, HEATING, HEAT SUPPLY

OYUNIIEHHA ANMOBHUX I'A3IB B ITPOLHECI OITAJIEHHS BY AIBEJIb
Y 3AMKHYTIW CUCTEMI TEIIJIONIOCTAYAHHS
Mairictpantka XomMeHko M., k.T.H., noi; Ctenantok A.P.

Anomauis.

Hageoeno onuc mexnono2iynoi cxemu iHOugioyanbHOI YCMAHOBKU ONANEHHS HA
HCUMIO-KOMYHANbHUX, NPOMUCTOBUX MA AOMIHICMPAMUBHUX 0YOi8IAX.

3anpononoeano mooepHizysamu cpynu anapamis O4UWeHHs OUMOBUX 2A3i8 O
nioBUWEeHHs e(heKMUBHOCMI poOOmMuU Yux anapamis 3 i0e€io 3MeHUeHHs BUKUOLI8 NUTLY
6 ammocghepy.

KIIFO90BI CJIOBA: OYHULIEHHA JHUMOBUX [@'A31B, OIIAJIEHHA,
TEIJIOIIOCTAYAHHA.
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Modern industry, which is developing dynamically, continuously offers new
heating systems. Due to the constant search for cheaper heat sources, instead of the
traditional ones that ran on gas or fuel oil, and the development of alternative
installations, the installation of individual heating installations is spreading to
residential, industrial and administrative buildings running on renewable energy
sources.

Such installations can work only when it is necessary to generate heat, so they
are cheaper to operate. The heating system can be used to burn various raw materials,
such as pellets. The unit uses two units: a unit for generating thermal energy and flue
gas cleaning [1].

According to the technological scheme of heating (Figure 1) in the burner 1 is
supplied air and raw materials for combustion (in this case pallets), in a solid fuel
boiler 2, where the combustion of raw materials.

Water for the heat supply system is supplied to the recovery boiler 4. Flue gases
from the boiler 1 enter the intertube space of the recovery boiler 3, where heated
water from the recovery boiler 4 flows in the pipe space and then enters the heating
system of the building. And the flue gases from the recovery boiler 3 pass into the
recovery boiler 4, which is a plate heat exchanger, for the first stage of heating the
water returned from the heating system. Next, the already cooled flue gases enter the
apparatus for cleaning from ash. They pass the first stage of purification in the
cyclone 5, and then enter the bag filter 6 for further purification of flue gases, and
then discharged into the atmosphere.

Environmental protection is a pressing issue today, and the operation of the
heating system is associated with the release of flue gases that mix ash and soot,
which are harmful to the environment. Therefore, the gas is purified before being
released into the atmosphere.

In the technological scheme (Figure 1) there is a 2-stage purification of flue

gases. First coarse - in a cyclone, and then thin - in a bag filter [2].
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1 - burner; 2 - solid fuel boiler; 3,4 - heat utilizers; 5 - cyclone; 6 - bag filter
Figure 1 - Technological scheme of heating

| - raw materials; Il - air; I11 - flue gases; IV - water; V - soot, sediment.

The aim of the diploma project is to modernize a group of flue gas cleaning
devices to increase the efficiency of these devices with the idea of reducing dust

emissions into the atmosphere.
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YK 66.048.3
WAYS TO IMPROVE THE DISPENSER-FEEDER OF CEMENT-SAND
MORTAR
Student Polishchuk Denys, associate professor, Ph.D., Andreiev Igor
National Technical University of Ukraine
«Igor Sikorsky Kyiv Polytechnic Institute»

Abstract. The technology of obtaining a thin layer of cement-sand mortar in
the process of manufacturing fiber concrete products and the main directions of
improvement of the batcher-feeder of the solution of vibration extrusion installation
are considered

Key words: dispenser-feeder, vibration extrusion, cement-sand mortar.

HJIAXHU YIOCKOHAJIEHHA JO3ATOPA-’/KUBUJIBHUKA IEMEHTHO-
IIIIMAHOI'O PO3YUHY
cryneHt Jenuc Ilomimyk, k.T.H., 1ou. Irop Auapeen
HaunionajibHMi TeXHIYHUI YHiBepcUTeT Y KpaiHu
“KuiBcbknii mosirtexniynuii incruryt imeni Iropst Cikopcbkoro”
Anomauia. Poszensinymi mexuonocia OmpumMaHHs MOHKO20 Wapy YemeHmHo-
niwano2o po3uuHy 8 npoyeci 6ucomosieHHs iopooemonnux upodié i OCHOBHI
HanpsIMKU — YOOCKOHAJIEHHs. — 003amopa-H#CUBUNbHUKA — PO3YUHY  YCIMAHOBKU
8ibpoexcmpy3ii.
Knrouosi cnoea: 0ozamop-scusuibHuK, 8i0poekcmpy3is, yemeHmuo-niujanuil

DO3YUH.

The technology of vibro-extrusion molding of fibroconcrete products involves
obtaining a thin layer of cement-sand mortar for further distribution of fiber

reinforcement.
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At the site of obtaining a thin layer of mortar, the cement-sand mortar from the
feeder-dispenser 1 flows to the conveyor belt of the conveyor 4 in the form of four
bundles of adjustable cross section. Cement harnesses under the action of vibration
transmitted from the vibrating table 2, spread over the entire width of the tape,

forming a layer of mortar with a thickness of m (see Fig.).

4

1 - feeder-feeder of cement-sand mortar; 2 - vibrating table; 3 - fiber feeder; 4 - the
conveyor; 5, 6 - mixing vibrating extruders; 7 - forming vibrating extruder; 8 -
shape

Fig. Installation of vibroextrusion

The feeder-dispenser of the solution of the basic installation consists of a
pyramidal tank welded from sheet steel, a vibrator, a spring suspension bracket, a
welded frame. The lower part of the tank is made of solid rubber, in which four
vertical rectangular slits are cut, which are closed by a slide with a screw adjustment
mechanism.

The disadvantage of the node to obtain a thin layer of solution is the high metal
content and significant power consumption to ensure the operation of the vibrating
table. Therefore, the Kyiv Polytechnic Institute named after Igor Sikorsky, based on
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the results of research and development work, proposed improved devices for the

supply of solution, which are given below.

References:

1) Installation in the lower part of the feeder-feeder horizontal plate, on the
surface of which passes the conveyor belt and where the bundles of solution spread
over the entire width of the belt due to the vibration of the feeder-feeder. This allows
to exclude the vibrating table from the process and thus reduce the metal consumption
and capacity of the installation (Pat. Of Ukraine NoeNe 26868U, 31229U).

2) To prevent the solution from sticking to the outer surface of the front wall of
the hopper-feeder, it is proposed to make notches tapering upwards on the lower edge
of the front wall of the hopper (US Pat. Ne 31537U), and making the lower edge of the
front wall removable allows you to change Pat. Of Ukraine Ne 43319 U).

3) The use of harness thinners in order to abandon the vibrating table (Pat. Of
Ukraine NeNe 40268U, 47167U, 55010U).

4) Ensuring the possibility of changing the size and shape of the cutouts on the
edge of the front wall of the hopper along their width depending on the properties and
parameters of the processed solutions (US Pat. Ne 49072 U).

5) Ensuring the production of solution bundles with stable shape and quality
through the formation of guide channels in the hopper (Pat. Of Ukraine NoeNe 49251U,
54489U) and improvement of these channels (Pat. Of Ukraine NeNe 59438U, 60832U,
69438U, 72311U).

Work to improve the feeder-dispenser of cement-sand mortar continues in our
time and is aimed at reducing hydraulic resistance and increasing the productivity of

the device.
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UDC 66.048.5

THE MODERNIZATION OF THE SEWAGE TREATMENT UNIT OF THE
METALLURGICAL PLANT
student Aitubaiev I.1., assistant professor Ph. D. Huliienko S.V.

National Technical University of Ukraine

«Igor Sikorsky Kyiv Polytechnic Institute»

Anomauina: Po3zenanymo 6niug cmiuHux 800 MemanypeiHux nionpuemMcme Ha
O08KILISL Ma MexXHoN02110 ix 3HewKo0xceHHs. [lposedena oyinka wiisixie MooepHizayii
VCMAHOBKU, CNPAMOBAHI HA NIOBUWEHHS iT eHep2oedheKmUeHOCMI.

Kniowuoei cnosa: memanypeis, cmiuni 600U, O4UWEHHs, BUNAPIOBAHHS

Abstract: The influence of the waste waters from metallurgy plants and
technology of its removing were considered. The ways of the plant modernization
relating to the increasing of energy efficiency were estimated.

Key words: metallurgy, waste waters, purification, evaporation

The black metallurgy is the key industry of the national economics and the
driving force for the development of others sectors of Ukrainian economic including
mechanical, civil, coal, coke-chemical, energy and transport engineering. The
homegrown metallurgy provides more than 20% of GDP, 12% of overall taxes, and
the part of the foreign exchange earnings from export is 40%. Ukraine takes the 8™
place in the list of the biggest producers of the steel providing about 3% of word
production.

The metallurgy is belonged to the most non-environmentally-friendly
industries. Each stage of the raw material treatment makes negative environmental
effect. During making of ore by the open technique the full gallops are formed, with
destroying of the ecosystems. Often, they cause the decreasing of the ground water

level. The ore dressing is accompanied by accumulation of great amount of mullock
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on the ground. During metallurgical plants processing the great amount of toxic
materials including compound of Nitrogen and Sulphur is released into the air. This is
the key reason of the acid rains. The waste material of the industry also polluted the
hydrosphere.

It reasonable to look closely on the latest pollution, namely the pollution of the
surface water by waste products. Since the specific weight of the water pollution in
Ukraine in the late XX century was about 28% including in Kharkiv and Luhansk
region was more that 70%, in Chernivtsi, Odesa and Donetsk regions was more
than 50%.

It should be noticed that overall part of the salts, which has been throwed off,
arrives to the 66% from mineralized waste waters generated in the production. They
generated on energy plants, in pickling sections, and also after blowing-down of the
water supply cycle.

The pumping of the waste waters in the basins can dramatically influence on
the nature waters composition and decrease its quality. Therefore, the treatment and
purification of the waste waters from metallurgical plants became the important
question.

One of that processes is technology schematically represented on the figure 1.

It includes the following main operations:

- The concentrations of the blowing waters up to the salinity, close to the
equilibrium for sodium sulphate, considering the treatment by acid.

- The treatment by acid with aim to achieving to the system
Na,SO,-NaCl-H,0, In this case the silicates is depositing and carbonates is
disintegrating.

- The two-stage evaporation of the recycling defecated concentrated
solution with crystallization and removing the sodium sulphate on the first stage and

the sodium chloride on the second stage.
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- The result of this treatment includes obtaining of the commercial
products of the sodium chloride and sodium sulphate. The deionized water is

returning into the water supply cycle.

1 — blowdown water; 2 — feed water tank; 3 — pump; 4 — primary steam; 5 — natural-
circulation evaporators; 6 — flash tank ; 7- secondary steam condensate tank; 8 —
sulphatic acid; 9 — reactor; 10 - clarifier; 11 — pulp; 12 — forced-circulation
evaporator; 13 — thickener; 14 — centrifugals; 15 — sodium sulfate; 16 — sodium
chloride; 17 — condenser.

Figure 1 — Scheme of thermal desalination of the blowing waters from

metallurgical plant

It can be seen from technological scheme of deionization of blowing waters
(figure 1) that the evaporators take the big part of line, especially on the first stage
(deaeration and evaporation of waste waters). Therefore, the main problem of present
technology includes the energy consumption for providing the required operation
mode. As a result, the task of modernization of the evaporation plant modernization

with aim to decrease the energy requirement is established.
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UDC 539.3
JUSTIFICATION OF MATERIAL BALANCE IN THE PRODUCTION OF
ORGANIC-MINERAL FERTILIZERS
postgraduate Kychak R. V., associate professor, Ph.D. Stepaniyk A. R.
National Technical University of Ukraine
«Igor Sikorsky Kyiv Polytechnic Institute»
ABSTRACT. The plant for the production of organo-mineral fertilizers is considered

and its material balance is made. The idea of modernization of installation by
installation on a cyclone of a cooling habit is offered. This will allow, in addition to
capturing solid polydisperse emissions, to condense water vapor, which will ensure
the removal of these components in the form of a suspension and the closure of
material flows.

KEY WORDS: organo-mineral fertilizers, material balance, cyclone, shell.

OBI'PYHTYBAHHSA MATEPIAJIBHOT'O BAJIAHCY ITPU BUPOBHULTBI
OPI'AHO-MIHEPAJIBHUX 1OBPUB
acmipanT Kuvak P. B., k. T. H. nouent Crenaniok A. B.
HauionaqibHuil TeXHIYHUI YHiBepcHTET YKpPaiHU
«KuiBcbKHil MOJiTeXHIYHUI IHCTUTYT iMeHi iropst CikopcbKkoro»

AHOTAIIA. Po3zenamwyma ycmaHoska Oas GUPOOHUYMBA OpP2AHO-MIHEPANbHUX
000pus ma cknadeHo ii mamepianrbHUuli OAIAHC. 3anpONOHOBAHO [0et0 MOOepHi3ayii
YCMAHOBKY, UWLIAXOM BCMAHOGIEHHS HA YUKIOH O0XO0N00xCcyoyoi obuuaxu. ILle
00360J1UMb OKPIM B8l1081€HH MEEePOUX HNOJNIOUCNEPCHUX BUKUOIB, CKOHOEHCY8amu
8005HY napy, wo 3abesneuums 8i08e0eHHs OAHUX KOMNOHEHMI8 ) 8u2iili CYCNneH3ii
ma 3aMKHYmMicmb MamepiaibHux nOmokKIe.

KIIFOYOBI CIIOBA: opeano-minepanvHi 0obpusa, mamepiaibHull 6aianc, YukioH,

obuuatka.
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In the technological process of obtaining OMF mineral nutrients form with
humic compounds organo-mineral complexes, which allows to fix nitrogen and
potassium in metabolic form and reduce their mobility, and phosphorus is converted
into a form that is easily absorbed by plants. Due to this, the utilization rate of
nutrients with OMF reaches above 90%, which reduces the application rate of these
fertilizers compared to mineral [1-3].

A simplified diagram of the experimental setup is shown in Figure 1a.
The purpose of this work is to ensure, in addition to the capture of solid polydisperse
emissions, condensation of water vapor, within the material balance, by installing a
cooling shell on the cyclone (Figure 1Db).
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Figure 1: a - Experimental installation of organo-mineral fertilizers: MR -
Mixer; C - Cyclone; D - Granulator; b - Cyclone with an established shell
Material balance for this installation in general:
Gpp =Gy +Gyy 1)
where, Gpp — mass flow rate of the working solution;
Gg-i1 — mass water consumption depending on the physical state;
Gts — mass consumption of solid components
Given that the mass consumption of solids is their cost for the formation of
granules and dust, then:
Gy =G, ,+G,,+G,,,
where,Grp — mass consumption of the formed granules;
G — mass flow of dust;
Given the mass fraction of components, we have:
Gpp = GppXy +GppXyy
where, xg and xtg — are mass fractions of water and solids, respectively.
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Since the mass flow rate of granules and dust is determined by the coefficient
of granulation, we finally get:

Gy = GppXy + Gy + Gy (1)

Or,

Gy =GppXy +Gpyy + Gy, (1)

where — vy is the coefficient of the formation granule.

Conclusion: This approach will allow to remove the generated solid waste in
the form of a suspension for feeding to recycling, to ensure the closure of material
flows with the possibility of their reuse. This method will allow to realize, practically,
waste-free production.
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YK 536.242: Y]IK 621.643: YK 620.175
JOCJIJ)KEHHS BJJACTUBOCTEN HU3bKOTEMIIEPATYPHOI'O
TEIIVNIOAKYMYJIIOIOYOI'O MATEPIAJIY 3 ®A30BUM IIEPEXO/0OM
K.T.H., ip.H.c Konuk A.B., /lemuenko B.B.

IncTuryT Texniynoi temnopizuku HAH Ykpainu

Anomauyia: Tennoaxymynayitini mamepianu 3 Hazoeum nepexooom WUpOKo
3aCcmoco8ylomsvcs 8  AKYMYJIAYIUHOMY — O0ONAOHAHHI,  OCKIIbKU  BOHU  30AMHI
3abe3nedumu BUCOKY NUMOMY menioemMHicmy. Memotwo pobomu € 00Cni0NHCeHH s
cmadinbHOCMI NOKA3HUKA MENJIOEMHOCMI MENIOAKYMYNIAYIUH020 Mamepiary npu
YUKTIIYHOMY HA2SPI8l Ma O0XO0N00JICEeHHI, WO IMIMYye npoyec 3apsoKu i po3paoNCeHHs
Menio6020 aKymyaamopad.

Kniwouoei cnosa: mennoakymynayitinui mamepian, mamepian 3 Gazoeum

nepexo0om, menjioEMHICMb, Menio8ull akymMyasimop.

Abstract: Heat storage materials with phase change are widely used in storage
equipment, because they are able to provide a high specific heat. The aim of the work
Is to study the stability of the heat capacity of the heat storage material during cyclic
heating and cooling, which simulates the process of charging and discharging the
heat accumulator.

Keywords: heat storage material, phase change material, heat capacity, heat

storage.

Mera pocmimxkeHb — o00OpaTu Temmoakymyssiniami wmatepian (TAM) 3
HU3bKOTEMIEpaTypHUM (ha3oBum mepexogom (PCM) miist momganbioro BUKOPUCTAHHS
B TeroBomy akymyisatopi (TA); 3MoienoBaTH MpoLiec aKyMyJidllii Teria B €MHOCT1
3 «TEIUIOBUM SIIPOM» Ta JAOCHIAUTH 3MiHM TeroemMHocti PCM B mporect

TEPMOLIMKITYBaHHS.
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OO0’ €eKT AOCTIKEHD — 3MIHU TUTOMO] TemtoeMHocTl TAM, 1o BinOyBaroThCs B
«TETJIOBOMY AJIp1» B MPOLEC] 3apPSAIKU 1 PO3PSIKEHHS aKyMYJISITOpa.

[Ipenmer JOCIIKEHb — BHUCOKOMOJIEKYJISIPHA CHOJyKa 3
HU3bKOTEMIEPATYPHUMH (PAa30BUM MEPEXOJIOM.

JUist TpoBENEeHHSI JOCHIKEHb CTBOPEHO EKCIEpUMEHTaJbHUM CTEHI, 110
J03BOJISIE  3MOJEJIOBATH IPOLIEC TEPMOLMKIYBaHHsS, pUCYHOK 1. Mertoquka
MPOBEJICHHS AOCHiKeHb omnucaHa B [1]. OCHOBHUMHU elleMEHTaMU CTEHAY € JIBi
MeTajeBl TEepMETUYHO 3aKpuTi €MHOCcTi 1 1 2, 00’eMH SKHUX 3alOBHIOIOTHCS
JOCIIIKYBAaHUMHU PEUOBUHAMH. Tax, €EMHICTb 1 3aIMOBHIOETHCS
TEIUIOAKYMYIIOIIHHOI PIAMHOI, a e€MHICTh 2 — TAM 3 HHM3bKOTEMIIEpaTypHUM
(ha30BUM MEPEXOOM.

Pucynok 1 — IIpunnunosa cxema

e €KCIIEPUMEHTAIBHOIO CTeHay: 1, 2 —

2 €MHICTh, 3 — TUIMTAa CJICKTpUYHA, 4 —

T
slalololel LI

P & TepMoInapa; 5 - MIKpOTIPOIIECOPHUIA

@ \, 7 ot moaysib TRITON 6004TC crionyuenuit

! : oty - 3 (%)
Sl R 3 IIK (yMOBHO HE IIO3HA4YCHHUI),
¢ ‘ » L/

6 — JIYWIBHUK  €JIeKTPOSHEeprii,

7 — omnopa.

Pucynok 2 —  1uepesuH,
BHCOKOMOJIEKYJIIpHA CIOJIyKa 3
HU3BKOTEMIIEPATYPHUMH ¢dazoBum

HIEPEXOJIOM.

B pe3ynbTaTi mpoBeneHNX KOMIUIEKCHUX TOCHTIIKEHb MaTepiaid BUKIAICHO B
[2], mns momambIIOrO BWBYEHHS Oylio OOpaHO BHCOKOMOJIEKYNSIPHY CIIOTYKY —

uepe3uH, pucyHok 2. [IpoBenu KOMIUIEKCHI BUMIPIOBaHHS TEIUIOEMHOCTI 3pa3KiB 0
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MOYaTKY JOCIIXKEHb Ta MICJIsl TPOBEACHHS 85 IUKIIIB TepMOIMKITYBaHHs. Pe3ynbTaTu

JOCIIIPKEHb NPECTAaBICHO Ha PUCYHKY 3.

¢, Q/kr-K
5500

5000
4500
4000
3500
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1500
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«wofp s [0 TEPMOUMKNYBAHHA Micna 85 uuknie

Pucynok 3 - 3anexHICTh TEMIOEMHOCTI 3pa3Ka J0 Ta MICIsl TEPMOIUKIYBaHHS

BucHOBKH: pe3yabTaTH JOCHIKEHb 3MiHU NMUTOMOI TertoeMHocTi TAM mipu
TEPMOIIMKITYBaHHI TPOJIEMOHCTPYBAIM BHCOKY CTEMiHb ITOBTOPIOBAHOCTI. 3MiHU
BiIOyNHCh B Mexkax Bix 2 % 1o 9 %, 1m0 CBIAYUTH PO CTaOUIBHO BHCOKI TEIUIOBi
MOKAa3HUKHU B MPOIECi HArPIiBY Ta OXOJOKCHHS, a TAKOXK OIUIbHICTh BUKOPUCTAHHSI
IIEPE3NHY Y «TEIJIOBOMY SIIP1» TEIUIOBOTO aKyMYJISATOpA.
[Tepenik mocunanm

1. Konuk A.B1., lemuenko B.B., 36ipuuk Te3 monoineit X VIII mixuapomaHoi
HAyKOBO-TIPAKTHYHOI KOH(MEpEeHIIli CTYAEHTIB, acHipaHTIB 1 MOJOJMX BUYCHHUX
”Pecypcoeneprosoepiraroui TexHosiorii Ta oOnamgHaHHs’, 21-22 TpaBHs, M. Kwui
2020, - ¢.52 — 54.

2. Research of thermal cycling of organic substances with phase transition,
Demchenko V.G., Tselen B.J., Konyk A.V., Ivanov S.0., 2020, «Scientific
discussion» (Praha, Czech Republic), 1, 41, p. 54-58
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V]IK 691.3
MODERN DIRECTIONS OF DEVELOPMENT OF FIBER CONCRETE
PRODUCTS TECHNOLOGY
postgraduate Pinchuk Andrii, associate professor, Ph.D. Andreiev Igor
National Technical University of Ukraine
«Igor Sikorsky Kyiv Polytechnic Institute»

Abstract. The main modern directions of fibrobeton products production are
given. The peculiarities of the uniform distribution of dispersed reinforcement in the
concrete matrix are noted. It is proposed to use a vibro-extrusion method of formation
as the most promising.

Key words: fiber-reinforced concrete mix, disperse reinforcement, vibration

extrusion.

CYYACHI HAIIPSIMKHU PO3BUTKY TEXHOJIOT'Ti BUTOTOBJIEHHS
PIBPOBETOHHUX BUPOBIB
acmipanT [liHUyk AHapiid, K.T.H., 1011. AHApeeB Irop
HauionajibHMil TeXHIYHUI yHiBepcUTeT YKpaiHu
“KuiBcbknii mosairtexuivynuii incrturyt imeni Irops Cikopcbkoro”
Anomauin.  Hasedeni  OCHOBHI  CYYACHI ~ HANPAMKU — BUCOMOBIEHHS.
Qiopobemonnux 6upoobis. Biosnaueni ocobausocmi  30iliCHeHHST PIBHOMIDHO2O
po3nodiny oucnepcHoi apmamypu y OemoHHili mampuyi. Ilpononyemvca 00
3acmocysamnns  Giopoekcmpy3itHutl  cnocib  gopmysauns,  AK  HAUOLIbW
nepcneKmueHuU.
Knwuosi cnosa: ¢hibpobemonna cymiwt, oucnepcre apmyB8anms,
8iOpoexcmpy3is.
Disperse reinforcement of concrete is a modern direction of improving almost
all its main physical and mechanical characteristics by involving of fibers in joint

work with concrete in case of tension.
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The commercial use of fiber-reinforced cementing materials, except for
asbestos cement, began in the 60's of the 20th century.

Expansion of production and application of structures made of dispersed
reinforced concrete is an important reserve for reducing the cost of construction,
saving labor costs, improving operational reliability and durability of building
structures. Disperse reinforcement increases not only the strength of concrete, but,
especially importantly, improves the performance of structures, for example,
resistance to dynamic influences, temperature, moisture, wear and tear, etc., which
makes it possible to obtain a significant economic effect in the production and
operation of fibro-concrete structures.

Modern researchers note two main ways to produce fibro-concrete. The first
method is consists in add fiber to the dry concrete mixture, which allows to achieve a
more even distribution of dispersed reinforcement in the matrix. This method is
considered easier to use. The second method involves the introducing fibers into the
solution when it is mixing it, that provides the strength values of the obtained
products, but there is a problem of mixing, which requires additional equipment at the
construction site. The fact is that when using traditional concrete mixers or
gravitational and forced solution, the formation of characteristic clusters of fiber
reinforcement in the form of lumps is observed, which makes further operations
difficult. In some cases, this leads to fragmentation of the fibers and ultimately
impairs the quality of the products.

As a result of the addition of fibers that are fundamentally different from the
components of the concrete matrix, a number of technological problems arise. The
peculiarities of the fibro-concrete material require the creation of special mixing and
forming equipment.

One of the modern technologies is spray-suction, in which concrete mortar is
supplied through a sieve at the watering can of the pumping part, which spreads.

Pieces of fibers directly from the device that cuts are fed into the solution stream,
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where the mixing process takes place. A disadvantage of the method is the high water
consist of the mixture.

Specially designed mixers also include devices with a spiral-vortex flow of the
mixed material in an elastic body; with inertia-pulse mechanism of rotation providing
breaking of lumps and with impulse effect of blades on concrete during introduction
of fiber reinforcement to reduce viscosity of mixture. These stirrers are designed for a
certain type of fibers and are characterized by discreteness of operation.

Pipes with diameter less than 0.2 m are manufactured by the method of
winding. Centrifugation is used to produce large-diameter pipes in which the mixture
is released and compacted by centrifugal forces.

Screw extrusion provides a non-stop process for forming and orienting the
fibers. However, there is an extrudate coating which cannot be eliminated by the
increase in the content of the sealing additive, and air is drawn in, which causes the
articles to expand when they exit the nozzle.

Fibro-concrete formation refers to a new field of industry and requires further
improvement. However, so far much less attention has been paid to the technology of
fibrous concrete products than to the study of the properties of this composite
material.

The most promising is the vibration extrusion method of forming, which
provides a significant decrease in the viscosity of the matrix and the ability to carry
out its reinforcement with any fibers at reduced water-cement ratios and without the
use of surfactants. In addition, the vibration extrusion method makes it possible to
orient the fibers along the formation axis, that is, to more effectively use their

reinforcement properties.
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YK 628.161
CIOCIB AEPAIIIMHO-OKUCJIOBAJIBHOT'O OUMUIIIEHHS
APTE3IAHCBKHUX BO/I BIJI CIPKOBOJIHIO TA HOT'O CIHOJIYYEHDb
I-p TeXH. HayK, c.H.c. O6ogoBuu O.M., kann. TexH. Hayk Jlumap A.1O.

IncTuryT Texniynoi temnopizuku HAH Ykpainu

Anomauyia: Pozenanymo npobiemy Hasa8HOCMI 8 NIACMOBUX 800AX CIPKOBOOHIO
ma cnocobié 8UOANeHHs CIPKOBOOHIO 3 800U. BOoockonaneno cnocié oxKucio8anibHo-
KamanimuyHo2o O4UUjeHHsl NIACmoBUX I CIMIYHUX 800 WIIAXOM NPOBEOEHHs Npoyeciea
HAcu4eHHs 600U NOGIMPAM I PO3YUHEHHs 6 Hili KUCHIO 8 DPOMOPHO-NYIbCAYIUHOMY
anapami, wo NIOBUWUMb WEUOKICMb PO3YUHEHHS KUCHIO, IHMEeHCUQDIKyrodu
OKUCTIIOBATILHO-KAMANIMUYHI peakyii, AKi € OCHOB0K OYULUeHHS BOOU.

Keywords: water, hydrogen sulfide, purification, rotor-pulsation apparatus.

Abstract: The problem of hydrogen sulfide in underground waters and methods
of hydrogen sulfide removal from water is considered. The method of oxidation-
catalytic purification of underground and wastewater by carrying out the processes of
water saturation with air and dissolving oxygen in the rotor-pulsation apparatus has
been improved, which will increase the rate of oxygen dissolution by intensifying the
oxidation-catalytic reactions that are the basis of water purification.

Knrwowuoei cnosa: 6o0a, cipkogoOenb, OUUWEHHS, POMOPHO-NYIbCAYIUHULL

anapam.

["onoBHUM mKepesioM MUTHOTO BOJOTIOCTAYaHHS € TTIOBEPXHEBI 1 MiI3eMH1 BOIH.
Jlnst YkpaiHu OCHOBHUM TIOBEPXHEBUM JHKEPEJIOM MUTHOI Ta TEXHOJOTIYHOI BOJHU €
piuka [uinpo. [Ipote B octanHi 20 pokiB 3 MPUYHMH MOTAHOT €KOJIOTTYHOT OOCTAHOBKH
Ta CWIBHUX 3a0pymaHeHb Bojma JlHImpa cTae MagompUIaTHOIO IS TMHUTHOTO

BojonoctayanHs. Ha aymky nupekrtopa [HCTUTYTY KOMO1IHOI XiMii 1 XiMii BOAHU M.
37



XIX mixHapogHa HAyKOBO-NIPAKTUYHA KOH(EpeHLli CTYAEHTIB, aCHIPaHTIB 1 MOJIOIUX
BueHux ~Pecypcoenepro3oepiraroyi TeXHOJIOrIT Ta 001aAHaHHSA

Hymancekoro HAH Vkpainu akagemika ['onuapyka B.B. HaliOuibmn HaaiiHO
3aXUIICHUM BiJl aHTPOIOTCHHOT'O BIUIUBY JDKEPEIOM MUTHOTO BOJOIOCTAYaHHS €
apTe3iaHChKi mia3eMHi Boau [1].

[linzemMHi BOAM TOPIBHSHO 3  TOBEPXHEBUMHU XapaKTEPU3YIOTHCS BHIIOIO
AKICTIO, MPOTE BOHU MOXYTh HE BIANOBIAATH HOPMAaTMBHMM BHMOTaM 3a BMICTOM
OKpEMUX E€JIEMEHTIB, 30KpeMa CIpKOBOJICHb Ta HOTO CTIOIYKH.

MeTtoto poOOTH € YyIOCKOHAJIEHHS CIOCOOY BUIANICHHS CipKOBOIHIO Ta HOTO
CHOJYy4YeHb 3 BOAM I[UIIXOM  aepaIliifHO-OKUCIIOBAIBHOTO  OYMIIEHHS 13
3aCTOCYBaHHSM POTOPHO- MyJILCAI[IHHOTO amapara.

Hapa3zi HaliOu1bII1 TPOTPECUBHUM € CIIOCIO, SKUW BKIIIOUA€E HATPIBaHHS BOJIU J10
temneparypu 40°C, HacuueHHs ii nopitpsaM 3 Butparoro 10 M3/m3Tox mix tuckom 0,4
MIla npu MacoBOMy CIiBBIIHOIIEHH1 KaTajizatop: Bojaa 1:10 [2].

HenomikoM 1poro cmoco0y € HeoOXiTHICTh 3aCTOCYBaHHS KOMIIPECOPHOTO
yCTaTKyBaHHS Ui TOJadl TMOBITPS 3 TEBHOI MIBHJKICTIO 1 i BCTAHOBJICHUM
THUCKOM.

VYaockoHaleHHsS BKa3aHOro CMOCO0y ToJsirae B TOMY, IO BOAY TICHS
BIJICTOIOBaHHA 1 (UIBTPYBaHHS HANpaBIAOTh MJs1 OOpoOKH B POTOPHO-
NyJbCAI[IiHUNM amapart, KU OJHOYACHO € BiAIEHTpOBUM HacocoM. [lojgaga moBitTps
710 POTOPHO- IMYJIBCAILIMHOTO amapaTa 371HCHIOEThCA 0€3 3aCTOCYBaHHS, 32 PaxXyHOK
PO3PIIKEHHS, IKE CTBOPIOETHCS Y BXITHOMY TATPYOKY.

[linBumenns Ttemneparypu g0 40°C 3piiicHIOeTbCs 0€3  T0AATKOBOTO
HarpiBaHHS, 3a paxXyHOK JucHUMalii eHeprii B poOOYMX OpraHax pOTOPHO-
MyJIbCAIlITHOTO armapara.

[Tpoxonsian depe3 poOoOUl OpraHW POTOPHO-MYIbCAIIHHOTO amapara (poTop-
CTaTOP-pOTOP) y BOAOMOBITPSHINA CyMIllll Ha KOPAOHI po3ainy (a3 BHHUKAIOTH yIapHi
XBWJIl, YTBOPIOETHCS pPO3BUHEHA MiK(azHa TypOYJICHTHICTh, MIKPOKaBITAIlisf,
MPOHUKAKYl KYMYJSTUBHI MIKPOCTPYMEHI 1 BHXOpPH, WO TMPU3BOIUTH [0

IHTEHCUBHOTO JHMCHEPryBaHHsS, 30UIBIIEHHS CyMapHOI MNOBEpPXHI KOHTAaKTy (a3,
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MOJIIMIIEHHIO TPOLIECIB MAaCOMEPEHOCY KHCHIO 3 Ta30BOr0 CEPE/IOBMINA B PiJIKE.
OuunieHHss BOAM B POTOPHO-MYJbCAI[IMHOMY amapari MPOBOASTH 3 aMILIITYIO0
mynbcanii tucky 320-340 kIla i mBuakicTio 3cyBy notoxky 70-103-90-103 ¢,

Taki mapameTrpu OoOpOOKH JO3BOJISIIOTH MaKCHUMalbHO 30UIBIIMTH IIBUIKICTH
PO3YMHEHHSI KWUCHIO Y BOJI 1, SIK HACIIJIOK, MOJINIIUTH OKUCHO-KaTamiTuyHe 50
OUMUILICHHSI BiJ] CIPKOBOJHIO Ta MOTO CHoJiyk. MakCMMallbHO HacHY€HAa PO3YMHEHUM
KHCHEM BOJIa TIPSIMYE B PEAKIliiiHY KOJIOHY, /¢ TIPOXOJUTh Yepe3 IIap KaTajiizaTopa
npu mMacoBoMy cmiBBiAHomeHHI 1:10, a motiM e Ha gerasarito. Sk Karanizatop
BUKOPUCTOBYIOTH (PTasIONiaH KOOAIBTY, BIUIABICHUHN B MOJTIETUIIEH BUCOKOTO THUCKY.

[TpoxomKeHHs OKHCIIIOBAIbHO-KATATITUYHOTO OYUIIEHHS IJIACTOBUX 1 CTIYHUX
BOJI OIIHIOETHCS CTYIIEHEM OKHUCJICHHS CIPKOBOJIHIO, IKUH B TIPEICTABICHOMY CIIOCO01
nopieHtoe 100 %.

BucnoBok: 3ampornoHoBaHUN CMOCIO OYMINEHHS BOJIM 13 3aCTOCYBaHHSAM
POTOPHO-TYJIbCAIITHOTO amapara CHpHUS€ MaKCUMalIbHO NIBUIKOMY Ta TOBHOMY
PO3YMHEHHIO KHCHIO Ta, K Hachigok, 100% OKHCIEHHAM CIpKOBOJHIO Ta MOTO

CIIOJTYK.

Ilepesik nocuianb:

1. I'onuapyk B.B. Hayka o Boge/ B.B. I'onuapyk. — K.: HaykoBa nmymka,
2010. - 512 c.

2. A. T. Axmanynina, P.II. Kouerkosa, M.l., IlInuniBchka Ta IiH.
"OuHIeHHs MIACTOBUX 1 CTIYHUX BOJI BiJl CIPKOBOJHIO OKHCJICHHSM KHUCHEM TOBITpS
B MPHUCYTHOCTI T€TepOreHHoro karanizatopa', Kypran mpuknaanoi ximii, 1985. T.

LVIIL, Ne 4, C. 916.
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VIIK 532.137

OBTAINING A FORMULA FOR CALCULATING THE VISCOSITY OF
LIQUIDS IN THE CONE CHANNEL OF THE VISCOMETER
Student Koval Vadym, associate professor, Ph.D. Andreiev Igor
National Technical University of Ukraine

«Igor Sikorsky Kyiv Polytechnic Institute»

Abstract. The proposed formula allows to make a direct calculation of
guantitative physical characteristics of Newtonian liquids by the time of outflow of a
cone channel of liquid from conical channels modernized by the viscometer.

Key words: viscosity, viscometer, Newtonian fluid, conical channel.

OTPUMAHHSA ®OPMYJIA IJ51 PO3PAXYHKY B’A3KOCTI PIIUH Y
KOHIYHOMY KAHAJII BICKO3UMETPA
cryaent Kosanb Banuwm, k.T.H., go1. Aaapees Irop
HaunionajibHMi TeXHIYHUI YHiBepcUTeT Y KpaiHu

“KuiBcbknii mosirtexniynuii incruryt imeni Iropst Cikopcbkoro”

Anomauin. Ilpononosana opmyna o0o036013€¢ 30ilicHumu 6e3nocepeoriil
PO3PAXYHOK KINbKICHUX (DI3UYHUX XAPAKMEPUCTNUK HBLIOMOHIBCLKUX DIOUH 3d UACOM
BUMIKAHHA NEBHOI KIIbKOCMI pPIOUHU 3 KOHIYHO20 KAHALY MOOEPHI308AHO20

8ICKO3UMEmpa.

Knrwouoei cnoea: 6’sa3xicmn, gicko3umemp, HbIOMOHIBCHKA PIOUHA, KOHIYHULL

KaHa.

The authors proposed a viscometer of a simplified design, the measuring tube of

which is made conical, which excludes breaks in the integrity of the flow in it of the
research fluid [1].
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To calculate the viscosity in such a channel (see Fig.), you can use the flow equation
[2]:

g =Cp, (1)
ne L, —distance from origin to outlet section of hopper, m; L,— distance from origin

to channel entrance, m; &, —angle of inclination of the inclined wall of the channel to

: 3aLtg*
the vertical, rad.; C, = L9 0, — structural parameter, m2.

8L, —L)(E+LL, + L)

Figure. Calculation diagram

The disadvantage of this is the need to maintain the liquid level all the time of
the experiment. This complicates the measurement process, and with a limited amount
of liquid, it becomes impossible. It is easier to calculate the viscosity over the flow
time of a certain amount of liquid. For this, the differential equation describes the loss
in the viscometer through a change in the liquid level at height z (see Figure), where

the cone radius will be equal to ztgé,:

dz dz
=S(z)— =m’tg’0, —, 2
q ()dtﬂgodt (2)
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ne S(z) — channel cross-sectional area at height z.

Through the integrity of the liquid flow in the conical channel, we equate the
flow rates with (1) and (2) equations:

ﬂztgzeogzc Ap.
dt

K

Further solution results in a liquid flow time from a fully filled channel with a
height of L:

= S(Li_L%J(L%_Li]i_ C i (3)
 oI%I3tg?@ Tt ap!
 Latg=ty dp Ap
ne G, = 8(L-L3)(E3-L3) _ _ 8(5-13)*
£ 912 [2tg28, or? [2tg28,

The dependence of viscosity on the time of outflow is found from the equation

(3):
— t@Ap
—C .

t

And in this case, to calculate the rheological properties of the liquid, it is
necessary to measure only the time of its complete outflow from the device. The

viscosity can then be found by the dependence = &(t,), that is predetermined for the

particular size of the cone channel of the viscometer.

List of links:

1. Bickosumerp: mat. 140265 U Vkpaina: MIIK GOIN 11/00 (2006.01).
Ne u201908141; 3asBi. 15.07.2019; omy6:. 10.02.2020, bromn. Ne 3.

2. Andreiev I. A., Koval V. O. Improvement of viscosity measurement of
Newtonian fluids. Modern engineering and innovative technologies. Karlsruhe, 2020.
Issue 12, Part 1, P.13-18.
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V]IK 628.161

CYYACHHUM CTAH TA NIEPCHEKTUBU KOMILJIEKCHOI IEPEPOBKH
POCJMHHOI CHPOBUHH
I-p TEXH. HayK, c.H.c. ObogoBuu O.M., kana. TexH. Hayk Cunopenko B.B.

IncTuryT Texniynoi Temnopizuku HAH Ykpainu

Anomauin:. Pozenanymo ocHOBHI emanu KOMNJIEKCHOI nepepoOKu OpeaHiuyHOi
cuposuHu 8 bioemanon ma iHwii npooykmu. Busnaueno Haubinbuws eHepeosumpamuy
cmaoiro 8 MexHoN02ii OMpUMarHs 6I0emanoy opyeo2o nokoainHs. Hamiveno winsaxu
OJ1s1 3HUICEHHST cODIsapmocmi 8UpoOHUYMBEa Oioemanoi) .

Kniowuosi cnoea: 6Gioemanon, 6iomaca, nonepedHs ni020mosKka, 2iopouis,
POMOPHO-NYIbCAYIUHUU anapam

Abstract: The main stages of complex processing of organic raw materials into
bioethanol and other products are considered. The most energy - consuming stage in
the technology of obtaining second - generation bioethanol has been determined.
Ways to reduce the cost of bioethanol production are outlined.

Keywords: bioethanol, biomass, pretreatment, hydrolysis, rotary-pulsating

apparatus

['onoBHUMEU pe3ynbTaTaMH KOMIUIEKCHOI TEPEepOOKH OpraHiyHOI CHPOBHHU
Jefalli 3aHIIAI0ThCSl €HEPTOBMICHI MPOAYKTH - 010€TaHON Ta TiIPOJI3HHUH JITHIH,
KU MAIOTh EHEPTeTUYH1 XapaKTePUCTUKH, CYMIPHI 3 BUKOITHUMH TTAJTHBaAMHU.

Otpumanas  0ioeTaHONy 3  KPOXMAJIEBMICHOI,  ITyKpOBMICHOI  a0o
JITHOIETIOI030BMICHOI CHPOBHHU BHMAara€ 3acTOCYBAaHHSA PI3HUX TEXHOJIOTIUYHUX
CTaaii Ta BIAMOBIMHO COOIBapTICTh 010ETAHONY /IS KOXHOTO BHUIY CHPOBUHH €
pi3HOIO. Y TOpPIBHSHHI 3 O10€TaHOJIOM 3 IYKPOBMICHOT Ta KpOXMAaJeBMICHOI

CHPOBUHH, O10€TAHOJI 3 JITHOIETIOI030BMICHOT CHPOBUHHU € JIOPOKIUM.
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HalieneproButpaTHinioro B TEXHOJOrli  OTpUMaHHA  OloeTaHONy 3

JITHOLEIIOI030BMICHOI CUPOBUHM € CTajisl NONEpPeaHbOI MIATOTOBKA CUPOBUHU 0

rigponizy (puc. 1) [1].

THwe; 4%

KomyHanbHi nocnyru; 6%

KoTen+naporexneparop;

29%
BunaposysaHHA; 8%

Cenapauist; 2%

Obpobka biomacu; 5%
MOepmeHTauif; 4%

eHepauia apixmxis; 1%
OuykpioBaHHs ; 5%

Puc. 1 Po3nonin 3aTpaT Ha 00y1alHaHHA JTITHOLIETIOI03HOTO MIAIPUEMCTBA

[TinBuieHHsT peHTa0eNbHOCTI BUPOOHHUIITBA 010€TaHOIY 3 JITHOIETIOI03HOT
CUPOBUHHM MOXIJIHMBO JBOMa TOJIOBHMUMH IUIsAxXamMu. J{OCBin HHU3KHM BHUPOOHUIITB,
30KpeMa TiAPOTI3HOTO, JO03BOJIAE€ BHUPINIUTH TPOOIEMYy PEHTAOEIBHOCTI 0OpOOKHU
CKJIQJIOBHX, BApTICTh SIKUX MEPEBHINYE BAPTICTh BUXIIHOI OPraHiuHOI CUPOBUHHU, SIK
majauBa. [HIIMKA croci0 — BIOCKOHAJEHHS TEXHOJOrIl Ta OOJIagHAHHS, IO JO3BOJISIE
30UTBIIUTH CTYIIHb KOHBEPCii BUXITHOT CHPOBHHH B OCHOBHI Ta MOO1YHI MPOTYKTH.

Mertoro poOOTH € CTBOpEeHHS OOJIaJIHAHHSA Ta TEXHOJOTIi, IO J03BOJATH
BJIOCKOHAIUTH  TIPOIIEC  KOMIUIEKCHOI  TMEepepoOKH  POCIMHHUX  BIAXOIB
CUTBCHKOTOCIIOAAPChKOT0  BUPOOHMIITBA Ta JIICOTEXHIYHOI IMPOMHCIOBOCTI B
OiomanuBo 1 MOOIYHI BUIW TTPOYKITIT.
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[IpukinanoMm oOnagHaHHS, MO ICTOTHO IHTEHCU]IKYE TEIUIO Ta MAacOOOMIH B
pIAKKMX 0araTOKOMIIOHEHTHUX CEPEAOBHILAX € POTOPHO-MYJbCAliHI anapaTH, Mo €
e(pEeKTUBHUMHU TMPUCTPOSIMH B TEXHOJIOTISX, MOB’S3aHUX 3 MEpPEMIIIyBaHHSM,
TOMOT€HI3alli€l0, TUCTIEPTYBaHHSAM TOIIo [2]. BKIIOYEHHS pOTOPHO-MYILCALIITHOTO
amaparta B CTaJlil0 ONEPeaHBO1 MIATOTOBKHU JITHOIIEIIOI03HO1 CHPOBUHH JI0 T1APOTI3Y
J03BOJISIE TIPOBOJUTH JENITHI(IKALII0 Ta BUJAJICHHS TeMILETI0N03 3a TeMIepaTypH,
HUKYO1 33 aHAJIOTH Ta i aTMOC(EPHUM THUCKOM. 3a pe3yjbTaTaMu pOOOTH MOJaHO
IIB1 3asIBKHA HA BUHAXIJ.

Crnoci0 ojepkaHHsT MIKPOKPUCTATIYHOT 1IEJIIOI03U: 3asiBKa Ha MATeHT Y KpaiHu
Ha BuHaxig 2202003752 Bix 22.06.20

Cnoci6 oTpuMaHHS LEJIOJO3U Ta JICHIHY: 3asgBKa Ha MAaTeHT YKpaiHu Ha
BuHaxix a202006032 Bix 22.09.20

BucHoBOK: 3anponoHOBaHO CMOCIO MONEPEIHbOI MIATOTOBKH JITHOIEIIOI03HOT
CUPOBUHH JI0 TIIPOJI3y, IO MTO3BOJSE BJAOCKOHAJIUTH KOMIUIEKCHOT MepepoOKu

POCIMHHOT CUPOBUHHM B TEXHOJIOT1] OTpUMaHHS 010€TaHOIYy.

Ilepesiik nocuaanb:

1. Valdivia M, Galan JL, Laffarga J, Ramos JL. Biofuels 2020:
Biorefineries based on lignocellulosic materials. Microb Biotechnol. 2016
Sep;9(5):585-94. doi: 10.1111/1751-7915.12387. Epub 2016 Jul 29. PMID:
27470921; PMCID: PMC4993176.

2. Mukpo- ¥ HaHOYpPOBHEBBIE Tpolecchl B TexHonorusax JMBO:
Tematnueckuit cOopHHK cTarteit/ mox oOmeir pen. A.A.  Jomuackoro. K.:

Axkanemnepuoauka, 2015. 464 c.
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YK 66.069.84, 66.083.8
JOCJIIKEHHS MMPOLIECY JETA3ALII PIJUHU CHIOCOBOM
JUCKPETHO-IMIIYJIbCHOI'O BBEJIEHHSI EHEPT'II
p.H.c., K.T.H. llenens b.A., c.H.c., k.T.H. Paguenko H.JIL.,
np.H.C., 1.T.H. IBannupknii I'.K.

IncTuryT Texniynoi Temnopizuku HAH Ykpainu

Anomauin: Haseoeno axmyanvnicme npobremu Oezazayii piouH 8
npomucnosocmi. Ilposederno 00CniOdiCeHHs 8NIUBY CHOCODY OUCKPEMHO-IMNYAbCHO20
86€0€HHsl eHepeii Ha 3MIHY KOHYeHmpayii 0iokcudy eyeieyto 8 KOHOeHCami OUMOBUX
eazis. Bcmanoeneno, wo nicaa 2 xeunun oO6pobKu 00csA2aemovcsa npakmuyHo HOGHe
BUNYYUEHHS 8)Y2NeKUCTOMU 3 KOHOEHCAm).

Kniouoei cnosa: xonoencam oumosux 2azig, O0ioKcuo 8yeneyio, Kasimayiina
oezazayisi, OUCKPEMHO-IMNYIbCHE 88€0eHHs eHepeii, B00OHEeBUL NOKAZHUK.

Abstract: The urgency of the problem of degassing of liquids in industry is
given. The influence of the method of discrete-pulsed energy input on the change of
carbon dioxide concentration in the flue gas condensate has been investigated. It was
found that after 2 minutes of treatment almost complete removal of carbon dioxide
from the condensate was achieved.

Keywords: flue gas condensate, carbon dioxide, cavitation degassing, discrete-

pulse energy input, hydrogen index.

Jlerazartisi piTuH MIXPOKO 3aCTOCOBYETHCS B €HEPTETHUIll, METATYPrii, CUCTEMax
MiATOTOBKH BOJM, XapYOBiil 1 XIMI4HIH ramy3sx MPOMHUCIOBOCTI /TSl BUIYYEHHS TAaKUX
rasiB sIK KHCE€Hb, CIPKOBOJICHb, JIOKCH/I BYTJICIO, 1[0 MICTATHCS B PIIMHI Y BUIBHOMY
CTaHl 1 AKI € XIMIYHO OUTBII arpeCUBHUMH, HIXK KOJU BOHU PO34YMHEHI B piguHi [1].
J171s1 BUTy4eHHs 3 PIIMHU BUIBHUX T'a31B YaCTO BUKOPUCTOBYIOTh METOAM KaBITALlIMHOT

nerazailii, sKi € JOCUTh €(EKTUBHUMH IS Jerasaiii MepecUuYeHuX pPIiAUH, KOJIH
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KUIBKICTh BUIBHOTO Ta3y y BUINIAAI MIKpPOOYJIbOAIIOK ICTOTHO MEPEBUILYE HOro
pIBHOBaXXHY KOHIeHTpauito. Ili MeTonum BiIPIZHAIOTBCA  JTIOCUTh  BUCOKOIO
MPOAYKTUBHICTIO 1 HU3bKUMHU EHEProBUTpAaTaMU Yy TIOPIBHSHHI 3 ICHYIOUUMHU
METO/IaMHU JIeTa3allii.

Jns iHTeHcu@ikaiii mpouecy jAeraszaiii HaMu 3alpoONOHOBAHO 3aCTOCYBATH
METOJ AUCKPETHO-IMITyIbcHOTO BBefeHHs eHeprii ([{IBE), sxuii 3HailmoB ycrimiHe
npoMHUCIOBe 3acTtocyBaHHs [2]. JlOCHiAHOI pPEYOBHMHOI BHOpalM KOHJEHCAT
JUMOBHX Ta3iB, 1[0 YTBOPUBCS YTHIII3aTOPi TETUIOTH TICIISI CITAIOBAHHS MPUPOTHOTO
ra3y. 3a (i3UKO-XIMIYHIMH BJIIACTHBOCTSIMHU IICH KOHJICHCAT € MEePECUYCHUM BOJIHHUM
PO3YMHOM JIOKCHIY BYTJIEIO y BOA1 (KOHIIEHTpAIlis AKoro gocsirae 70 Mr/i mpu oro
po3uunHOoCTI Juie 0,47 mr/a npu 20°C). JlocmipKeHHs] TPOBOAWIN Ha JIOCTITHOMY
EKCIIEPUMEHTAIILHOMY CTCHJIi, OCHOBHMMH CKJIQJIOBUMH SIKOTO € Kamepa HHU3BKOTO
TUCKY 1 POTOPHO-MYJIbCAIlIMHUIM amapar cheriaibHoi KOHCTpYKIii. EdexTuBHICTH
npolecy Jerasamii piiMHA OI[IHIOBAIM 3a 3MIHOIO BEJIMYMHH BOJHEBOTO MOKA3HHMKA
(pH). Ilicna nerazamii 3nadeHHss pH /st KOHAEHCATy JUMOBHUX Ta3iB TEOPETHYHO
MOBUHHO JOCSATHYTH IpUOJIM3HO 6,5, 10 BiANOBIAAa€ BEpXHiN Mexi 3HaueHHs pH mis
JTUCTHUJIHLOBAHO1 BOJIU.

Pinuny migmaBanm oOpoOmi HacTymHuM 4uHOM. KoHaeHcaT IMMOBHX Ta3iB
06’emoM 33 11 00p0oOIIIOBATIM B 3aMKHYTOMY KOHTYP1 JIOCIITHOTO 3pa3Ka YCTAHOBKU B
pexuMi perupkyisaiii nporsrom 16 xBunuH. [IpoOu koHAeHCaTy BimOupanu depes
KOXH1 2 XBHJIMHU MPOTITOM 00pOOKHM 3 METOIO BU3HAUEHHS ONTUMAIBLHOTO Yacy WOTO
0o0OpoOKM Ha OCHOBI OTpMMaHUX pe3ynbTariB BenwumHu pH. Bigibpani mnpobu
30epiraiii  MPOTATOM JABOX 1i0 0e3 JOCTyIy TpsIMOTO COHSYHOTO —CBITIIA.
BuwmiproBanus Benmnunnu pH npoBogmmm 6aratodyskiioHansHIM mpriagom COnDO
EZODO PCT-407 nis aHammizy mapaMmeTpiB BOJAM OApa3y MICs BiZOOpY mpoodu, depe3
3 ronunn, 1 100y 1 2 106U micis 0OpoOKH.

Ha ocHOB1 oTpuMaHuX AaHUX MpoaHaldi3oBaHO 3MiHYy pH KoHAEHCATy TUMOBHUX

rasiB BiJl TPUBAJIOCTI HOro 0OpOOKH 1 BCTAHOBJIEHO, III0 OCHOBHA 3MiHA BenuunHu pH
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B1I0YBA€THCS MPUOJIU3HO NPOTATOM Nepmux 2 XBUIMH 00poOku. [loganbiia o6podka
KOH/ICHCATy TaKOX MPU3BOJWIA A0 MIBUIICHHS BeIMUWHU pH, mpoTe MBUAKICTH
Horo 3pocTaHHs Oyja 3HAYHO HUXK4Ya, XO04a M CcTaOUIbHA MPOTITOM BCHOTO 4Yacy
0o0po6Oku. Ile Bka3zye Ha Te, IO BWJIYYEHHS OCHOBHOI KIJIBKOCTI BYTJIEKUCIIOTH,
PO3YMHEHOI B KOHJIEHCATI, BIA0YBA€TbCA MPOTATOM MEPIIUX JBOX XBWJIMH OOPOOKH.
Takoxx BcTaHOBIEHO, 0 00pOOJIEHUN KOHJEHCAT rnepedyBae B HECTa0ILHOMY CTaH1
Ipo 110 CBIIYMTH MOJAJbIIE 3pOCTaHHS Horo BenwuuHW pH mpu 30epiraHHi mpoo.
[Ticns BUTpUMKH OOpOOJEHOTO KOHJEHCATy OTpPHMaHE 3Ha4YeHHs BeanunHu pH
cTabUTI3yBaJIOCh 1 epeBuIyBaio 6,0.

Jlerasaiiisi KOHJEHCATy 3alpPOIIOHOBAHUM CIIOCOOOM JIOCSITAETHCS 3a PaxyHOK
BUJIYYEHHS ICHYIOUMX NPU HOPMAJIbHUX YMOBaX CTAOUIbHUX OYyIbOAIIOK TIOKCUIY
BYTJICIIO BHACHIZOK 30UIBIICHHS iX PO3MIPIB 3 MOKJIMBICTIO peati3alii sBUIla
iHBepCii CTPYKTYpH TOTOKY (IIEPETBOPEHHSI TOTOKY 3 OyJabOamko-piinHHOT
CTPYKTYpH B  KpamneilbHO-Ta30By). TakuM UYHMHOM piguHa, [I0 HAacH4YeHa
MIKPOCKOMIIYHUMHU OynbpOalKkaMu JIOKCHUY BYTJICIIO I 4Yac OOPOOKH YTBOPIOE
CYMIIIl BOJISTHOT Tapy 3 JIOKCHUIOM BYTJICILIO, B SKi 3HAXOIUTHCS BEJIMKA KUIBKICTh
MOJIIIUCTIEPCHUX KpaIIuH piguHu. ['a3oBa (aza mpu mbOMY BIIBOAUTHCS 3 arapara.
OpHouacHO TpU I[BOMY BiIOYBa€ThCA pO3MaJ BYTUIBHOI KHCJIOTH BHACIHIIOK
MOPYIIEHHS BYTJIEKUCIOTHOI PIBHOBATM 1 BUJIYYEHHS IHIUX Ta31B 3 KOHJICHCATY.

3anponoHoBaHuii cocid oOpoOKku pinuHU 0a3yeThcs HA BUKOPUCTAHHI HHU3KH
¢izuunux sBumny JAIBE 1 mpu BignoBigHOMY BHOOP1 peKMMHUX TapaMeTpiB 0OpOOKH
MOK€ 3HAWTH 3aCTOCYBaHHS HE JIMINE JJis Jieras3allii piguH, aixe il aua ix oOpooku 3
METOI0 3MIHM  (PI3UKO-XIMIYHUX TIapaMeTpiB (BEIMYMHU OKHCHO-BITHOBHOTO
MOTEHITIATy, EIEKTPOPOBITHOCTI, BMICTY PO3UYMHEHUX Ta3iB TOIO) y PI3HUX TaIy3sIX

MIPOMHCIIOBOCTI.
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AHOTAaNIisA: MpOoaHai30BaHO BIUIMB IMHU Ha MDK(a3Hy MOBEPXHIO ra3-pianHa
Ta PO3YMHEHHS KHCHIO MOBITPSA B (hepMEHTAI[IHHOMY CEepelOBUIIl, 3alpONOHOBAHO
ONTHUMAJIbHI BapilaHTU BHUKOPUCTAHHS 3JaTHOCTI (hepMEHTAlIMHUX CEepelOBUI 10
CHIHIOBaHHS B IpoLiecax MIKpOO10JOTriYHOTO CUHTE3Y.

Abstract: the influence of foam on the surface of the gas-liquid phase contact
and the intensification of oxygen dissolution in the fermentation medium are
analyzed; optimal variants of using the ability of fermentation media to foam in the
processes of microbiological synthesis are proposed.

Kuarwo4oai ciioBa: nmiHoyTBOpeHHS, (pepMeHTEp, MIKPOO10JIOTTYHUN CUHTE3.

Keywords: foaming, fermenter, microbiological synthesis.

HopmatuBHuii  koedimieHT 3amoBHeHHs ¢epMeHTiB craHoButh (0,5+0,6.
BinbHuii 06’eM amapaTiB BUKOPUCTOBYETHCS JUIsl KOMIeHcallii He Ounbiie, HbK 10%
00’eMy 3pOoCTaHHS PIBHS CEPEJOBHINA 32 PAaxXyHOK Ta30BMICTY ITiCJIS BKJITFOUYEHHS
aeparfii Ta JUIg peryiatoBaHHs piBHSA NiHM. [IpakTHYHO Ha 3aBoAaxX piBeHb NIHU B
amapaTtax IOCTIHO 3MIHIOETBCS Bil HYJIS 10 MAKCHUMAJIBHO JIOIyCTUMOTO 3HAYCHHS.
[To mOCSTHEHHIO MaKCHMAaJIbHOTO PIBHS JJIs 3aO0ITaHHS MEPETMBAHHIO CEPeIOBUIINA
BMHKAEThCS TI0JIadya PIAKOTO IMIHOTACHUKAa YHM 3alyCKAEThCS 1HINA CHUCTEMa
niHoraciaas. [Ipu BUKOpPUCTaHHI PIAKOTO MIHOTACIHHSA PIBEHb IMIHU 3HIKYETHCS 0
HYJIS 1 IPOIIEC TIOBTOPIOETHCS 3HOBY.

[Tina 3abe3neuye moBepxHeBHid (pa30BUI KOHTAKT ra3-piAuHa Ta IHTEHCH]IKYE
PO3YMHEHHSI KUCHIO TIOBITpsI B (epMeHTamiifHOMy cepefosuini. Hampuknam, mpu
poOOTI CynbpITHUM METOJIOM, B 3QJIEKHOCTI BiJ KOHCTPYKIli amapara i BUCOTH
MIHHOTO mapy, KoeimieHT Macomepenadi ra3-piinHa MiABUIIYETHCS B KUTbKa pa3iB.

JlocniJIPKeHHsT TOKa3ajiu, 1[0 B IMiHI CTBOPIOIOTHCA JA00p1 YMOBU ISl KYJIbTUBYBaHHS
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OPULKIDKIB. B TOCHIKEHHAX MO BUPOIIYBAHHIO APDKDKIB BU3HAUYECHHS KOeQIll€HTa
Macomnepenayl ra3-piiuHa 1 peaJbHOro KoedilieHTa MacooOMiHY, MOKa3ajio, MI0
BHUCOKHUM MaJlOpyXOMUH IIap MiHU 3HUKYE TUTOMY IIBUAKICTH POCTY, BUXiJ OloMacH
Ta 1HII MOKa3HUKHU Tporecy. Takoxk 3HIKYETbCs KOe(DIIlEHT Macorepenayi ras-
piauHa MICIsS T0JaBaHHS JO0 PEaKLIHHOrO cepeoBUIa XIMIYHOTO MmHoracHuka. [lpu
3aCTOCYBaHHI XIMIYHOTO TIHOTaCHMKAa OakaHO BHUKOPUCTOBYBATH CHHTETHYHI
cHeianbHO MiAI0OpaHi sl JAHOTO MPOLEecy KOMIO3UIIT Ta eMYJIbCIi.

3 Teopii Macornepeaayl BioMo, 110 AJis 3a0e3MeUeHHs] IHTEHCUBHOTO Mepediry
nporiecy 0akaHo Oe3mepepBHO MOHOBIIOBATH MOBEPXHIO (Da30BOr0 KOHTAKTY, TOOTO
HEOOXiTHE TPHMYCOBE PYHHYBaHHS IIHM MEXaHIYHUMH TMPUCTPOSIMH UM ILITXOM
TypOyJi3allii HOTOKIB IHIIMMH CIIOCOOaMHu.

Ha ocHOBiI BHKJIQJICHOTO 3alPOIIOHOBAHO ONTHUMAJIbHI BapiaHTH BUKOPUCTAHHS
3MaTHOCTI  (DepMEHTAIlIMHUX  CEPEJOBHUI JI0  CHIHIOBAaHHA B  IIporiecax
MIKpOOI0JIOTIYHOTO CHUHTE3Y. [/neanbHuM (hepMeHTaTOpOM € amapaT, B IKOMY PIBEHb
MmiHU, 11 JUCTIEPCHICTH 1 CTYIIHB TypOyIi3aiii He 3MIHIOIOTHCS MPOTATOM Iepediry
BCHOTO IMKIY KYJIBTUBYBAHHS MOMYJSAIIi (32 BUKJIIOUEHHSM THX IMapaMeTpiB, IO
KOHTPOJIFOIOTHCS), SIKI BHOCSTH IO Mipl HEOOXIIHOCTI TEXHOJIOTil Il KepyBaHHS
aeparii 1 TmepeMilllyBaHHS CHCTeMH. AmapaT TIOBUHEH OyTH MaKCHUMaJbHO
3alIOBHEHUM, JUCTIEPCHICTD 1 TypOymi3allisi CUCTEMHU MaKCHUMaJIbHO ONITUMI30BaHa IS
JTAHOTO TIPOIIeCy, BMICT amapaTa TOMOT€HHUW SK 3a Ta30HACHYEHICTIO, TaK 1 3a
KOMITOHEHTAaMH JKUBJIICHHS, METa0ONiTaMH 1 KOHIIEHTPAII€I0 MiKpoopraHizMmis. Jlis
CTBOPEHHS TAaKUX BUMOT HEOOXIMHMM EHEPreTUYHO pEHTAOENbHUN  BY307
MHOTACIHHS, SKWW 3a0e3leuyBaTUME HaJIiiiHEe BHUJUICHHS BIAIPaIlbOBAHOTO raszy 3
cuctemMu 0e3 BTpaT (PepMEHTAIIIfHOTO CepeIOBUINA 1 TApaHTyBaTH KOTO CTEPUIIBHICTH
Ipy MIHIMATBHUX EHEPreTMYHUX 3arparax. JlJis eKOHOMIi eNeKTpoeHeprii ciia
MaKCUMaJIbHO BUKOPUCTOBYBAaTH TMAaCHBHI 3acoOM TIHOTAciHHS (B IMKIOHAX,
nabipUHTaxX TOMIO) 1 3aCTOCOBYBATH aBTOMATWYHI 3aCO0M KEpyBaHHS CHCTEMaMH

MIHOTACIHHSL.

51



XIX mixHapogHa HAyKOBO-NIPAKTUYHA KOH(EpeHLli CTYAEHTIB, aCHIPaHTIB 1 MOJIOIUX
BueHux ~Pecypcoenepro3oepiraroyi TeXHOJIOrIT Ta 001aAHaHHSA

YK 66.069.85
CIIOCOBH NIHOT'ACIHHA B ITPOMUCJIOBHUX

TEXHOJIOT'TYHUX MPOLECAX
roj. texnosor lenkin B.1., ron. mexanix Hynsax B.B., c.H.c. I'apteir A.IlL

IncTuryT Texniynoi temnopizuku HAH Ykpainu

Anomauyia: Po3zenanymo cnocoou niHo2acinusa 6 npoMUCiIO8UX MEXHOLO2IUHUX
npoyecax. Busnaueno cymapuuii xoegiyienm cnintO8aHHsA i OONYCMUMUL DIBEHb
NIHOYMEODEHHS.

Kniouoei cnoea: ninoymeopens, cnocoou niHo2acinus.

Abstract: Methods of defoaming in industrial technological processes are
considered. The total foaming coefficient and the allowable level of foaming are
determined.

Keywords: foaming, methods of defoaming.

BuHuKkHEHHS TIHU B Mpollecax roMoreHi3aiii MOJIOYHUX MPOIYKTIB, BUITAPHUX
CTaJisIX MOJIOYHOI 1 ITyKpOBOI MPOMHCIOBOCTI Ta Tpoliecax TNIMOMHHOI aepoOHOI
dbepMeHTallii moB’s13aHe 3 TEeMIEPATyPHUMHU PEKUMaMH, T1IPOIMHAMIYHUMHA YMOBaMHU
1 CHpUYMHEHO HASBHICTIO B CEPEJIOBUII OKHUBHUX PEYOBHH, IMTPOAYKTIB MeTa0OII3MY
MIKpPOOpPTaHi3MiB 1 MoBepxHeBo akTUBHUX pedoBUH ([TAP), mo cTabimizyroTh mIiBKYy
OynpOamok miHu. 3 OAHIET CTOPOHHM HASBHICTH IMIHW MPU3BOAUTH JO MPUCKOPEHHS
PO3YMHEHHS] KHUCHIO TIOBITPSI B CEPEAOBHINI — YTBOPIOETHCS BEJIMKA IOBEPXHS
MacooOMiHy mipu ¢depMeHTarii. 3 1HIIOI CTOPOHU IHTCHCHBHE ITIHOYTBOPEHHS
MEPEIIKO/KAE MaKCUMaJIbHOMY BUKOPUCTaHHIO 00’eMy depmenTepa. Ha Bunmapamx
CTamisiX BimOyBaeTbCS OCAKEHHS MIHW HA BHYTPINIHIA TMOBEPXHI amapariB, IO
MOPYIIYIO€ TEIJIOBUH OallaHC 1 ACENITUYHI BUMOTH JI0 TEXHOJIOTTYHOTO TPOIIECY.

Jlnst pyitHyBaHHST OynB0aNIOK MiHM, 3aMM00ITaHHS YTBOPEHHIO MIHU 1 11 BUXOAY
3aCTOCOBYIOTh HACTYMHI CMOCOOM — MEXaH1uHi, XIMI4HI, (1314H1 1 KOMOiHOBaH1. [[o

IIUX CIOCOO1B BIIHOCATHCS
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1) BB Ha MiHY (I3UKO-XIMIYHUM CIIOCOOOM: BUKOPUCTAHHS CEPEAOBUII, IO
3a0e3Meuy0Th 3HMKCHHS MIHOYTBOPEHHS, BUJIYYCHHSI CIIIHIOIOYUX PEUYOBUH 3 PiIUHH,
J0JaBaHHS PEYOBHH, IO 3B’S3YIOTh MIHOYTBOPIOIOYI KOMIIOHEHTH B TMOBEPXHEBO-
HEaKTUBHI KOMIUIEKCH, gojaBaHHs [TAP, 1110 3MEHIITyIOTh MIITHICTb IJ1IBOK IIHU;

2) pyHHYBaHHS MIHM MEXaHIYHUM 1 TIAPOAMHAMIYHMM CIIOCOOaMHU: yJIapHUMN
BIUTMB TBEPJIUX MOBEPXOHb, BIUIMB CTPYMHHH DPIIMHU UM Ta3y, CEMapyBaHHS IiHU
IHEpIIHUMU, BIALEHTPOBUMHU Ta IHIIKMMHU METOAAMH, pi3Ka 3MiHA THCKY rasy B MiHi,
3aXOIUICHHS 1 pyiHYBaHHS MHU OTOKAMH NEPEMIILYBaHOI PIIUHH;

3) axkyCTHMYHE TIHOTACIHHS: BIUIMB Ha IMIHY KOJMBAaHHSAMU 3BYKOBOI 1
yIBTPa3ByKOBOI YaCTOTH;

4) eneKTpUYHUH CTHOCi0: BHUKOPHCTAHHS KOPOTKOTO pO3pSIy, ICKPOBOTO
pO3psy YM IMITYJIBCHOI BHCOKOi HANpyrd BHACTIIOK YOTO EJCKTPUYHE TOJIe
noc1abIIoe 1 pyrHHye MmiHy;

5) TepmiyHe TIHOTACIHHs: BIUIMB HAa MiHYy TOCTPOIO TMapor abo HarpiToro
PIANHOIO;

6) cTabuni3allist piBHS MiHU IUITXOM TUMYacOBOTO 3MEHIIICHHS 101a4i MOBITPS,
TUMYACOBOT'O MPUITMHEHHSI MEXAaHIYHOTO MEepeMilllyBaHHs, BIIBEICHHS HAJIUIIKOBOI
IiHU 3 amapara;

7) koMOiHOBaH1 CITOCOOMU.

I'iapogunaMivHi, aKyCTH4YHI Ta 1HII CHOCOOM TIHOTACIHHA HaWdacTime
BUKOPUCTOBYIOTh B JaOOPATOPHUX JOCTIIKCHHSIX, TIPU MPOBEICHHI €KCIIEPUMEHTIB.
B mikpoOionoriydiii, MOJIOYHIN 1 IYKPOBI MPOMHUCIOBOCTI IMIUPOKO 3aCTOCOBYIOTH
XimiuHi, (pi3udHI, MEXaHI4YH1 1 KOMOIHOBaH1 CITOCOOM MIHOTACiHHS.

HaityacTime cywyacHi TEXHOJOTIYHI amapaTd BUTOTOBISIOTH 3 MPUCTPOSIMHU
MHOTACIHHS KOMOIHOBAHOTO CIOCOOY Jii Ta OCHANIyIOTh CUCTEMOIO aBTOMAaTHYHOTO

KepyBaHHs niHoracinHs BMoHTOBany B ACKTIL
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YK 628.336.3
T'PAHYJIFOBAHHSI KOMITIO3UIIIN 3 3ACTAPLINX MYJIOBUX OCAJIIB
TA TOP®Y
akageMik YAH, n.t.1. Ilerposa XK.O., acnipantka Hoikosa FO.I1.

IncTuryT TexHiyHOI Temnopiznku HanionanbHOI akageMil HayK YKpaiHu

B Vkpaini aktyanbpHOIO € mpobiema nepepoOKu Ta yTuiai3allli MyJoBUX OCa/liB,
SIKi YTBOPIOIOTBCS TiJYac MPOIECY OYHUIICHHS HAa OYMCHHUX CIOPYAaX CTIYHHX BOJ.
HeobOpoO6ieni MynoBi ocaau MPOTITOM JEKUIBKOX JECATKIB POKIB 3JIMBAOTHCS
NIEPEIIOBHEHI MYJIOBI MalJIaHYMKH, 1110 TPU3BEJIO JIO TOTIPIICHHS €KOJIOTIi Ta yMOB
KUTTS B Ykpaini [1]. Tomy, MeTor0 poOOTH € HOCHIIHKEHHS MEPEepOOKH MYJIOBOIO
ocajy Ta CTBOPEHHsI TPaHyJI Ha OCHOBI KOMIIO3UIIiil 3 ocaxy Ta Topdy.

B po6orti npencraBieHo mporec rpaHyIloBaHHS KOMITO3MIIIT 3 MYJIOBUX OCAiB,
SKAM JICKUJIbKa JECATKIB POKiB, Ta Topdy. JlocHiKeHHS 10 TpaHyJIOBaHHIO OyiH 3
CyMillIel 3 3acTapuInX MyJIOBHX OcaaiB BojoricTio 63% Tta Topdy Bomorictio 75,13%.
Kommo3uriii 3amimryBaad Tpu  pi3HUX CHIBBIAHOIIEHHAX. [licas 3aminryBaHHS

KOMITO3HITIT 3aJIMIIIAJIA Ha IESIKUX Yac JJIsl yCepeIHEHHS.

Puc. 1. Komno3wuriist 3 3acTapiiux MyJ0BUX OCafiB Ta TOphY

[Ipu pi3HUX CHIBBIIHOMICHHSAX KOMIIO3MIlII MaJIM BUTJISI SIK OJTHOPIIHOI I'yCTO1

MacTH, TaK 1 OJTHOPIIHOT po3cuImyacToi Macu (puc.l).
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Puc. 2. Chopmosani rpanynu: a) d =6 mm; 0) d = 12 mm

[Ipu rpanymoBanHi Oyj0 BUKOpUCTaHO TimpaBiaiyHuii mpec HLR — 12.
Kommno3sutii crpanymtoBano mig tuckom 0,196 — 0,392 MlIla. I'panynmu chopmyBani
niamMerpoM 6 MM Ta 12 MM 3 cymiri 300pakeHoi Ha puc.l.. ChopmoBaHi rpaHyIu
Oynu TBeAMMH, NMPU AOTUKAX MOTIIM PO3KPHUIIYBATHCH Ta HE 3IUMAIOTHCS (pHUC. 2).
I'panynu giametrpom 12 MM (puc. 2, 6) MarOTh He OAHOPiINHY (HOPMY HIK TpaHYIH
niaMmeTpom 6 Mm (puc. 2, a).

Taxum 9rHOM, TOCTIIHKEHHS IMOKa3aJIo, IO MPU BiATOBITHOMY CITIBBITHOIIICHH1
TpaHy/d TMoraHo 30epiraroTh (GopMy, TOMy I TMOAAIBIIMX JOCITIKEHb MiAIOpaHo

1HIIIE CITIBBIIHOIIICHHS.
Ilepeiik mocuIaHb:

1. Copokina K.b., Ko3zmosceka C.b. TexHonoris mepepoOku Ta yTHIi3aIlii OcaiB.

HaBu. mocionuk. — X.: XHAMI', 2012. — 226 c.
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UDC 66.081.63
MOJAEPHI3OBAHA KOHCTPYKIISA MEMBPAHHOI'O MOAYJISAA
student Shakhunov M.O., asistant professor, Ph.D. Huliienko S.V.,
National Technical University of Ukraine

«lgor Sikorsky Kyiv Polytechnic Institute»

Abstract: The description of modernized design of membrane module with
using novel kind of spacer is represented

Key words: design, spacer, membrane modules

Anomauin: Hasedeno onuc MoOepHI308aHOI KOHCMYPKYII MeMOpanHO20
MOOYIISL 3 BUKOPUCTAHHAM HOB020 MUNY cneticepa.

Kniouoei cnosa: xoncmpyxyis, cneticep, memOpanHi Mooy

B nmpomecax wMemOpaHHOrO pO3IUIEHHS BaXJIMBE 3HAYCHHS  MAlOTh
TiIpoAMHAMIYHI YMOBH B MEMOpPaHHOMY MOYJ, SIKi BHU3HAYalOTh IHTEHCUBHICTh
MacoBigayi, ¢GopMyBaHHS IIapy KOHIICHTPAIIMHOI TMOJspH3allii Ta TiapaBIldyHUN
omip amapary [1]. OcoOnuBiCTIO KaHalliB MEMOpPaHHOTO MOJYJsl € HAasIBHICTh
criericepy, KWW He JuIIe 3a0e3redye HeOOXiMHY BiJCTaHb MDK MeMOpaHaMu, a W
3abe3reuye TypOyIi3aliio moToxy [2].

st 3a0e3neueHHss e(EeKTHBHOI poOOTH MOAYNIB OyJI0 3amporOHOBAHO
JEKITbKAa YJOCKOHAJICHUX KOHCTPYKIiM MmonymiB. Hampukiax, B po6oti [2] Oyio
3aMpPOTIOHOBAHO MOJYJIh 3BOPOTHOTO OCMOCY, IO MICTUTH CITKY-CEmapaTop, sSKa Mae
ACUMETPUYHUUN JIaMEeTpP Y MICIISIX IEPETHHY.

Taka KOHCTPYKIIisi JO3BOJISIE IENIO0 3MEHIITUTH T1APABIIYHUX OIIIp.

HemomikoM 1iei KOHCTPYKITIi € HeIOCTaTHS TYpOyIi3allis MOTOKY.

B ocHoBy panoi po0OOTHM mMOCTaBiIeHO 3a7ady BIOCKOHAIUTH MOIYIh

3BOPOTHOTO OCMOCY, B IKOMY O HOBE BHUKOHAHHS CITKM cemaparopa 3abe3neuuso 0
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30UTBIIIEHHS PIBHA TypOyi3alii npu 30€peKeHH1 HU3bKOTO 3HAYEHHS T1JIPaBI14HOIO
oropy.

[locTaBnena 3amaya AOCATAETHCS THM, IO B MOJYJI 3BOPOTHOIO OCMOCY, IO
MICTUTh LEHTpPaJbHy TPyOy 3 OTBOpaMH JUIsl MPOXOAY IepMmeary, oJHy abo Ouiblie
3BOPOTHOOCMOTHYHHMX MEMOpaH, II0 HAKPYYEeHI Ha LEHTpallbHy TpyOy, Ta CITKY-
cemaparop, WII0 KOHTakKTye 31 3BOPOTHOCOMOTHYHMMH MeMOpaHaMH, 3T1IHO
3aMpONOHOBAHOI KOHCTYPKIIli, HOBUM € T€, IO CITKa-CernapaTop BUKOHAaHA 3BHUTOIO,
IpY YOMY YaCTHHA HUTOK Ma€ XBUJIETOAI0HY GopMmy.

Take BUKOHAHHS CITKHM-CENapaTopa J03BOJIA€ 30UIBIIUTH piBEeHb TypOymi3aiii
pu 30epekeHH1 HU3bKOTO 3HAYCHHS T1APABIIYHOTO OTOPY.

3anponoHoBaHa iJ1esd MOXe OyTH MPOUTIOCTPOBAHA TAKUMH YHHOM:. Ha PCUYHKY
| mpencraBieHni 3aralIbHUNA BUJL MOJYJISL Y HaMiBCKPYYEHOMY CTaHI, a Ha PUCYHKY 2

NpeJICTaBIICHUI BUTJISI/ CITKU-CENapaTopy, IO MPOIOHYETHCS.

—— Ae——
CUpoBLHa

FIEDMEDT]

[IEOMECT

RS
cLpobiHa

Pucynok 1 — Cxema MeMOpaHHOTO MOTYJIs

Monynb 3BOPOTHOTO OCMOCY CKJIQJIAa€ThCsl 3 LEHTPAIbHOI TPyOH, IO MICTUTh
oTBOpU 1, 3 OCMOTHYHUX MeMOpaH 2, 3 CiTKH-cemapaTopa 3, 3 mapy JpeHaKHOTO

Marepiany 4.
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Pucynok 2 — KoHCTypKIIisl 3apONOHOBAHOI CITKH-CEMapaTopa

CI/IpOBI/IHa moTpaljae 10 arnapary 3 Topusa MOIYJIA, pO3HO}IiHH€TBC$I 110 KaHaJ1ax
MDK BUTKaMu MeMOpaH 2, yTBOPEHHUMH CTIKOIO cemapaTopoM 3. YacThHa pedyoBUHU
(mepMear) MpoXoAUTH Yepe3 MeMOpaHy 2 1 MO IpeHaKHOMY MaTepially 4 pyXxaeTbes B
HeHTpanbHy TpyOy 1. IHIa yactuHa (peTaHTaT) BUAAISETHCSA 3 MPOTUIICKHOTO TOPII
MOZYJIA.

EdexTuBHICTh Tako1 KOHCTPYKIIIT miATBepIky€eThcsi CFD-MonemoBanHsM [4].
References:

1.  Ghidossi R., Veryret D., Moulin P. "Computational fluid dynamics
applied to membranes: State of art and opportunities”, Chemical Engineering and
Processing, 45, pp. 437-454. 2006.

2. Ahmad A.L., Lau K.K. "Impact of different spacer filaments geometries
on 2D unsteady hydrodynamics and concentration polarization in spiral wound
membrane channel”, Journal of Membrane Science, 286, pp. 77-92, 2006.

3. ITarerr Ne 10 576422 B2, CIIA MIIK BOID 61/10, BOID 65/08
3asiBnenuit 26.07.2016, ony6nikoBanuit 06.04.2017

4, MaxynoB M. O., I'ymienko C. B. Jlochimkenns Tedii B kaHaai MeMOpaHu
31 3BuTHM cneiicepom Mmetogom CFD // Mixuapoguuii HayKOBHN SKypHAI

"Iatepnayka". — 2020. — Nel7.
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VIIK 621.21

SUBSTANTIATION OF THE PHYSICAL MODEL OF THE PROCESS

OF ISOTHERMAL MASS CRYSTALLIZATION OF MULTI-COMPONENT
LIQUID SYSTEMS ON SOLID PARTICLES

post graduated student Hotskyi Y. G., associate professor, Ph.D Stepaniuk A. R.
National Technical University of Ukraine
""Igor Sikorsky Kyiv Polytechnic Institute'
ABSTRACT. The physical model of the process of isothermal mass crystallization of
a multicomponent saturated agueous solution of ammonium sulfate with impurities of
organic and inorganic substances on solid particles is substantiated. The influence of
the sorption process in the pores of the granule on the morphological structure of the
granule is determined. It is establishes that the increasing of temperature leads to
decrease size of ammonium sulfate crystals.
KEY WORDS: crystallization, dehydration, ammonium sulfate, impurities, granules

AHOTAIIA. B x00i auanizy 306HIWHbOI MaA GHYMPIUHLOL CIMPYKMYPU 2SPAHYT
00IPYHMOBAHO (Di3UYH)Y MOOelb npoyecy i30mepMiuHoi Macogoi Kpucmanizayii
0a2amoKOMNOHEHMHO20 HACUYEHO20 BOOHO020 PO3YUHY CYIbhamy AMOHII0 3
OOMIWKAMU ~OP2AHIYHUX MA HEeOP2aAHIYHUX pPeYo8UH HA mMEepOuUx HaCMUHKAX.
Busnaueno ennue npoyecy copbyii' y nopu epanyiu Ha mopgonoziuny 6y0o8y epaHyiu.
Bcmanosneno, wo niosuwenus memnepamypu  npuzeoo0umsv 00  3MEHULeHHS]
npusedeH020 po3mipy KpUCmaiie cyibghamy amouiro.

KIIFOYOBI CIIOBA: xpucmanizayis, 3He800HEHHS, CYAbham amoHilo, OOMIUKU,

epamynu

The formation of composite multilayer granules is carried out using the
granulation mechanism of heterogeneous liquid systems [1 — 3]. This mechanism
providei by multi-cyclic stages of humidification of the initial center of granulation,
formation and retention by sorption forces of the liquid phase in the pores of the solid
particle, evaporation due to heat supply from the solid particle and gas coolant and
mass crystallization of the solid phase in the supersaturated thin liquid film [3].
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Previous studies have shown that the mass crystallization of saturated aqueous
solutions of ammonium sulfate with impurities of organic matter and other
components on surfaces with a porous structure at relatively high rates of dehydration
Is the formation of a stable framework of mineral salts containing organic and
Inorganic impurities [4].

Increasing the efficiency and intensification of the granulation process, the task
Is to ensure an effective process of mass crystallization of multicomponent liquid
systems, which consist of mineral salts, organic impurities and other components.

Analysis of the outer surface of the granules indicates a developed porous
structure in the form of a framework of mineral salts, in which impurities of humic
compounds in the form of inclusions are embedded. The pore size is in the range from
50 to 200 um. The presence of pores on the surface is due to the radial motion of the
vapor phase during the evaporation of the solvent from the surface of the liquid film
(Figure 1).

Figure 1 — Photomicrographs of the structure of ammonium sulfate granules with
impurities of humic compounds, 135-fold magnification

The crystalline framework of ammonium sulfate is an array of discrete nuclei
connected by crystalline bridges. This structure is explained by the multi-cyclic
process of partial dissolution of the surface of microcrystals by new volumes of
solution and agglomeration during crystal deposition. Analysis of the surface structure
of the granules allows us to formulate a physical model of the process of isothermal
mass crystallization, the scheme of which is shown in Figure 2.

The process of isothermal mass crystallization of multicomponent liquid systems
perform on solid particles, which characterize by the initial radius of the granule R..
Formed liquid film with thickness A, on the surface of the granules is gradually
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absorbed into the pores, thus forming a mass flow Jsob. The intensity of evaporation is
characterized by the value of the evaporation rate Jy.

7}) (1) l’

Qg, Qp — amount of heat from air and solid particles, W; I — crystal size, m; N — the
number of crystal nuclei, 1/m?; Ry — particle radius, m; dgs — diameter of impurity
inclusions, m; Jy, — evaporation flow rate, kg / s; J.: — crystal grow rate;
c¢(t) — concentration of solid matter in solution, kg s/ kg soi; Am — the thickness of the
micro-layer, m; A; — liquid film thickness, m
Figure 2 — Physical model of the process of isothermal mass crystallization of a
solution with impurities on a solid particle

During the process of evaporation of the solvent from the aqueous mixture, the
solid phase of ammonium sulfate crystals precipitates, and the thickness of the liquid
film constantly decreases as the volume of the solvent decreases. The process of
embryo deposition lasts for a certain period of time, after which the formed crystals
grow and combine into a framework by means of crystal bridges.

Aqueous solutions of ammonium sulfate with different concentrations of
ammonium sulfate and impurities are used in the study of the mass crystallization
process.

In the multicomponent liquid phase in which the phase transition of one or more
components into the solid phase with an intensive decrease in the concentration of the
solvent and an increase in the concentration of the solid residue. Moreover, there are
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impurities in the solution that do not change phase and are placed in the form of solid
dispersed particles. There are humic, bone meal, sunflower ash and other organic or
inorganic compounds, which usually used for granular fertilizer.

Evaluating the influence of impurities on the mass crystallization process,
concentration of impurities has effect on nucleation processes in a certain induction
period of crystallization and the on the crystal growth. Therefore, impurities affect the
physicochemical properties of the solution, namely its pH, viscosity and surface
tension [5]. The presence of humic compounds and other organic matter in the
solution usually increases its acidity (pH =3 — 6), which depends on concentration.
The small amount of impurities can strongly change the structure, size and forms of
crystals.

In the figure 3 shows photomicrographs of an aqueous solution of ammonium
sulfate at a magnification x36 on an optical microscope MBR-3. Studies were
performed at temperatures of glass 25 °C and 80 °C, on which the crystallized droplet
of solution. During analyzing photographs, first of all attention is paid to the
distribution of crystal sizes, their shape and structure.

a — Industrial ammonium sulfate without the addition of impurities, at temperatures 80
and 25 °C, concentration SA — 40 %;
6 — ammonium sulfate with impurities of bone meal at temperatures 80 and 25 °C,
concentration SA — 40%, BM — 2%;
Figure 3 — Photomicrographs of the crystal structure of ammonium sulfate with bone
meal at different temperatures

Increasing the temperature of the crystallization process leads to the formation of
a dense crystalline structure of small crystals of ammonium sulfate with an irregular

shape (Figure 3, a). Analysis of a crystallized drop of a saturated 40% solution of
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ammonium sulfate with 2% bone meal at substrate temperature 80 °C crystals with an
oblong shape are formed, and the size of the crystals is smaller than the size of the
inclusions of bone meal (Figure 3, b). Crystallization of this solution at the substrate
temperature 25 °C ammonium sulfate crystallizes from in the form of rectangular
crystals, the size of the inclusions of bone meal (BM) is smaller than the crystals of
ammonium sulfate (AS).

Conclusions. The influence of impurities on the process of mass crystallization is
determined by the influence of concentration on the pH of the solution. During the
experiments it was determined that with increasing temperature there is a decrease in
crystal size, which is associated with high evaporation rates to achieve high degrees of
supersaturation.
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CYIIIHHS HIJIAMIB KAJIBIIEBOI CEJITPU 3 BUKOPUCTAHHAM
TEILJIOBUX PECYPCIB JIIHII BUPOBHUIITBA MIHEPAJIbHUX
JAOBPUB
ronsmyk A.M., Koctorpus K.IL

Incmumym 2azy HAH Ykpainu, m. Kuie, Ykpaina

[Ipy BUPOOHUUTBI MiHEpaIbHUX JOOPHMB HA 3pa30K KaJbIIEBOI CEIITPH
JUIIAETHCA 1IJIaM 3 BOJIOTICTIO 710 45 %, KOTpuil MOKHA 3aCTOCOBYBATH B CUTBCHKOMY
rOCTOJIapCTBI MPHU 3aTHIIKOBIN BOJIOTOCTI 2+3%, TOMY HOTO CYIIIHHS € aKTyaJbHOIO
npobOsnemoro. [lnam Kanibli€eBOi CENMTPU HETOKCHMYHUN Ta HETOPIOYUN € CYMIMIIIIO
HITpaTy KaJbllil0 3 TJIMHOIO Ta TickoM. B pa3i rpanymioBanHs Horo y dopmi
IMWTHAPUIHUX TPpaHys, po3MipaMu He Outblie 5 MM Ha J5 MM Oyje MaTH HaCUITHY
macy 1500+1700 kr/m®. TenmoHocieM Uil CYIIiHHS TpaHyJd MOKHA 3aCTOCOBYBATH
"XBOCTOB1 razu" amaparty HEKOHIIEHTPOBAHOi a30THOI KMCJIOTHU JiHIi BUPOOHMIITBA
MiHepaabHUX J00pHUB 3 Temmneparyporo 320+350 °C.

JUist CylIKM TpaHyJIhOBAHOTO IIJIaMy KaJbIIEBOI CEIITPU TPOBOJIUBCA BUOIP
BIJIMOBiTHOTO 00JIaiHaHHA. [laHMit MaTepiad Mae BUCOKI aare3iiiHi BJIAaCTUBOCTI, IO
OPUBOJIUTH JO HAJIWMAHHSA B Hacaakax OapabaHHMX CYIIapoK, a 3aCTOCYBaHHS
CaMOOYHUCHUX JIOMATOK MPU3BOAUTH JO PYHHYBAaHHIO TpaHyJ, TOMY JaHUA THUII
amapariB B I[bOMY MPOIIECI 3aCTOCOBYBATH HE AONLUIbHO. CTPIUKOBI CyIMIapKd MarOTh
MaJjie TUTOME BOJIOTOBIJIBE/ICHHS 3 PEIIITKH, HEPIBHOMIPHICTh 3aIIOBHEHHSI CTPIUKH 32
paxyHOK aAre3ifHMX BIACTUBOCTEH Marepiandy Ta BENWKi radaputHi po3mipu. Tomy
JUTSE  CYIIIHHS TIUIaMy KaJbI[i€BOi CENITPU JOIUIBHO BHUKOPUCTATH amapar 3
ncesno3pimkeanm mapom (I11I), xkoTpuit Mae psm mepeBar B JaHOMY BHUIAIKY:
BHCOKHII Koe(illieHT TemnoBiadi 10 YacTUHOK Matepiany gocarae 1000 Br/m?-K,
BHUCOKE TIMTOME BOJIOTOBIABEJCHHS 3 pobouoro o0'eMy amapaty Ta HOTO

KOMIIAKTHICTb.
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JlocnipkeHHs BU3HAUEHHsSI Yacy CYIIIHHS IUIaMy KaJlblI€BOi  CEJITPH
npoBoguirchk B amapari [III, B mabGoparopii BiAAuly TEPMIYHUX T€TEPOTCHHHUX
npoueciB IHctutyty rasy HAH Vkpainu [1].

JlocnimpKkeHHs: TpOBOAWINCH 3a MeToaukoo [1], Temmeparypa TepMooOpoOKH
Marepiany ckianana 310 °C, remnepaTypa nNpoKaJlloBaHHS Martepiany ckianana 310
°C, po3Mmipu ¢paxuii dgp BuxinHoro Marepiany: 2,5 ... 3,0 mm; 3 ... 5 mMm. TpuBamicThb
TEpMOOOPOOKH ckiagana 1 ... 7 xB.

B pesynpTaTi mnpoBeneHUX JOCHIIKEHb OYyJ0 OJEpKaHO 3aJICKHICTh
TEMIIEpaTypu TEpPMOOOPOOKM B TceBao3pixkeHoMmy mapi marepiany (T) Big uvacy
cyuriHHs (t), KoTpy npejacraBieHo Ha puc. 1. Sk BunHo 3 rpadiky yactuakam dgp=2,5
... 3,0 MM noctatHBO ABOX XBWIMH TiepeOyBanHs B [ ny1s mocsarHeHHs] HEOOX1THUX
napaMmeTpiB Micis CyIIiHHA. Pi3ke MiABUIIEHHS TeMIeparypi B mapi HUX YaCTUHOK
MDK TEpIIOI0 Ta JPYrol0 XBHJIMHOKO CBIAYMTH MPO TEPMOYJAp, SIKUU BITOYBAETHCS B
IIIII 3a paxyHOK TmepeMilllyBaHHS Ta BHCOKOrO KoedilieHTy TEIUIoBIAAaql 0
yacTuHOK Matepiany. Yactunku dgp=3,0 ... 5,0 MM, 3a paxyHOK iX OUIBIIOrO po3MIpY
orpumyioTh Tepmoyaap B IIII po3TsarHyTuii B 4Yaci MK TpPEThOIO Ta M'SITOIO
XBUJIMHAMH TEpMOOOpoOKHU. JIys iX CymIiHHSA JOCTaTHBO 5 XBUJIMH NepeOyBaHHS B
anapati [TI11.

Bapro BigmituTH, 1110 JJabopaTOpHa YCTAaHOBKA B MPUHIIMII HE TTPU3HAYCHA IS
00poOKu MaTepiaiiB 3 po3Mmipamu (pakuii 5 MM, Tomy Matepian dpp=3,0 ... 5,0 MM
3HAXONMUBCS B HAMNIB3pIMHKEHOMY CTaHi. B gaHoMy BuUINagky KoeQiIieHT
TEIUIOMAacOOOMIHY HIDKYMA HDK B CTaHI aKTUBHOTO TICEBIO3PIKEHHSA, TOMY
IHTEHCUBHICTh CYIIIHHS 3HWKEHA, MPO IO W CBIMYUTH PO3TATHYTHA HA 2 XBUJIUHU
tepmoyznap B 1L sk ne BuaHO Ha puc. 1.

B pe3ynbTaTi mpoBeaeHUX TOCTIIKEHbh MOXKHA BIIMITUTH HACTYITHE:

— Marepiaj He HAJIWIA€ Ha PO3IrpiTi MeTanesi moBepxHi amapaty [1111;

— HE CIIOCTEpIraloThbCs IMPOLECH arjoMepanii YacTHMHOK, HE3Ba)KalOuu Ha

BEJIMKY KUIBKICTh BOJIOTH, KOTPA MOTIPIILYE MPOIEC KUIIHHSA 1apy;
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— IpU CYWIHHI JaHOro MaTepially YTBOpHOeTbcs 1-2 Mac.% YacTHHOK
po3Mipamu
220+350 MKM, HMOBIPHO, B pe3yJbTaTl MEPECUXAaHHS Ta MEPETBOPEHHS CTPYKTYpHU

IJIMHAHOI OCHOBH T'paHyJl, 0 CYNPOBOKYETHCS BHYTPIIIHIMHU HANPYKEHHIMHU.

350

300

250 f
200 /
150 /
100 +o/'/

50

T Tepmoo6po6kHM , °C

0

0 1 2 3 4 5 6 7
t cywiHHAa, xB
== UacTVHKM 3-5MM =8 YacTiHkK 2,5-3MM

Pucynok 1 — 3anexHicTh TeMIepaTypu TEpMOOOPOOKH B TICEBIO3P1IKECHOMY

mapi MaTepianry BijJ 4acy CyIIiHHS

3a pe3ynbTaTamMu AOCTIIKEHb MOXHA 3pOOUTH HACTYITHI BUCHOBKH:

— yYac CyIIIHHA JaHOoro Matepiainy dgp=5 MM He nepeBulye 6 XBUIUH;

— 3 METOI0 3a0e3MedyeHHs PIBHOMIPHOTO TMPOCYIIYBaHHS BCIX YaCTHHOK
IPaHyJIbOBAHOTO MIJIAMY KaJIbIIEBOT CENITPU JO 3aAaHOTO BOJIOTOCTI — 2% AOUIIBHO
3acTtocoByBaTu amapar 3 [111I;

— JI7ISl TIOTIEPEKEHHS TPOOJIeM TOB'A3aHUX 13 CIA0OKHM KHITIHHSIM YaCTHHOK

npu 1HTeHCcU(IKaIlli TpoIeciB Jaeriapararii HeoO0XiTHO 301UIBIIUTH Yac mepeOyBaHHS
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Marepially B 30HI CYIIIHHS BJABIYl Ta OpraHi3yBaTH pIBHOMIPHE pPO3MOJUICHHS
BUXIJHOTO MaTepiaay 10 NOBEPXHI LIapy B MEKax Mepuioi MOJIOBUHU anapary;
— JI0 JIIHIi CYIIIHHS AaHOro Marepiany HeoOX1HO BKJIIOUUTH OOJIalHAHHA IS

OYMCTKH BIIBIAHUX IUMOBHUX Ta3iB BiJ APIOHOAMCTIEPCHUX YaCTUHOK.

Ilepenik nocuiaHb

1. K.II. Koctorpusz, A.M. onsmyk, FO.I. XBactyxin, C.M. Poman, Konecaux
B.B. BmnuB TeXHONOTIYHMX MapaMeTpiB TEepMOOOPOOKM Ha XapaKTEePUCTHKU
NOPOXKHBOTUIMX TMEPIITOBUX MIKpOKYIboK. — Kepamika: Hayka 1 »kurtrs, 2018,

Ne2(39). — C. 19-27.
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UDC 613.8
ISOTHERMAL CRYSTALLIZATION PROCESS FOR FORMATION OF
GRANULAR ORGAN - MINERAL FERTILIZERS
Student latsiuk 1., associate professor, Ph.D. Stepaniuk A.
National Technical University of Ukraine
""Kyiv Polytechnic Institute named after Igor Sikorsky"
ABSTRACT: The approach to solving the mathematical model of the
isothermal crystallization process for the formation of granular organo-mineral
fertilizers is substantiated.
KEY WORDS: PROCESS, ISOTHERMAL CRYSTALLIZATION, GRANULATE
ORGANIC-MINERAL FERTILIZERS

MPOLEC I3OTEPMIYHOI KPUCTAJIIBALII JIJII ®OPMYBAHHS
I'PAHYJIBOBAHUX OPI'AHO-MIHEPAJIBHUX N1OBPUB
Shimok 1.0, x.T.H., gom. Cremaniok A.P.

AHOTALIA: Ob6rpynmosano nioxio no GupiuleHHs MamumMamuiHoi mooeiui
npoyec izomepmiuHoi Kpucmanizayii 011 HOpMY8aAHHA 2PAHYIbOBAHUX  OP2AHO-
MIHepanbHux 006pus.

K/ITIO490BI C(CJIOBA: [IPOLEC, I30TEPMIYHA KPUCTAJII3ALIA,
I'PAHYJIBOBAHI OPI'AHO-MIHEPAJIbHI J[OBPUBA

It is known that to ensure the sustainability of soil fertility, it is more rational
to use complex organic-mineral fertilizers.

Granular fertilizers are produced granulator fluidized bed. In such devices, the
initial granule of the fertilizer passes through four technological zones, in which it is
heated, irrigated with a solution, which in turn evaporates, forming a layer of the
target component on the granule. In the production process, the processes of mass
crystallization and evaporation play a decisive role [1].
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The process of isothermal crystallization at the macro level remains an
unsolved problem. Due to the lack of understanding of the forces and phenomena
influencing the process, it is impossible to develop the most effective granulator of
fertilizers.

The aim is to improve the efficiency of the device claim fluidized bed layer by
study structure layers on the surface of the granules during crystallization
supersaturated aqueous solution of ammonium sulfate in the presence of impurities
and the establishment forces and the parameters that influence the crystallization and
growth of crystals that form the multilayer structure granules.

Consider the formation of a multilayer structure on the example of isothermal
crystallization of a supersaturated aqueous solution of ammonium sulfate in the
presence of non- organic soluble impurities.

The physical model of the process of isothermal mass crystallization of a thin
film of heterogeneous liquid solution on the surface of a spherical solid particle of a
given dispersed composition is shown in Figure 1. The driving force of the mass
crystallization process is the difference between supersaturated and saturated solution
concentrations.

The dry granules moving in the apparatus pass along the dispersant a to which
the working solution is fed, the granules heated to a given temperature are moistened
with a heterogeneous liquid phase.

When the saturation concentration is reached, nuclei of crystals of the basic
substance that crystallizes begin to form in the film. When the liquid evaporates
from a thin film of dispersed solution at each time a certain value of the
concentration, which is characterized by a balance of the following factors:
increasing the concentration of solute due to evaporation of the solvent, reducing
the concentration due to diffusion of solute to the surface of crystal nuclei.

Thus, crystals grow in the thin film of the solution throughout its volume.

The process of mass crystallization occurs isothermal conditions at very high
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deviations from equilibrium states, so the isolation and growth of crystalline phase

in largely obeys diffusion mechanism [2].

Evaparation of moisture

Spraying a heterogeneous : W T
colution Humic  Tlas Ny Tlus y W,
Compounas .

Oi 0 i O 0
mf>\ W.. 7.Qcs /

Humic
Compounas

, GRANULE -

Humic f,&‘a>\ W, T Qs %‘4

Iitial granule compounds

Figure 1. Physical model of crystal lattice growth in the presence of humates
The main such parameters are the concentration of soluble and insoluble

components, the temperature of the process, the thickness of the dispersed film on a
solid spherical particle [3]. The kinetics of the process of mass crystallization of
heterogeneous aqueous mixtures containing soluble and insoluble components are
also significantly influenced by the pH level, surface tension and viscosity of the
solution.

There were wires of two experiments on three series to determine the pair so
ditch that affect the process.

The first experiment of three series (Fig. 2 a, b, ¢) was performed at a
temperature of T = 80°C. Series a and c correspond to an alkaline medium in
solution, b - to acid scrap. In the first series, the solution consisted of 60% water

and 40% ammonium sulfate, without impurities. The pH level of the solution was
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equal to 7, which corresponds to an alkaline environment. In the second series, the
solution consisted of 60% water, 39.4% ammonium sulfate and 0.6% boric acid,
the pH of the solution was 4, which corresponds to an acidic environment. In the
third series, the solution consisted of 60% water, 39.4% ammonium sulfate and
0.6% ammonia (NH3), the pH of the solution was 8, which corresponds to an
alkaline environment.

All series were performed on glass and took different periods of time. The
division in the photo of cases a, b, ¢ corresponds to 1-10° m. The structure of the
crystals after the experiment is shown in Figure 2. The idea of adding boric acid

and ammonia in the solution is to study the influence of pH on structure of crystals.

Figure 2. The structure of crystals of ammonium sulfate with the addition of various

additives at a temperature T = 80°C (a, b, ¢) and at a temperature T = 97°C (d, e, f).
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We see that in the cases a and ¢, which correspond to the alkaline medium in
solution, the crystals have an elongated shape. When the pH level rises to 8, there is

a more pronounced elongation and compaction of the crystal structure. In the case

of b, which corresponds to an acidic environment, we see that the crystals become

larger with decreasing pH, the density of the crystals also decreases. The crystals
become larger in size and directed in different directions, while in an alkaline
medium, the crystals decrease in size, but become orderly.

In series with alkaline solution, the average crystal size was 60-80 microns,
and in series with acidic medium, the average crystal size was 80-100 microns.

Also, research conducted by the same content humates and level of pH, but
the temperature was increased to 97°C.

Series d and f correspond to the alkaline medium in solution, and which e -
acidic.

The division into photos of the cases d, e, f corresponds to 0.57-10° m. As we can
see, in all three series we have changes in the structure, location and shape of the
crystals in comparison with the previous experiment. All photos show the fine-grained
structure of crystals, which are closely adjacent to each other and are located on the
surface in a dense, ordered layer. As in the past, we see in the experiment that in the
case of e, which corresponds to an acidic solution, we observe larger crystals and a
lower structure density in comparison with the alkaline solutions of cases d and f.

In A nother experiment in the series with an alkaline solution (figure 2 d, f) average
crystal size composition AB 40-60 microns, and a series of e from the acidic
environment of the average size of the crystals composed of 70-80 microns.

Drying in a series that corresponded to alkaline and acidic environments took
different periods of time. Thus, for the first experiment, the time to complete
evaporation of the liquid phase and the formation of crystals in experiments a and ¢
was 300 and 350 seconds, respectively, while in experiment and b - 250 seconds. And

in the second experiment, experiments d and f corresponding to alkaline solutions
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were performed, respectively, 101 and 124 seconds before complete crystallization,
and the experiment with an acidic solution gave a result of 92 seconds.
According to the authors [4], this may be due to the fact that solutions with an

acidic environment have a lower viscosity than alkaline solutions.

Conclusion

It was an experiment and where found that with the increase of pH crystal size
decreases randomness disappears of location.

The objective of this work is experimental rationale mathematical model of
crystallization during formation of the granules and in machine and fluidized layer

that most satisfies this process.
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OBIPYHTYBAHHS JIBYXCTAJUMHOI'O CYIIIHHS B TEXHOJIOTII
BUPOEHUIITBA BUCOKOKAJIOPIMHOI'O BIOITAJIMBA
K.T.H., 1ip.H.c. Kopinuyk J[.M., n.1.1., np.H.c. CopokoBa H. M.,
K.T.H., C.H.C. /[laxneHnko B.JL.
HauionaibHa akageMiss HayKk YKpaiHu «[HCTUTYT TeXHIYHOL

Temiogizukn», m. Kuis

biomaca, sik BUJ aJIbTepHATHBHOTO TMajUBa, Y MPUPOJHOMY CTaHI € CKJIQJHUM
00'€KTOM [IJIsl €HEPTeTUYHOTO BUKOPUCTAHHS U Mae moTpeldy B po3poOIll TEXHOJIOT1]
JUIsT  TepepoOkM B manuBO. Jlo TEmepinmHBOro dYacy pO3BHHEHA TEXHOJIOTis
OpUKETYBaHHS, IO INJIBHILYE O0'€EMHY TEIUIOTY 3TOPSHHS TajvBa, POOWTH HOTO
OJTHOPITHUM IO TPAaHYJIOMETPUYHOMY CKJIaJy, TPAHCHIOPTAOCIBbHUM 1 3TaTHHM JIO
TpuBajoro 30epiranus [1]. OxHak, Takuii BUJ najauBa, 6€3 10/1aTKOBOT 0OpOOKH, Ma€e
MEHIIy KaJOpIMHICTh, Y TOPIBHAHHI 13 TPaAWIlIMHUMH BHJIAMH ¥ IABUIIECHOIO
30JIbHICTIO, 110 BUKJIMKAJIO AaKTUBHUN PO3BUTOK HOBHX METOMAIB (Hi3UKO-XIMIYHOT
00pOoOKHM CUPOBUHHU POCIMHHOTO MOXOJKEHHS, 3aCHOBaHI Ha Tporecax Moaudikaiii
ii crpykrypu. HaiOinpmuii iHTepec BHKJIMKAE TMPOIEeC TepMiyHOiI 0OpoOKM B
iHepTHOMY cepenoBuill npu temmeparypax 180...300°C, ska MpuUBOIUTH 1O 3MIHH
(GI3MYHUX BIACTUBOCTEH 1 XIMIYHOTO CKJIaAy CHUPOBHHHU POCIMHHOTO TOXOIKCHHS,
JUTS TTJIBHMIIICHHS TETUIOTBOPHOT 3IaTHOCTI MaTepialliB i e)eKTUBHOCTI BUKOPUCTAHHS
SIK MaJIUBO [2].

TennoBuii BIUIMB Ha POCIMHHY CHPOBUHY I OlomaymBa, IO CKIAJIae 3
TeMIIIENTIONIO3H, JITHIHY W [ET0JI03U MPUBOANTH 0 NU(epeHIiioBaHOTO BILUIMBY Ha
CTaH CKJIAJOBUX YaCTWH, HANpPHWKIAJ, TEMIIENIoIo3a  PO3KIANAEThCI B
temrieparypaomy iHtepBami 200...320°C, a JirHiH TyOWTh CBOI BIIACTHBOCTI SIK
Marepiaj, mo 3ade3nedye MUIBHICTh 1 MIIHICTh OlomanmBa. OcTaHHS OOCTaBHHA
HETaTMBHO BIUIUBA€ Ha HOPMATHBHI BHUMOTH, TMPOMOHOBaHI 10 3a0e3MeueHHS

TpaHCIIOPTYBaHHs, 30epiranHs i nojayi najusa JJisi cnaidtoBaHHs [3].
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ToMy akTyalnbHUM € MPOLEC TEPMIYHOI MIATOTOBKH 3APIOHEHOI CUPOBUHH (3
ypaxyBaHHSIM (pakiiiiHOTO CKJIaAy), SIKOMy MOXHA YMOBHO PO3JIUIUTH Ha BEIIUKY
a00 ocHOBHY (TerioBY) dpakiito ¥ apiOHogucnepcHy. [lo CBOiX BIACTUBOCTIX
npiOHoAMCHEpCHA (PpaKilisi BUKOHYE POJb MPUPOJHOTO CHOJNYYHI A (popMyBaHHs
KIHIIEBOTO MPOJYKTY - IpaHyn OlomanuBa (menet, OpukeTiB). Y cuily HUX 0OCTaBUH
ICHye TMEBHE TMpOTUPIYYS: MapaMeTpH, HEOOXigHI TepMIuyHOI OOpOoOKM IS
MiJBUILICHHS TEIJIOTBOPHOI 3JaTHOCTI OlomanuBa (3a paxyHOK OCHOBHO{1, BEIMKOL
dpaxiiii) NpUBOJATH 10 TOTIPIIEHHS CIOJYYHHX BIACTUBOCTEH APIOHOIMCIIEPCHOT
¢paxuii # HaBMaku - 3a0€3MEUYEeHHs] BIACTUBOCTEN MO MIITHOCTI KIHIIEBOTO MPOJIYKTY
HE JI03BOJISFOTH ITiIBUIIIUTH HOTO TETJIOTBOPHI XapaKTEPUCTUKH.

3anponoHOBaHO BUKOPUCTATH TMPOIEC CEJICKTUBHUN TEPMIUYHOI OOpOOKH
010CHPOBUHU B TEXHOJIOT1i BUpOOHUIITBA OlonanuBa. JlJisg 1[bOT0 CYIIIHHSA ¥ TEpMIUHY
00poOKy Marepianay 3armporoHOBAHO MPOBOAUTH B OapabaHHii cymapii y JIBi cTafii
3a KOMOIHOBaHOIO CXEMOIO PYXy CYIIMJIBHOTO areHTy i3 Kiacudikailiero marepiany.
Jlnst MOXKJIMBOCT1 peatizallii TeXHOJOrii BapTO IOCHIIKYBaTH BIUIUB OCHOBHHUX
TEXHOJIOTIYHUX MapaMeTpiB MPoLEeCy.

Ha TtpuBasmicTh CymIiHHA IUCHEPCHUX MaTepiaidiB iCTOTHHH BIUIUB POOHUTH
PO3Mip MOPHUCTHX TMOdiAucIepcHUX YacTHHOK. 1100 opranizyBatn iX edeKTUBHE 0
KIHIICBOT'O BOJIOTOBMICTY 1 3amoOirTM TOBHOI TepMOJeCTpyKIii npioHOT (pakiii
MPOMOHYEThCS CYIIIHHA y JBl CTaAil Npu PI3HUX TIOYATKOBHX MapameTpax
TEIJIOHOCIA, SAKI 3a7aBajiiCid BIAIOBIAHO [0 TEXHOJIOTIYHUX MOKIIMBOCTEH
ycTaHoBKU. ['padiku 3miHM Temrepatypu Te, maprianbHOro TUCKY mapu Ppe 1
BIIHOCHOI BOJIOTOCTI ()¢ BIJHOCHOI BOJIOTOCTI BilHOCHOI Bojiorocti T 1 cepeaHboro
BosioroBmicty W 4acTouok 0ioMacu BH3HAYAIOTHCA 3 BHUKOPHUCTAHHSAM YHCEIBHOTO
Merony [4] amanToBaHOTO ISl PO3paxXyHKY AMHAMIKHA TEIJIOMAcOIepeHocy, (ha3oBux
MEePEeTBOPEHbh ¥ ycagku Tpu Oe3mepepBHOMY CYIIMIHHI KOJIOIJHUX KaIiIspHO-
MOPUCTUX TUT y OapabaHHIN CylIapill HA OCHOBI 33JIaHUX JAHUX MPO T€OMETPUUHI i

TeO(QI3UYHUX TapaMeTpy TUIa, BHUXOJAYM 3 TIOYATKOBUX YMOB, IOYATKOBIH
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TeMIlepaTypl, BOJOTOCTI ¥ MIBUJIKOCTI pyXy CYIIMJIBHOIO areHTy, aJeKBaTHICTh SIKOTO
MIATBEPIKYETHCS 31CTABICHHAM pE3YyJIbTaTIiB PO3PAXyHKIB U E€KCIEpUMEHTATbHUX
TaHHX.

JUisi BU3HAYEHHS TEXHOJIOTIYHUX MapamMeTpiB, HAWBaXUJIMBIIIMM 3 SKUX €
TPUBAJIOCTI CYIIIHHS YacTOYOK Olomacu pi3HOI (Ppakmii B OapabaHHIA cymapii,
NPOBEACHUN PO3PAXYHOK JWHAMIKH W KIHETHKH CYIIIHHS YaCTOYOK €HEPTeTHYHOT
BepOM, SKi CTAaHOBJIATH MOPUCTY TUCIEPCHY KO0 TOBIIMHOIO, JOPIBHIOE JiaMeTpam
WTHAPUYHUX YaCTOUOK 5,6 MM (kpynHa (dpakiis), 3 MM 1 2 MM (apiOHa ¢pakiis),
KU CHMETPHYHO OOMHUBAEThCS HArpiTuM ra3oMm. llopHcTicTh IIapy BpaxoBye
piBHOMIpHE OMHBAaHHS Ta30BHUM CEpPEIAOBHUIIEM KOXHOI YacTouku. IlodaTkoBi
3HAUEHHS TeMIiepaTypu i BojoroBMmicty BepoOu BiamosimHo 20°C 1 1,3 xr/kr. Ha
MOYaTKy NEpHIOoro eTamy CYIIHHS TNapaMeTpl CYIIWIBHOTO areHTa 3aJaBajiucs
Hactynaumu: Temneparypa T. 200°C, tuck 103 klla, mapiiansHuii Tuck mapu 1,6
klla, mBUAKICTh - 4,5 M/C, TPOAYKTUBHICTH - 8 Kr/c. [lapameTpu eHepreTuuHOi BepOH
BU3HAYAIKCS 3 €KCIIEPUMEHTY ¥ PiBHSIN: BOJOroBMIcT 1,3 kr/kr, Temmnepatypa 20°C.
3MiHa BOJIOTOBMICTY ¥ TeMIIEpaTypd YacTOYOK BCIiX (pakmiii y Tmporeci
3HCBOJHIOBAHHS Ha TEPIIOMY €Talll, a TaKOXX MapamMeTpiB TEIIOHOCIS IO JOBXKHHI
Oapabana npeacraBieHe Ha puc. 1. TpuBamicTh 3HAXOKEHHS YaCTOYKH B OapabaHi
CTAaHOBUTH 4 XBWJIMHHU. 3a IIeH yac apiOHa ¢pakilis Jocarae KiHIIEBOTO BOJOTOBMICTY
8 %, TOA1 SIK BOJIOTOBMICT BEJIMKHUX YaCTOYOK HaOmmkaeTses 10 50%. JlocymnryBaHHs
710 PIBHOBAYXHOTO BOJIOTOBMICTY BeNUKOi (hpakiii aucrnepcHoi 6ioMacu mpOBOIUTHCS
B Jpyromy OapabaHi mpoTsiroM 4 XB, y SKHH TMOMAETbCS CYIMIUIBHUNA areHT i3
temmeparyporo 350 C u napmiansaumM TckoM napu 1,5 klla. Ha puc. 2 nmpeacrasieno
MOBHUM IIWKJI 3HEBOJHIOBAHHS BEIWKOI (Ppakilii 3 ypaxyBaHHSIM 3MiHH TapaMeTpiB
TEIUTOHOCIST 1O JOBXHWHI OapabaHiB. BigmoBigHWii BHOIp MOYATKOBHX IMMapaMeTpiB

TEIUIOHOCIS 3a0e3Medye 0JHAKOBY TPUBATICTH MEPIIOTO ¥ IPYroro eTany CylnriHHs.
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PucyHnok 2. 3HeBOIHIOBaHHS BEJIMKOI (hpakiiii 3 ypaxyBaHHIM 3MIiHH IMapaMeTpiB

TEIJIOHOCIS TT0 TOBXKUHI O0apabaHiB MpH TBOXCTAAIMHOMY CYIIIiHHI.

Texnonoriss mependayae BUPOOHHUIITBO BHCOKOKAJIOPIMHOTO OlomanvBa y IBi

cTamii cymiHHS ¥ TOpedikamii maTtepiasly 3a KOMOIHOBAaHOIO CXEMOK pyXy
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CYHIMJIBHOTO arc¢HTy, Io Aadec MO>KJIHUBICTE 3MEHIITUTH BUTpATH Ha BI/IpO6HI/IHTBO

KIHIIEBOT MPOAYKIIII.
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VJIK 678.023
MELTING PROCESS IN A DISK EXTRUDER
PhD student Novodvorskiy V.V., Ph.D., Associate Professor Shved M.P.,
Ph.D., Shved D.M
National Technical University of Ukraine
"Igor Sikorsky Kyiv Polytechnic Institute
ABSTRACT. The equipment, which is mainly used in polymer extrusion, is
considered and its efficiency is analyzed according to specific energy indicators.

KEYWORDS: Extrusion, extruder, energy efficiency, power consumption.

OBJAJJHAHHA IJ1d EHEPI'OE®EKTUBHOI'O ITPOLIECY
EKCTPY3Ii IOJIMEPIB
acmiipanT HoBonBopcrkuit B. B., k.1.H, nom. [1IBenx M.IL., k.1.1 IBex /. M.
HauionajqibHMil TeXHIYHUI YHiBepcUTeT Y KpaiHu

"KuiBcbknii moJitexHivyHuid incTutyT iMmeni Irops Cikopcbkoro'
AHOTAIIIA. Posenanymo o61a0HaHHA, AK€ 8 OCHOBHOMY GUKOPUCMOBYEMbCS
npu excmpysii nonimepie ma NpPoOaAHANi308AHO U020 ePEeKMUBHICIG NO NUMOMUM

eHep2emudHUM NOKAZHUKAM.

KITIOYOBI CJIOBA: Excmpysia, excmpydep, eHepzoepexmugHicmo,

CNOIACUBAHHS eHePRIl.

Polymer composite materials are usually materials that are derived from two or
more components that need to be evenly distributed in the melt. Single-screw
extruders are mainly used for this purpose.

In works [1-3], the electricity consumption of a single screw extruder was
considered, which was conditionally divided into zones in which different parameters

were measured.
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The effects of barrel temperature settings, water cooling, and screw speed on
energy efficiency were then investigated based on the proposed monitoring methods.
It has been found that lower barrel heating temperature, higher water cooling
temperature, and higher screw will lead to lower specific energy consumption.
However, the screw speed has the most significant impact on overall energy
consumption. Also the high energy efficiency does not mean better melt quality, the
effects of barrel heating, water cooling, and screw speed on the melt viscosity need to
be further investigated to provide substantial guidance on operating point optimization
[1].

Authors [2] discussed the effects of screw speed and barrel temperatures on the
die melt temperature profile. The screw speed was identified as the most critical
parameter affecting the extruder motor power consumption while the barrel set
temperatures also show a slight effect. In this work, a thermocouple mesh technique is
used to measure the temperature profile of the melt flow prior to die entry and it was
found that temperature variations increased as screw speed increased. Of the barrel
zone temperatures, the effects of the feed zone temperature was more significant than
other three zones.

The results of numerical investigations show that no more than 90% of the
electric power consumed by the extruder motor is consumed to overcome the viscous
forces of the polyethylene melt, while the motion of the polymer material and
pressure injection use under 10%. The casing of the extrusion machine operates in the
mode of heat rejection practically throughout the whole length, apart from the initial
portions at the loading area. During design of plasticizing extruders, it is necessary to
account for the obtained regularities of power consumption to provide the extruder
casing with an effective system of heat rejection [3].

Despite a relatively low pressure (3-7 kg/cm ?) developed by these machines,
they have a number of valuable advantages. These include a good distribution of dyes

in the mas being processed and a good homogenization of the metal, work with a
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short residence time in the mastication chamber, are simple in design and small in size
(screw extruders occupy 2-3 times more floor space than disc extruders). It was
calculated power consumption of disc extruders and it was found extruder drive
horsepower (as a function of disc size and speed) [4].

Although the power consumption of a single screw extruder is relatively
insignificant, the use of electricity can be reduced by using a disk extruder for
processing polymer compositions [5], which melting occurs due to dissipation energy,
which leads to lower specific energy consumption, as well as constant productivity,
thanks to the dosed power supply, gives the chance to control flexibly thermo-
mechanical loading on a melt and its quality by means of change on £20-25% of size

of turns of a disk and a disk backlash.
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RESOURCE AND ENERGY SAVING PROCESS AND EQUIPMENT
FOR EXTRUSION OF THERMOPLASTICS
graduate student Kovba A, Ph.D., associate professor Shved M
National Technical University of Ukraine

"Kyiv Polytechnic Institute named after Igor Sikorsky"*

ABSTRACT: Replacement of metal material with plastic can significantly
reduce the cost of the product. This leads to the rapid development of new types of
polymers and methods of their processing. One of the main methods of processing
thermoplastics is thermomechanical, and the most common method is extrusion.

KEY WORDS: plastic, thermoplastic, extrusion, gear pump, homogenization.

Extrusion is a continuous process of transferring a material from a solid to a
viscous state, followed by forcing the melt through a die, the profile of which
determines the configuration and geometric dimensions of the product.

One way to save resources and energy during thermoplastic extrusion could be
to reduce the tolerances on the geometric dimensions of the products. Studies and
analysis of single-worm extrusion processes have shown that the dosing zone of the
extruder is significantly sensitive to pressure ripples, which occur due to instability of
processes in the previous melting and supply zones, which leads to fluctuations in
productivity, which is the main reason for products. Eliminating productivity ripples
would reduce tolerances, which would significantly save thermoplastics and energy,
as well as reduce the burden on the environment by reducing the amount of raw
materials that need to be disposed of. Another way to improve the extrusion process
IS to create cascade extrusion schemes, when the whole process is divided into
separate operations with the possibility of autonomous control [1]. This approach

allows you to: - flexibly manage the extrusion process;
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- expand the range of recycled materials;

- save energy due to the ability to autonomously select rational modes for
individual operations.

Analysis of known cascade extrusion schemes shows that in the first stage, as a
rule, an extruder is used, which has a high plasticizing and mixing effect [2]. In the
second stage, a worm extruder or a gear pump is used to dispense the melt. Based on
the analysis of literature and patent materials, a scheme of cascade disk-gear extrusion
with the use of a disk extruder with a metered supply as a melt generator is proposed,
and a gear pump is used to create pressure and melt dosing. Theoretical and
experimental proof requires the assumption that the use of such a cascade scheme in
technological lines for polymer extrusion allows you to purposefully control the
extrusion process and set the optimal modes of selected operations. Melting and
homogenization in such an extruder will take place at high shear rates and relatively
low pressures with the possibility of regulating the thermomechanical load on the
melt due to the possibility of changing the speed of rotation of the worm-disk part.
Controlled dispersive mixing will take place in the disk zone due to the possibility of
changing the size of the working gap at a constant productivity. Cascade extrusion
schemes make it possible to increase productivity by 30-50% by optimizing
processes and the possibility of redistribution of power between cascades, while
improving product quality and improving specific performance [3]. The use of a gear
pump to create pressure and melt dosing will save up to 4% of thermoplastic and

energy by reducing the tolerances by geometric dimensions.
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BIIJIUB KIJIBKOCTI BOJIOI'M IIJT YAC EKCTPY3Ii 3BEPHOBUX HA
OPAKIIMHUN CKJIAJL OTPUMYBAHOI'O EKCTPYJIATY
I.T.H., ¢.H.c. IBanunpkuii I'.K., k.1.H., c.H.Cc. Llenens B.4.,
K.T.H., ¢.H.C. Paquenko H.JI.

IncTuryT Texniynoi Temnopizuku HAH Ykpainu

Anomauina: Hageoeno pezyivmamu excnepumeHmaivHux 00Ciiodcetb 00pooKu
3epHa 8 ekcmpyoepi, 30Kpema, 00CNI0NCeHHS 8NIUBY NOYAMKOBO20 6MICMY B0N02U 8
3epHi Ha PaKyitiHull CK1a0 OMPUMYBAHO20 2PAHYILOBAHO20 eKCMPYOamy.

Kniouoei cnosa: excmpyoep, ekcmpyoam, 3epHo.

Abstract: The publication presents the results of experimental studies of grain
processing in the extruder. In particular, the effect of moisture in the grain on the
fractional composition of the obtained extrudate.

Keywords: extruder, granules, grain.

OpHuM 13 KIIFOUYOBUX MOKA3HUKIB SKOCTI €KCTPYIOBAHUX 3€PHOBUX MPOJIYKTIB €
OJTHOPIHICTh PO3MIPIB OTPUMYBAHUX T'PaHYJI, KA HAMIPSAMY 3JICKHUTH BiJl TOYATKOBO1
KUTBKOCTI BOJIOTH B 3€pHI Ta B MOJAJIBIIOMY TaKOX BU3HAYA€ TEMIIEPATYPY IMPOIIECY,
TUCK 1 yac mepeOyBaHHS YaCTHHOK B KaHaNll eKcTpyaepa. ToMy njis OTpUMaHHS
OJTHOPIMHOCTI CTPYKTYpH 1 pO3MIpy TpaHyld eKCTpyAary HeoOXigHO miadupaTtu
ONTUMAJILHUN MTOYATKOBUH BOJIOTOBMICT B 3€pHI, IO 1 CTAJI0 OCHOBHUM 3aBJIaHHSM.

ExcniepumenTtu npoBoawiauck Ha ekctpyaepi E-250 anisg gianazoHy mo4aTkoBOTro
BMICTY BOJIOTH B 3€pHi Bl 9 1m0 15% BUXOAS4YM 3 PEKOMEHIIOBAHOI TeMIIepaTypu
00poOKH 3epHa B EKCTPyI€pax Ta Ha OCHOBI MOMEPEIHIX JaHUX OTPUMAHUX HAMH, 1110
30UTBIIICHHST TTOYAaTKOBOI KUTBKOCTI BOJIOTH B 3€pHI Ha 1% 3HWXKYyE Temmeparypy
npouecy npu6ausuo Ha 10°C.

Pe3ynbTaTi mokaszaiu, 110 IpU MOYATKOBOMY BMICTI BOJIOTM B 3€pHi Biag 9 10

11% nepeBakHa OUIBIIICTH OTPUMYBAHUX TpaHyd, a e 70% mae po3mipu 10 1mm.
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Pemrra rpanyn marote po3mipu Big 1 10 3mm (27%) 1 Outbie 3mMm (3%). [logansbiie
MIABULIEHHS [OYaTKOBOTO BMICTY BoJIorM B 3epHi 1o 12...13% mnoxazaino
nepepo3noAut ¢ppakiiiii B CTOPOHY 3pOCTaHHS pO3MIpY rpaHyl, 30KpeMa, 3MEHIIIIAChH
no 40% dpakuisa rpanya 3 po3MmipoM 10 1Mm. 1 3pocio o 50% dvuciao rpany’a 3
po3mipoM Bix 1 go 3mm. Ilpu npomy, dpakiis rpanyn Bix 3 10 SMM 30UIbIIMIACE 3
3% nmo 10%. Takuit nmepepo3noil MOXKHA TMOSICHUTH 3MEHILIICHHSIM CHJI TepTs 4epe3
HA/JTUIIOK BOJIOTH Ta CKOPOUYEHHSM dacy ix mepeOyBaHHS B ekcTpynepi. Hactymue
HiABUIIEHHS KUTbKOCTI Bosioru 1o 14...15% noka3ano nopanbiine 3HMkeHHs 10 30%
dpaxiiii rpanyn po3mipom 10 Imm Ta 3meHmenHs 10 38% dpaxkuii Bixg 1 10 3mm. [pu
IIbOMY, CYTTEBO 3pOCJia KUIBKICTh TpaHysl po3MipoM Big 3 10 SMM. Ta ckiajia BxkKe
32%. XapakTepHOIO TaKOX CTajla TOsiBa HEBEJIUKOi KUIBKOCTI arjioMepariB, SIKY
MOKHA TIOSICHUTH HaJIMIIKOM BOJIOTH TiJ Yac OOpOOKW Ta IMOsBa 3aJIUIIKIB HE
NOJIpIOHEHOT0 3epHa, 10 MOKHA MOSICHUTH CYTTEBUM CKOPOUEHHSM Yacy 0OpoOKu Ta
3MEHILIEHHSM CHJI TEPTS.

BucHoBku. B xoxai mpoBeneHUX EKCIIEpUMEHTIB OyJio BHM3HAYEHO, IO YHUM
MEHIIIa TMOYaTKOBa KUIBKICTh BOJIOTH B 3€pHI, TUM OLIbIIe TMepeBakaroTh (pakilii
rpanyin 10 3MM. 30UTbIICHHS KUIBKOCT1 BOJIOTH BEJIE /10 3pOCTaHHs (pakiiii 4aCTUHOK
eKcTpyAaTy 3...5MM. Ta IOSBH arjioMepaTtiB 1 3aJMIIKIB HEMOAPIOHEHUX YaCTHHOK
3epHa, SKI HE TMPOWIUIA JOCTaTHIO TepMidyHy oOpoOKy. ToMy misi oTpuMaHHS
OJTHOPIMHOI CTPYKTYpH EKCTpyAaTy 10 IMM. PEKOMEHJOBAHO MOYATKOBHMA BMICT

Bosiord B 3epHi Bix 10...11%, a nns otpumanns gpakiii 10 3mm — 12...13%.
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YK 664.8.047
DEVELOPMENT OF HEAT TECHNOLOGY
FOR OBTAINING APPLE SNACKS
Ph.D. Husarova O.V., Ph.D. Shapar R.O.
Institute of Engineering Thermophysics of the NAS of Ukraine

The influence of different methods of heat-and-moisture treatment of apples on
the drying process is determined and the dehydration regimes are established, the
value of Rebinder's number is calculated, the duration of the process is determined by
Krasnikov's method, heat technology of apple snacks is developed.

Key words: apple snacks, convective drying, the Rebinder number, the method of
Krasnikov V., recoverability.

Busnaueno ennue pisnux cnocobie mennogonozoi 06pobku sAO1YK Ha npoyec
CyWiHH}Z ma 6CMAHOBIEHO pedNCUMU 3H€600H€HH}Z, po3paxoeano 3HAYEHHA Yucid
Pebinoepa, euznaueno mpusanicmo npoyecy memooom Kpacuixosa, poszpobieno
MenIomexHoJI02i10 00EePAHCAHHS CHEKIB 3 SOIYK.

Kniowuosi cnosa: sbnyuni cHexu, KoOH8ekmusHe CYWinHA, yucio Pebindepa,
memoo Kpacuixosa B.B., 8ionosenosanicme.

A new form of dried products for Ukrainian consumers is fruit and vegetable
snacks. Fruit or vegetable snacks are thin lamina of fruits or vegetables obtained
without frying. Fruit or vegetable snacks obtained by drying to low residual moisture.
Their characteristic is the lack in the composition of cholesterol, carcinogens and
more.

The purpose of the work is to intensify the heat and mass transfer during
convective drying of apples while creating energy efficient heat production
technology for snacks.

Objects and methods of research. Objects of research were Renet Simirenko
apples. Apples dehydration was carried out by the method of convective drying to a
residual moisture content of no more than 6%. The duration of the apples' stay in a

medium of a certain temperature and moisture content was monitored; the apples
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temperature in the course of drying process did not exceed the maximum permissible
temperature of 60 °C for thermally unstable raw materials. Drying experiments and
the evaluation of apples quality were performed according to standard procedures.

Results. The paper analyzes the influence of different methods of pre-treatment
of raw materials before drying (steam treatment, treatment in solutions of citric acid
and sugar syrup) on the dehydration process during the production of snacks. The
calculation of the duration of drying apples by the method Krasnikov V. The values
and dependences of the Rebinder Rb number on the moisture content of the sample
for stationary and stage dehydration regimes were calculated. Numerical modeling of
the process of drying apples during the production of snacks is carried out in the
work. Physico-mathematical models are built for a layer of a colloidal capillary-
porous body in the form of an unlimited plate, the thickness of which is much smaller
in length.

Analysis of modes and methods of pre-treatment of raw materials on drying
kinetics and the organoleptic finished product showed that examined treatments
provide a high degree of colour preservation of raw materials and accelerating the
kinetics compared to untreated samples. We determined the optimal parameters of the
drying agent and developed the stage-wise dehydration modes resulting in 20%
reduction of process duration and providing high degree of preservation of pectin and
other bioactive substances in snacks.

Conclusions. On the basis of generalization of the results of experimental
studies, energy-efficient thermal technology of obtaining snacks was developed,
which is based on the method of rapid convective drying of scalded by steam apples
in the modes of stage dehydration. Unlike the world's developments, the technology
involves the production of natural snacks without artificial preservatives and fillers
with the maximum degree of preservation of natural components of raw materials, the

recoverability of which is 85%.
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YK 57.081.
OCOBJIMBOCTI CYHACHOI'O MATEMATHUYHOI'O MOJIEJIFOBAHHA
EKOJIOTTYHUX ITPOLECIB
101, K.T.H. Py6iboB A.B.!, k.nonir.zayk. Bonsd O.0.%,c.H.c. Bennuko HM. 3
'Hauionanbnuii TpancnopTHHii yHiBepcuTeT
’HauionaibHa MeAMYHA aKaAeMis micasaunaomMuoi ocsitn im. ILJL. lynuka
MO3 Ykpainu

SlncTuTyT reponrodorii im.JI.@.Yedoraprosa HAMH Ykpainu

3 YCKJIQJIHEHHSIM JKUTTEIISUTBHOCTI JIFOJICTBA BCE OLIbIIIE BUHHKAE MOTpeda B
0e3MeyHoMy TMPOTHO3YBAaHHI HE TUIBKM MEXaHIUYHUX MPOIECIB Ta IUKJIIB, aje 1y
B3a€EMOJIi  IHAYCTplabHOrO BHUPOOHUIITBA 3 E€KOCHUCTEMaMu JOBKULIA.  Bxe 3
CepeMHU MHHYJIOTO CTOpIYYS B CaMHUX PI3HUX OOJIACTSIX JIIOJICHKOI ISUIBHOCTI
IIUPOKO 3aCTOCOBYIOTHCS MATeMAaTHYHI METOAM MOJIENIOBAHHS, 3aBISKU SKUM
BUHHKIJIM HOB1 JUCHMILUIIHU, IK1 BUBYAIOTh MAaTEMATUYHI MOJIEN1 BIAMOBIAHUX 00'€KTIB
1 SIBUII, @ TAKOX METOJU JOCIIDKEHHS IUX Mojeneil. MaremaruuHe MoOJeNOBaHHS
SBisiE COOOK CHUCTEMY MaTeMaTHYHUX BHpa3iB, 10 ONHUCYIOTh BIACTUBOCTI,
B3a€EMO3B'SI3KH, CTPYKTYpHI Ta (DYHKIIIOHAJIbHI MMapaMeTpHu 00'€KTa MOJIETIOBAHHS, B
pOJIi SIKOTO MOXKE PO3JIANATHCS PIBEHb EKOJOTTYHOCTI BHUPOOHHUYMX TIPOIIECIB, iX
BIUIMB Ha KUTTEMISIBHICTh a00 3710pOB’S JIFOAWHH, 1 TAKOXK TMEPCIEKTUBA iX 3MIHU
BHACIIJIOK TEXHOI€HHOI  JiIbHOCTI. Bcl  CykymHicTi  miApo3AUISIOTH  Ha
KOHTPOJBOBAHI O3HAKW, M0 BIUIMBAIOTH HA CHUCTEMY, 1 O3HAKU-BIITYKH, IO
XapaKTepU3yITh CTaH CHCTEMH, 110 BUBYAETHCSI.

OCHOBHI eTanu MaTEMaTUIHOTO MOJICTIOBAHHS BKITIOYAIOTh:

* moOynoBa Mojeni, sSka mepeadadae HasSBHICTh KOMIUIEKCY 3HaHb MPO 00'€KT-
OpHTIHATI.

* po3poOKa aJarOpuUTMIB 1 YHCEIBHUX METOJIB pIMICHHA 3a7ayl 3a JIOMOMOTOI0

00UYHMCITIOBAIBHOT TEXHIKY TIPH 3aJ]aH1i TOYHICTI
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* moaudikaiio Mojeial abo Mpolec YCKJIAJAHEHHS MOJeNi, s 1 aJeKBaTHOCTI
JUCHOCTI, a00 1i CIIPOILEHHS 3apajii JOCATHEHHS MPUUHITHOTO PIlICHHS

* IHTEpPIPETALII0 OTPUMAHUX CIIIJICTB 3 MAaTEMAaTUYHOT MOJieNl (IepeHECEeHHS! 3HaHb 3
MOJIe/1 Ha OpUTiHAM).

3HaHHS TPO MOJEJI MOBUHHI OYTH CKOPEKTOBaHI 3 ypaxyBaHHSM THUX BJIACTUBOCTEH
00'eKkTa-opUriHaiy, Kl He 3HaWIUIM BioOpakeHHs abo Oyiu 3MiHEH1 npu MoOyA0BI
MOJIEI;

Cnig 3a3Ha4uTH, 10 NPOLEC MOJEIIOBAHHA € LMKIIYHUM, L€ O3Haydae, 110 3a
NEepIIMM M'ATHETAHUN [UKIOM MOXE BIAOYyTUCS IpyruM, Tpertii 1 T. A. Ilpu upomy
3HAHHS TIPO JOCITIKYBaHUN 00'€KT PO3IIHUPIOIOTHCSI.

Takum 49uHOM, B  €KOJIOTii METOJ| MOJCIIOBaHHS € 3aco00M, IO J03BOJISIE
BCTAHOBJIIOBATH OUIbIN TIHOOKI 1 CKJIaJAHI B3a€EMO3B'SI3KM MIXK TEOPETUUHUMU
BIIOMOCTSIMH Ta i1H(OpPMAIl€0, OTPUMAHOK B X0Ji ekcriepuMeHTiB. Lle mo3Boiise
OpaKTUYHI ~ aCHeKTU  3aCTOCYBAaHHS  METOJIB  MMOBIPHOCHO-CTaTUCTHUYHOIO
MO/JICJIIOBaHHs IPU HPOrHO3YBaHHI TEXHOTEHHOI >KUTTEALSUIBHOCTI, MPUHHATTS SK
TEXHOJIOT1YHUX, MEIUYHUX TaK 1 COLIJIBHUX pIillIeHh IO CTparTerii 1 TaKTHIIi,

BUBYCHHI MDKCUCTEMHHUX B3a€EMOJIIN B OpraHi3Mi JIFOAUHHU TIPH il (haKTOPIB JOBKIILIA.

1.Castiglione F., Piccoli B. Cancer immunotherapy, mathematical modeling and
optimal control // J. Theor. Biol. 2007. Vol. 247, N 4. P. 723-732.

2. Liu W., Hillen T., Freedman H. I. A mathematical model for M-phase
specific chemotherapy including the GO-phase and immunoresponse // Math. Biosci
Eng. 2007. Vol. 4, N 2. P. 239-259.

3. T'ememan B.fl. Menununckas wHpopMatuka: npaktukym. — Cnb: I[lurep,
2001. 480 c.

4. bymax 1.€., Jlax 10.€., Xaim3on [I. Menuuna inpopmaruka. BiaawmI.
Hpykapas BHMY im.. M.1. [Tuporosa, 2006. 104 ¢
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UDC 661
MODERNIZATION OF THE CONDENSATION AND COMPRESSION TYPE
GAS FRAKING INSTALLATION
associate professor, Ph.D. Stepanyuk A.R.

National Technical University of Ukraine

«Igor Sikorsky Kyiv Polytechnic Institute»
ABSTRACT. The condensation-compression gas fractionation unit for the separation
of saturated hydrocarbons is considered. The directions of modernization of the
installation are suggested
KEY WORDS: GAS FRACTION, SEPARATION, SATURATED HYDROCARBONS,
PLANT MODERNIZATION

MOJIEPHI3AIIA YCTAHOBKHU I'A3ODPPAKIIIOBAHHSA
KOHJAEHCAUIHHO-KOMIOPECIMHOI'O TUITY
K.T.H., 1o11. CrenaHok A.P.

AHOTAIIIA. Posrnsimaerbest  ycraHoBKa Ta3odpakilitfoBaHHS KOHJACHCAIlIHHO-
KOMIIPECITHOTO THUMY IS PO3JAUICHHS HACHYEHHUX BYIJIEBOJIHIB. 3ampOrOHOBAHO
HaIPSIMH MOJIEpHI3allii yCTaHOBKHU

KIIlO90BI CJIOBA: TA30OPAKIIIOBAHHA, PO3AIVIEHHSA, HACHUYEHI
BYT'JIEBOJAHI, MOJEPHI3ZAIIA YCTAHOBKN.

Petroleum gases are a mixture of gaseous hydrocarbons - from C; to C4 which
are separated by different boiling points of hydrocarbons [1].

The technological scheme of the installation of gas fractionation of
condensation-compression type for the separation of saturated hydrocarbons is shown
in Figure 1 [1].

Condensation-compression type gas fractionation unit for separation of saturated

hydrocarbons consists of the following main parts:
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- blrock separation of the mixture into liquid and gaseous fractions;
- liquefaction fraction of gaseous fraction;

- block of division of gases into individual gases.

1 4 5
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e »
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Figure 1 - Gas fractionation unit of condensation-compression type:
1-6, 14, 15 condensers-refrigerators; 7 —12 capacities; 13, 16, 17 separators;
18 — compressor; 19-24 columns; And - gas of AT and AVT installations; Il - head
stabilization of AT and AVT,; Ill - head of catalytic reforming stabilization; IV -
propane fraction; V - isobutane fraction; VI - butane fraction; VII - isopentane
fraction; VIII - pentane fraction; IX - fraction C6 and above; X is dry gas;

XI - ammonia.

Raw materials through the separator 13 are fed: in liquid form to the collector;
gaseous through the compressor 18, ammonia refrigerators 14,15 and separators
16,17, in the liquefied state also to the collection. The head of stabilization of AT and
AVT units and the head of stabilization of catalytic reforming are also submitted here.
The mixture is fed to the distillation column 19. From the upper part is selected

methane fraction, which is partly fed to the warehouse, and partly after compression
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and cooling, is used as irrigation of the upper plate of the column. VAT residues are
fed to the column 20 (propane column), part of the VAT residues through the steam
generator are fed under the lower plate. From column 20 (propane fraction), 21
(isobutane fraction), 22 (butane fraction), 23 and 24 work in the same way. In
addition, the 19th column uses ammonia as a refrigerant, while the others have air
refrigerators.

The purpose of the work is to modernize the fractionation absorber.

References:
[Tpuponuwmii 1 cynyrHuit HagToBuii raz . — 2020. — Pexxum moctymy 1o pecypcey: https:
https://vseosvita.ua/library/prirodnij-i-suputnij-naftovij-gaz-48313.html.

CnpaBounuk HedTenepepadboruuka / I'. A. JlactoBkuH, E. JI. Paguenko, M. I'. Pynun

— Jlenunrpan: Xumus, 1986. — 648 c.
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UDC 66.021.4, 678.027.2, 676.056.71, 66.011
NUMERICAL METHODS IN THERMAL CALCULATION OF
A CALENDER FOR POLYETHYLENE PROCESSING
graduate student Podiman G., master student Rudnytskyi B.,
Senior Lecturer, Ph.D. Dvoinos Y
National Technical University of Ukraine

«Igor Sikorsky Kyiv Polytechnic Institute», Kyiv

ABSTRACT: The regularities of the process of non-stationary cooling of
polyethylene sheets were analyzed, the boundary conditions and technological
limitations were formulated, the physical model of the cooling process of the sheet on
the shafts and in the gaps of the calender was proposed, the necessary assumptions
were made.

KEYWORDS: non-stationary heat transfer, numerical simulation, polyethylene sheet.
AHOTALIA: Ilpoananizoéano  3aKOHOMIpHOCMI — npoyecy  HecmayioHapHO20
OXONI00JNCeHHsT JIUCMIB 3 Nnoliemusieny, CcQopMyIb08aHO 2SPAHUYHI YMOBU MdA
MEXHON02IUHI 0OMENCeHH S, 3aNPONOHOBAHO (DIZUUHY MOOElb NPOUEC) O0XO0N00NCEHHS.
JIUCA HA 8ANAX MA 8 3A30PaAX KALAHOPY, 3P00IeHO HeoOXiOHI NPUnyujeHHs.
KJIFOYO0BI CJIOBA: necmayionapruti meniooOMiH, yuceibHe MOOeNO8AHHSI, TUCT 3
noJIlemuieHy.

The technological scheme of extrusion of sheets of high density polyethylene
(HDPE) is shown in Figure 1. The main parameters of the quality of polyethylene
sheets include the stability of geometric dimensions, flatness, smooth edges and
surface roughness. The technological limitations of the calendering process include
the condition of the sheet coming out of the calender in the presence of a middle layer
of melt, or an average sheet temperature of at least 125 ,C, which determines the
flatness of the sheet with subsequent cooling and glazing in a flat state on the roller

conveyaor.
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An example of a method for numerical solution of the problem of nonstationary
thermal conductivity during cooling and heating of HDPE sheets during calendering
[1] was used to calculate and analyze temperature fields when calendering HDPE

sheets.

1 — extruder, 2 — forming head, 3 — calender, 4 — letter with polymeric material,
5 — device for cutting edges, 6 — roller conveyor sheet cooling, 7 — traction device,
8 — longitudinal device cutting, 9 — stacking device, 10 — coolant flows

Figure 1 — High Density Polyethylene Sheet Production Line

The physical model of the process of cooling the sheet in the calender is
presented in Figure 1.

The letter from HDPE in the physical model is conditionally expanded, the
following assumptions are made:

1. the thickness of the sheet is much smaller than the diameter of the shafts of
the calender, so the orthogonal coordinate system is used;

2. the transition of the melt from the initial thickness of the workpiece Sp to o
occurs with a linear velocity nDn (the melt does not slip on the shaft), where n is the
frequency of rotation of the calender shafts;

3. the thermal conductivity of HDPE is much less than the thermal conductivity
of the shaft material, so the temperature of HDPE at the point of contact with the

shaft is equal to the temperature of the shaft;
95



XIX mixHapogHa HAyKOBO-NIPAKTUYHA KOH(EpeHLli CTYAEHTIB, aCHIPaHTIB 1 MOJIOIUX
BueHux ~Pecypcoenepro3oepiraroyi TeXHOJIOrIT Ta 001aAHaHHSA

4. reduction of sheet thickness in the second gap does not occur;

5. energy dissipation in the gaps does not affect the temperature fields in the
melt;

6. heat transfer along the sheet due to thermal conductivity is absent;

7. the width of the sheet is much larger than the thickness, so the model of the

cooling process is simplified to one-dimensional, without heat transfer across the

sheet.
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Figure 2 — Physical model of the process of cooling the sheet in a calender

Boundary conditions for the melt transition section in the first gap (, — time of
contact of the melt with the shafts before the first gap of the calender), the length of
the contact zone of the melt with both shafts 39):

3%
O<t<——=1,
nDn

For the section of movement of the sheet on the second shaft of the calender:
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nD
T, <T<T +i:r +i T(y=0)=T
0 0 Tch 0 2n rool 2
References:
1. Lukach Ju.E., Voronin L.G., Ruzhinskaja L.I. i dr. (1988).

Avtomatizirovannoe proektirovanie valkovyh mashin dlja pererabotki polimerov. /
Tjenika. Kiev. P. 208, USSR.
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UDC 66.081
OLIHKA E®EKTUBHOCTI HOBOI KOHCTPYKIIII CITKH-
CEIIAPATOPA 3 BUKPUCTAHHHSM METO/IIB OBUUCJIIOBAJIBHOI
T'IIPOJIUHAMIKH
student Kuznetsova A., Ph.D., assistant professor, Ph.D., Huliienko S.V.,
National Technical University of Ukraine

«Igor Sikorsky Kyiv Polytechnic Institute»

Abstract: The evaluation of effectivity of novel design of spacer in compare with
traditional by using of the computational fluid dynamics method was carried out.

Knrouosi cnoea: membrane unit, spacer, velocity, pressure

Anomauin: Ilposedena oyinka egexmusHocmi HOB0I KOHCMPYKYIL  cimKu-
cenapamopa nopieHAHO 3 MPAOUYIUHO MemOOaAMU 0OYUCTIOBATIbHOT 2I0POOUHAMIKU.

Knrouoegi cnosa: memopannuii mooyns, cimka-cenapamop, weuoKicmb, muck

OnHiel 3 BOXIUBUX XapaKTEPUCTUK MEMOPAHHUX YCTAHOBOK € iX TipaBIiuyHUN OTIp,
AKUW 3HAYHOIO MIpOI0 BHU3HAUa€ CHEPreTUYHI BUTPATH HA IMPOBEACHHS MPOIECY
MeMOpaHHOTro po3auieHHs. OCOONMBICTIO KOHCTPYKIlIT MEMOpaHHUX MOAYJIB € HasBHICTh
B HHUX CITOK-cemapaTopiB, sKi 3a0e3MeuyioTh YTBOPEHHS KaHAIIB MDK IIapaMu
MeMOpaHHUX MAaKETIB 1 3a0e3MmeuyoTh TypOymizaiito motoky. OJHaK, BOJHOYAC BOHH €
OCHOBHHUM JIKEPEJIOM TiAPaBIiYHOTO OMOPYy B TaKWX KaHalax, TOMY JOLLUIBHOIO €
MOJICpHI3aIlisi KOHCTPYKIii TAaKOi CITKH.

3 mi€r0 MeToro Oyia 3amponoHOBaHA HOBA KOHCTPYKIIISI CITKH (PUCYHOK 1) y BUTIISI
TPHUBIMIpHOI Mojeli, cTBOpeHoi B cepepopuimi SolidWorks. Onnak HeoOXigHa 00’ €KTHBHA
ormiHka e(eKTHBHOCTI Takoi cCiTkH. [l 1bOTO JOLUIBHO BHKOPHCTAaTH METOJH

O0YHCITIOBAILHOT TIPOIMHAMIKH, SIK1 YCIIIITHO BUKOPUCTOBYIOTHCS JIJIS TaKuX Iiitei [ 1-3].
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Byno npoBeaeHO MOJENIOBaHHS Tedil B KaHal 3 3alPOINOHOBAHOIO Ta TPAIULIMHOIO
KOHCTPYKIII€IO CITKH cemaparopa B cepenonuii SolidWorks. Ha pucynky 2 nmoka3asi moss

HIBUAKOCTEH, a pUCYHKY 3 MOKa3aH1 BIANOBIAHI MOJIS TUCKIB.

Pucynox 1 — CxemMa 3anponoHOBaHOi CITKH
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Pucynok 2 — Po3noaisn mIBUAKOCTEN B KaHaJll 3 HOBOIO Ta TPAJULIIHHOIO

KOHCTPYKIIIEIO CITKH-CEMapaTopa

Pucynox 3 Po3mojii1 TUCKIB B KaHaJl 3 HOBOIO Ta TPAJUIIHHOIO KOHCTPYKITIEIO CITKH -

cemaparopa

Pesynpratn MomenroBaHHS IMOKa3ylOTh, IO HOBa KOHCTPYKINiS CITKH-cemaparopa
3abe3reuye Kpaily TypOyi3aliio MOTOKY, a TAKOXK MEHIIUN Iepenaj TUCKY, 10 CBIAYUTh
po ePEeKTUBHICTh TAKOT KOHCTPYKIIi.

Ilepesik nocuianb:

1. Shakaib M., Hasani S.M.F., Mahmood M. " Study on the effects of spacer
geometry in membrane feed channels using three-dimensional computational flow
modeling”, Journal of Membrane Science, 297, pp. 74-89, 2007.
https://doi.org/10.1016/j.memsci.2007.03.010

2. Schwinge J., Wiley D.E., Fletcher D.F. "A CFD study of unsteady flow in namow
spacer-filled channels for spiral-wound membrane modules", Desalination, 146, pp. 195-
201, 2002 https://doi.org/10.1016/S0011-9164(02)00470-8

3. Ma S., Song L. "Numerical study on permeate flux enhancement by spacers in a
crossflow reverse osmosis channel", Journal of Membrane Science, 284, pp. 102-109,

2006. https://doi.org/10.1016/j.memsci.2006.07.022
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YK 661.741.1
MOAEPHI3AIIA YCTAHOBKHU BUPOBHULTBA XJIOPUAY KAJITIO
crynent Kanunosebkuii A.C., ctynenrtka ['aBpunenko B.B.,
no1l., K.T.H. ['ymienko C.B.,
HauioHa/JibHMH TeXHIYHUI YHIBEpCHTET YKpaiHU

«KuiBcbkni mositexHivHuil iHcTUTYT iMeHi Iropst Cikopcbkoro»

AHoTauniss: Po3rissHyTO 3HAaY€HHS KaJTIMHUX COJEH Ta METOAU MPOMMCIOBOTO
BUTOTOBJICHHS XJIOpUAY Kajio. Bu3HaueHl OCHOBHI HampsIMKH MOJEpHI3allii
YCTAHOBKH Ta KIFOYOBHUX anapaTiB.

KurouoBi ciioBa: xaniitHi coil, XJIOpUJ KaJlito, 3MIITyBaHHS, CYIIIHHS

Anoramis: The application of potassium salts and industrial methods of
potassium chloride were considered. The main way of modernization of key
apparatuses of plant were defined.

Kiouogi ciioBa: potassium salts, potassium chloride, mixing, drying

KamiitHi comi TOJJOBHUM YHMHOM 3aCTOCOBYIOTH B SIKOCT1 MiHEpaJIbHUX JOOPHUB.
OCHOBHHMM BHJIOM MPOAYKIli KaJIHHOT MPOMMCIOBOCTI € XJIOPHUJ Kalliio, OJIM3bKO
95% siIKOro BUKOPUCTOBYETHCA B SKOCTI MiHepaidbHOro mo0puBa, a pemty 5%
NepepoOITIOI0OTh Ha TIAPOKCH KTk Ta iHIIi crioyku [1]

3 3araibHOi KUTbKOCTI Kamiaux no0puB 8-10% BHUpPOONSETHCS y BUIISAL
cynb(dara Kamiro 1 moABIMHOI comi Cynb(dITIB Kallifo 1 MarHiro, MaHTaHATy Kallito, SKi
BUKOPUCTOBYIOTHCSA [IJISl JKUBJICHHS TPYHTIB TiJ XJI0pohoOHI KylabTypu (TIOTIOH,
IIUTPYCOBI, TOIIO) AKICTh SKMX MOTIPIIYETHCS ITiJ BIUITMBOM 10HIB Xi10py [1].

Bwmict xamiro B 3eMHil Kopi ckiamae 6mu3bko 15%. Kamiii BXOauTh 10 CKiamy
AITFIOMOCHJIIKATIB, SKI € OCHOBOIO 0OaraThbOX IIOpiJ, IOJBOBHX IIIATIB, T'PaHITIB,
JICUITMTIB, THEUCIB, TBEPJUX BUKOIHUX COJLOBHUX BIIKJIAICHB 1 PO3COJIIB MOPCHKOTO 1

KOHTUHEHTAJIBHOTO MOXOJKeHHs. CKJIaJoBl YaCTUHU IPYHTIB, OCOOJMBO TJIMHHUCTI
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PEYOBUHU, AKTUBHO YTPUMYIOThH (IIIIXOM COPOIIii) Kalliif, 1110, 30KpeMa, Ma€ BaKJIMBE
3HAUEHHS JJI KUTTSI POCIUH. 3aBISKHU TaKlil BIACTUBOCTI IPYHTIB BUMHUBAHHS KaJitO
171e IOPIBHSHO MOBUIBHO, B PE3yJbTaTl YOTO BMICT HOro CoJiel B MPUPOJHUX BOJAX,
SIK IPaBHUJIO, HA0AraTo HWKYMIA, HDK COJIel HaTpiro Ta MarHito [1].

KamiitHi pynu BU3HAYaIOTh 3a TMEPEBAKHUM BMICTOM B HHMX THUX YM I1HIIUX
MiHepalliB, 30KpeMa BHUIUIATh CHIBLBIHITOBI, XapT3aibleBi Ta KapHAWIITOBL. IxX
nepepoOKy Ha XJIOPH Kajito 3iicHI0Th [1]:

1) MeTonoM pPO3YMHEHHS 1 PO3JAUIbHOI KpHCTami3ailii, 1Mo TYPHTYEThCS Ha
PI3HUX TEeMIEpaTypHUX KOE(QIIEHTAX PO3UYMHHOCTI COJIbOBUX CKaJOBUX pyAH (e
METOJ] TAKOX Ha3UBAIOTh TETUIOBUM YU TATypTridHAM);

2) MexaHiYHMM 30arad4eHHsM TIOPOAH, TOJIOBHHUM YHHOM (hJIOTAIl€Io;
rpaBiTailiiiHa cemaparilisi mpu 30aradeHHi KalliHUX pyJI HE 3HAWIUIa MIHPOKOTO
3aCTOCYBaHHS;

3) xomOiHaIi€r ¢oTamifHOTo 30aradeHHsIM 3 PO3YMHEHHS 1 KPHCTATI3aIIEI0
npiOHUX ppakiiit pyau;

4) miA3eMHUM BHUCOJIIOBAaHHSAM pPYIU 3 MOJAJIBIION IMEPEPOOKOI0 PO3COTY
BUITAPIOBAHHSIM Ta KPUCTAITI3aIlI€TO.

HaiiGinpm mnomwupeHrM € mepmui crmocid, cxema sKOro IIoOKa3aHa Ha
pucyuky 1 [1].

Bech TexHONOTIUHMI TPOIEC CKIAMAAETHCS 3 TPbOX OCHOBHUX CTaiil:
PO3YMHEHHSI CHUJIBBIHITY, KpHUCTAIi3allisl XJIOpUIAY Kallilo 1 BIAJAUIGHHS HOTO Bij
JOMIIIOK, Ta (iHATbHA MiATOTOBKA MPOAYKTY [1].

Croepuly mnpoBOIuThCs OaraTocTajiiiHE pO3UMHEHHS YTBOPEHHM MIEJIOK
MOCTyMa€e Ha MATUCTYIMIHYACTY YCTAaHOBKY BaKyyM-KpucTaiizailii, e BinOyBaeTbcs
MOCTYTIOBE OXOJIOJKEHHS IIOJIOKY, TP [[bOMY BXXHBAIOTHCS 3aXOAM I 3MEHIICHHS
IHTECHBHOCTI KpHCTai3allii JOMIIIOK, B MEPIIy Yepry XJIopuay Harpito [1].

[Tlicns 1poro, mynbly XJIOpUAY Kadilo TOAAIOTh y BIACTIHHUK 48 mis

OCBITJIEHHA Traps4oro moyoky. OCBITICHHH OXOJIOJKEHUM MaTOUYHHI IIOJIOK
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HaIpaBJISIIOTh HAa HAarpiBaHHS B MOBEPXHEBUX KOHJIEHCAaTOpax 36 ,a 3rylleHy MyJbIly B
TOPU30HTAIBHY MIIIAJIKY, 3BIOKM 1 MEpPEeKayyloTh B BUTPATHI MIMIAJKA Haj
aBTOMAaTUYHUMM LEeHTpudyramu HamiBHenepepBHoi nii 54. Bomoricte ocamy micis

HeHTpU(YTH, 3aJICKHO BiJI BETUYMHNA KPUCTAITIB 3MIHETBCS Bix S 10 8% [1].

Pucynok 1 Cxema BUpOOHUIITBA XJIOPUAY KAJIO 13 CUIIBBIHITY

Cupuii xJopua Kajil0o Ha CTPIUKOBOMY TPAHCIIOPTEpl HAMPAABIAETHCS Ha
CYIIIHHS, SIKe 3IMCHIOEThCSA B OapabaHHUX 00epTOBHX cymapkax. JpiOHiI KpucTamu
XJIOPUAY Kajito, K1 3aXOIUTIOIOTHCS CYIIUJIBHUM areHTOM BIIAUISETHCS B IIUKIOHAX,
MPUETHYIOTHCS IO 3araJiIbHOTO MOTOKY TOTOBOI MPOMAYKII, sIKa HAMpPABISETChS Ha
ckinaa. BenuwumHa TUTOMOro BWJIYyYEHHS BOJIOTH TPHU CYIIiHHI CTaHOBUTH 35-
45 xr/(mM3-Tox) KiHIleBa BoJIOra XJIOpUIY KaJlito He nepesuinye 1%.

Ha 1 T rotoBoro BuTpadaeTscss OMM3TKO 5 T. cuibBiHiTY, 2,09 M/Jx eneprii 3
naporo, 90 M/Ix y Burmsiai  emerpoeHprii 1 12 ton nammuBa. OgHM 3 HAKOLTBIINX
CTIIO’KMBAYiB HEPrii B CXeMi € cylapka, TOMY MPH MOJIEpHI3aIlii JOIUIBHO PO3TISHYTH

caMme T1i.
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UDC 621.565.2
MASS EXCHANGE PROCESSES IN AIR HEAT REGENERATOR
postgraduate Yevziutin P. Y., Ph.D., senior lecturer Dvoinos Y.G.
National Technical University of Ukraine
""Kyiv Polytechnic Institute"
ABSTRACT: The main provisions of the process of mass transfer of water in the air
in the heat regenerator are considered, the physical model of the process is offered,
the basic regularities are given. Proposals have been made for the directions of
development of the design and technology of air heat regeneration under the
conditions of avoiding frostbite of the nozzle and moisture loss from the room when
using the regenerator in the cold period.
KEYWORDS: heat regenerator, nozzle, frostbite.
AHOTANISA: Po3rasiHyTo OCHOBHI MOJIOKEHHS MTPOIIECY MacCOOOMIHY BOJIH Yy MOBITPi
B pereHeparopi Teria, 3ampornoHOoBaHO (I3UYHY MOJENb MPOIECY, HABEACHO OCHOBHI
3aKOHOMIPHOCTI. 3p00JICHO MPOIO3UIIli 00 HAMPSAMKIB PO3BUTKY KOHCTPYKIIII Ta
TEXHOJIOT1i pereHepartii Teruia moBIiTPs 3a YMOB YHUKHEHHS 0OMOPOKYBaHHS HACATIKU
Ta BTpPaT BOJIOTH 3 NPHUMIIIEHHS MPH BUKOPUCTAHHI pereHepaTropa y XOJIOTHUM
nepioJ.
KJIFOUOBI CJIOBA: pereseparop Teria, Hacajaka, 0OMOPOKyBaHHS.
Heat regenerators are widely used in air conditioning systems and industry due to the
simplicity of design and high efficiency. When using a heat regenerator for
conditioning in the cold period, a significant problem of their continuous operation is
the freezing of the nozzle, which causes the ice to block the channels of the nozzle
and reduce efficiency. Modern heat recovery systems use two mechanisms to remove
moisture from the nozzle: heating the nozzle and blowing warm air.
Heating of a nozzle has the following lacks - the reduced efficiency, need of removal
of condensate, dehydration of air indoors. Blowing the nozzle with warm air allows

you to return some moisture to the room. In industrial liquefaction plants [1], purge in
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regenerators during moisture freezing is mainly used. The scheme of operation of the

heat regenerator with a purge for dehydration of the nozzle is shown in Fig. 1.
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a - direct current (nozzle accumulates heat); b - reverse current (nozzle returns heat);

C - purge nozzle (heating), the air returns to the room
Figure 1 - Scheme of air movement in the heat regenerator with
dehydration of the nozzle by purging

The temperature of the nozzle during operation fluctuates in a narrow range of
temperatures and heat exchange of air with the nozzle is accompanied by processes of
condensation, evaporation and crystallization of water. Water in the liquid state flows
down and drains, and in the crystalline state freezes on the nozzle, increasing its
hydraulic resistance and complicating the heat exchange between the nozzle material
and air due to the low thermal conductivity of the ice - 2.25 W / (m-K).

The physical model of the process is shown in Fig. 2.

A system of equations for the freezing process is compiled:

nd? dT. dM. .
=— Cp. —+——1,, =WB(1, —1
q 4 P P dr = de ™ (1 2)
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where p, — density of the nozzle material, kg/m3; Cp, — heat capacity of the nozzle
material, J/(kg-K); W — air speed, m/s; B — distance between the elements of the

nozzle, m; i, iz — enthalpy of air, J/((m*K); o — equivalent heat transfer coefficient,

W/(m?K); Sew — equivalent thickness of ice on the nozzle, m; Awua — thermal

conductivity of ice, W/(m-K).

T1; P1; di; To; Po; d2 — temperature, °C; pressure, Pa; moisture content, kg/kg of air
before the nozzle element, and after it, M — mass of ice on the element nozzles 1 m
long, kg; T, — temperature of the nozzle material, °C; S — thickness of the ice layer, m;
d — diameter of the nozzle elements, m; & — thickness of the laminar layer of air when
flowing around the nozzle element, m
Figure 2 — Physical model of crystallization and evaporation of moisture on the

surface of the regenerator nozzle

Ilepenik nocuinanb
1. Novotel'nov V. N. kriogennye mashiny: Uchebnik dlya vuzov po spec. "Tekhnika i
fizika nizkih temperatur” / V.N. Novotel'nov, A. D. Suslov, V.B. Poltaraus — Spb.:
Politekhnika, 1991. — 335 s.: il.
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VIIK 621

MODERNIZATION OF THE OIL EXTRACTION PURIFICATION UNIT
Student Rudyi O.D., Ph.D., associate professor. Stepanyuk A.R.
National Technical University of Ukraine
«Igor Sikorsky Kyiv Polytechnic Institute»
Abstract. The article considers the problems of base oil production technology. The
technological process of selective purification of oil products with phenol is
considered.

Key words: Selective purification, oil, phenol.

MOJEPHI3AIISA YCTAHOBKHU OYUILIEHHA MACTUJIA
marictpanT Pyauit O.J1., k.1.H., goi. Ctenantok A.P.
Anomauin. Y cmammi poszensioaromsbcs npooiemu mexHoao2ii ompumanHs 0a3080i
onii. Po3ensinymo mexunono2iunuii npoyec celeKmugHo20 OYUeHHs HaghmonpooyKkmis
Gernonom.

Knrouoei cnosa: Cenexmushe ouuiyenHs, macio, QpeHo.

Petroleum oils are liquid compounds of a mixture of high boiling point of
hydrocarbons, mainly alkylnaphthenic and alkylaromatic, obtained by refining oil [1].

Installation of selective phenol purification consists of the following main
sections: absorption of phenol raw materials from vapors of azeotrope mixture of
phenol and water, extraction, regeneration of phenol from extract and refined
solutions, "water circuit" (Figure 1) [2].

The raw material is fed through the heat exchanger 1 to the top of the absorber 4,
where the countercurrent is in contact with the vapor of the azeotropic mixture of
phenol and water coming from the drying column 16. Water vapor through the top of

the absorber is discharged into the atmosphere or sent to the water circuit. The raw
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material from the absorber 4 through the refrigerator 5 is fed into the middle part of
the extraction column 6. In the upper part of the column 6 from the tank 3 through the
heater 8 is fed phenol. From the tank 20 in the lower, and if necessary in the upper
and middle part of the column 6 is fed phenolic water. The temperature in column 6 is
determined by the temperatures of the supplied phenol and raw materials. To regulate
the bottom temperature, a part of the extract solution is circulated through the

refrigerator 9.
4 @ v+

ar+i

Figure 1 - Installation of selective purification of crude oil with phenol:
1,2,5,8,9, 13, 15, 17, 19, 22 - heat exchange equipment; 3 - phenol capacity; 4
absorbers; 6 - extraction column; 7 - pump for pumping the extract solution; 10 -
capacity of the refined solution; 11, 12 - phenol regeneration columns from refined
solution; 14, 18 - furnaces; 16,21,24 - phenol regeneration columns from the extract
solution; 20,23 - phenolic water capacity;
And - raw materials; Il - phenol; 11l - refined; IV - extract; V - phenolic water;
VI - water vapor.

Regeneration of the refined solution is carried out in two stages. Leaving by
gravity from the top of the column 6, the refined solution is collected in the tank 10,
where through the heat exchanger 13 is fed into the furnace 14 and the evaporator
column 11. Phenol vapors coming from the top of the column 11 are cooled and
condensed in the heat exchanger 1 and refrigerator 2, the condensate is collected in
the tank 3 The refined solution containing 5-6% phenol from the bottom of the
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column 11 flows into the stripping column 12, at the bottom of which is introduced
sharp water vapor. Vapors of phenol and water from the top of the column 12 are
condensed in the refrigerator 22, the condensate is collected in the tank 23. The
refined through the heat exchanger 13 and the refrigerator is pumped out of the
installation.

Regeneration of the extract solution is carried out in three stages. The extract
solution is pumped from the bottom of the column 6 by pump 7, the operation of this
pump regulates the level of separation of the extract and refined phases in the
extraction column. The extract solution through the heat exchanger 15 is fed to the
drying column 16, from the top of which are vapors of azeotrope mixture of phenol
and water entering the absorber 4 or through the condenser-refrigerator 19 - in the
tank 20, Dehydrated extract solution from the bottom of the column 16 heated
condensed by phenol vapor, then through the furnace 18 is fed to the evaporator
column 21. Additional heat is introduced into the column 21 by extractive solution
circulating through the coils of the furnace 18. Phenol vapors coming from the top of
the column 27 are condensed in the heater 17, heat exchanger 15, cooled in
refrigerator 2; phenol is collected in tank 3. The final evaporation of phenol is carried
out by hot steam in column 24, from the top of which are removed vapors of a
mixture of water and phenol, and from the bottom - the extract, which is removed
from the refrigerator through the refrigerator.

The aim of the work is to modernize the separation centrifuge for oil and water
separation.

References:
1. Petroleum oil [Electronic resource] // Neftegaz.ru. - 2017. - Resource access mode:
https://neftegaz.ru/tech-library/neftekhimiya/142420-neftyanye-masla/.
2. Handbook of oil refiner / Lastovkin G.A., Radchenko E.D., Rudin M.G. -
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VJIK 678.023
ENERGY EFFICIENCY IN THE PROCESS OF POLYMER EXTRUSION
PhD student Novodvorskiy V.V., Ph.D., Associate Professor Shved M.P.,
Ph.D., Shved D.M
National Technical University of Ukraine

"Igor Sikorsky Kyiv Polytechnic Institute

ABSTRACT. The equipment, which is mainly used in polymer extrusion, is
considered and its efficiency is analyzed according to specific energy indicators.

KEYWORDS: Extrusion, extruder, energy efficiency, power consumption.

EHEPT'OE®EKTHUBHICTbD B ITPOLIECI EKCTPY3Ii IOJIMEPIB
acmiipanT HoBonBopcekuit B. B, k.1.H, nor. [lIsex M.IL., x.1.1 [IBex 1. M.
HauionajqibHMil TeXHIYHUI YHiBepcUTeT Y KpaiHu

"KuiBcbknii nmoJsitexuHivyHui incTutyT iMmeni Irops Cikopcbkoro'

AHOTAIIA. Po3zensnymo ob61a0HAHHA, 5IKe 8 OCHOBHOM) BUKOPUCTOBYEMbCSL
npu excmpysii nonimepie ma NpoOaAHAni308AHO U020 epEeKMUBHICb NO NUMOMUM
eHepeemu4HUM NOKAZHUKAM.

KIIFO4OBI CJIOBA: Excmpysia, excmpyoep, eHepeoedheKmusHicmo,

CNOJACUBAHHS eHePRIl.
Polymer composite materials are usually materials that are derived from two or

more components that need to be evenly distributed in the melt. Single-screw

extruders are mainly used for this purpose.
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In works [1-3], the electricity consumption of a single screw extruder was
considered, which was conditionally divided into zones in which different parameters
were measured.

The effects of barrel temperature settings, water cooling, and screw speed on
energy efficiency were then investigated based on the proposed monitoring methods.
It has been found that lower barrel heating temperature, higher water cooling
temperature, and higher screw will lead to lower specific energy consumption.
However, the screw speed has the most significant impact on overall energy
consumption. Also the high energy efficiency does not mean better melt quality, the
effects of barrel heating, water cooling, and screw speed on the melt viscosity need to
be further investigated to provide substantial guidance on operating point optimization
[1].

Authors [2] discussed the effects of screw speed and barrel temperatures on the
die melt temperature profile. The screw speed was identified as the most critical
parameter affecting the extruder motor power consumption while the barrel set
temperatures also show a slight effect. In this work, a thermocouple mesh technique is
used to measure the temperature profile of the melt flow prior to die entry and it was
found that temperature variations increased as screw speed increased. Of the barrel
zone temperatures, the effects of the feed zone temperature was more significant than
other three zones.

The results of numerical investigations show that no more than 90% of the
electric power consumed by the extruder motor is consumed to overcome the viscous
forces of the polyethylene melt, while the motion of the polymer material and
pressure injection use under 10%. The casing of the extrusion machine operates in the
mode of heat rejection practically throughout the whole length, apart from the initial
portions at the loading area. During design of plasticizing extruders, it is necessary to
account for the obtained regularities of power consumption to provide the extruder

casing with an effective system of heat rejection [3].
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Despite a relatively low pressure (3-7 kg/cm 2) developed by these machines,
they have a number of valuable advantages. These include a good distribution of dyes
in the mas being processed and a good homogenization of the metal, work with a
short residence time in the mastication chamber, are simple in design and small in size
(screw extruders occupy 2-3 times more floor space than disc extruders). It was
calculated power consumption of disc extruders and it was found extruder drive
horsepower (as a function of disc size and speed) [4].

Although the power consumption of a single screw extruder is relatively
insignificant, the use of electricity can be reduced by using a disk extruder for
processing polymer compositions [5], which melting occurs due to dissipation energy,
which leads to lower specific energy consumption, as well as constant productivity,
thanks to the dosed power supply, gives the chance to control flexibly thermo-
mechanical loading on a melt and its quality by means of change on £20-25% of size
of turns of a disk and a disk backlash.
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MODERNIZATION OF THE SELECTIVE OIL PURIFICATION UNIT
WITH THE DEVELOPMENT OF A STRIPPING COLUMN AND A STEAM
GENERATOR

Dmytruk A.V., Ph.D., associate professor, Ph.D Stepanyuk A.R.
National Technical University of Ukraine
«Igor Sikorsky Kyiv Polytechnic Institute»

Abstract. The purpose of the oil and the technological scheme of selective
purification of oil are described. The directions of installation modernization are
substantiated

Keywords: LUBRICANT, MODERNIZATION, SELECTIVE CLEANING

MOJIEPHI3AIIA YCTAHOBKHA CEJEKTUBHOI OYNCTKN MACTWJIA 3
PO3POBKOIO BIIMAPHOI KOJIOHU I TAPOTEHEPATOPA
Mmarictpiant Imutpyk A.B., k.1.H., go1. Ctenantok A.P.
Anomauyia. Onucano npusHa4eHHs Mamuiad ma MexXHOIO02IYHY CXeMy CeleKMUBHOI
ouucmku macmuna. Ob62pyHmo8ano HanpsAMu MoOepHizayii yCmaHo6Ku
Knrouoei cnosa: MACTHUJIO, MOJ[EPHI3AL[IA, CEJIEKTUBHA OYUCTKA
Lubricant is a fatty substance (petroleum, synthetic, etc.) for lubricating various
surfaces and mechanisms, because it reduces friction between the elements, which
increases their service life and efficiency. They are used to lubricate the elements of
machines that operate periodically with low load and at low speeds. Improvement of
certain grades of mineral oils is achieved by adding in small quantities (from 0.01 to
10%) various chemical compounds - additives [1].
Figure 1 shows the technological scheme.
Installation of selective purification of oil raw materials phenol consists of two
main sections: absorption of raw phenol from vapors of azeotropic mixture of phenol
and water, extraction of phenol regeneration with extractive and raffinate solution,

"water circuit"
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The raw material from the absorber 4 through the refrigerator 5 is fed into the
extraction column 6 (in the middle part). In the upper part of the column 6 from the tank
3 through the heater 8 is fed phenol. From the tank 20 in the lower, and if necessary in
the upper and middle part of the column 6 is fed phenolic water. The temperatures in
column 6 are determined by the temperatures of phenol and raw materials. To regulate
the bottom temperature, a part of the extract solution is circulated through the
refrigerator 9.
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Figure 1 - Installation of selective purification of crude oil with phenol

1, 2,5, 8,09, 13, 15, 17, 19, 22 - heat exchange equipment; 3 - phenol capacity; 4 -
absorber; 6 - extraction column; 7 - pump pump extract solution; 10 - capacity of the
raffinate solution; 11, 12 - phenol regeneration columns from raffinate solution; 14, 18 -
furnaces; 16, 21, 24 - phenol regeneration columns from the extract solution; 20, 23 -
phenolic water capacity;

And - raw materials; Il - phenol; Il - raffinate; IV - extract; V - phenolic water; VI
- water vapor.

Regeneration of the raffinate solution is carried out in two stages. Leaving by
gravity from the top of the column 6, the raffinate solution is collected in the tank 10,
where through the heat exchanger 13 is fed into the furnace 14 and the evaporator

column 17. Leaving from the top of the column 11 phenol vapor is cooled and
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condensed in the heat exchanger 1 and refrigerator 2, the condensate A solution of
raffinate containing 5-6% phenol from the bottom of the column 11 flows into the
stripping column 12, at the bottom of which is introduced sharp water vapor. Vapors of
phenol and water from the top of the column 12 are condensed in the refrigerator 22, the
condensate is collected in the tank 29. The raffinate through the heat exchanger 13 and
the refrigerator is pumped out of the installation.

Regeneration of the extract solution is carried out in three stages. The extract
solution is pumped from the bottom of the column 6 by the pump 7, the operation of this
pump regulates the level of separation of the extract and raffinate phases in the
extraction column. The extraction solution through the heat exchanger 15 is fed to the
drying column 16, from the top of which are vapors of azeotropic mixture of phenol and
water entering the absorber 4 or through the condenser-refrigerator 19 in the tank 20.
Dehydrated extract solution from the bottom of the column 16 passes through the heater
17 condensing phenol vapor, then through the furnace 18 is fed to the evaporator column
21. Additional heat is introduced into the column 21 by the extractive solution
circulating through the coils of the furnace 18. Phenol vapors coming from the top of the
column 27 are condensed in the heater 7, heat exchanger 15, cooled in the refrigerator 2;
phenol is collected in tank 3. The final evaporation of phenol is produced by hot steam
in column 24, from the top of which vapors of a mixture of water and phenol are
removed, and from the bottom - the extract, which is removed from the refrigerator
through the refrigerator.

The aim of the work is to modernize the plant of selective oil purification by

modernizing the stripping column.
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UDC 536.27
CALCULATION OF THE AVERAGE TEMPERATURE IN A PLATE
HEAT EXCHANGER WITH MIXED FLOW SCHEMES
master student Italiantsev O., senior lecturer, Ph.D. Dvoinos Y.
National Technical University of Ukraine

«Igor Sikorsky Kyiv Polytechnic Institute»

ABSTRACT: For the plate heat exchanger has been analyzed flow schemes for
gas - liquid system. Based on the conducted numerical experiments, a new approach
in the optimization of gas - liquid flow schemes in a plate heat exchanger with respect
to the dimensions of the heat exchanger is proposed. An example of optimization of
dimensions of a plate heat exchanger due to the choice of a rational scheme of heat
carrier flows is given.

KEYWORDS: plate heat exchanger, mixed flow schemes, average
temperature.

AHOTANIA: TIlpoaHanizoBaHO CXEeMH TIIOTOKIB Y IUTACTUHYACTOMY
TEIJIOOOMIHHUKY JUIi CHCTEM Tra3 — piJuHa, HAa OCHOBI IPOBEIACHUX UYHCEIBHUX
eKCTICPHMEHTIB 3alpONOHOBAHO HOBHH MIAXiT Yy ONTHUMI3aImii CXeM IIOTOKIB
TEIUIOHOCIiB Ta3 — piluHAa B TUIACTHHYACTOMY TEIUIOOOMIHHHKY BiIHOCHO rabapwHTiB
TeruiooOMiHHMKa. HaBegeHo mnpukiaa onTtumizamii rabapuTiB  TETIOOOMIHHUKA
MJTACTHHYACTOTO 33 PaXyHOK 0OpaHHS paIlioHAIbHOI CXeMH TOTOKIB TETIOHOCI1B.

KJ/IIOYOBI CJIOBA: miacTHHYAaCTUN TETUIOOOMIHHUK, 3MIIIAHUN CTPyM,
CepenHil TeMIiepaTypHUN HaITip.

The dimensions of heat exchangers directly depend on the hydrodynamic mode
of movement of heat carriers and the average integral difference of temperature. But
for gas-liquid systems, the hydrodynamic mode occurs in the laminar mode.

Therefore, the analysis of flow schemes for such heat exchangers is important. Figure
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1 shows three variants of flow schemes, which significantly affect the main

parameters of the heat transfer process.

<+ <+—
— —=

<+ <+—
—= <—

<+ <<1—
—> —

al b/

a — countercurrent flow; b — mixed flow;
c — actual flow in a plate heat exchanger
Fig 1 — Organization of flow schemes heat carriers

In the real plate heat exchanger (Fig. 1c) there is a cross-flow. Therefore, to
increase the heat transfer coefficient from the liquid, it is advisable to organize a
mixed flow (Fig. 1b). This will lead to intensification of the hydrodynamic mode of
fluid motion, the heat transfer coefficient will be equal to the heat transfer coefficient
of the gas. Which significantly improves the overall heat transfer coefficient from
liquid to gas.

For the mixed flow of heat carriers in the literature [1] the analytically received
transcendental equation for definition of average temperature difference between heat
carriers is resulted:

AL - V(ty —to)
A%

v In[(ton +tok _tvn _tvk)+ (ton _tok)_(PJ ,

(ton +tok _tvn _tvk)_v(ton _tok)_(P

where ¢ =(t, —t,,)| cth b |- 2 [ 5= | | the amount of fluid
2At M M At

av av

passages; ton — inlet gas temperature, °C; tox — outlet gas temperature, °C;
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ty — outlet liquid temperature, °C; ty, — inlet liquid temperature, °C;

2
coefficients v=,[1— 2 Lt
M t,—t,

Solving the transcendental equation in Python 3.7 showed the following local

solutions for conditionally identical environments, Table 1.

Table 1
At Aty M Atay 10g Alay mix Error, %
3 15 21416 7,456 6,411/6,151/6,100 14,0/17,5/18,2
4 15 21416 8,322 7,241/6,860/6,783 13,0/17,6/18,5
5 15 | 2/4/6/8 9,102 8,023/7,510/7,405 11,9/17,5/18,6

Ats — smaller temperature difference, °C; At, — biggest temperature difference,
°C; M — the amount of fluid passages; Atay 1oy — the average temperature difference for
the known countercurrent flow dependence; Ata mix — the average temperature
difference for the transcendental equation for mixed flow.

Conclusion: existing methods and equations for determining the average
temperature in a plate heat exchanger with mixed flow require refinement and

verification to given the existing cross-flow.
References:
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UDK 66.048.3.069.835
MODERNIZATION OF THE PLATE OF THE MASS
TRANSFER APPARATUS
student Denysenko D., senior lecturer, Ph.D. Dvoinos Y.
National Technical University of Ukraine
«Igor Sikorsky Kyiv Polytechnic Institute»

Abstract. Proposed to modernize the design of the plate of mass exchangers for
gas (steam) - liquid systems designed for absorption, rectification, namely - mounting
the mass plate in the body of the apparatus, which simplifies manufacture and
installation and allows the use of standard mass transfer plates.

Key words. Rectification, mass transfer equipment, distillation plate.

Anomauin. 3anpononosana MoOepHizayisn KOHCMPYKYIi MapiiKu MacooOMIHHUX
anapamis 011 cucmem 2a3 (nap) - piouna, NpusHaveHux OJisi npoyecie abcopoyii,
pexmuikayii, a came, — KpinieHHs MACOOOMIHHOI Mapiiku 6 KOpnyci anapamy, sike
00380.15€ cnpocmumu 6UCOMOBIEHHA I MOHmMAMC Ma 00360JA€ suUKopucmosyesanmu
CMAHOAPMHI MACOOOMIHHI MAPIIKU.

Kniwouoei cnoea. pexmugbixayis, macoobminne  001a0HAHHA,  MAPLIKA
pexmuikayitina.

Plates of mass exchangers have a wide range of designs and principles of
operation, and contain mass exchange elements that provide contact of liquid and gas
(steam) phases.

Known cap plates [1], which are widely used in the oil refining and chemical
industries, the plates are fastened with an elastic cord AC 10, which is compressed
between the plate body and the bracket by bolts, while the cord is distributed and fixes
the plate in the cylindrical body.

The disadvantage of the known design of the plate is the complexity of
manufacture and installation, namely: flanging of the plate body with sufficient

accuracy to seal the gap between the plate body and the cylindrical body of the
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apparatus.

The closest in technical essence to the proposed utility model is the fastening
unit of the mesh plate [2], which contains the wall of the housing, where a triangular
gasket with plates between the split rings, and the plate is fastened with a threaded
connection.

This design of the plate simplifies the installation and manufacture of the plate,
but the disadvantage compared to this analogue is the small radial gap that can choose
the gasket, and, accordingly, the complexity of manufacturing the cylindrical body of
the device of the required accuracy.

The modernization is based on the task of improving the design of the plate of
the mass exchanger to simplify the design, manufacture and installation.

The problem is solved by the fact that in the design of the plate of the mass
transfer apparatus, containing the plate body, ring, flange, elastic element and bolts
with washers and nuts, the elastic element is made in the form of a ring and a semi-
ring in cross section.

The use of an elastic plate element of the mass transfer apparatus in the form of a
ring and a semi-ring in cross section provides a larger radial gap between the plate
body and the apparatus body, which simplifies the installation and manufacture of the
mass exchange plate and plate.

The essence of the modernization is illustrated by the drawing, which shows the
plate body 1, ring 2, flange 3, an elastic element in the form of a ring and semi-ring in
cross section 4, bolts with washers and nuts 5, 6, 7 and the body of the mass
exchanger in which plates 8 are attached. determining the dimensions of the plate
design of the mass transfer apparatus include the height of the elastic element H
before its compression and after, and the radial gap between the plate body and the
body of the mass transfer apparatus 6. The recommended clearance of this design is
5=0.2H.

The design of the plate of the mass transfer apparatus is as follows: a ring 2 and
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bolts 5 are welded to the plate body 1, an elastic element in the form of a ring and a
half-ring in cross section is put on the outer surface of the ring, a flange 3 is put on
top. The plate is inserted into the body of the mass exchanger and the nuts are
tightened, while the elastic element is elastically deformed, changing shape in cross
section from the semicircle to the oval and clamped between the ring of the plate and

the body of the mass exchanger, forming a tight connection.

1 - plate body of the mass transfer apparatus; 2 - ring;
3 - flange; 4 - elastic element in the form of a ring and a semi-ring in cross section;
5 - nut; 6 - screw; 7 - washer

Fig. 1 — The design of the modernized plate of the mass transfer apparatus

Conclusion: the proposed modernization can be used as a structural element for

the distillation column.
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EXISTING APPROACHES OF MATHEMATICAL INTERPRETATION OF
EMULSIFICATION
V. Kosenko, PhD-student;

O. Seminskyi, PhD, Associate Professor, academic supervisor

National Technical University of Ukraine
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Anomauin. Ilposedeno 02ns0 icHyrOUUX NiOX00i8 00 MAMEMAMUYHO20 ONUC)
eMYIbCYBAHHS, PO32TAHYMO PAKMOpU, W0 BNIUBAIOMb HA NPOYeC.

K/ITIO490BI CJIOBA: HUCIIEPCHICTHB, PO3MIP YACTOK,
EMYJIPCYBAHHAL.

Summary. The existing approaches te for mathematical interpretations of
emulsification have been reviewed and the factors influencing the process have been
considered.

KEYWORDS: DISPERSITY, DROP SIZE, EMULSION.

The development of mixing equipment is complicated by difficulty in
calculation of the product dispersion caused by insufficient study of the process of
droplet formation. In this regard, mixing devices design is based on the method of
“trial and error”, which leads to increased development costs, start-up problems,
material losses resulted from repeated tests, the selection of a rational mode of
processing and complexity of scaling. Therefore, it is reasonable to analyze existing
approaches to the calculation.

The classical approach to the mathematical interpretation of emulsification in a

turbulent stream offered by Kolmogoroff and Obukhov [1] describes relations
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between the largest diameter of the droplets and internal scale of turbulence and is

expressed in dependences:

13

Ay =| —— 243 for e <4
WerV pC
, (1.1)
Ay =| ——s— | 2%° for O >> 4
WerV p(,

We,, _ critical value of

where o - surface tension, #c - density of continuous phase,
Weber number (when the maximum particle size is greater than the internal scale of

turbulence), We,, — critical value of Weber number (when the maximum particle size

is less than the internal scale of turbulence),v - kinematic viscosity, 4 _internal scale

of turbulence, d

max - the largest diameter of the droplets.
Hinze [2] proposed to express the balance of external forces acting on the
droplets and the surface tension, from which the maximum diameter of the droplets is

presented as follows:

3/5
dmaX: -2/5 zj
A [p | (12)

where A - proportionality constant, ¢ - rate of energy dissipation per unit mass of
liquid, o - surface tension, #¢ - density of continuous phase.

For viscous turbulent flow, where the droplets sizes is less than % Shinnar [3]
proposed the following expression to determine the maximum diameter of the
droplets:

o (1.3)

12!

= )

max

where A, - proportionality constant, ¢ - rate of energy dissipation per unit mass of

liquid, # - dynamic viscosity of continuous phase, o - surface tension, #- - density

of continuous phase.
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Sprow [4] suggested that at high values of Reynolds number the rate of energy
dissipation per unit mass is not variable and is valid for dissipation at the edge of the

mixing device and generalized equations (1.1)-(1.3) and obtained the expression:

O
Aoy = A P (1.4)

where A - proportionality constant, " - rotor speed, L - rotor outer diameter, o -

surface tension, #- - density of continuous phase.

Davies [5] contributed to further development for theories of Kolmogoroff-
Obukhov and Hinze taking into account the viscosity of the dispersed phase. The
expression obtained by Davies to determine the maximum diameter of the droplets is
the following:

Vsgus 506

dmax = A4 (1+ As HoZ omex J 8—0.4p0.6 ! (15)

o c

where A and A - proportionality constant, # - dynamic viscosity of dispersion

phase, d,. . - diameter of the droplets, ¢ - rate of energy dissipation per unit mass of

Omax

liquid, o - surface tension, #c - density of continuous phase.

Calabrese et al. [6] compared the energy required for droplet deformation with
the Kinetic energy of turbulent vortices and considered the difference in the density of
the dispersing and dispersed phases. As the result, the following formula was

obtained:

12 1343 5
g max i *
Ao = A [14_ A [Z_:J A 'ude z 2/50_3/5p03/5 (16)

where /5, % and A - proportionality constant, = - density of dispersing phase, #¢ -

O .- diameter

density of dispersed phase, # - dynamic viscosity of dispersed phase,
of the droplets, ¢ - rate of energy dissipation per unit mass of liquid, @ - surface

tension.
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Another approach to clarifying the Kolmogoroff-Obukhov and Hinze equations
Is that the dispersed phase can cause coalescence of droplets and dampen turbulent
oscillations (which depend on the volume fraction ¢), the correlation coefficient f (o),
empirically expressed by the linear ratio (1 + ag), is added to the equations of
Kolmogoroff-Obukhov and Hinze. The resulting ratio is suitable for droplets in pure
systems [7-8]:

dmax — Ag (1+a¢) 8_2/5(73/5,0(:_3/5 (17)

d

where %- proportionality constant, #c - density of dispersing phase, “m - diameter

of the droplets, ¢ - rate of energy dissipation per unit mass of liquid, o - surface

tension, (1+ a?) - correlation coefficient.
Padron in the study of emulsification using a Rashton turbine stirrer [9]
assumes that the total power dissipated in the impeller volume is greater than the

maximum energy dissipation rate per unit mass of fluid, but not more than (10%):
O = A ()%, (1.8)

where - proportionality constant, ¢ - rate of energy dissipation per unit mass of
liquid.

Gingras and others [10] obtained an equation (1.9) taking into account the
concentration of the dispersed phase and specified that the temperature difference in
the tank and in the working area does not have a significant effect in determining the
predicted particle size. The authors point out that, results of calculations with
equations based on the balance of forces between turbulent and laminar flow do not
correspond to their experimental data and explain this by the rheological properties of
the material and the peculiarities of the influence of mixing equipment:

O = Ao(%] o (1.9)
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where A, - proportionality constant, = - density of dispersing phase, ¢ -
concentration of dispersed phase, Q - volume flowrate, N - rotational speed, b, ¢, d -
coefficients of the equation.

Vankova and others [11] used the approaches of Kolmogoroff-Obukhov and
Hinze, mentioned above and took into account the properties of non-Newtonian fluids
to determine the predicted particle size, as follows:

d_ =A,cc ™ (gp,) ™™, (1.10)

where A, - proportionality constant, #= - density of dispersing medium, ¢ - rate of

energy dissipation per unit mass of liquid, ¢ - surface tension, ¢ - consistency of
emulsion, m - power index characterizing the rheological properties of concentrated
emulsion.

This brief review of existing studies of the mathematical interpretation of the
emulsification shows that the design features of the devices significantly affect the
hydrodynamic process. Considering the lack of studied processes and absence of
universal equation to determine the droplet size of emulsions, there arises a need for
further research focused on the unification of the equation and a detailed study of

factors influencing the process.
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EDUCATION OF A NEW GENERATION OF STUDENTS
ON THE PRINCIPLES OF GLOBAL EUROPEAN THINKING
senior lecturer, Ph.D. Dyda B.
HauionaJibHMH TeXHIYHUI YHIBEPpCUTET Y KpaiHH

“KuiBcbkui nojirexniynuii incturyT Iropst Cikopcbkoro”

Anomayia. Poszensnymo npobaemu 6uUxo8amHs NI0epCbKux sAKocmel )
cmyoenmie KIII im. leopa Cixopcvkoco. Ocho8HYy yeacy NpuodileHO NUMAHHAM, SKI
came sIKOCMi Cai0 8UxX08ysamu 8 MAuUOYmHuix aidepis, AKi iIHCmpymMeHmu Maoms oymu
3a0iani 8 mnpoyeci Qopmy8aHHsA MAKUX SAKOCMel, AKY pOolb HPU YUbOMY MOdiCe
gidiepasamu  3any4yeHHs CMyOeHmié 00 Yyyacmi 6 Npocpamax MIiNCHaAPOOHOT
aAKaoeMiuHoi MOOLTbHOCMI MA 8 MINCHAPOOHUX 2PAHMOBUX NPO2PAMAX (POPMYBAHHSL
JOEPCLKUX AKOCMel y CYOeHMCbKOI MONO0OL.

Kniwouoei cnosa: midxcnapooui npoepamu, epanmu, MI*CHAPOOHA aAKAOeMiuHa

MOOLIbHICMY, 1I0ePCbKULL NOMEHYIA.

Ha mowaTky ciii MosScHUTH, IS 4OTO 1 T Koro B YKpaiHi 1e nmotpioHo. s
Vkpainu, 1, 30kpema, ans HalloHanmbHOTO TEXHIYHOTO YHIBEpCUTETY YKpainu
«KuiBchkuit monitexHiyHUM HCTUTYT iMeH1 Iropst CikopchKOro» € BKpail BaKJIMBUM
dbopMyBaHHS HOBOTO TIOKOJIIHHS CTYACHTIB, MOJOJMX BYCHHX 1 BHUKIIAJaviB,
BUXOBaHUX Ha MPHUHIMIAX TI00aTFHOTO €BPOMEUCHKOTO MHUCIEHHSA. {75 1boTo Cciif
BCUIAKO CHPUATH PO3IMIMPEHHIO YyYacTi MOJIOAI B MDKHApOAHUX IMporpamax
BUXOBaHHS JifepiB. lle MaroTh OyTm migepu 3 HOBOW JUIsi Hamiol KpaiHu
€BPOICHCHKOI0 MEHTAIBHICTIO, 3 HOBUMH aMOIIIisIMU, 030pO€HUX HE JIMIINEC 3HAHHIMHU
B CIICIIAJIBHUX TeXHIYHUX cepax, aje i BaKIMBUMU Il MAaHOyTHHOT yIpaBIiHCHKOT
emt YKpaiHM HaBUYKAMU JIEMOKPAaTUYHUX 1 EKOHOMIUYHUX TEPETBOPCHb,

JEP>KaBHOTO YIIPaBIIIHHS.
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Brnacue, 1ie 1 € BIANOBIAII0 HA 3alUTAHHS, JUIS YOTO 1 JIJIsL KOTO 11€ TOTPIOHO.
AJie 32 HUM TIOCTAa€E 1HIIE: K1 caMe SIKOCTI MOTPiOH1 Jiaepy?

[x 6arato, ajne HalilepIUMHU y IXHLOMY TIEpPENIiKy, € HAEBHO TaKi:

— BUCOKHU HTENEKT, IUPOKUN KPYro3ip, aHAIITUYHUN PO3yM, npodeciiina
KOMITCTCHTHICTD;

— 3JIaTHICTh IIBHJKO BYUTHUCS HOBOMY, €BPUCTUYHICTH MHCIICHHS, BMiHHSI
TCHEPYBaTH iJIei Ta OPraHi30BYBaTH iXHE BIPOBAKEHHS Y )KHUTTS,

— BMIHHS TpaIOBaTU B KOMaH/I1l, OpraHi30ByBaTu ii poOOTY 1 BpaXxOByBaTU
CWJIbHI Ta c1a0Ki CTOPOHU KOXKHOTO 11 UJieHa;

— 3JaTHICTh (POPMYJIOBATH YITKI LIl 1 CHIPOMOXKHICTh HaJUXaTH HUMU
OYOJTIOBaH1 KOJIEKTHBHU.

JlizepchKi SKOCTI MOXKYTh (POPMYBATHCS 32 IOMOMOTOI PI3HUX MEXaHI3MIB 1 B
pi3HUX cdepaX OCBITHBOI, HAyKOBO-TEXHIYHOI Ta COIIaIbHOI JISJIBHOCTI MOJOJIUX
JMIOeH.

BuxoByBaTtu Taki sxkocti y cryaeHTiB KIII MoxauBo ¥ HUISXOM 3aidydeHHs ixX
710 Y4acTi y BIIMIOBITHUX MIKHAPOIHUX IPAHTOBUX MTPOTpaMax.

dopmyBaHHS JIIEPCHKUX SKOCTEH B crelialbHuX TeXHIuHuX chepax y KIII He
B OCTAaHHIO 4Yepry € pe3yJbTaToM 30€peKEHHs TpPaJMIii YHIBEPCUTETY — THX
TpaaMIli, K1 3aKIaJaIucs 3 HaUTIepIIuX POKiB HOTO iCTOPIi.

Byxe Toxi cepen WOro CTYACHTIB 1 BUIYCKHUKIB OyJM HE juie KBajihikoBaH1
IH)KEHEepHU-1HHOBATOPH Ta HAYKOBIII, aje ¥ OYLIbHUKUA BEIUKUX HAYKOBHX KOJICKTHBIB
Ta OpraHi3aTopu BUPOOHHUIITBA, JIJAEPH IUIMX Talxy3eid. 3a MNpUKIagaMu JaJIeKo
XOJUTH HE TOTPiIOHO: BUAATHI aBiakOHCTPYKTOpH [rop Cikopchkuii (Yu€ iM’ S HOCHUTH
Tenep yHiBepcuter) Ta JMmurpo ['puropoBud; BHUIATHWUN BUYCHHUI-METAIypr,
OpraHi3aTop Ta KepiBHUK 0aratbOX METaTypriiHHX 3aBOAIB Ta [HCTUTYTy MeTanyprii
AH CPCP IBan bapain; dynmarop npaktuanoi kocMoHaBTUkH Cepriii Koponbos;
KOHCTPYKTOp aBlalliiHUX JBUryHIB Apxin Jltoipka; BUJIATHUM BYEHUW Yy Traiysi

TIIPaBIIIKA Ta TiIpOMEXaHIKU 1 OaraTopiuHuil nekaH mexaHiuHoro Qakynbsrety KIII
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I'eopriit Cyxomen; BumatHuil ¢axiBenp y Taqy3l JMHAMIKH CTIAKOCTI CKJIQHUX
KOJIMBAJTBHUX CHCTEM, TEHEPAIbHUA KOHCTPYKTOP PAKETHO-KOCMIYHOI TEXHIKH
Bonogumup Yenomeit; Tpoxu mizHime — Oaratopiunuii IIpesuneHt Axaaemii Hayk
VkpaiHu, BHJATHMIA OpraHizaTop HayKd, IH)XKEHep 1 BYEHUH y ramysi
enexktpo3BaproBaHHs bopuc Ilaton Ta Oarato-Oararo iHmmx. Ile Oynum ocobucTocTi,
YUsl ASUTBHICTh XapaKTEPU3YETHCS CIOBAMU <JTIOJIU, K1 3MIHUIIU CBITY.

[xui Tpamuiii chOroAHi po3BUMBAa€ CydacHe MHOKOJIHHS iHHOBATOPIB-
IANPUEMITIB. Y CHIIIHUMHU TPEACTAaBHUKAMH MOJIOJIOTO TMOKOJIIHHS 1HHOBATOPIB €,
ckaximo, Anapiit Konomntok, €rop Anuinikid 1 6arato iHmwmx BunyckaukiB KIII. He
noTpeldye JT0AaTKOBUX KOMEHTapiB iH(OpMaIlis, 3 SKOIO MOILTUBCS 31 CTYJEHTaMH TTi]]
gac cBoro Bizuty g0 KIII reHepanbHul JUPEKTOP BCECBITHHLOBIIOMOI KOpIoparrii
«Microsoft» Ctis banmep: BiH po3MoOBiB, 110 CHOTOAHI B KoMmaHii mpamroe moxaa 500
BUITYCKHUKIB KHiBCHKOT MOTITEXHIKH.

BaxxnmBrUM 1HCTpYMEHTOM MiITPUMKH LIUX YYyAOBHX Tpaaulii Ta GpopmyBaHHS
TAEPCHKUX SIKOCTEH MOJIOAMX JIFOJACH, SKI BHUPIIIUIN TMPUCBATUTU cebe poOoTi y
cdepi Hayku Ta TexHojorii, € B KITI Innosariiina exocucrema «Sikorsky Challenge.
[ ckIagHUKaAMHU €:

— Crapran-mkosa Sikorsky Challenge;

— MdectuBans crapran-npoektie Sikorsky Challenge;

— Oi3HEeC-1HKYOaTOP.

Hlopiuro Crapran-mkona Sikorsky Challenge BuBoaute Ha puHKH OIU3BKO
150 crapran-npoekTiB, SKI MDKHApPOJHE Kypl PEKOMEHAYE 1HBECTOpaM JUIsl BUXOMY
Ha HaIIOHAJIbHI Ta MDKHAPOIHI PUHKH.

Ane KIII im. Irops CKOpPhCKOTO MOXE€ THINATUCS OCATHEHHSIMHU CBOiX
BUXOBAHIIB 1 Y (yHIAMEHTAILHUX HayKaX, aJKe CepeJl CTYACHTIB YHIBEPCUTETY
HEMaJjio YeMITIOHIB 1 TpU3EpiB CBITOBUX OJIMIIIaJ] 3 MaTeMaTHUKH, MPOTPaMyBaHHSI,
[T-trexHonoriit. Ctatu 4eMIIOHOM CBITY Cepell CTYJIEHTIB — 1€ CUJIbHUM MOTHUBATOP

dbopMyBaHHS JTIIEPCHKUX SKOCTEH.
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BuxoBanns nigepcekux sikoctedt B KIII 311liCHIOETBCA TakoXX uyepe3 OCBITHIN
Mporiec, HAMpUKIaJ, 4epe3 JCKIIMHI KypcH, SKI BHUKIAJAIOThCS BCIM CTYyJIEHTaM
YHIBEPCHUTETY:

* «Fundamentals of sustainable developmenty,

* «Startup project managementy,

* «Hiroshima-Nagasaki: Peace Study Course» («Xipocuma-Haracaki: ypoku
Mupy», sikuii 0yB imruiementoBanuii B KIII 3aBnsxu cniBnpani 3 KynsTypHum
donmom Xipocimu).
3HauHy poJib y IbOMY IUIaH1 BiAIrpae TakoXX TrpaHToBa mnporpama €C

«ERASMUS+ KAl», ska 1gae MOXJIHMBICTh, BHKOPHCTOBYIOUM MEXaHI3MaMU
aKaJIeMIYHOT MOOLITLHOCTI, IOTYUYUTHUCS JI0 JKEPEN €BPOTNEHCHKOT MEHTAIBHOCTI caMme
yepe3 OCBITHIH mpomec. Ilpw mbOMYy BaXJIMBOKO CKJIAJOBOIO SK €BPOINEHCHKOT
MEHTaJILHOCT1, TaK 1 cBiTOBOi ieosorii «Social Cohesion» € KOHCEHCYCHUH MIIXI].

[le oaHi€0 TPYNOO IHCTPYMEHTIB, BUKOPUCTAHHS SIKUX JI03BOJISIE BUXOBYBATH
y cryaentiB KIII mimepceki SKOCTI, € 3ajiydeHHs iX 10 poOOTH B TPOMAJCHKUX
oprasizaiisx, pyxax, opraHax CTyJ€HTCbKOTO CaMOBPSITyBaHHS TOIIO.

CkaxiMo, came 3aBJIsIKH MOJIOJIUM eHTy3iactam Bxke moHan 20 pokiB y KIII gie
VYkpaiHCbKUIl LIEHTp TEeHAEepHOI OCBITU. YmpomoBxk noBroro mnepioxy KIII € tum
IPOMAJICBKUM CEPEJOBHINEM B YKpaiHi, sSIKe MIATPUMYE MPOCYBaHHS iel T'eHIepHOi
piBHOCTI B YKkpaini. Ile, 1o peui, mpuBeno no npuitHATTs 3akoHy Ykpainu «lIpo
3a0e3MeveHHs] PIBHUX MTPaB Ta MOXKIMBOCTEN KIHOK 1 YOJOBIKIBY.

Po3MipkoByroun Tpo NUIAXH PO3BUTKY JIJAEPCHKUX SIKOCTEH CTYACHTIB,
acmipaHTiB 1 MOJIOJUX HAyKOBIIB YHIBEPCUTETY, BapTO 3a3HAUWTH, IO CHOTOJHI
VYkpaini B3araii, ¥ yHIBEpCUTETY 30KpeMa HEOOXiHa JOTMOMOTa Yy 3amo4yaTKyBaHHI
CHiBpOOITHHIITBA CamMe€ 3 MDKHApOJHWMH TPAHTOBHUMH TporpaMamu (OpMYyBaHHS
TACPCHKUX SKOCTEH MOJOJI, a TaKOX 3 BIAMOBIAHUMH IporpamMaMd IPOBITHHUX
yHiBepcuteTiB €Bponu  Ta CIIA. Ile, mnepemyciM, mnporpamu i KpaiH

Yopuomopcrskoro periony «llormsn y maiOytHey»; CraxyBanns B Pami €Bponu
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«/lepxxaBHe ynpaBiiHHS»; nporpamu lloasceko-AMepukancbkoro Qgonny «OcBita
JUISL IEMOKpaTii»; nporpama PeliHcko-BecT(aabChbkoro TeXHUYECKOr0 YHUBEPCUTETY
Axena (RWTH) «Women in Engineering» («IlinTpuMKka >KIHOK B IHXCHEpPIi»);
[Mporpama HATO «Hayka 3apamu mupy 1 Oe3nekm»; «US Department of State
Leadership Programy; Ctunenais Peitrana-®acens (CIIA) «Po3BUTOK JeMOKpaTii»;
Bbpuranceki ypsnosi crunenzii Chevening Scholarships 3 nepxasnoro ympasmiHHS;
nporpamMa aMepMKaHChbKOl HeypsgoBoi opranizamii  Altas Corps «Hapuanus
JIEMOKPATHYHUX Ta CKOHOMIYHHUX PePopM» TOIIO.

OxkpiM 1pOro, 6araTo yHiIBEpCHUTETIB MalOTh BJIACHI MOJ10HI mporpamu. Jleski
iXHI TpaHTU MporpaMm Haiii cTyJaeHTH BurparoTs. Hanmpuxman, y 2018 ta 2019 poxax
nei peneraiii KIII yucenshicTio 60 Ta 100 cTyaeHTOK, aciipaHTOK 1 MOJIOIMX JKIHOK-
BUCHUX Y3SUIM Yy4acTh Yy TpaauliiHid MikHapoaHiii koHdepeHiii €Bpocoro3y
«Perspektywy Women in Tech Summit», sika Mae reHACpHY CHPSIMOBAaHICTh i
HaOJIMKa€e HAC 0 €BPONEUCHKUX IIIHHOCTEH.

Huni Han3BUYaiiHO aKTyaJIbHUM € 3aBJaHHS 3a0€3MeUnTH ICTOTHE 301IbIICHHS
ydacHUKIB moioHux nporpam. Tomy KIII mpoBoguTs minecnpsMoBaHy poOOTY 11010
3QJIydeHHsI CTYJICHTIB JI0 yYacTi y MIDKHApOJHHMX CTYJICHTCHKUX OOMiHaX depe3
IporpaMM akajaeMiyHoi MOOUIBHOCTI, y BHUOOpIOBaHHI rpaHTiB y mporpamax €C,
IHITUX MDKHApPOJHUX MpoeKTaX. | OJHIEIO 3 IIeH Takoro 3ajdydeHHS € BUXOBaHHS

HOBOTO TIOKOJIIHHS MOJIOJIi Ta CTY/ICHTIB 1 (JOPMYBaHHA Y HUX JIIJEPCHKUX SKOCTEH.
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UDC 678.5
THE IDEA OF PLASTIC PROCESSING IN THE CONTEXT OF
CONTROLLING ENVIRONMENTAL POLLUTION
V. Derksen, student; M. Byshko, PhD-student;
O. Seminskyi, PhD, Associate Professor
National Technical University of Ukraine

“Igor Sikorsky Kyiv Polytechnic Institute”

AHOTALIIA

IIpoananizosano  npobremy  3a0pYOHeHHsT — NIACMUKOM — HABKOJIUULHBOZO
cepedosuwa. Busnaueno menoenyiti 0o 3pocmants 06¢cA2i6 NAACMUKOB020 CMImMmA,
Wo 3azpodcye cmabilbHOMY ICHY8AHHIO eKocucmem. 3a3HauyeHo nioxoou 00
3MEHWIEHHSI  He2amusHux  (pakmopié  6HACHIOOK  CHONCUBAHHA — NIACMUK).
3anpononosarno idero, wo cnpusic axmugizayii 6MOPUHHOI nepepoOKU NAACTMUKOBUX
8i0X00i8 3 nepepodKoI0 iX Ha PYHKYIOHATbHI BUPOOU.

K/ITIO90BI CJIOBA: EKOJIOI'AI, HABKOJIMIIHE CEPEJ/[OBUIIE,
HVIACTHUK, IIEPEPOBKA

SUMMARY

The problem of plastic pollution of the environment is analyzed. Trends in the
growth of plastic waste, which threatens the stable existence of ecosystems, have been
identified. Approaches for reduction of negative factors due to plastic consumption
are indicated. The idea that promotes recycling of plastic waste with their processing
into functional products is proposed.

KEY WORDS: ECOLOGY, ENVIRONMENT, PLASTIC, PROCESSING

Every year, tens of millions of tons of plastic are released into the environment,

harming biodiversity, the economy and, potentially, human health. Out of the 9 billion
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tons of plastic produced in human history, only 9 % has been recycled. Most plastic
ends up in landfills or the environment. Global plastic production is growing rapidly.
By 2030, the world can be potentially producing about 619 million tons of plastic a
year. If the current models of consumption and waste management are not changed,
by 2050 about 12 billion tons of plastic wastes will be found in landfills and the
environment, and global gas emissions related to the life cycle of plastic may be up to
10...13 % of the balance of our emission limit, which must be maintained to keep the
temperature rise on the planet within 1,5 °C. [1, 2]

Most types of plastic produced do not have the ability to biodegrade. Instead,
they slowly break down into smaller particles - microplastics. Particles of plastic have
been found in table salts, and studies show that microplastics are found in 90 % of
bottled and 83 % of tap water. Being eaten by fish, microplastics can also get into our
food chain. There is evidence that toxic chemicals used in the production of plastics
are transferred to animal tissues, and, as a result, entering the human food chain.
Plastic waste is often incinerated for heating or cooking, exposing people to toxic
emissions. Burning plastic in the open air releases harmful gases such as furan and
dioxin. [1]

According to forecasts, the trend of rapid growth of global production and
processing of plastics will continue for the next 10...15 years [1]. Hydrocarbon
producers intend to increase fossil fuel production by another 40% over the next 10
years, and plastics are expected to account for 20 % of global oil consumption.
Companies, including Shell and ExxonMobil, have invested $180 billion in plastic
production since 2010, using cheap natural gas from hydraulic fracturing in the
United States. European companies are also actively using fracking gas. For example,
Ineos Corporation is investing the largest in the EU in the last 20 years in
infrastructure for the production and processing of plastics. It is also reported that in

Asia, petrochemical manufacturers, including Sinopec, Petronas and Hengli
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Petrochemical, are investing billions of dollars in expanding the production and
processing of plastics. [2]

It is obvious that with increasing production of plastic, its impact on the
environment, including humans, will only increase [2].

Many plastics are designed to be discarded immediately after use. Thus, plastic
packaging, the largest source of plastic waste, accounts for the largest share of world
plastic production. To reduce plastic contamination, many manufacturers of everyday
consumer goods (FMCG-companies) have made various voluntary commitments to
make their plastic packaging more suitable for reuse, composting or recycling.
However, to date, no large FMCG-company has committed to reduce the total volume
or number of units sold in disposable packaging or to invest heavily in reusable
delivery systems [2].

In such conditions, a partial, but quite effective, solution is to move to more
cyclical models of design and production. Currently, there are many different options
for reusing packaging, and with the help of innovations they can be developed even
more. FMCG-companies and plastic manufacturers have long promoted the idea that
recycling is the best way to prevent plastic in landfills, but more than 90 % of all
plastic produced is never recycled [2].

Plastic packaging made of polyethylene terephthalate (PET) (e.g. bottles for
carbonated water and water) and high density polyethylene (HDPE) (e.g. milk jugs,
washing powder containers) is usually subject to build up in many separate waste
collection systems, but the rate of recycling for it is still shockingly low: half of the
PET sold is never going for recycling. Most of the plastic packaging is processed into
lower quality products that are not subject to further processing [2]. For example,
today about 1 million plastic bottles are used in the world every minute [1], and only
7 % of these bottles are converted into new ones [2]. This determines the potential for

the creation of new and development of existing processing technologies.

136



XIX mixHapogHa HAyKOBO-NIPAKTUYHA KOH(EpeHLli CTYAEHTIB, aCHIPaHTIB 1 MOJIOIUX
BueHux ~Pecypcoenepro3oepiraroyi TeXHOJIOrIT Ta 001aAHaHHSA

One of the options that help solve the problem of plastic processing is to
expand the use of additive technologies. The potential for the implementation of this
area is a significant reduction in cost and growing proliferation of 3D-printing
technologies, which allows you to create compact workstations and production
literally at home. However, 3D-printing requires raw materials, of which, today,
plastics supplied in the form of filament (printed threads) are widely used. It is not
necessary to use plastics exclusively from primary raw materials - they can be
obtained by recycling, including from plastic waste. In the latter case, the cost of
obtaining a filament is minimized, which leads to a significant reduction in cost, and,
consequently, increase the availability of products made from it.

The essence of the proposed idea is to create and distribute equipment for the
production of filament in order to produce raw materials for the manufacture of
functional products demanded by the consumer, including artificial products that meet
the individual needs of the consumer. The proposed equipment should be comparable
in compactness and no less accessible than devices for 3D-printing. Small extruders
and grinders can become such equipment. Development of this equipment, promotion
of its implementation and use both privately and in small businesses will increase the
amount of recycled plastic by increasing the motivation and level of involvement of
citizens in solving the problem of pollution, localization of plastic waste recycling,
and reducing recycling chains and transformation cycles waste into products.

References:

1. Cocrosinue miacTuka. BceMupHsliil 1eHb okpyskarornieit cpeast 2018 /

https://wedocs.unep.org/bitstream/handle/20.500.11822/25513/state plastics WED
RU.pdf.

2. byayiiee B MyCOpHOM KOp3UHE: KaKk OM3HEC MPUHUMAET HEBEPHBIC PEIICHUS

o mpobJIeMe MIACTUKOBOTO 3arpsi3HEHUS. /

https://greenpeace.ru/wpcontent/uploads/2019/10/FalseSolutions RU.pdf.
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CEKLIS 2
«OBJIAJJTHAHHSI JTICOBOT'O KOMILJIEKCY»

138



XIX mixHapogHa HAyKOBO-NIPAKTUYHA KOH(EpeHLli CTYAEHTIB, aCHIPaHTIB 1 MOJIOIUX
BueHux ~Pecypcoenepro3oepiraroyi TeXHOJIOrIT Ta 001aAHaHHSA

UDC 664.661
HYDRAULIC RESISTANCE INVESTIGATION OF GAS
DISTRIBUTION DEVICE IN APPARATUS WITH PSEUDO-LIQUEFIED
LAYER
student V. Voitiuk, PhD, prof. V. Marchevsky, PhD, assistant Y. Grobovenko
National Technical University of Ukraine
«lgor Sikorsky Kyiv Polytechnic Institute»
Abstract: The apparatus description of the fluidized bed and the results of the
hydraulic resistance investigation of the gas distribution device.
Keywords: gas distribution device, fluidized bed apparatus, hydraulic
resistance, fluidized bed.
Annomauyia: HagedeHo onuc anapamy Nncegoo3pioNceHo2o wiapy, ma
pe3yabmamu 00CL0AHCEHHS 2I0PABIIUHO20 ONOPY 2A30PO3N00LILHO20 NPUCTIPOIO.
Kniouoei cnosa: 2azopo3nodinonuili npucmpiti, anapam ncesoo3pioNceHo2o

wapy, 2iopasniunuil onip, ncesoo3pioNceHull uap.

To ensure uniform distribution of the gaseous coolant (air) in the apparatus with
a fluidized bed, gas distribution devices are used. Reliability of work of the device
depends on a design quality of the gas-distributing device.

The purpose of the study: to ensure uniform and stable parameters of the
fluidized bed of perlite, the formation of a stable superlattice zone and determine the
basic parameters of the gas distribution device.

A gas distribution device for the study of hydraulic resistance, which consists
of a gas distribution grid and a column grid, has been developed and created. Gas
distribution grilles with hole diameters of 3 mm, 4 mm, and 5 mm were used for the
study. Used together with a columnar mesh, the columns of which are 2 mm thick and
the gaps between them are 0.1 mm, to create a layer of perlite in the apparatus with a

minimum particle size of 0.14 mm without sinking them into the lattice space.
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The studies were performed in the apparatus of the fluidized bed (Figure 1). The
device works as follows. Perlite from the furnace is loaded into the cooler 1, where it
enters the gas distribution device. The air through the fan 2 enters the lower part of
the apparatus and, passing through the gas distributor 1.1, creates a fluidized bed of

crushed material.

L]

2/ &/ 5] 3] L2z

1 - apparatus of the fluidized bed; 1.1 - gas distribution device; 2 - air supply fan; 3 -

diaphragm for measuring volumetric air flow; 4 - water differential pressure gauge,
which measures the pressure drop across the diaphragm; 5,6,7 - gates; 8.9 -
differential pressure gauges; 10 - boot device; 11 - cyclone; 12 - exhaust fan; 13 -
electronic temperature and time meter for carrying out the cooling process.
Figure 1 - Scheme of the apparatus of the fluidized bed for cooling perlite

The coefficient of hydraulic resistance depends on the following process
parameters: the diameter of the holes, the velocity of the coolant, the fraction of the
living area [1]. Due to this, it is not possible to determine the absolute constant
coefficient of hydraulic resistance of the gas distribution device. The coefficient of
hydraulic resistance is determined by the static pressure drop on the gas distribution
device. To determine the coefficient of hydraulic resistance of the gas distribution
device in a laboratory installation [2]. three gas distribution grids with different hole
diameters of 3 mm, 4 mm, and 5 mm were investigated. Used together with the

column mesh with columns 2 mm thick and the gaps between them 0.1 mm.

140



XIX mixHapogHa HAyKOBO-NIPAKTUYHA KOH(EpeHLli CTYAEHTIB, aCHIPaHTIB 1 MOJIOIUX
BueHux ~Pecypcoenepro3oepiraroyi TeXHOJIOrIT Ta 001aAHaHHSA

According to the results of the study, the coefficient of hydraulic resistance of the gas

distribution device with holes in the grille with a diameter of 3 mm is lower than the

resistance coefficients of gas distribution grilles with hole diameters of 4 mm and 5

mm (Figure 2), which reduces energy consumption during the process [3]. It was also

determined that when installing a column grid in the gas distribution device, the

coefficient of hydraulic resistance increases with increasing diameter of the holes of

the gas distribution grille.
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Figure 2 — The hydraulic resistance coefficient dependence of fracturing on the
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Also as a result of the carried-out
researches for a gas-distributing
lattice with a diameter of apertures of
3 mm there is a possibility of more
exact adjustment of speed of the heat
carrier. Which allows to provide
uniform and constant parameters of
the fluidized bed.

Figure 3— The dependence of the pressure drop on the fracturing device on the

dynamic pressure of the coolant
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Conclusions: the gas distribution device was designed and developed to ensure
uniform and constant parameters of the fluidized bed, dependences for the calculation
of hydraulic fracturing resistance coefficients were established.
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Abstract.

An installation for drying perlite by infrared radiation has been developed. The
method and procedure of the experiment are given. The scheme and photo of the
installation for drying perlite by infrared radiation are given.

KEYWORDS: PERLITE, DRYING, INFRARED RADIATION, DESICCATOR,
DRYING CABINET

Anomauis.

Pospobneno  ycmamnosky ons CYWIHHA nepiimy iHgpauep8oHUM
sunpomintosanuam. Hasedeno memoouxy ma nopsoox npoedenHs eKcnepumeHnmy.
Haseoeno cxemy ma ¢omo ycmanosku Onsi CywlinHs nepiaimy iH@pavep8oHuM
6u7lp0MiHl06aHH}ZM.

KJIII0490BI CJ/IOBA: HIEPJIIT, CVIIIHHA, IHOPAYEPBOHE
BUIIPOMIHIOBAHHA, EKCUKATOP, CVIIIHJIPHA IIIADA

To verify the adequacy of the mathematical model, a laboratory setup was
developed (Fig. 1)

The experimental setup consists of:

- infrared ceramic electric emitter type ECH4, the heating element of
which is a rheostat wire, poured into the ceramic housing. The maximum power of the
radiator is 1 kKW;

- electronic scales Kern 440-21A, which allows you to measure the weight
of the sample up to 60 grams. Measurement error is not more than 0.001 g, frequency

of measurements — 3 measurements per second;
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- the computer provides continuous recording and processing of
measurement results from electronic scales;

- pyrometer TN425LE non-contact measures the surface temperature of
perlite with a relative error of + 0.5%;

- Wattmeter, ammeter, and voltmeter constantly measure the voltage,
current, and power of the emitter, which are necessary to monitor the operation of the

infrared emitter.

/
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1 — personal computer (PC); 2 — infrared emitter; 3 — platforms for placing perlite; 4 —

electronic scales; 5 — pyrometer; 6 — wattmeter, ammeter, voltmeter

Figure 1 - Experimental installation for drying perlite by infrared radiation

The installation is designed for drying perlite using infrared radiation (IR).

The photo of the experimental installation is shown in Figure 2.

The method of the experiment.

Samples of perlite of three fractions were taken for experiments. Initially, the
mass of absolutely dry material was established. Afterward, the perlite was kept in a
desiccator to obtain the required moisture content. After that, the samples were dried
in a laboratory to a constant weight, then weighed, and their masses were recorded in

the journal.
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1 — personal computer (PC); 2 — infrared emitter; 3 — platforms for placing perlite; 4 —

a® e

electronic scales; 5 — pyrometer
Figure 2 - Photo of the experimental installation for drying perlite by IR radiation
The voltage, current, and power of the meter are measured with a voltmeter,
ammeter, and wattmeter and recorded manually.
Weight change is automatically measured by scales and recorded in Microsoft
Excel 2007 on a computer.
The surface temperature of perlite is constantly measured with a pyrometer, and
time - with a stopwatch with a relative error of 0.5%.
The order of the experiment
Check the serviceability of the installation and its grounding;
Take heat-resistant packaging - 3 pcs. Number
Weigh empty containers.
Pour perlite of different fractions into each container.
Weigh the container again.

Dry perlite in a container inan oven, t = 200°C; T =~ 3 h.

N o o bk~ w0 Dd e

Weigh the dried perlite in the container.
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8. Place a container of water in the desiccator at the bottom. Then place the
container with perlite in the desiccator without direct contact of perlite with
water. Close the desiccator tightly with a lid.

9. To check the moisture content of perlite in the desiccator, select some amount
of perlite. Weigh. Dry up. Weigh again and determine the moisture content of
perlite by the formula:

r !
Mper—Mper
w = P p

r )
Mper

where m,,,,. - is the mass of perlite before drying;
m,,, - a mass of perlite after drying.

At humidity <15% to extend the duration of saturation of perlite with moisture

in a desiccator.

10.Take the perlite of a certain fraction. Set a certain distance from the infrared
emitter (IR) to the platform (perlite). Start the PC and check the settings.

11.Check the ammeter, voltmeter, and wattmeter for the required mains voltage.

12.Measure the initial temperature of the cardboard surface with a pyrometer.

13.Turn on the scales and the infrared emitter.

14.Conduct a series of experiments. Periodically (once every 3 — 5 seconds)
measure the perlite surface temperature reading with a pyrometer and record it
next to the corresponding time readings.

15.After achieving stabilization of the value of the mass of cardboard, stop the
transmission of readings.

16.Weigh samples of dried perlite and place in a desiccator to maintain a constant
humidity.

17.Turn off the IR, scales, PC, and pyrometer.

18.Clean the workplace.
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The developed laboratory installation and methods of conducting experimental
research make it possible to conduct experiments on drying perlite by radiation.
According to the obtained data, it is possible to establish the Kinetic regularities of this
process [1].
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Abstract:

The influence of pressing on the strength characteristics of cardboard is
described and the corresponding design of the pressing part of the modernized
cardboard machine is given.

KEYWORDS: PRESSING, PRESSING PART, CARDBOARD, CARDBOARD
MACHINE, MODERNIZATION.

Anomauia:

Onucanuti 6niué npecy8aHHs HA MIYHICHI XapaKmepucmuKu KapmoHy ma
HageOeHa  GIONOBIOHA  KOHCMPYKYis — Npecosoi  4acmuHu  MOOEpPHI308aAHOT
KapmoHOpoOHOI MAUUHLL.

KJIFOYOBI CJIOBA: IIPECYBAHHA, IIPECOBA YACTHHA, KAPTOH,
KAPTOHOPOBHA MAIIIITHA, MO/IEPHI3AL[IA.

The main purpose of cardboard machine presses is to remove a significant
amount of water retained by capillary forces and free liquid left after the mesh part
due to insufficient vacuum or short-term vacuum action.

In addition to increasing the dryness of the cardboard canvas, which reduces the
steam consumption for drying, pressing also improves the strength characteristics of
the cardboard, such as breaking length. Increasing the strength of the cardboard is
provided by increasing the number of contacts between the fibers and reducing the
porosity of the cardboard fabric. Moreover, the increase in strength increases

depending on the number of compressions with a consistent increase in pressure.
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Therefore, the most optimal condition for increasing the breaking length is a
consistent increase in pressure during repeated pressing [1].

A similar method of increasing the strength of cardboard was used by us in the
project of modernization of a cardboard machine. Schematic diagram of the press part
of the modernized machine (Figure 1) contains three presses installed in series along
the movement of the cardboard canvas. The cardboard canvas, which formed on
vacuum formers, arrives on a gouch-press with a dryness of 18%. The gouch-press
filters out a water from a cardboard surface and capillaries under the action of vacuum

and moderate pressure in capture of shafts.

1 — vacuum forming cylinder; 2 — flat mesh former, 3 — gouch-press;
4 — three-shaft rotary press; 5 — shoe press.

Figure 1. Scheme of the press part of the modernized cardboard machine

The cardboard canvas, pressed between two fabrics of a gauch-press to dryness

of 25..30%, goes to the first capture of a three-shaft rotary press.
In the first capture of shafts of a three-shaft rotary press pressing of a cardboard
canvas between two clothes with the increased pressure to dryness of 32..38% is
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carried out. The cardboard canvas pressed in the first capture is sent to the second
press capture. At the same time in the second capture the cardboard canvas formed on
a flat-mesh former is directed. Cardboard canvases are joined and dehydrated under
the high pressure between two shafts.

The cardboard canvas, connected and dehydrated between the net and the cloth
in the capture of the press to a dryness of 45..50%, is sent to the capture of the shoe
press.

Dehydrated with a shoe press cardboard canvas to a dryness of 55..57% is sent
to the drying part of the carboard machine.

The press part of the modernized cardboard machine is equipped with modern
presses. The gouch-press contains a lower press cloth and two shafts, the upper
suction and lower — a shaft with a hydraulic support of the shell, made of a hollow
core and applied to the movable shell layer of heat-resistant polyurethane.

The three-shaft rotary press contains a press cloth, the lower shaft with
hydraulic support of the shell on which surface the rubber layer with drilled blind
apertures for intensification of process of filtration of water is put, the central and top
- smooth, with a polyurethane covering of shells of shafts.

The shoe press contains the upper drive shaft, under which the shoe, the press
belt and the support beam are located. A feature of the press belt is drilled on its outer
surface blind holes capable of self-cleaning under the action of compressed air in
them and centrifugal forces [2].

Thus, the press part of the modernized cardboard machine provides effective

pressing with high final dryness of a cardboard canvas.
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OCHOBHUM TPU3HAYCHHSM TIPECiB KAPTOPOOHMX MAIIWH € BUIAJICHHS 3HAYHOI
KUTBKOCTI BOJAM, II0 YTPUMYETHCS 32 PAXyHOK KaMUIAPHUX CUJI, Ta BUIbHOI PIIUHH,
sgKa JUIIAJAcS TICHs CITKOBOI YacTHHW depe3 HEeNOCTaTHE pOo3piMKeHHS abo
HETPUBAITY 10 BaKyyMYy.

OxpiM 301TBIICHHS CYXOCTI KQpTOHHOTO IMOJIOTHA, IO 3MEHIIYE BUTPATH HapH
Ha CYIIIHHS, MPECYBaHHS TAKOX BIUIMBA€E HA TMOKPAIIECHHS MIITHICHUX XapaKTePHUCTUK
KapTOHY, HaNpUKIaJ, pPO3PUBHOI AOBXHHM. [liIBUIIEHHS MIIHOCTI KapTOHY
3a0e3nedyeThCcsl 30UTBIICHHSM 4YHCJIa KOHTAKTIB MDK BOJIOKHAMHM Ta 3MEHIICHHS
MOPUCTOCTI KApTOHHOTO T0JIOTHA. [Ipuuomy, 30UIBIICHHS IOKA3HHWKIB MIITHOCTI
3pOCTa€e B 3aJIEKHOCTI BiJl KUTBKOCTI IIPECYBaHb 3 MOCTITOBHUM 30UTBIIICHHSM THUCKY.
Tomy HaWOLIBII ONTUMAJIBHOI YMOBOIO, IO 3a0e3redye MPUPICT PO3PUBHOL
JIOBKUHH, € TIOCITIZIOBHE 30LIBIIIEHHS THCKY IIPU OaraTokpaTHOMY npecyBaHHi [1].

AHaJOTTYHUN METOJT 30UIBIIIEHHS MIIHOCTI KapTOHY BUKOPHUCTAHMN HaMH B
MPOEKTI MoJepHizamii KapToHOpPoOHOT MmamwmHHu. [IpuHIUIIOBA cxema MPecoBOi
YaCTHHH MOJICPHI30BaHOT MalIMHU (PUCYHOK 1) MICTHTH TpU TPECH, BCTAHOBIECHI
MOCJIITOBHO TI0O XOAY KapTOHHOTO MosioTHa. KapToHHe monoTHO, chopMoOBaHE Ha
BakyyM(popmepax, MOCTyNae Ha rayd-mpec 3 cyxicTio 18%. [ayd-mpec mim niero
BaKyyMy 1 MTOMIPHOTO THUCKY B 3aXBaTi BaTiB BiA(GLIBTPOBYE 3 KAPTOHY MOBEPXHEBY 1

KaIiIIpHy BOJY.
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1 — BakyyMdopMyrouunit uitiHAp; 2 — MI0CKOCITKOBUHN hopmep;3 — rayd-npec;
4 — TpbOXBaJILHUI MOBOPOTHUH Mpec; 5 — OalMayHuil pec.

Pucynok 1. CxeMa npecoBoi 4aCTHHU MOJIEPHI30BaHOT KAPTOHOPOOHOT MAIIMHU

Kapronne monotHo, BiANpecoBaHE MK JABOMa CYKHAMH Tayd-TIpecoM J0
cyxocTi 25..30%, HampaBis€ThCS B IMEPUIMH 3aXBaT TPHOXBAJIBHOTO IMOBOPOTHOTO
npeca.

B mepmomy 3axBaTi BajiB TPhOXBAJIBHOTO ITOBOPOTHOIO Ipeca 3/IHCHIOETHCS
NIPECYBaHHS KAapTOHHOTO IMOJIOTHA MK JIBOMa CYKHaMH 3 MiJBHIIEHUM THUCKOM JI0O
cyxocti 32..38%. BiampecoBane B mepmioMy 3axBaTi KapTOHHE IOJOTHO
HAIPaBISIETHCS B APYTHM 3axBat mpeca. OHOYACHO B APYTHi 3aXBaT HAMPABISETHCS
KapTOHHE TIOJIOTHO, cpOpMOBaHE Ha MIIOCKOCITKOBOMY (hopmepi. KapToHHI moioTHa
3’€IHYIOTBCS 1 3HEBOHIOIOTHCS ITi/T BETMKUM THCKOM BaJTiB.

KaproHHe monoTHO, 3’€HaHE 1 3HEBOJHEHE MDK CITKOIO 1 CYKHOM B 3aXBarTi
npeca 10 cyxocTi 45..50%, HanpaBisieTbcs B 3aXBaT OAIlIMayHOTO IIpeca.

3HeBOAHEHE OalmIMayHUM MPECOM KapTOHHE MOJIOTHO OO0 cyXocTi 55..57%

HaIIpaBJIA€TbCA Ha CYIIWIBbHY YaCTHHY MAlllMHU.
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[IpecoBa yacTMHAa MOJEPHI30BAHOI MAIIMHHU OCHAIEHA CYYaCHHUMH IPECamH.
["ay4y-npec MICTUTh HM)KHE MPECOBE CYKHO Ta JIBa BajH, BEPXHIN BIACMOKTYIOUMH 1
HUKHINA — BaJl 3 TIAPOMIATPUMKOIO 00O0JIOHKH, BUKOHAHUU 3 IMYCTOTUIUM OCEPIAM Ta
HAaHECEHUM Ha PyXOMY OOOJIOHKY IIapOM TEPMOCTIMKOIO MOJiypeTany.

TpboxBanbHUII TOBOPOTHHI Mpec MICTUTh IMPECOBE CYKHO, HIKHIM Basl 3
TIIPOMIATPUMKOIO OOOJIOHKM, Ha TIOBEPXHIO SKOi HaHECEeHWH Imap TyMH 3
OPOCBEPAJICHUMHU TIIYXHUMH OTBOPAMHM ISl IHTeHCH]iKallil npoiecy ¢iabTpalii BOAu,
LEHTPaJbHUN Ta BEPXHIN — I1aJIK1, 3 IOJ1ypETaHOBUM MOKPUTTSM 0OOJIOHOK BaIiB.

bamMaynuii mpec MICTUTh BEpXHIA NPUBIAHUN Balsl, MiJ SKUM pO3TalIOBaH1
nmpecoBa CTpiuka OamMak, Ta omopHa Oanka. OCOONHMBICTIO MPECOBOI CTPIYKH €
IPOCBEPJICH] Ha 11 30BHIIIHIN MOBEPXHI ITyX1 OTBOPH, 3/1aTHI 10 CAMOOYHUIIICHHS i/
JIEF0 CTUCHEHOTO TMOBITPS B HUX Ta BIAUEHTPOBUX CUJI [2].

Takum uyuHOM, NpecoBa YaCTMHA MOJIEPHI30BAHOI KapTOHOPOOHOT MaIlIUMHU
3abe3neuye €(QEKTUBHE IPECYBaHHS 3 BHUCOKOI KIHIIEBOI CYXICTIO KAapTOHHOTO

ITOJIOTHA.
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Anomauisn
Haeseoeno eascnugy poav yeonimy 6 pi3HUX 2any35X, 30KpeMmd CLIbCbKOMY
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KJIFOYOBI CJIOBA: HEOJIIT, MIHEPAJI, HPHPOLZH[FI LHEOJIIT, I’'AJIV3h.
Abstract
The important role of zeolite in various industries, including agriculture,
animal husbandry, chemical industry, etc. Possible applications of zeolite in all
industries are indicated. The structure of zeolite, its characteristics are described.
KEYWORDS: ZEOLITE, MINERAL, NATURAL ZEOLITE, INDUSTRY.

Zeolite is a natural mineral that is widely used in such industries as chemical
and food industries, oil refining and medicine. This is due to the fact that zeolite has
unique adsorption, cation exchange and catalytic properties.

In the food industry, zeolite is used to purify ethyl alcohol from water residues,
as a food antiseptic and as a food adsorbent (dairy industry). It is also used as filler for
cardboard for packaging, to increase the shelf life of vegetables and fruits and for safe
transportation [1]. Fruits and vegetables are stored much longer, because zeolite is
able to absorb oxygen with the release of nitrogen, and additionally maintain a
constant humidity, which slows down the spoilage process.

In the chemical industry with the addition of zeolite make detergents and

fertilizers. Natural zeolite is used in water treatment - both drinking and surface water,
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both in the home (household filters) and on an industrial scale (wastewater treatment
of heavy metals and suspended particles), gradually displacing the obsolete activated
carbon.

In the medical field zeolite is used to absorb toxic substances, poisoning and
bloating, fights the symptoms of radiation sickness, accelerates regeneration processes
in the body, fills the body with missing nutrients.

In animal husbandry, zeolite is used to make compound feed, which is used as
an odor absorber. And when breeding fish, it allows you to increase their reproductive
capacity. For birds, zeolite acts as a nutrient, helping bees to winter, creating an
optimal microclimate. [1]

Zeolite is a natural mineral of volcanic-sedimentary origin, which has a porous
internal structure.

The general type of mineral is presented below (Fig. 1).

Zeolite is extracted from the earth's rock, as it belongs to the available natural
raw materials. Minerals are located close to the earth's surface, so their extraction is
not particularly difficult.

One of the features of the zeolite structure is a rough surface that has pores and
channels and is explained by the frame structure of the structure. The framework
consists of tetrahedra, the vertices of which form octagonal rings. Thus it creates

channels in the structure of the zeolite. Inside the channels are water molecules
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("zeolite water"), as well as cations of alkali and alkaline earth metals (Ca2 +, Na +, K
+). Having a large number of entrance windows on the surface, a structure permeated
by channels, a complex of cations within itself, it is possible to use zeolite as a
"molecular sieve" and replace cations that can pass through the molecular window on
the structural cations of the mineral [2].

The general structure of the zeolite is shown in Fig. 2.

Figure 2 - Structure of zeolite molecules

Zeolite channels are usually not homogeneous. In some places there are
wide cavities, and in some places they, on the contrary, strongly narrow. Various
cations and molecules can penetrate into the cavity through the channels and linger
here. The wider the channels in their narrowest places, the larger can be the molecules
that penetrate into the cavity. In some zeolites, these channels are so large that some
organic molecules can penetrate them. In other words, zeolites can act as "molecular
sieves", separating small molecules that can penetrate their channels from large ones
that do not. Each zeolite is characterized by an upper limit of molecules that can
penetrate it.
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Abstract:

The types of polymer coating of press rolls of cardboard machines, the
expediency of their use for intensification of the pressing process are presented. The
most common breakdowns of the coating during shaft exploitation and their causes
are described. The methods of preventing the destruction of the shaft cover are given.

KEYWORDS: PRESSING, PRESS ROLL, CARDBOARD MACHINE,
POLYURETHANE.

Anomauia:

Haeseoeni 6uou nonimepnoeco nokpumms npecosux 6adiié KapmoHOPOOHUX
MAUUH, OOYIIbHICMb IX BUKOPUCMAHHA 015 IHMeHcughikayii npoyecy npecysaHws.
Onucani HAUOILIbW NOWUPEHT PYUHYBAHHA NOKPUMMS Ni0 Yac eKcniyamayii 8anie ma
ix npuuunu. Haseoeno memoou 3anobicanns pyuHy8anHs NOKpUmMms 8ais.

KJIFOYOBI CJIOBA: [IPECYBAHHA, [IPECOBHW BAJI, KAPTOHOPOFHA
MAIINHA, 11O0JIIYPETAH.

To reduce the wear of the press cloths, increase the service life of the shafts and
the efficiency of the pressing process, the surface of the press rolls is covered with a
layer of elastic polymer. As a coating, solid rubber and polyurethane are most
commonly used.

In addition to corrosion protection of steel or cast iron sheaths of press rolls, the
use of polymer coatings allows to increase the width of the pressing zone and,

consequently, its durability. The duration of pressing is one of the limiting factors
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(along with linear pressure) affecting the ultimate dryness of the cardboard web at the
outlet of the press [1].

Also, for intensification of the pressing process, grooves can be cut on the
surface of the polymer coating: 0,5..1 mm wide, 3.5 mm deep and 1,75..4 mm in
step; or holes can be drilled with a diameter of 2,3..4 mm and a depth of 10..13 mm
[1].

However, the violation of the integrity of the polymer coating causes a change
in the technological parameters of the production of cardboard, namely the contact
area of the shaft, and, consequently, the uneven distribution of stresses in the grip of
the press and reduce the quality of pressing.

The most dangerous defect is the destruction of the adhesive connection
between the polymer coating and the shaft sheath. Generally accepted is the following
classification of fractures: adhesive, cohesive and mixed. The cause of fracture,
namely the exfoliation of the coating material, is insufficient adhesion of the coating
to the shaft sheath due to high stresses and large deformations in the polymer layer.
Experience shows that the most likely site of destruction is the edge of the coating.
This phenomenon was called the edge effect [2]. To reduce stresses and deformations
in the polymer coating layer of the shaft, the edges of the coating is made oblique.

Another destructive factor is the influence of high temperatures. The
temperature in the press parts of papermaking and cardboard machines is 50..70 °C
and can increase up to 90 °C. The influence of high temperatures, even for a short
period of time, leads to a decrease in the strength of the coating and «metal-polymer»

compounds [3].
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Figure 1. Graphs of temperature dependence of hardness of polyurethane
samples.

For choosing a polymer coating, as an indicator of its physical and mechanical
properties, use hardness is the most common, Figure 1. After all, the hardness of
polymeric materials is unstable and varies with temperature. For example,
polyurethane with a hardness of 65 ShoreA at 20 °C at a temperature of -5 °C has a
hardness of 73 ShoreA, and at 80 “C — 53 ShoreA [4].
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WAYS OF DEVELOPMENT OF THE GAUCH-PRESS
OF FORMING PART OF CARDBOARD MACHINE
student Galaykovskiy A.O., senior lecture, Ph.D. Novokhat O.A.
National Technical University of Ukraine
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Anomauisn

IIpoananizosano po3eumox KOHCMPYKYIU 2ayy npecis. Busznaueni nacmynmi
Hanpsamu MoOepHizayii KOHCMPYKYIU — Ni08UWEeHHS eheKMUBHOCMI, 3HOCOCMIUKOCT
ma 3MeHuwleHHs eabapumié GopMYIOYOi YACMUHU KAPMOHOPOOHOI MAUUHU.
Ilocmaeneni 3aoaui eupiuleHi WIAXOM BCMAHOBIEHHS 2ayy Npecy Nicis B8aKyym
Gopmepie ma ycmaHosuewiu 2ayy 6an 36epxy eana 3 cioponiompumkor. Takoowc
HUMCHIT 8a1 BUKOHAHUL 3 NYCMOMIIUM 0CePOIM MAd HAHECEHUM HA PYXOM)Y 000JIOHKY
wap mepmocmitiko2o nNoniypematy. 3anponoHO8aHA KOHCMPYKYIs DopMyouoi
yacmuuu, 0ae 3mMocy niosuwuUmMu egeKmusHicmy, 3HOCOCMIUKICMb mMa 3MeHUUmu
2abapumu KOHCMpPYKYIi.

KJIFOYOBI  CJIOBA:  T'AVY-IIPEC, IIPECYBAHHA, BAJl 3
I'JIPOII][TPUMKORO, KAPTOHHE [10JIOTHO, KAPTOHOPOFHA MAIIIUHA,
BIICMOKTYIOYHH BAJI

Summary

The development of designs of couch presses is analyzed. The following
directions of modernization of constructions are defined - increase of efficiency, wear
resistance and reduction of dimensions of the forming part of the cardboard making
machine. The tasks are solved by installing a couch press after vacuum formers and
installing a couch shaft on top of the shaft with hydraulic support. The lower shaft is

also made with a hollow core and a layer of heat-resistant polyurethane applied to the
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movable shell. The proposed design of the forming part allows increasing the
efficiency, wearing resistance and reducing the dimensions of the structure.

KEYWORDS: GAUCH-PRESS, PRESSING, SHAFT WITH HYDRAULIC
SUPPORT, CARDBOARD CANVAS, CARDBOARD MACHINE, SUCTION
SHAFT

Cardboard and paper production is a very energy-intensive process. In terms of
energy consumption, these products are in second place after the metallurgical
industry worldwide. That is why the modernization of the forming part, which aims to
reduce energy consumption, is relevant.

The design of the forming part, which is based on the existing cardboard
machine company "Voith" [1], was chosen for the given conditions. However, to

increase efficiency and compactness, it was decided to remake the current version
(Fig. 1).

1 — vacuum shaper; 2 — first press (gauch press); 3 — second press
(three-shaft press); 4 — third press; 5 — forming device.

Figure 1 — Construction of new forming and pressing parts
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The first layer of cardboard fabric is formed by means of sequentially placed
vacuum formers, after which the fabric passes through the first couch press. The
second layer is formed on the flat mesh part, then connected to the first layer on a
three-shaft press. Next, the cardboard canvas is pressed on the third press.

Dehydration of all cloth occurs on three presses. As a first, for a more efficient
and compact placement, it was decided to install a suction couch press. It consists of
two shafts arranged one above the other. The lower one is a shaft with hydraulic

support of the shell, and the upper one is a suction shaft.

1 — cardboard canvas; 2 — gauch press; 3 — shaft with hydraulic support of the shell.
Figure 2 — Scheme of the first press
The fabric passes between two shafts, where the cardboard fabric is pressed.

The upper - suction shaft, with the help of vacuum absorbs moisture from the canvas.
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The lower is a shaft with hydraulic support of the shell, made of a hollow core and a
layer of heat-resistant polyurethane applied to the movable shell, which reduces metal
consumption and protects the surface of the movable shell from wear and corrosion
[2]. The developed forming part provides production of a multilayered cardboard
with a roofing layer. In this case, to increase the efficiency and compactness of the
forming and pressing parts, the couch shaft was decided to be located on top, and the
shaft with hydraulic support at the bottom.
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MODERNIZATION OF THE FIRST AND SECOND DRYING GROUPS OF
THE CARDBOARD MACHINE
student Zaporozhets O.V., senior lecturer, Ph.D. Novokhat O. A.
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«Igor Sikorsky Kyiv Polytechnic Institute»

Abstract.

The process of cardboard cloth drying is investigated and the drying curve is
given. Devices for modernization of the first and second groups of the drying part of
the cardboard machine are considered and described. The principle of operation of
combining infrared emitters and vacuum boxes is described.

KEYWORDS: DRYING PART, CARDBOARD MACHINE, VACUUM BOX,
INFRARED RADIATORS

Anomauis.

Jlocniooiceno npoyec  CYWIiHHA KAPMOHHO20 NOJIOMHA MA HABEOEHO KPUBY
cywinns. Pozensanymo ma onucano npucmpoi 011 mooepuizayii neputoi ma opyeoi
2pynu CYWUIbHOI YacmuHu KapmoHnopoouoi mawunu. Onucano npunyun poobomu
KOMOIHY8AHHS IHPAUepBOHUX BUNPOMIHIOBAYIE MA BAKYYM-SUJUKIE.

KJIFOY9OBI CJIOBA: CVIIUJIbHA YACTHHA, KAPTOHOPOFHA
MAIITUHA, BAKYYM-ALTUK, IHOPAYEPBOHI BUIIPOMIHIOBAYI

The drying part of the cardboard machine consumes the most energy compared
to all cardboard production. This is because to remove moisture from the cardboard,
you need to supply a large volume of heating steam to the drying cylinder, which
produces a significant amount of energy. Therefore, the task of modernization of the

first and second drying groups of the cardboard machine is set. This will reduce
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energy consumption by reducing the number of drying cylinders while leaving the
same dryness at the end of the drying part and without loss of cardboard quality.

To begin with, consider the drying process and how it proceeds in the first and
second groups. In fig. 1 shows the drying curve. Analyzing this scheme, we see that at
the beginning of drying in the first drying group of the cardboard machine is a period
of heating of the cardboard. In this period, the cardboard is almost not dried but
mostly heated. In the middle of the first group of drying cylinders and at the
beginning of the second group the first period of heating of a cardboard cloth passes.
During this period the cardboard cloth is maximally dehydrated, there is an
evaporation of surface and partially capillary moisture. After that, by the end of the
second drying group is the second heating period. It removes small residues of surface

moisture and, for the most part, chemically bound (moisture in the capillaries) [1].
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Figure 1 — Drying curve
The modernization of the first and second drying groups is to combine several
devices to intensify the drying process. In our case, the vacuum box will be combined

with infrared emitters.
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The scheme of the drying group with infrared emitters is shown in Fig. 2.

v o

==

1 —drying cylinder; 2 — infrared emitter; 3 — a cardboard cloth
Figure 2 — Scheme of the drying part with infrared emitters

They are installed between the upper and lower drying cylinder. Infrared
emitters increase the heat load on the cardboard. This reduces the number of cylinders
required to dry the cardboard to a given dryness.

The vacuum box allows removing excess moisture from the air which is formed
owing to condensation during drying of a cardboard cloth. The scheme of the drying
group with a vacuum box is shown in Fig. 3. They are located in the free space
between the upper and lower shafts of the drying cylinders. Vacuum boxes work as
follows: they absorb a large amount of moisture in the space between the shafts. This
increases the efficiency of drying because it prevents the re-absorption of moisture by
cardboard [2].

If you install both devices in the drying part, you can achieve greater efficiency
for drying cardboard.

The proposed combination of devices will work as follows. The cardboard
fabric after the press part is fed to the drying cylinders. Moving between the drying
cylinders, they are exposed to infrared radiation, thereby increasing the amount of
moisture removed. Vacuum boxes are installed in the free space, they absorb

evaporated moisture and the formed condensate from the air between the shafts. This
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will prevent the cardboard from re-absorbing the removed moisture and will increase

the drying efficiency of the cardboard fabric when passing the drying part.

Ly J

1 —drying cylinder; 2 — vacuum box; 3 — a cardboard cloth; 5 — bed; 6 — grid
Figure 3 — Drying part with vacuum boxes
Therefore, the combined use of devices for intensifying the drying process,
namely the handling of infrared emitters and vacuum boxes together with the drying
cylinders, it is advisable to combine, in particular, on the first and second drying part.
This will speed up the heating and drying of the cardboard web, reduce the total

number of drying cylinders, and reduce drying costs in general.
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MODERNIZATION OF THE MACHINE CALENDER
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Annomauisn.

Haseoeno ananiz pozsumky KOHCMPYKYIl MAWUHHUX KAlaHOpie. Buznaueni
HanpsamMu MOOepHi3ayii KOHCMPYKYIU: 30i1blUeHHs JIHIUH020 MUCKY, 3MEeHUIEeHHS.
MemanoemMHocmi - KoHcmpykyiu. Ilocmaeneni 3adaui  eupiuteHi 3acmocy8aHHAM
HeNnpoSUHAEMUX 3 2I0pONiOMPUMKOI0 000IOHKU. 3anpoOnoHO8AHA HOBA KOHCMPYKYis
8ana 3 NYyCMOMIAUM OCepOaM, WO 0AE 3MO2Y 3HAYHO 3MEHWUMU MEMAlOEMHICMb
8a/1a Kaianopa.

KJIFOY0BI CJIOBA: MAIIUHHUH KAJIAHJIP, BAJl 3
I'JIPONJ[TPUMKORO, KAPTOHHE I[10JIOTHO
Summary.

The analysis of the development of designs of machine calenders. The
directions of modernization of structures are defined: increase in linear pressure,
decrease in metal consumption of structures. The tasks set are solved by the use of
failures with hydraulically supported shell. A new shaft design with a hollow core is
proposed, which can significantly reduce the metal consumption of the calender shaft.

KEYWORDS: MACHINE CALENDER, SHAFT WITH HYDRAULIC
SUPPORT, CARDBOARD CANVAS
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In today's world, there is an urgent problem in upgrading or replacing legacy
machine calendars. In Ukraine, paper and cardboard industries still use outdated
multifaceted calendars, but have recently been actively replaced. Manufacturers are
trying to reduce energy, metal, and machine calendars of cardboard machines. To
increase their efficiency, without reducing the technical characteristics of the
cardboard [1].

To reduce the number of shafts, they often increase the linear pressure in the
grip, using new clamping methods with more efficient hydraulic systems. In such
cases, the bending of the shaft significantly increases, adversely affecting the quality
of the cardboard calendering [3]. To prevent this, use hydraulically supported shafts,
which compensate for the deflection of the shell by feeding it into the inner space of
the lubricant. Also, to intensify the calendering process, they can heat the shaft by
supplying hot oil [2].

The shaft with a hydraulic support of a cover has a complex design and is
metal-intensive. To reduce material costs, it is suggested to fill the hollow core. This
will greatly facilitate the shaft without reducing its rigidity and strength. Also, to
increase the contact area on the surface of the shaft sheath is applied a polymer
coating which is elastically deformed.

The diagram of the modernized structure of the shaft with hydro-supported
shell is shown in Figure 1.

Thanks to this modernization of the shaft with hydraulic support of the shell, it
Is possible to reduce the number of calender shafts to two or three, thereby reducing
the energy consumption of calendering and the metal consumption of the machine

calender.
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1 — core; 2 — shaft sheath; 3 — bearings;

4 — end sealing covers; 5 — polymer coating.
Figure 1 — Scheme of the modernized construction of the shaft with hydro-supported
shell
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Abstract:

The comparison of modern shoe presses of cardboard machines with the
developed design is given. A fundamentally new design of the shoe press is proposed,
which allows to significantly increase the dryness after pressing.

KEY WORDS: SHOE PRESS, BELT, PRESSING, CARDBOARD

Anomauis:

Haeeoeno nopiensanns cywacnux baumadnux npecié KapmoHOpPOOHUX MAUUH 3
PO3pobONIeHow KOHCMPYKYIE. 3anponoHo8ano NPUHYUNIATLHO HOBY KOHCMPYKYIIO
bawmauno2o npecy, aKa 00380JI5€ 3HAYHO NIOBUWUMU CYXICMb NIC/ISL NPEeCy8AHHL.

KJIFOYOBI CJIOBA: BAIIIMAYHHHU ITIPEC, CTPI9KA, IIPECYBAHHA,
KAPTOH.

The main feature of the shoe press is the increased pressing area on which
there is a constant pressure. It is created by a pressure shoe. The cloth and the
cardboard cloth are deformed and the water from the deformed cardboard cells is
filtered into the cloth, and through the cloth into the tape. The belt is the second most
important unit of the shoe press, because the filtration rate is limited by the hydraulic
resistance of the cloth and the tape.

Toscotec «Xpress» is one of the best modern shoe presses. It has the following
characteristics: the width of capture of this press can be adjusted from 200 to 350 mm;
the shoe module is equipped with a two-row system of loading of pistons, by means

of this function it is possible to regulate an inclination of a shoe during work of the
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car; the load curve can be adjusted according to the class of cardboard and the desired
mechanical characteristics for dryness on the press; the linear pressure in the grip
reaches 1400 kN / m; speed 550 m / s; electric motor power 1730 kW; productivity of
24 t/ h; dryness of cardboard after the press 53%; specific costs for pressing one ton
of cardboard 260 J / t [1]. But the tape of this press is made with grooves that have a
width of 0.5 mm. These gutters are clogged with fibers. As a result, the hydraulic
resistance of filtration increases, its speed decreases and, accordingly, the dryness of
the pressed cardboard fabric decreases [2].

Another modern design is the Papcel shoe press. This press has the following
characteristics: a set of sixteen hydraulic cylinders is attached to the frame of this
press; thanks to a large number of installed hydraulic cylinders it is possible to control
a cross section of a cardboard; the linear pressure in the grip reaches 1000 kN / m;
speed 500 m / s; electric motor power 1560 kW; productivity of 21 t / h; dryness of
cardboard after the press 51%; specific costs for pressing one ton of cardboard 250 J /
t [3]. But the tape is made smooth, which is not acceptable, because it leads to re-
wetting of the cardboard.

Given the advantages and disadvantages of previous designs, | offer an
improved new design of the shoe press. First, the gripping pressure was increased to
1,500 kN / m, and the machine speed to 10 m/ s. This has increased productivity to
26 t / h, but requires the use of a 1,900 kW engine, and the unit cost of pressing one
ton of cardboard has increased to 262 J / t. Secondly, since the main disadvantage of
previous designs was the tape. Therefore in a new design the tape on an external
covering which blind holes are made is used. They have the ability to self-clean. This
IS due to the action of compressed air in them and the centrifugal force. This design
can press a cardboard cloth to dryness of 56%.

Conclusion: considering that the developed design of the shoe press has better
characteristics than analogues, namely: dryness after the press is 56%, the maximum

linear pressure in the grip reaches 1,500 kN / mm, and the shoe press tape is made of
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polyurethane reinforced with Kevlar threads. On the outer surface of which are made
blind holes that have the ability to self-clean. We conclude that it is advisable to use

this type of construction.
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National Technical University of Ukraine
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Anomauis.

IIpoananizosano po3eumox MoOepHi3ayiil KOHCMPYKYIU MAUMUHHUX KANAHOPIB.
Busnaueni nanpsimu mooepuizayii KoHcmpykyiu: 30i1bUleHHs NIHIUHO20 MUCKY,
3MEHUeHHs. MeMAanioEMHOCMI KOHCMPYKYIU, HAHECEeHHSA wapy mepmMoCmiuKo2o
noniypemany.  Ilocmaeneni  3a0aui  upiuieHi  3ACMOCYBAHHAM  8ANi@ 3
2I0pONiOMpPUMKOIO 0DO0NOHKU, BUSOMOGIEHI 3 NYCMOMIIUM 0CEePOSIM, WO O0AE 3MO2Y
BMEHWUMU MemAal0EMHICMb KCl]ZaHapy, a mdaKooiC HAHECEHHAM Ha eajl wapy
MEePpMOCMIUKO20 NOALYpemary, SAKUU HPYAHCHO O0eopMyeEmMvCs, WO BUKIUKAE
NPOKOB3YBAHHS 8AJII8 | NOKPAWYIO 2NIAOKICMb KAPMOHHO20 NOJIOMHA.

KJIFOYOBI CJIOBA: MAIIMHHUH KAJIAH]IP, BAJI 3
T'IJIPOIITPUMKORO, KAPTOHHE I10JIOTHO, 110JIIYPETAH

Summary.

The development of modernization of machine calender designs is analyzed.
The directions of modernization of structures are determined: increase in line
pressure, decrease in metal consumption of structures, application of a layer of heat-
resistant polyurethane. The tasks are solved by using shafts with hydro support of the
shell, made with a hollow core, which reduces the metal consumption of the calender,
as well as applying a layer of heat-resistant polyurethane on the shaft, which is
elastically deformed, which causes the rolls to slip and improves the smoothness of
the cardboard sheet.

KEYWORDS: MACHINE CALENDER, SHAFT WITH HYDRAULIC

SUPPORT, CARDBOARD CANVAS, POLYURETHANE
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OpHuM 13 HanpsMKIB MOJEpHi3alii KapTOHOPOOHUX MAalIMH € 3MEHIICHHS
METAJIOEMHOCTI 1X KOHCTpYKIA. lle m03Bossie He nuille 3MEHIIUTH EKOHOMIYH1
BUTPATU Ha BUPOOHMIITBO MAIIWHHU, alie 1 3HAYHO CIPOIIYIO 11 eKCIUTyaTallilo.
Hacamnepen, npu mMonepHi3anii MalIMHHUX KaJaHJPIB MONYJSPHIM PILIEHHSAM Oylo
3MEHILEHHS KUIBKOCT1 BaJjliB MpH 30UIbLIEHHI JIHIHHONO TUCKY B 3axXBaTl BaliB JJis
30€peKeHHs SIKOCTI KajlaHJpyBaHHs. Uepe3 Iie Ha BaJM MOYMHAIOTH JISITH OUIbII
3arpy3KH, 110 B CBOIO Yepry 301MbIIYIOTh MPOTWHHU BaJiB, HETATHBHO BIUTMBAIOYH Ha
AKICTh KAPTOHHOTO ToJI0THA. J{J1s1 BUpimIeHHs 11ie] MpoOIeMu BUKOPHUCTOBYIOTH BaJH 3
TIPOMIATPUMKOIO OOOJIOHKH, SIKI KOMIICHCYIOTh MPOTHH Baja IMOJa4yer0 MacTWia y
BHYTpiHINA nipocTip Baia [1]. Takum yumnom Ha [IpAT «KKIIK» Oyna mpoBeneHa
MOJIEpHI3allisl KapTOHOPOOHOiI MaimuHu, a came KanaHnap. Kommanis «Andritzy»
BCTAHOBWJIA  JBOX-BAJIbHIM  KalmaHap, BiacHoi po3poOku. B koHcTpykii
BUKOPHUCTOBYIOTHCSI BaJlU 3 T1APO MIIATPUMKOIO OOOJIOHKH, 1110 J03BOJISIE€ PETYIIOBATH
JIHIMHUHN THCK B 3aXBaTi 0€3 MPOTUHY BajliB. Banu moaiisaroThCs Ha BEPXHIN rapsauit
BaJl Ta HUXKHIA TIPUBITHUM BaJl. 3aBIsIKM HAarpiBaHHIO BaJia IHTEHCU(IKYETHCS MPOIIEC
KaJIaHJIpyBaHHS, IOTTIOMararouu JOCATTH e(EeKTy BUTIIAKYBaHHS [2].

Jlns MopepHizalii 1aHOi KOHCTPYKIIi MAaIIMHHOTO KajaHJpa, MPOIOHYEThCS
BUKOPHUCTATH PO3POOJICHI BaJIK 3 T1APOMIATPUMKOIO, K1 MalOTh CEPJICUHUKH BHKOHAHI
nopoxkHUCTUMH. Lle macTe 3Mory 3HA4yHO OOJIETHIMTH BajdW HE 3MEHIIMBINM 1X
’KOPCTKOCTI Ta MIITHOCTI. BepXHiii Basl 3aUIIUTHCS TapsauuM, a HUOKHIN MPUBITHAM.

Jyist 301TbIIIEHHST 30HM KOHTAKTYy Ha TIOBEPXHIO OOOJIOHKU Baja HAHECEHO IIap
TEPMOCTIMKOTO TONIypeTaHy, SKAW mpyxHO aepopmyeTbes. Lle Bukimkae
MPOKOB3YBAaHHS TMOBEPXHI Tapsvoro Bally MO TMOBEPXHI KapTOHY, IO 3HAYHO
MOKPAIITYIO MMOKAa3HUKH TIAJAKOCTI KapToHY [3].

Cxema MOJIepHI30BaHOT KOHCTPYKITIi KaJlaHIpa 300pa’keHo Ha PUCYHKY 1.
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3aBAsKM Takid MOJEpHI3alli KajaHApa MOXXHA 3MEHIIMTH METaJOE€MHICTb
KOHCTPYKIIii Ta NOJErmHUTH 00CIyroByBaHHs MaliuHU. [Ipu 11bOoMy SKICTh KapTOHY HE

SMCHIIYETBLCH.

1 — Cranuna; 2 — BEpXHii Bai; 3 — HIKHIN IPHUBITHAN BT,
4 — TIAPOIMITIHAP MEXaHI3MYy MPUTUCKAHHS; 5 — MaCJIOMPOBII.

Pucynok 1 — JIBox-BanpHU MammuHHUN Kanauap Gipmu «Andritzy
Ilepesiik nocuaanb:
1. B.A. Yuuaes, 1. OGopynoBaHue LEITI0I03HO-OYMaKHOTO MPOU3BOACTBA. B

2-x tomax. T. 2 bymaronenarensabsie Mamunbl 1981. — 264 c.

2. Andritz.com/group-en Bix 15.10.2019 p
3. UBanoB C.H. Texnonorust 6ymaru.-M.: Illkona 6ymaru ,2006-643 c.
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PRINCIPLES FOR REGULATING PLASTICS HANDLING IN TRANSITION
TO BIODEGRADABLE MATERIALS
M. Byshko, PhD-student; O. Zubriy, PhD, Associate Professor;
O. Seminskyi, PhD, Associate Professor
National Technical University of Ukraine

“Igor Sikorsky Kyiv Polytechnic Institute”

AHOTALIIA

IIpoananizosano ocHo8Hy npobaemamuxy cmanoapmuzayii 0i0po3KIAOHUX
mamepianie. Poszensinymo Oesaxi ocobaugocmi OCHOBHUX OilOUYUX CMAHOAPMIEG
biooecpadayii, a makKko}dC OCHOBHI NOJIONCEHHST ma Kpumepii 3a SAKUMU BOHU
npayiooms.

K/TIOY0OBI CJI0BA: FIOPO3KJIAAHICTB, IIJIACTHUK, BIOIIVIACTHUK,
KOMIIOCTYBAHHA

SUMMARY

The main problems of biodegradability standardization are considered. The
main accepted standards of biodegradability of materials and the main provisions
and criteria according to which they work are highlighted.

KEY WORDS: BIODEGRABILITY, PLASTIC, BIOPLASTIC, COMPOSTING

Plastic waste is a pollutant of particular concern as it does not break down
quickly enough and instead accumulates in the environment as it is manufactured.
This pollutant has negative impacts throughout its entire life cycle — from extracting
of oil or gas raw materials and manufacturing plastic to handling waste and pollution
with plastic that ends up in our environment.

According to the United Nations report published in 2019, more than 60

countries, which include all the leading countries of the world (including the EU
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member states and the G7), started to realize the global nature of this problem due to
global environmental pollution and have taken steps to reduce single use of plastic
by introducing regulatory measures. Thus, the European Union parliament voted to
ban 10 basic disposable plastic products by 2021. This includes plastic straws, drink
stirrers, plates, and more. The EU measure also calls for the recycling of 90 percent
of plastic bottles by 2025 [1].

Plastic manufacturers will bear most of the costs of waste disposal and
cleaning. Two hundred and fifty organizations that makes 20 percent of the plastic
packaging produced worldwide are committed to reduce waste and pollution. The
initiative is called the “Global Commitment to the New Plastics Economy” and
includes a diverse group of participants, including, for example, the city of Austin,
H&M, Unilever, PespsiCo, L'Oreal, Nestle, Coca-Cola, and others [2, 3].

However, the term “biodegradable™ itself has a very vague wording, since
everything becomes biodegradable over time. For example, the decomposition time of
plastic from petroleum products can vary from 50 to 150 years, depending on the
composition, but the question becomes whether it can be considered biodegradable. In
fact, it decomposes, but for such a long time that it will have time to accumulate in the
environment and cause a man-made disaster of a global scale. Thus, today the terms
"biodegradation”, "biodegradable materials", "composting”, etc. very common but
often misused. Therefore, goverments needed to create a certain standard that would
accurately define these terms and give them clear criteria [4].

The main worldwide specification for bioplastics packaging remains the EU
packaging standard EN 13432 “Packaging: Requirements for Compostable and
Biodegradable Packaging”. In fact, this 20-year-old standard applies to all forms of
packaging and contains a number of assumptions and models about how a bioplastic
material will be handled at the end of its life, defining the characteristics that a
material must have in order to be defined as "biodegradable” or "Compostable".

According to the standard, the definition of "biodegradable™ means that a material is
119



XIX mixHapogHa HAyKOBO-NIPAKTUYHA KOH(EpeHLli CTYAEHTIB, aCHIPaHTIB 1 MOJIOIUX
BueHux ~Pecypcoenepro3oepiraroyi TeXHOJIOrIT Ta 001aAHaHHSA

capable of undergoing biological anaerobic or aerobic degradation resulting in the
formation of carbon dioxide, water, methane, biomass and mineral salts, depending on
the environmental conditions of the process. Microorganisms, which are present in the
environment and feed mainly on organic waste, play an important role in
biodegradation. However, unlike compostable, the term "biodegradable™ has very
little meaning without clarification, since the speed depends on many factors and
conditions. Thus, it is very important to indicate the environment in which
biodegradation is expected [5].

The EN 13432 and UNI EN 14995 standards apply to plastic packaging and
lignocellulosic materials. They exclude plastic materials not used as packaging. These
standards are the most important technical reference for material manufacturers,
government agencies, composters, certification bodies and consumers.

According to the European standard EN 13432, the compostable material must
have the following characteristics [6]:

* Biodegradability, which is determined by measuring the actual metabolic
conversion of the compostable material to carbon dioxide. This property is quantified
using the standard test method EN 14046 (which is also published as 1SO 14855:
Biodegradability under controlled composting conditions). The test material is in
direct contact with the soil and should reach a decomposition rate of 90% within 6
months.

* Disintegration, i.e. fragmentation and loss of visibility of the finished compost
(no visual contamination). This criterion is measured by a composting test (EN
14045). The test material is subject to decomposition together with organic waste
within 3 months. After this time, the compost is sieved through the 2 mm sieve. The
remains of the test material larger than 2 mm are considered as not disintegrated. This

fraction should be less than 10% of the original weight.
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* No negative impact on the composting process. This is verified by a
composting test, which determines the residual non-degradable fractions of the
material and their toxicity.

* Low levels of heavy metals (below established maximum values) and no
negative impact on compost quality (for example, reduced agronomic value and
ecotoxicological effects on plant growth). The plant growth test (OECD 208 test,
modified) is carried out on compost samples in which the test material has
decomposed. There should be no difference from the control compost. Other
chemical-physical parameters that should not differ from the control compost after
decomposition are pH, salinity, volatile solids, nitrogen, phosphorus, magnesium and
potassium content.

All of these requirements must be met simultaneously in order for the material
to be determined as a compostable. For example, biodegradable material is not
necessarily compostable because it must also decompose during one composting
cycle. On the other hand, material that breaks down during one composting cycle into
microscopic pieces that are not completely biodegradable cannot be composted.

This standard used in most countries as part of their strategy of switching from
conventional plastics.

In addition to the European standard EN 13432, some countries have their own
regulations, such as the US standard ASTM D6400 and the Australian standard
AS4736, but they are practically the same.

Therefore, the introduction and adherence to clear standards in the field of
biodegradable materials allows us to adhere to the general global concept of reducing
the volume of syntetic plastics products, as well as to determine the direction of

research in the field of new biodegradable materials.
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The cooling and humidification of the web plays an important role in the
production of paper and cardboard. This process allows to reduce the temperature of
the web before feeding on calender from 100...70 °C to 60...45 °C and at the same
time to increase plasticity by moistening it by 1.5... 2.5% without reducing the
strength. This significantly improves the calendering process and reduces the
probability of web break. In the cooling sections, one or two cooling cylinders, which
are installed after the drying section in front of the calender, are usually used [1].

Various designs of cooling cylinders are developed and patented to improve
and intensify cooling and partial humidification of the web in the cooling section,
reducing metal, electricity and water consumption.

The design of the cooling cylinder with a perforated shell is shown in Figure 1
[2]. The principle of operation of this cooling cylinder consists that the web from a
drying part arrives on an outer surface 9 of the cooling cylinder which rotates, water is
supplied in a branch pipe 1 under pressure therefore water gets to an inner surface of
the cylinder, because of the centrifugal force water passes through inlet holes 7 and
evenly distributes on the periphery of the cylinder. Due to the contact of water with
the shell of the cylinder, heat is transferred between cold water and hot web. After the
water is heated from the web, it is discharging from the inner surface of the cylinder
through the outlet holes 8, exhaust ducts 2 and removes from the cylinder by means of

branch pipe 3.
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This design of the cooling cylinder allows to intensify the cooling of web, but

it’s very metal-intensive, cumbersome and difficult to manufacture.

A\

Pin 1 Pout

D 4

1 — branch pipe for supplying water; 2 — exhaust ducts;
3 — branch pipe for discharging water; 4 — air; 5 — guide roll; 6 — web;
7 —inlet holes; 8 — outlet holes; 9 — outer surface

Fig. 1 Design of a cooling cylinder with a perforated shell

A simpler design of the cooling cylinder is shown in Figure 2 [3]. It has a
number of advantages, including: simplicity, ease of manufacture, low water and

electricity costs.
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The following design works as follows: the web from the drying part arrives on
the outer surface of the shell 3 of the rotating cooling cylinder, the cooling water is
supplied under pressure to the supply pipe 5 and enters the cylinder cavity. Under the
action of a centrifugal force, a layer of water is created on the inner surface and more

heated water is removed from the surface layer of water by the discharging pipe 6.

/ Z .3 I A 4 7
” t
'
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1 — bearings; 2 — solid shaft; 3 — shell; 4 — metal spokes;
5 — supply pipe; 6 — discharging pipe; 7 — diaphragms

Fig. 2 Design of a cooling cylinder

The variant of improvement of a design of the cooling cylinder is shown in
Figure 3 [4]. This design is distinguished by the presence of grooves on the inner
surface of the cylinder, intake and out-take spokes through which water is supply and
discharging, and a reduced thickness of the shell.

The design works as follows: the web from the drying section is supplied to the
outer surface of the shell 15, which rotates. The cooled water is supplied under
pressure through the intake spokes 13 to the inner cavity of the cylinder 4, under the
action of centrifugal force the water passes through the grooves 6 and evenly
distributed over the entire inner surface of the cylinder shell and creates a water layer.
The heated water located on the surface of the layer is drained through the out-take

spokes 12.
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4 7
5 16

1 —shell; 2 — shaft journal; 3 — spokes; 4 — inner cavity; 5 — partitions; 6—
circumferential channels; 7 — outer surface of inner roll; 8 — inner roll; 9-
inner surface of inner roll; 10 — drive unit shaft journal; 11 — channels; 12 -

out-take spokes; 13 — intake spokes; 14 — hub; 14 — inner surface of the shell; 15 —
outer surface of the shell

Fig. 3 — Design of a cooling cylinder with intake and out-take spokes

The main advantages of this design solution are that: the heat transfer area
because of the grooves is significantly increased, the heat exchange between the
refrigerant and the web is improved due to the reduced shell thickness. This allows to
significantly increase the speed of the machine without losing the cooling quality of

the web, which provides increased productivity.
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On the base of the analysis of the specialized literature and patents the urgency
and expediency of the developments directed on perfection of designs of cooling

cylinders, was established and the rational directions of their carrying out are defined.
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Anomauis.

Hageoeno onuc mooeprizayii maxamy nanepopoOHoi MAWUHU ULIAXOM
8CMAHOGNIEHHS YUTLIHOPA HAKAmMYy 3 CUCMEMOI0 0X0100dceHHs. Moodepuizayis noaseae
V 6CMAHOGIEHHI YUNIHOPY HAKaAmy 3 CUCMEMON Ni08edeHHs XO0JI00HOI 800u ma
8i08e0eHHsT mMenoi, wWo 003601UMb 000AMKOBO 3B80JI04CY8AMU NANip nepeo
HAMOMYBAHHAM HA MAMOYPHULL 8an, mMd NOKpaAwWums WIIbHICMb [ SAKICMb

HAMOMY6AHHAL.

KJ/IFOYOBI CJIOBA: L[UJITH]IP, TIAIIIP, MOIEPHI3ALIA,
HAMOTYBAHHAL.
Annotation.

The description of modernization of a reel-up of a paper-making machine by
installing a roller cylinder with a cooling system is given. The core of the
modernization is to install a roller cylinder with a cold water supply system and heat
removal system, which will further allow the paper to humidify before winding it on a
reel spool, and will improve the winding density and quality.

KEYWORDS: CYLINDER, PAPER, MODERNIZATION, WINDING

Today, paper is considered to be a very valuable commodity to be recycled and
remanufactured from processed raw materials [1]. The major giants in the paper and
cardboard industry are: International Paper, Mondi, Weyerhaeuser, Sappi and others.
Therefore, the development of this industry is only accelerating due to the high

demand among consumers. Manufacturers of paper machine equipment are constantly
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upgrading and improving their performance. A paper
machine consists of a great number of parts. However, one of the most important parts
is a reel-up. It is because due to a reel-up a paper web is wound on reel spools and
sent to a paper-cutting machine. The reel-up provides a tight winding of the paper on
the reel spools. The peripheral reel-up of a
paper machine was taken as the basis [2] with upgraded roll pressing system. But it
was suggested to install a reel drum with a water supply and drainage system for

cooling the paper web. The design of the cylinder is shown in Fig. 1.

-~ S A -
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1 - bearings; 2 - solid shaft; 3 - shell; 4 - metal spokes; 5 - cold water supply pipe; 6 -
a pipe of removal of warm water; 7 - diaphragms.
Fig.1 — The reel drum with a system of supply and drainage of water for cooling of

paper web

The main objective of the upgrade is to improve the ductility of the paper web
to improve the density and quality of the winding.

The task is solved by the installation of a fundamentally new design of the
reel-up drum (Fig. 2) with a system of supply and removal of cold water.This will
allow the paper to humidify before winding it on a reel spool.

Firstly, the paper web gets on the reel shaft. Then after the contact with it, the
paper is moistened and wound on the reel spool, which is housed in the levers of the

carriage pressing mechanism, which are used for tightly pressing the roll to the reel
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drum. In addition, a new carriage drive mechanism makes it possible to increase the
diameter of a wound roll. The pressing force applied to the roll is controlled by the

brake device and the carriage movement.

4 5

|
M)

1 - aroll cylinder with a system of supply and drainage of water for cooling the paper
web; 2 - the tambour shaft; 3 - clamping mechanism; 4 - bed; 5 - guides; 6 - carriage;
7 - pneumatic cylinder
Figure 2 - Peripheral armature of PFM

Conclusion: Upgrading of the reel drum will improve the quality and density
of the winding, the new pressing mechanism will allow the winding of rolls of

different diameters, that’s why modernization is advisable.

References::

1. Chichaev V.A. “Equipment for pulp and paper production ” at 2 part.
Part 2. “Paper machines ” / Chichaev V.A. — M.:Forest industry, 1981. — 264 p.

2. Patent Ne 133786 Ukraine. IPC (2019.01) D21G 9/00. Peripheral reel
papermaking machine/ Marchevsky V.M., Nikolaiev V.O.; Applicants - Nikolaiev
V.0., Marchevsky V.M.; Ne U 2018 10700; Filed. 29.10.2018; Publish. 25.04.2019,
Bulletin. Ne 8.

190



XIX mixHapogHa HAyKOBO-NIPAKTUYHA KOH(EpeHLli CTYAEHTIB, aCHIPaHTIB 1 MOJIOIUX
BueHux ~Pecypcoenepro3oepiraroyi TeXHOJIOrIT Ta 001aAHaHHSA

UDC 676.058.1

METHODS OF INCREASING THE DIAMETER OF THE ROLL ON REELS
OF PAPER AND CARDBOARD MACHINES
S. Kovalenko, student;

O. Seminskyi, PhD, Associate Professor, academic supervisor

National Technical University of Ukraine

“Igor Sikorsky Kyiv Polytechnic Institute”

Abstract. The methods for increasing the diameter of the rolls wound-up on the
tambour shaft on the reel of paper and cardboard machines are considered. The reel
designs allowing to increase the diameter of the wound-up rolls thus reducing the
number of turn-ups of the web and simplifying the production control have been
analyzed.

KEY WORDS: PERIPHERAL REEL, ROLL, WEB, TAMBOUR SHAFT.

Anomauin. Hasedeno cnocobu 36invuienHs Oiamempy HAMOMYBAHO20 HA
mamOypHull 6an pyIOHYy HA HAKAMAX nanepo- ma KapmoHOPOOHUX MAULUH.
IIposedeno ananiz koHcmpyxkyiil Haxamis, sAKi 00360JA10Mb 30iIbUUMU  OiaMemp
HAMOMYBAHUX PYIOHIB, U0 00360.JIA€ 3IMEHUUMU KIIbKICMb Nepe3anpasieHb NoJI0MmHd
[ noe2wumu YnpaeiiHHs UpoOHUYMEOM.

KJIFOY0BI CJIOBA: T[EPUDEPUYHUN HAKAT, PYJIOH, ITOJIOTHO,
TAMBYPHUH BAJL

In the XXI century cardboard and paper occupy a leading position and are in
great demand among consumers. Plastic are increasingly being replaced by with the

products of pulp and paper production. There are many reasons for this. Cardboard
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and paper are made from renewable raw materials — cellulose, in contrast to
polyethylene, which is made from petroleum products. Cardboard and paper products
are environmentally friendly and may undergo recycling and remanufacturing, which
has a positive impact on the environment and stimulates the development of a cyclical
economics. Therefore, the industry is developing at a rapid pace and needs constant
Improvements in manufacture.

Direct production of web to produce cardboard and paper products occur on
paper or cardboard machines, which are complex equipment consisting of a great
number of parts, all of which are designed to perform specified operations in certain
technological modes and provides quality indicators of the final product. Year after
year, engineers develop new designs or upgrade existing machine parts. One of such
parts is a reel [1] used for tight winding of a cloth on tambour shafts before their
further transportation to a cutting machine.

One of a tasks for modernization of reels is the increase the diameter of the rolls
wound-up on the tambour shaft. This reduces the number of turn-ups of the web and
simplifies the production control.

Figure 1 shows the design of the peripheral reel [2], consisting of a frame, a
tambour shaft, a drum and a mechanism for pressing the roll to the drum. The
mechanism for pressing the roll is mounted on a movable carriage that is moved by a
drive on the frame guides. Such upgrade allows to increase the adjustable diameter of

the wound-up roll by moving the carriage.

7 4

N
N
=

1 — base; 2 —rail; 3 —tambour shaft;

4 —reel drum:; 5 — movable mechanism
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Figure 1 — Peripheral reel papermaking machine

PAPCEL has developed a POPE-type reel (Fig. 2) [3]. The proposed design
uses a hydraulic clamping system with increased of stroke of the hydraulic cylinder
piston. Due to the longer stroke, this solution allowed to wind the rolls with a

diameter up to 3.2 meters.

1 — base; 2 — reel drum; 3 — tambour shaft;
4 — tambour shaft kit; 5 — hydraulic cylinder
Figure 2 — POPE type reel
Another way to achieve the mentioned goal is to increase the length of the

working levers, as proposed in the patent [4] (Fig. 3).

1 — base; 2 —working levers; 3 — tambour shaft;
4 — hydraulic cylinder; 5 — reel drum

Figure 3 — Reel would roll load sensing arrangement
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Conclusion: Advantages of modernization of reels aimed at increasing the
diameters of the wound-up rolls determine the topicality of the further research and

engineering development in this direction.
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Anomayia. OOIpynmoaHo BUKOPUCMAHHA nanepy ma KApmMoHy  AK
anvmepHamugy noaimepam 3 6udo0yenoi cuposunu. Pozenamymo ¢axmopu, wo
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NIIBKOB020 NPOKNEIOBAHHS ma KleinbHux npecie muny « Cnio-caiizepy.

K/TIOYO0BI CJ/IOBA: KAPTOH, 110JIOTHO, IIPEC, [IPOKJIEFOBAHHA.

Abstract. The use of paper and cardboard as an alternative to polymers from
extracted raw materials is substantiated. Factors influencing the sizing process are
considered. Describes the types of processing of cardboard to achieve the desired
properties. The conclusion was made about the use of film sizing and adhesive
presses such as "Speedsizer".

KEY WORDS: CARDBOARD, PRESS, SIZING, WEB.

Modern problems need modern solutions. One of them, today, is the problem of
environmental pollution by polymers: plastic bags, plastic utensils, polymer films and
more. In order to prevent a critical disturbance of the ecological balance and provide
conditions for healthy life on the planet, many countries are moving to the use of
paper and cardboard as environmentally friendly substitutes for polymeric materials.

But for a full-fledged replacement of plastic products from extractive raw materials to
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pulp and paper, the latter must have the appropriate quality characteristics, which
necessitates work to improve technology and equipment.

An important part of cardboard production is sizing of the web on sizing
presses as part of cardboard machines. Sizing presses are widely used for various
types of cardboard processing: surface sizing, pigmentation, painting, plasticization,
application of various coating compositions, providing special properties such as fire
resistance, biocidality, biostability, moisture resistance, grease, water and vapor
barrier, etc. As a result of providing the web with these characteristics, it can be used
in various fields in production and everyday life.

Starch and its derivatives (especially cationic starch) are most often used for
surface sizing. Carboxymethylcellulose and polyvinyl alcohol are also used.
Crosslinking agents, hydrophobic and polymer dispersions, optical brighteners,
antiseptics, etc. are used as additives. Deeper penetration of adhesive mixtures into
the cardboard web increases the strength of cardboard, and application to the surface -
to improve its barrier properties [1].

The application of the adhesive mixture on the surface of the cardboard is
usually carried out by spraying. In this case, according to [1], surface sizing does not
significantly reduce the total consumption of adhesive mixtures, because the
cardboard web before processing in the adhesive press must be glued in bulk to give it
moisture resistance to reduce breakage and reduce the degree of penetration of applied
solutions into a cardboard web.

For cardboard glued in the mass, the decisive influence on the penetration of
the adhesive mixture into the pores of the cardboard is exerted by the pressure in the
wedge between the shafts of the sizing press, which depends on the structural
elements of the press and the speed of the cardboard machine. [1]

For unglued or weakly glued cardboard, the amount of absorption is determined
by the capillary properties. Depending on the hydrophobicity, the mechanism of

penetration of liquid into the pores of the web changes significantly. For cardboard
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with high capillary absorption, increasing the absorption time leads to an increase in
sediment. For high-adhesive cardboard, the speed of the machine, the geometry and
rigidity of the shafts, as well as the smoothness of the web have a greater influence
[1].
1 - load-bearing structure;
2 - fixed shaft;
3 - moving shaft;
4 - cardboard rollers;
5 - edge and end scrapers;
6 - the accelerating roller
with the drive;
7 - adhesive solution supply
system;
8 - adhesive solution
drainage system;
9 - hydraulic circuits,
control panel, pneumatic
circuit, protective covers and
platforms for machine
maintenance
Figure 1 - The design of the

sizing press "Speedsizer"

197



XIX mixHapogHa HAyKOBO-NIPAKTUYHA KOH(EpeHLli CTYAEHTIB, aCHIPaHTIB 1 MOJIOIUX
BueHux ~Pecypcoenepro3oepiraroyi TeXHOJIOrIT Ta 001aAHaHHSA

The amount of application of the sizing mixture is significantly affected by the
condition of the surface of the cardboard. The humidity of the fabric greatly affects its
compressibility and wetting of the pores. The temperature of the cardboard affects the
value of pore pressure and viscosity of the composition. [1]

In recent years, «Speedsizer» (film press) have become widespread (Fig. 1).
These devices allow surface sizing or pigmentation at high speed, without reducing
productivity, because the materials used for application have a much higher
concentration than in conventional sizing presses, much less moisturizing the fabric
and do not require a powerful drying group. [2]

Such devices can operate at speeds of 1000 m/min. and more. The
concentration of the applied suspension or pigment paste is more than 40...45 %.
When processing the web acquires a higher whiteness, equal in thickness profile, high

smoothness and good printing characteristics. [1]
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Anomauisn

Onucano KOHCMPYKYIi KNeibHUX npecié ma npoyec npoKIeio8ants nanepo8oco
[ KapmonHo20 nonromua. Posenanymo ¢axmopu, wo enausarome Ha npoyec
npokierosanns. Illpoananizogano KOHCMpPYKYii KieilbHux npecie¢ ma ix po36Umox.
Buznaueno nepesacu ma neooniku oxpemux munie KOHCmpyKyiu. Buokpemieno munu
KOHCMPYKYIl, wWo 8i0nosioaioms CYYACHUM BUMO2aM BUpPOOHUYMeEa nanepy ma
Kapmomuy.

KITIOY0BI CJIOBA: KAPTOH, KJIEUIbHUW  IIPEC, IIAIIIP,
IIPOKJIEFOBAHHA, [10JIOTHO, CYLIHUJIBHA YACTHHA.

Abstract

Designs of size presses and process of sizing of a paper and cardboard web are
described. Factors influencing the sizing process are considered. The design and its
progress for size presses are analyzed. The advantages and disadvantages of certain
types of size presses constructions are identified. The types of constructions that
corresponds to modern requirements of paper and cardboard production are singled
out.

KEY WORDS: CARDBOARD, SIZE PRESS, PAPER, SIZING, WEB, DRYER
SECTION.
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The size presses (fig. 1 [1]) are used for surface sizing, painting, pigmentation,
plasticization, application of coating substances and providing special properties to
paper or cardboard. It is used in the production of writing, printing, technical, bag and
other types of paper, as well as packaging cardboard with cover layers [2-4].

Surface sizing of the web can improve the closeness of its structure, increase

rigidity, smoothness and homogeneity, provide water, steam and grease resistance [3].

1 - base; 2 - fixed press shaft; 3 - movable press shaft;
4 - paper drive shaft; 5 - sprays; 6 - hydraulic and pneumatic systems;
7 - protective covers and platforms for machine maintenance

Figure 1 - Design of the size press [1]

The size press is usually installed in the second half of the drying part of the
paper or cardboard machine, where the dryness of the web (at the entrance to the size
press) is not less than 70% [2].

The sizing process can be described as follows. The web passes between two
shafts, which compress it with little pressure. Application of sizing composition on
the web surface is handled by sprays (Fig. 2). The level of glue between the shafts of

the size press during the material sizing is kept constant. Due to this, when passing
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through the size press, the fabric first passes through a layer of sizing mass, and then
between the shafts of the press. After leaving the press, the web with the applied glue
Is sent for drying to the final drying section of the drying part of the paper or
cardboard machine. Sizing is getting completed under the action of heat treatment
during drying of the web [3].

The main influencing factors of sizing the paper and cardboard in the size press
are degree of sizing of the web in the mass, the magnitude and uniformity of pressure
between the shafts, machine speed, rheological properties of the adhesive
composition.

The shafts of the press are dynamically balanced at the required speed and can
be equipped with different types of coatings (most often rubber or ceramics are used)
depending on the type of paper or cardboard to be produced. Usually one of the shafts
is covered with hard and the other with soft material. The pressure between the shafts
is 1...3 MPa. Pressing the shafts is carried out using a hydraulic or pneumatic device
[3].

Depending on the location of the shafts there are: vertical, horizontal and
inclined designs of size presses. In fig. In Fig. 2 schemes of size presses are shown.

Compared to the vertical size press, horizontal has a number of serious
advantages, of which, first of all, it should be considered better processing of the web
with less consumption of adhesive composition, easier refilling of the web with less
likelihood of breakage, better cleaning conditions and shaft changes [3, 4].

The practice of operation of size presses of various designs by leading
companies has shown that the inclined size press has advantages of the horizontal
press and in addition allows to provide: simpler adjustment by filling of a cloth in a
press and in drying section, convenient service, smaller number of breaks of a web,
etc. Therefore, size presses of inclined design have become widespread in production
[3, 4].
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a) vertical; b) horizontal; c) inclined
1 - press shafts; 2 - sprays; 3 - rubber shaft; 3 - stonite shaft.
Figure 2 - Schemes of gluing presses [3].

Currently, the requirements for surface sizing of paper and cardboard have
increased significantly. This is due to the increasing speed of paper and cardboard
machines, the need to reduce breaks and energy consumption on drying, with
increasing requirements for the quality of finished products. These requirements are

better met by film size presses (Fig. 3).

a - one-sided coating with a scraper blade with adjustable thickness of the coating
scraper; b - double-sided coating with the application of the sizing composition on the
shafts: 1 - shafts; 2 - device for applying the sizing composition;

3 - scraper device.

Figure 3 - Schemes of coating on a film-type size press [4].
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The main advantages of the film-type size presses: 1) a wide range of working
speeds of machines (from 100 to 1800 m/min.); 2) reducing the permeability, the
sizing composition remains on the surface in the form of a homogeneous film; 3) do
not require energy-intensive final drying section. The web acquires more whiteness,

uniformity of the profile in thickness, smoothness and has better printing properties

[4].
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CEKLUS 3

«EKOJIOI'TA TA TEXHOJIOI'TA POCJIMHHUX ITOJIIMEPIB»
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Marictpanrt ['opsinoit C.B., k.1.H., n1ou. MoBuantok O.M.
HauioHa/JbHMH TeXHIYHUI YHIBEpCHTET YKpaiHU

“KuiBcbkui mosirexHivHuii incTutyt iMeni Iropsi Cikopcbkoro”

[Iporec cyuriHHS ManepoBOrO MOJOTHA MPHU3HAYEHUH NI OCTATOYHOTO HOTO
3HEBOJIHCHHS IUISIXOM BHUIIAPOBYBaHHS BOJIOTH. KpiM TOTO, B Mipy BHUIIapOBYBaHHS
BOJIOTM, TMiJ Yac CYIIIHHS BiAOyBa€ThCs MoAaybllie 30JMKEHHS BOJOKOH 3
YTBOPEHHSIM BOJIHEBUX 3B’A3KIB, BIJ] KUIBKOCTI SIKMX 3aJIeKaTh (PI3MKO-MEXaHI4HI
NOKa3HUKU TOTOBOro  mamepy (IIUIbHICTh, MIIHICTh, BOMpPHAa  3[ATHICTH,
MNOBITPOMTPOHUKHICTH TOIO) [1].

HaiiGinpim po3moBCIODKEHUM € KOHTAaKTHHH CHOCiO CYIIIHHS IarnepoBOro
MOJIOTHA, HA TTOBEPXHI TapsAyuX CYIIWIbHUX IIIiHAPIB. He auBisunch Ha Te, Mo e
croci0 € JOCHTh JIOpOTOBApTICHMM, a TakKa CYIIWIbHA 4YacTHHA Cy4YacHOI
nanepopoOHOi MAIIMHU € JOCUTh METAIOEMHOIO, CIIOKMBA€E 0araTo eJIeKTPOeHEeprii 1
3aiMae 0arato MicI, >KOAEH 3 BIJOMHX CIOCOOIB HE MOJKE IIOBHICTIO BUTICHUTH
CIoCi0 KOHTAKTHOTO CYIIIHHS Tarepy.

3a3Buyail cymmibHa yacTuHa mnamnepopoOHoi mamuHu ([IPM) cknamaetses 3
JBOX PSAIB CYNIWIBHUX IWIIHAPIB, M0 OOIrpiBalOTHCS MApoO0 1 PO3TalIOBaHI B
[IIaX0OBOMY TOPSAIKY. AJie mpu poOOTI MAIIMHA Ha BUCOKHUX IIBHJKOCTAX B TMa3zyxax
HAIMPSIMHUX BaJIIB BUHUKA€E THCK (B OTHOMY — BiJI’€EMHH, B IHIIOMY — HaJ[JIUIIIKOBUH),
ITiJ JTIE€F0 SIKOTO IMariepoBe MOJOTHO BIJICTAE B CITKH, 110 MOYKE MPHU3BOIUTH IO HOTO
00puBY a00 YTBOPEHHS CKJIQJIOK Ta IHINX AedeKTiB [2].

3 MeTor 3amobiraHHs aHOTO HeO0a)XaHOTO SBUIA B HAMPSIMHHUX Bajax
MIATPUMYIOTh HeBenukuii BakyyMm (puc. 1) [2]. OpHOpsigHE KOMITIOHYBaHHS
CYIIWJIBHUX HWIIHAPIB € CYYaCHUM TEXHIYHUM PIIICHHSIM 1 3aCTOCOBYETHCS Ha

BucokomBuakicaux IIPM. HMoro mepeBaroro € Te, IO Mamip MPOTATOM BChOTO
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MPOLIECY CYIIIHHS MNPUTHUCKAETHCS CITKOIO JI0 CYIIMJIBHOTO LWIIHAPY 332 PaxyHOK
BaKyyMy, CTBOPEHOTO BaKyyMHUM BajoM, 1 3a paxyHOK CTaOUII3ylOUMX Kamep B
MDKIMITHAPOBOMY HPOCTOPI (K1 3a3BUYail BUKOPUCTOBYIOTHCS MIPU OUTBII BUCOKHX
MIBUAKOCTSX MallWHU). ToMy OAHOpSAHA KOMIIOHOBKA CYIIMJIBHUX IWJIIHIAPIB €
OUTBII BUTIAHUM PIMICHHSIM 3 TOYKH 30pYy Mpale3JaTHOCTI MallMHHU (3HMXKYETHCS
WMOBIpHICTh OOPHMBHOCTI IMamnepoBOr0 TMOJOTHA B CYHIWIBHIM dYacTHHI). Takox
3aBJISIKM MIPUTHCKAHHIO MAanepoBOro MOJIOTHA MO BCiH TOBXKUHI CYIIMIBHOTO HUIIHApA
3MEHIIYEThCS WMOBIPHICTh YCaJIKM IMOJIOTHA 1 TUM CAMHUM TMOJIMIIYETHCA MPOPUIb

BUTOTOBJICHOTO Tanepy [3].

2 Puc. 1. OgHopsiHa KOMIIOHOBKA

3 ' CYIIWJIBHUX MWJIIHPIB 3 BAKYYMHUMU
/- \ BaJIaMu: | — BakyyMHHUi1 BaJT; 2 —
\ CYUIWJIBHUH IWITIHIP; 3 — Manepose
i MOJIOTHO; 4 — CYIIMJIbHA CiTKa

BaxxnuBuM 1711 BCTAHOBJIEHHS OJHOPSAHOTO KOMIIOHYBAHHS CYIIMJIBHUX
UWIIHAPIB € Te, 110, 3a MBUAKOCTI moHaa 1200 M/XB BUHUKAE CHUIbHA KOHBEKIlA Ha
MOBEPXHI1 CYIMIMJIBHUX MWIIHIPIB Ta 30UIBIIYIOTHCS BIAIEHTPOBI cuivd. B manomy
BUIAJIKY, 00OOB'A3KOBOI0O YMOBOIO € BCTAHOBJICHHSI HE JIMIIIE BaKyyMHHX BalliB, a i
cTabUTI3yrI0OUnX KaMmep Jutsl cTalimi3allii marmepoBoro MoyoTHa B mpoiieci cymrinas [3].

3aJIe)KHO BiJ MIBHJKOCTI MAIllMHM, BUJY Tarepy 1 HasSBHUX I1HBECTHUIIMHUX
PECYPCIB OJHOSIPYCHE PO3TAIlyBaHHSA CYIIWIBHUX HHWJIIHAPIB BUKOPUCTOBYETHCS SK
nepina CymuibHa TPyMa B OCHOBHIN CYIIWIBHIN YacTUHI ab0 SK Tepia CymuibHa
rpyna B JOCYITyBaJIbHIM YacTWHI (IICHS KJIEUMbHOro abo MIIiBKOBOTO mpecy). Tyt
OJTHOPSITHE KOMIIOHYBAaHHS TMpHUHECE HAWOUIBIIy KOPUCTh 3 TOYKH 30Dy
Mpare3/1aTHOCT] anepopoOHOi MAaIlIMHU, OCKIJIBKH TMaMip B TAHOMY MICII1 II[€ BOJIOT U

1 Ma€ TEHACHIIIIO 10 OOPUBHOCTI.
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[Ipy mpoxomkeHH1 nanepy yepe3 KIACUYHHMHA CYIIWJIbHUN IWIHIAp (puc. 2)
namip MOpPOXOJUTh MDK CYIIMJIBHOK CITKOIO 1 Tapsyol0 COPOYKOI UUIIHAPA,
CylIWJIbHA CITKa MpPU LBOMY MPUTUCKAE TANip OO0 rapsyoi MOBEPXHI CYIIUIBHOTO
HWIIHAPA 1 TUM caMUM 30UIbIIyeThCsl €(heKTUBHICTD Mpoliecy cyuinHsa. HaBmaku, mia
Yac MPOXOJKEHHS NanepoBOro MOJOTHA YEPe3 BaKyyMHMI Bajl mamip NPUTUCKAETHCS
70 HBOTO 3a paxyHOK BakyyMmy. llpu 1mpoMy 4YacThHa mapu, IO YTBOPIOIOTHCS B
pe3yNbTaTi MPOXOJKEHHS MOJOTHA MO CYUIWIBHOMY LWIIHAPY, BIACMOKTYETHCS B
HanpsIMKy 10 ImHapy. [IpoxojkeHHs mamepy B MUDKIMIJIIHIPOBOMY MPOCTOPI

CTaOUTI3y€eThCA 3a JOMOMOTOI0 creniaibHuX kamep. [IpuHuun poGoTH BakyyMHOTO

S

o

Bakyym

Bally IOKa3aHO Ha pHUC. 3.

Puc. 2. [IpuHuumn npoxo/yKeHHs TanepoBOro MOJOTHA 110 BAKYYMHOMY Baly
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Bxid 3 . Buxid

'

nosiomna nosiom-Aa

Puc. 3. Ilpunuun poG0TH BaKyyMHOTO Bally

[linBeneHHs BakyyMy 1O BaKyyMHOro Bajy MOXe OyTH BHKOHaHE JBOMa
OCHOBHHUMH CTIOCOOAMMU:

— TIABEJEHHS BaKyyMmy 31MCHIOE MOpPOXKHUCTA manda muiiHApa (Ha CTOPOHI
oOciyroByBaHHs a00 TPHBOAY), B IMIIIHAPI TPOCBEPAJICHI OTBOpU (10 OTBOPIB
MOXYTh OyTH JIOMOBHEHI 1 KaHABKH JUIS KPaIloro PO3MOJILTy BaKyyMmMy Ha MOBEPXHI
COPOYKHU IUJIIHIpPA), 1 111 MITIHAPH BCEPEIUHI KOHCTPYKI[Ii MalOTh BiJICMOKTYBaJIbHY
30HY, 1110 OOMEeXKEeHa YIIUTbHIOIYUMH TTAHKaMHU;

— TIABEJACHHS BaKyyMy 3JIIHCHIOETHCS 3a JOMOMOTOI0 BiJCMOKTYBAJIbHOTO
AIMKA, 110 BCTAHOBJIEHO B MPOCTOP1 MK CYIIMJIbHUMH CITKamMH. BakyymMHuU#l Ban B
JaHOMY BUIAJIKy nepdOpOBaHUl 1 BIIICMOKTYBaHHS BIIOYBa€TbCA KPi3b ephopoBany
COpPOYKY B HAaIPSIMKY JI0 BIJICMOKTYBaJIbHOTO SIMKA, [0 PO3TAIIOBAHUN HAJ BaJIOM.
Taki smuKu 3a3BMYail MarOTh KUTbKa 30H 1, KPIM BIACMOKTYBAJIBHOTO €(EKTYy Y
HAMpsAMKY 0 IWIHAPIB, MalOTh 1 O14HI cTaOUT3yr04l 30HH 3 OKPEMOIO BY3BKOIO
30HOIO JIJIS 3aIIPABIICHHS TaTepy.

[lepeBarm OAHOAPYCHOI CXEMH PO3TAIlyBaHHA CYIMUIBHUX WIHAPIB 3
BaKyyMHUMH BaJlaMU: 3HIDKYEThCS OOPHBHICTH BOJIOTOTO TANEPOBOTO IMOJIOTHA;
bopMy€eThCS  ONTUMANBHUN MPOQUTH BOJOTOCTI B TMOMEPEUYHOMY HAMPIIMKY;
CKOPOYY€EThCS JIOBXKMHA JUITHKA BUTBHOTO TPOOITY TIOJNOTHA; CHPOIIYETHCS

HQJSITaHHS CITKM, 3HIDKYETbCS ycagka TMamepy, TMOJMIMIIYyeThCs —cTadimizamis
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MarepoBOro IMOJOTHA; TMOJETIIYETbCS OYMIIEHHS MDKIWIIHAPOBUX HPOCTOPIB Y
BUTIAJKYy, SKIIO BCE-TaKM OOpPWB  CTaBCSA; CIPOIUIYEThCS ~ BCTAHOBIICHHS
Mapo3BOJIOKYBaya JIJIsl PETYJIIOBaHHS MPOQUII0 BOJIOTOCTI (MapO3BOJIOKYBAY MOKHA
BCTAHOBUTH TMPOTH HAMPSMKY pPyXy IMamepoBOro TOJOTHA, IO MPUTPUMYETHCS
BaKyyMHHUM BajioM) [3].

HenonikamMu  OZHOPSIHOTO KOMIIOHYBAaHHS € 3HWXKCHHS TPOTYKTUBHOCTI
CYIIIHHS Ha OJWHUIIIO JIOBXKWHU MAIIMHU (CYIIWIbHA YacTHHA Ma€ OyTH JIOBIIOIO),
OUTBII BUCOKI BUTPATH HA JIXKEPEJIO BAKYYMY JUIsl BAKYYMHHUX BaliB 1 cTa01113aTOPIB 1,
3BUYAHO K, OUTBII BUCOKI IHBECTHUIIIMHI BUTPATH HA MOYATKY MPOCKTY.

Po3paxyHok JiameTpa BaKyyMHOT'O BaJjia MOB'SI3aHUM 13 3arajJbHOI0 KOHIICIIIIIEO

CYIIWJIBHOT YaCTHHHM 1, TOJOBHUM YHHOM, 3aJICKUTh Bl PO3MIPY CYIIHIBHUX
MWTIHAPIB (ane 3aBxkau MeHie ix). CranmapTHuil aiaMeTp BakyyMHHX BamiB: 900,
1000, 1200, 1800 mm. Pimmre BUKOPHCTOBYIOTHCS TaKoX 1 Taki miameTpu sik 1290,
1450 wmm. HaiiGuipll THUNOBUM  KOHCTPYKTUBHHM  DIIICHHSIM  OZHOPSIHOTO
KOMITOHYBaHHS €, HAIPUKJIAJl, BAKOPUCTAHHS CYITWIBHUX HUIIHAPIB Aiamerpom 1500
MM 1 BaKyyMHHX BajiB jaiameTrpoM 1200 MM a6o KOMOiIHAIliS CYIIMJIBHUX ITUIIHAPIB
niametrpom 1800 MM 1 BakyymMHUX BasiB giamerpom 1500 mm [3].

TakuM 4MHOM, OJHOPSIAHA KOMIIOHOBKA CYHIIMJIBHUX HHWJIIHAPIB € Cy4aCHUM
TEXHIYHUM PIIICHHSAM 1 BCTAHOBIIOETHCS HA BHCOKOIIBHUIKICHUX ManepopoOHUX
MamuHax. JJis manepy 3 HM3bKOIO Macoro 1 M? i mBujkicTio MamuH Big 800 M/XB i

2 | mBuakicTio MamuHu ToHax 1000 m/XB

Ul Tarepy 3 Oulbmio0 Macoro 1 M
JOIIJTBHAM € BCTAHOBJICHHS OJHOPSAIHOI KOMIIOHOBKM Yy mepurid rpymi (mmns
MOTIEPETHHOTO CYIIIHHS) Ta Y MEepIIii rpymi s JOCYIIYBaHHS (SKIO BCTAHOBJICHUMN
KIeinpHui abo TuriBKOBUM Tipec). s BCiX BUAIB mamepy 3a MIBHUAKOCTEH MAaIIWMHU
noHaa 1200 M/xB Tpeba KOPUCTYBATHUCS MPUHITAIIOM: UMM BHIINA IIBUAKICTH 1 MEHIIIA

maca 1 M2 mamepy, TUM Oiiblle TPyN 3 OAHOPSAJHUM KOMIIOHYBAHHSM CYIIMIBHUX

WIIHAPIB HEOOXITHO BCTAHOBUTHU B CYIIMJIBbHIM YaCTHHI.
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UDC 676.088
RESOURCE-EFFICIENT USE TECHNOLOGIES
OF FRESH WATER IN THE PRODUCTION OF SANITARY AND
HYGIENIC TYPES OF PAPER
Undergraduate students Oshita V., Osipenko V.,
technical sciences candidate, senior scientist, assistant professor Ploskonos V.G.
National Technical University of Ukraine

“The Igor Sykorsky Polytecnical Institute of Kyev”

Anomauisa. B Xo/i BUKOHaHHS pOOOTH MPOBEACHO JOCIKCHHS 3 METOKO BHSIBICHHS
BIUIMBY SKOCTI CBDKOI BOJM HAa TIOKA3HMKW TPOAYKIii Ta  po3poOka
pecypcoePeKTUBHUX TEXHOJOTIM Jisi BUPOOHMIITBA CaAHITAPHO-TITIEHIYHUX BHJIIB
nanepy i3 1eyiroyio3u. JJocuTh 4acTo BOAH1 PECYpPCH pO3TIISAAIOTHCS K HEBUYEPITHI Ta
JIENIeB], 10 € XMOHUM CTaBJICHHAM CYCHIJIBCTBA J0 MPUPOJHUX pecypciB. Pazom 3
TUM, JOCTYMHICTh Ta SKICTh BOJM (K TEXHOJOT1YHOI, TaK 1 MHUTHOi), MOCTIHHO
HOTIPIIYETHCSA, @ Tapudu Ha il CHOKUBAHHS — MIABUIIYIOTHCS. 3HAUYHI BUTpPATH Ha
3a0ip Ta TpPaHCIIOPTYBaHHS BOJIU, YTPUMAaHHS CUCTEM BOJIONIOCTAYaHHS, OYUIIICHHS Ta
CKHMJIAaHHSI OYMIIICHOT BOAW y IPHUPOJIHI BOJOMMH MOXKYTh OYTH 3HHUKEHI 3a PaxXyHOK
BIIPOBA/PKEHHS BOJHOTO MEHEHKMEHTY Ta TMOCTIHHOT MIATPUMKA CHUCTEM ¥
HAJICXKHOMY CTaHi. BrpoBakeHHs pecypcoedeKTUBHUX 3aXOIB J03BOJIIE, a cCaMe:
CKOPOTUTH BTPATU BOJAH;, BHUSBUTH MOXJIMBOCTI MOBTOPHOTO iX BUKOPUCTAHHS, IO
MO3UTUBHO MO3HAYUTHCS HA €KOHOMIYHIM CUTYyallii MiAMPUEMCTBA; 3MEHIIUTH IJIaTy
3a BOJOKOPHUCTYBAHHS 1 CKHJAHHS CTIYHMX BOJ. . Boma B IIeI0JI03HO-TAniepoBii
MIPOMHUCIIOBOCTI BiJIiIrpae MyXe BaXKJIUBY POJIb, 1€ TaKa X BHXiJHA CUPOBUHA fIK 1
pociuHHa 1enrono3a [1,2]. ¥V 3B'I3Ky 3 TUM, 110 BC1 TEXHOJIOTIYHI TTPOIIECH 0a3yIOThCs
Ha TEXHOJIOTIi 3a BUKOPHMCTAHHS BOJIM, BOHA Yy MpoOIEcax BUPOOHUIITBA mamepy 1

KapTOHy Mae Oarato(yHKIIOHAJbHE MNpU3HAUYCHHS. BakiMBO BpaxoByBaTHU BILIUB
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OKpeMHMX NOKa3HHUKIB CBIKOI BOJM B Mpolecax BUPOOHUIITBA HA SKICTb T'OTOBOI
npoaykuii. B poOoTi HaBeeH1 1l BUMOTH P13HUX CIIOXKUBayiB CBLKOT BOAM.

Knrwouoei cnosa: csixca 6ooa, canimapuo-2icieHiuni 6uou nanepy, NOKA3ZHUKU SKOCHI
nanepy, mexuHoJl02i4Hi npoyecu ma pojb 800U.

Summary. In the course of the work, research was conducted to identify the impact of
fresh water quality on product performance and development of resource-efficient
technologies for the production of sanitary and hygienic types of pulp paper. Quite
often water resources are considered inexhaustible and cheap, which is a wrong
attitude of society to natural resources. At the same time, the availability and quality
of water (both technological and drinking) is constantly deteriorating, and tariffs for
its consumption are rising. Significant costs for water abstraction and transportation,
maintenance of water supply systems, treatment and discharge of treated water into
natural reservoirs can be reduced through the introduction of water management and
constant maintenance of systems in good condition. The introduction of resource-
efficient measures allows, namely: to reduce water losses; identify opportunities for
their reuse, which will have a positive impact on the economic situation of the
enterprise; reduce fees for water use and wastewater discharge. . Water in the pulp
and paper industry plays a very important role, it is the same raw material as
vegetable pulp [1,2]. Due to the fact that all technological processes are based on
technology for the use of water, it has a multifunctional purpose in the production of
paper and cardboard. It is important to take into account the impact of individual
indicators of fresh water in production processes on the quality of finished products.
The paper presents these requirements of different consumers of fresh water.

Key words: fresh water, sanitary and hygienic types of paper, paper quality indicators,

technological processes and the role of water.

The purpose of this work is to analyze the impact of fresh water quality on

product performance and development of resource-efficient technologies for the
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production of sanitary and hygienic types of pulp paper at PJSC "Kyiv Cardboard and
Paper Mill".

Quite often water resources are considered as inexhaustible and cheap, which is
a wrong attitude of society to natural resources [1,2,4]. At the same time, the
availability and quality of water (both technological and drinking) is constantly
deteriorating, and tariffs for its consumption are rising. Significant costs for water
abstraction and transportation, maintenance of water supply systems, treatment and
discharge of treated water into natural reservoirs can be reduced through the
introduction of water management and constant maintenance of systems in good
condition. The introduction of resource-efficient measures allows, namely: to reduce
water losses; identify opportunities for their reuse, which will have a positive impact
on the economic situation of the enterprise; reduce fees for water use and wastewater
discharge [1-3].

Natural water has an extremely important role in all spheres of human activity.
Water in the pulp and paper industry plays a very important role, it is the same raw
material as vegetable pulp [1,2]. Due to the fact that all technological processes are
based on technology for the use of water, it in the production of paper and cardboard
has a multifunctional purpose [2,4]:

- water is one of the main components and components of the technological
process, along with fibrous semi-finished products (cellulose and waste paper) used in
the manufacture of paper and cardboard,;

- water performs the following main functions: it serves as a vehicle of pulp;
means for cooling and sealing equipment;

- as a chemical component is used to bind fibrous components in the
manufacture of paper and cardboard and for other purposes.

- according to the physical state, water in the process of preparation of
technological mass and production of products on a paper machine is both in the free

sorbed state and in chemically bound form [1,2].
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In the process of making the paper itself, the water that is part of the formed
fibrous suspension goes through several stages, during which water participates in the
formation of the paper structure, and then subjected to treatment and purification from
various impurities and contaminants [2].

With regard to the technology of preparation of paper pulp, in this case, the
opposite flows of mass and water. In order to reuse the water formed during the
preparation of the pulp, separate microcycles are created. The technological mass,
passing the stages of preparation and gradual purification, moves from the initial to
the final stages of the technological process. Fresh process water, as compensation for
losses, try to enter into the process, mainly in the final stages of the technological
process of manufacturing.

It is important to take into account the impact of individual indicators of fresh
water in production processes on the quality of finished products. Among the main
and important indicators of fresh water are the following, namely:

- the total amount of salts, characterized by a dry residue due to evaporation of
water;

- water transparency - is determined by the thickness of the water layer in the
cylinder, through which the image is visible at the bottom of the cylinder;

- oxidation of water - is characterized by the content of organic impurities in the
water;

- reaction of water - its acidity or alkalinity;

- water hardness - an indicator that indicates the content of water-soluble salts
of magnesium and calcium.

Water has a smell, taste, color. In fresh water, the content and weak
development of microorganisms in the amount of 1 « 104 ~ 1 « 105 units per liter of
water), as well as the presence of ions and cations of various elements.

Thus, taking into account the above, in table. 1 shows these requirements of

different consumers of fresh water.
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Table 1 - Requirements of different consumers to the quality of fresh water.

Water quality

Group of fresh water consumers

indicators General purpose papers Special types of papers
1 2 3 4 5 6 7

Hardness is Not normalized 1,0 |1,1+1,5| 0,02 0,1
carbonate,
mg-eq/dm?®
Alkalinity, 3 3 1,5 0,8 2,5 - -
mg-eq/dm?
Chlorides, units 300 200 300 0,8 0,2 0,2 0,1
Cl,
Sulfates (units Not normalized 40 20 - -
SQO,), mg/dm?®
Silicon (SiOy), 400 50 20 20 5 5 0
mg/dm3
Copper (Cu), - - - - - - -
mg/dm?3
Iron (Fe®Y), 2,5 1,6 1,0 0,1 0,1 0,1 0,05
mg/dm3

Thus, to solve the problem of reducing the volume of fresh water in the

production of toilet paper from pulp and the use of return water instead of fresh, must

comply with the regulatory requirements declared in the above table.
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YK 676.252.2:676.038.2:676.02/.05
HNIABUIIIEHHSA E@EKTUBHOCTI OBJIATOPO’KEHHSA
MAKYJIATYPHOI MACHU Y BUPOBHUIITBI CAHITAPHO-
I'T'TEHIYHOTI'O MAIIEPY
marictpant Kexkyx M.B., k.1.H., nou. MoBuaniok O.M.
HauionaJbHMH TeXHIYHUI yHIBepCHUTET YKpPaiHU
«KuiBcbkni mosirexHivHuil iHcTUTYT iMeHi Irops Cikopcbkoro»

OcHoBHa MeTa Tmpollecy O0OJaropo/pKyBaHHS MacH 13 3aJpyKOBAHOI
MaKyJaTypy — BITHOBJEHHS OLTOCTI 1 YMUCTOTH JO PiBHSA, 110 3a0e3euye MOKIUBICTh
il BUKOpHUCTaHHS 3aMiCTh BHUOLICHOTO IICJIFOJIO3HOTO BOJIOKHA Il BUPOOHHUIITBA
NUCANbHO-IPYKAPCHKUX, CAHITAPHO-MOOYTOBUX Ta IHIIMUX BUAIB Outoro mamepy [1].
BaxxauBuM etarmoM 00J1aropopkeHHs MakyjiaaTypHoi Macu (MM) e BumaneHHs 3 Hei
YaCTHHOK JpyKapcbkoi dapou. Lle 3aiiicHIoeTbCa ABOMA crioco0aMu: MPOMHUBAHHAM
Ta (HIOTAIIEIO.

OCHOBHI BJIACTUBOCTI CaHITAPHO-TIME€HIYHUX BUIB Mamnepy (tissue) - M'SIKiCTb 1
BOMPHICTh — NOTPEOYIOTh BIACYTHOCTI B MakKyJaTypHIH Maci 4aCTHHOK 30JIbHUX
€JIEMEHTIB (HAIOBHIOBAYiB 1 KpEeWIyBaJlbHUX IOKPHUTTIB), JpyKapcbkoi (apbu i
JUNKAX pedoBUH. ['0MOBHOIO mMpoOIEMOI0 MIATOTOBKM MAaKyJIaTypHOI Macu IS
BUPOOHMIITBA tisSUE € 3HUKEHHS BMICTY JIUTIKMX PEYOBHH 1 30JIbHUX €JIEMEHTIB, BMICT
ocTaHHix Mae Oyrtu 3meHmenuid g0 1,0 — 1,5%. Tomy B TEXHOJNOTIYHI CXEMH
MIATOTOBKA MacH HEOOXiTHO BKIIOYATH IPOMHUBAHHSA, MO € CS(OEKTUBHUM IS
BUJIAJICHHS JOMIIIOK po3MipoM MeHie 30 Mkm [2, 3].

[TpoMuBaHHS 3M1MCHIOIOTH MIISTXOM MOMEPEIHBOT0 po3daBieHHss MM Bojoro Ta
il momampmioro 3rymeHHA. [lpm mnpomuBanHI BimOyBaeThes (imbrparis MM i
BUJIAJICHHS] TOHKOAMCTIEPCHUX YACTUHOK JIOMIIIOK, @ TAKOX PO3YMHEHUX 1 KOJOTTHUX
PEYOBHH, 10 HETAaTUBHO BILUIMBAIOTH HA TMPOIECH BUTOTOBJICHHS Tarepy Ta SKICTh
roToBoi mpoaykilii. Jlo po3YMHEHMX 1 KOJIOIMHMX PEYOBUH BITHOCATHCA PI3HI

HEOPraHiuHl 1 OpraHiyHi CHoJykd, 10 MOxyTh miaBuiutu XIIK oGopoTtHOi Ta
217



XIX mixHapogHa HAyKOBO-NIPAKTUYHA KOH(EpeHLli CTYAEHTIB, aCHIPaHTIB 1 MOJIOIUX
BueHux ~Pecypcoenepro3oepiraroyi TeXHOJIOrIT Ta 001aAHaHHSA

CTIYHOT BOJM, a TAaKOX 30UIbIINUTU aHIOHHE 3a0pynHeHHss MM [2].

Jnst  migBumieHHsT e(QEeKTHUBHOCTI Tmpolecy npoMuBaHHI MM  HeoOXigHO
MPOBOJUTU HOro B Kidbka cTyneHiB. Konu wvactuHku ¢apbu A0CTaTHBO
JUCIIEProBaHi, HA OJHIN CTajlii MPOMUBAHHS MOXHA BUIAAIUTH 10 85% 4YacTUHOK, a 3a
BUKOPHUCTaHHS TPhOX Ta OUIbILIE CTYNEHIB MPOMHUBAHHS (B yMOBAaX €KCIIEPUMEHTY) —
10 99%. IIpakTHYHO X OTPUMATH TAKOTO BHJIAJICHHS YaCTUHOK HEMOJKJIMBO, 3aBISKU
OKpeMUM YacTHHKaMm (apOu, 110 MOBTOPHO OCAKYIOTHCS Ha BOJOKHAX. JlogaTKoBe
npoMuBaHHs TiaBuinye O0u1icth MM Ha 4 — 5% npu BTpati 10 — 15% BoJOKHA 1
301bHUX eneMeHTIB. Jlocsaruenns Outocti MM 68 — 72% MOXJIMBO mpH BTparti
JpiOHOrO BOJIOKHA 1 30JIbHHX eJleMeHTiB moHan 30% [2].

HaiiGinpmr  BaXIMBUMH ~ TOKa3HUKAaMU  MacH, BiJ  SKUX  3aJIC)KUTh
NPOAYKTUBHICTh TMPOMHUBHOTO OOJaJHAHHSA, € CTYNiHb MJIMBA, KOHIICHTpAIIis,
Temreparypa, QpakiiiHuil ckiaaa i BUI Macu. [ oTpuMaHHS BUCOKOTO €(eKTy
IPOMHUBAHHs YacTUHKW ¢apOu moBuHHI OyTH moOpe nucneproBani. I[poro moxHa
JOCSITTH 3a JOMIOMOT0I0, HAMPUKIIAJl, TEPMOAUCTIEPCIMHOrO 00poOIeHHS. 3MEHILIEHHS
KOHIIEHTpAIIll MacH, 110 HAJXOAUTh HA MPOMHUBAHHS, AK 1 MiJBUIEHHS KOHLIEHTpAIii
IIPOMHTOI MacH, cupusie OUTbII ePeKTHBHOMY BHUAAICHHIO 3 MM TOHKOIHCIIEPCHHUX
TBEPJIMX YaCTUHOK [2].

TpanumiiinuMu anapaTaMu JJIsi TPOMHUBAHHSI € 3TyIlyBadi 0apaGaHHOTO THITY.
Jlo Hux BigHOCAThCS ImabepHi 3rymyBadi Ta naBoOapabanui. [lepmi 3martHi
MIJBHINYBAaTH KOHIIEHTparito macu 10 7%, a apyri — mo 20 — 35%. Ilupokoro
PO3MOBCIOIKEHHSI OTPUMAJIU CTPIYKOBI MPECH, BKIIFOUAIOYH JTBOCITKOBHIA TpEC.

Amnapat tumy OptiThick GAP-Washer ¢ipmu Valmet BimHOCHTBCS 10 Tpymnu
CTPIYKOBHX MPECIB 1 JO3BOJISIE PETYIIOBATH CTYITIHL 3HEBOJHEHHS MM Ta BUmaneHHs
npioHux BosiokoH. TexHomoriss GAP-Former 3a06e3neuye BUCOKY SIKICTh MPOMHUBAHHS
MM 3a Bucokoi npoaykruBHOCTI Bix (115 go 400 1/100y). KoHuenrpartiist Macu, 1o
HaJIXOoAuTh Ha mpomuBanus, — 0,7 —1,4% [2].

s npomuBanHa MM Moxxe Oyt Bukopuctanuit 3rymyBad OptiThick GT
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o L B 4

!'f:" ' — | A e e
5 R | e P ¢ipmu  Valmet (puc. 1)
= i = — <
' Horo IPOJYKTUBHICTb
| ckianae 100 — 200 1/700y.
I ' ‘ ;| EdexTuBna IIoma
1 ‘ .
| ’ . i dinprpamii 6apabana
+ ‘ i, S ‘
| T CTaHOBUTh 80%,
# 2 * KOHIIEHTpAllis MacH, IO

HaaxoauTh, — B 0,1%, mpomutoi cycnensii — 1o 5%. [2].
Puc. 1. 3rymryBau tumy OptiThick GT:
1 — momaua macwu; 2 — BUXiJl 3TyIIeHOT MacH; 3 — uIbTpaT; 4 — CIPUCKH;

5 — OrJIA/10BE BIKHO; 6 — IpEeHaX

Konctpykiis auckoBoro ¢gumetpy OptiThick DF Bin Valmet no3Bossie Buiitu
HA HOBUH pIBEHb MPOAYKTUBHOCTI Ta HAMIAHOCTI 3TYIICHHSA, 1 MOXe
BUKOPUCTOBYBATHCS SIK JIJIs1 IPOMUBaHHS MM, Tak 1 i1l OCBITJIEHHS Bo1u [4].

Huckosuit pineTp OptiThick DF cxmamaetscss 3 QuibTpyrounx AUCKIB, IO
MIPUKPIIUICH] 10 TTOPOKHUCTOTO IIEHTPAIBHOTO Baja, KM 00epTaeThcs 1 4aCTKOBO
3aHYPIOEThCS y BaHHY 3 MM. BakyywM, 1110 CTBOPIOETHCS BCEPEIMHI Bajla, CIPUYUHSIE
yTBOpeHHs (inpTpyrodoro mapy. Ilix dac oOepTaHHsS JucKa IMap BOJOKOH
30UTBIIY€ThCA 1O TOBIIMHI. DinbTpamiiiHa 37aTHICTE 1 YHCTOTa (QUIBTPATY
BHU3HAYAIOTHCS PIBHEM BaKyyMy, KOHIIGHTPAII€0 MAacH, TOBIIMHOIO BOJIOKHHUCTOTO
mapy. 30uremena mnpoayktuBHicTh OptiThick DF € pesympratom  psgy
KOHCTPYKTHBHUX oOcoOnuBocTeil. CeKTOpu MarTh NOJIMPOMUICHOBUNA QUIBTP Y
BUTJISIII COPOYKM Ta KUTblle YHIUTBHEHHS OIS OCHOBU CEKTOpA. [Tepme
BrpoBapkeHast OptiThick DF BinOynocst y MonTtapxki (®panirist), y TEXHOJIOTTIHOMY
MTOTOIIi IMATOTOBKM MAacH JIJII BUCOKOSKICHUX COPTIB CaHITapHO-TIri€EHIYHOTO IMarmepy.
Copouka ¢inbTpy WavStar Bin Valmet (puc. 2) migxoauTh A BCIX BUJIB CEKTOPIB

nuckoBux (GutbTpiB. OcobnuBicth WavStar mossirae B roppoBaHOMY TOJOTHI, IO
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30UIBIIY€E MOBEPXHIO CEKTOPY Ha 29%, a mpoaykTuBHICTh — Ha 10 — 25%, kpim TOTO
MOJIETIYETHCS BUAAJICHHS YJIOBJICHOTO BOJIOKHA 3 (inmbTpa Ta CHPOLIYETHCS
oOciyroByBaHHs [4].

JlJisi BUCOKOIIPOYKTUBHUX TEXHOJOTIYHMX TMOTOKIB MOKHAa BHKOPHUCTOBYBAaTH

nBobOapabannuii 3rymysay TwinRoll Evolution, mo mae npoayktuBHicTh nonan 2000

T/1100Y.

Puc. 2. @parmeHr
ropoBaHOTO M0JIOTHA

copoukn WavStar

Takum 4YuHOM, MABUIIUTH €(QEKTHUBHICTH oOJaropopkeHHss MM s
BUPOOHHUIITBA CAHITAPHO-TITIEHIYHUX BHU/IB Marepy MOKHA, BAKOPUCTOBYIOUU CTAJIII0
npomuBaHHs. CyTTeBO TOKpailye e(QeKTUBHICTh OaraTocTajiiiHe IPOMHUBAHHS.
JlomatkoBe poMuBaHHs MiaBHINye Oi1icTh MM Ha 4 — 5%. [ocsraenHs 6iocTi 68 —
72% MOXIMBO TIpU BTpaTi JPIOHOTO BOJOKHA 1 30JbHUX eneMeHTiB moHan 30%. A
CydacHI KOHCTpYyKIii aBoOapabanHux 3rymryBadiB, GAP-hopmepiB Ta IHCKOBUX

(GUTBTPIB MOKYTh 3a0€3MEUNTH BUCOKY TTPOTYKTUBHICTD.

Ilepenik mocuiaanp :
1. ®noramiss MakynatypHoi macu [Emextponnuii pecypc] : HaB4. moci0. /
O. MoBuanmk, A. Ocranenko. Kuis : KIII im. 1. Cikopcskoro, 2020. 77 c.

2. BanuakoB M.B., Kymemo A.B., AmnekcanapoB A.B., Tlayze A.A.
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3. KoBaniera O. PecypcocOeperaroiias TeXHOJOTHS MepepabOTKA MaKyJIaTyphl.
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YK 676.244:676.011:676.026.735
NIABUIIEHHA AATE3II I YAC EKCTPY3IHHOI'O JIAMIHYBAHHSI
HAIIEPY NOJIETHJIEHOM
MmarictpaHnT KoBanenko A.B., x.T.H., no11. MoBuaniok O.M.
HauionanbHuil TeXHiYHUI yHIBepcuTeT YKpaiHu « KHIBCbKUiH

noJiitexHiyHui iHcTuTyT iMeHi Irops Cikopcbkoro»

VY cydacHiil makyBaibHIM 1HIYCTPll LIMPOKOTO PO3MOBCIOKEHHS HaOyIH
KOMOIHOBaHI MarepiaJii Ha OCHOBI Marnepy Ta KapTOHY, NIl BUPOOHHMIITBA SIKUX
3aCTOCOBYETHCS TOJIETUJIICH HU3BKO1 IIUIBHOCTI, SKMH HAHOCUTBHCS Ha IarepoBYy
OCHOBY eKCTpy3iiHUM croco6om (puc. 1). OgHak HHM3bKa BUIBHA TOBEPXHEBA
EHEeprisi TaKoro IMOJIETUJICHY 1, BIAMOBITHO, OOMEXeHa 3[aTHICTh N0 ajare3iHoi
B3a€MOJIIT  OOYMOBIIIOIOTh HEOOXIIHICTh JIOJATKOBOTO BUKOPHCTAHHS METOJIIB
MIABUIIECHHS I1l€i B3a€MOJli 3 MamnepoBOl0 OCHOBOIW. OCOOJIMBO aKTyaJllbHUM
BUPIIIEHHS I1i€i MPOOJIEeMH CTa€ y 3B’S3KY 3 MOCTIMHUM HamaraHHSM BUPOOHHKIB

IJIBUIYBATH TPOIYKTUBHICTh CBOTX TE€XHOJOTTUHUX JiHIH [1].

TIpHTHCKHR BaT OxonomKyBalbHHH Bal

ITpUTHCKHUI Bal

Puc. 1. By3on ekcTpy3iiitHOro HaHECEHHS MOJTICTUIICHY Ha TIallepOBY OCHOBY

AnresiiiHa B3aeMOJIis, B TIEpIIy Yepry, BU3HAYAETHCS MPOIECAMH 3MOYYBaHHS
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MOBEPXHI OCHOBHU PO3IIJIABOM 1 € BU3HAYAJIbHUM YHHHUKOM B T€TEPOr€HHINA CUCTEMI.

[Ipouecu ¢opMyBaHHS aAres3iifHOI B3aeMOJIi MpPU EKCTPY3iHOMY JIaMiHYBaHHI
nependayaloTh (OPMYBaHHS TOBEPXHI KOHTAKTY MijJ Yac HAHECEHHS PO3ILIaBy Ha
ocHOBY. IIpu 30UIbIIEHH] IBUIKOCTI MPOLECY YAaCy HA 3MOUYYBaHHS MOBEPXHI CTa€
Bce MmeHie. [Ipu myxxe Bucokiii temmnepatypi posmiaaBy (300 — 320 °C) B HboMy
MOXYTh B1I0OyBaTHCS TPOLIECH 3IIMBAaHHSI, sIKI B OCHOBHOMY JIOKajJdi30BaHI B
30BHINIHIX IIapaxX po3IJIaBy 1 HaJall MEPEIIKOIKAIOTh BCTAHOBJICHHIO 1HTEHCUBHOL
anre3iiHoi B3aemojii. Y 3B'SI3KY 3 IIUM OIIp PO3MIAPYBAHHIO MO TPAHMIl TMOJLTY
IapiB CTA€ HEJOCTATHIM ISl YCIHIIIHOI eKCITyaTanii Mmatepiany. ToMy NoOJiNeHHs
SKCIUTyaTallIfHUX BJIACTUBOCTEH KOMITO3MIIIMHUX MaTepiajiB 4YacTo TIOB'SI3aHO 3
NOIIyKaM METOJiB PEryJIOBaHHA aAre3ifHoi B3aeMoOAii MK KOMIIOHCHTAMH
reTeporeHHoi cucteMu [1].

Bigomo minuii psa ¢i3MdaHEX METOIB MoAMdIKaIlii MOJIeTUIICHY, cepell IKUX
HaWOLIBIIIE 3aCTOCYBaHHS OTpHMaM: IIpOMEHeBe o0OpoOJieHHs (pajialiifHe,
pamiaiiiHo-TepMiuHe 00poOsieHHs, 00poOseHHs Y ®-BUNPOMIHIOBAHHSM), BILIUB
€JICKTPOMArHiTHUM ToJieM (eJIeKTpoTepMidHe 0OpoOJieHHs, O0OpoOJeHHS B
MardiTHOMY II0JI1), Ta30IOJyM'sHe OOpOOJICHHsS, BIUIMB CJIEKTPUYHHM PO3PSIOM,
nepioguune nedopmyBanHsa. LI meTonmu o0OpOOIEHHS CHPHUAIOTH MiABUIIEHHIO
MOBEPXHEBOI eHeprii 1, omke, axaresii. /o MOMIOHUX TEXHOJOTIYHHUX MPUHOMIB
BITHOCUTBCS 1 METOJ yJbTpa3BykoBoro (Y3) o0poOiieHHs po3IUiaBy MOJIMEpPY.
Binomo, mo Y3 00poOieHHS NPU3BOAUTH JO 3MIHH CTPYKTYPH MaKpPOMOJIEKYI
BHACTIZIOK JECTPYKTUBHHUX TMPOIECIB, AKI MPOTIKAIOTH B TOJIMEPi, IO JO3BOJISE
30UTBIIUTH aIr€31MHY B3aEMO/III0 MK IAepoM 1 TIOJIIMEPHUM MTOKPUTTSIM.

Aptopamu [1] Oynu mpoBeaeHI MOPIBHSIBHI JOCITIDKCHHS KUIBKOX METOIB
MIIBHMINCHHS ajire3ii I yac OTpUMaHHS KOMOIHOBaHHMX MatepiaiiB. BuBueHHs
MOBEPXHI OTPUMAHUX 3Pa3KiB METOJOM CBITIIOBOi MIKPOCKOIIii, JO3BOJIMIN 3POOHUTH
BHCHOBOK IPO Kpalle 3MOYyBaHHsS MOBEPXHI KapTOHY pO3IUIaBOM B pasi iloro Y3-

00poOnenns. Ilpu 1bOMy mOCHIIMIIACS ajre3iifHa B3a€MOJIis, MPO IO CBIAYUTH
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HAsBHICTh 3HAYHO1 KUIBKOCTI BOJIOKOH, IO 3QJMIIMIIUCS HA MOBEPXHI MOJIETHICHY
micis po3mapoByBaHHs. Ha pucynky 2 HaBeneHo Qortorpadii BiAIIapOBaHOIO BiJ
KOMOIHOBaHOro Marepiany mnomietwieny. KomOiHoBaHuii marepian OyB OTpUMaHUi
IUIIXOM HaHeceHHs po3iuiaBy noiietwieny (IIE) Ha xapToH MeronoM ekcTpysii 3a

270 °C 3 pi3HUMH ciocoOamu 00poOJIeHHS PO3IIIaBy 1 MOBEPXHI KapToHy [1].

r

Puc. 2. ®otorpadii nonieTuseny, BilapoBaHOTO BiJI KOMOIHOBAaHOT'O MaTepialy, 110
OyB OTpUMaHHi 3 pI3HUMU criocobamu 06poOieHHs: a — [IE ta kapToH He 00pobIIsIIH;
6 — I1E ne o6po06sm, kaptoH o0podsuiu KP; B — [1E o6pobnsinn V3, kapToH He

00po06msiy; T — [1E 06pobmsum V3, kapton — KP

CrinbHe 3acTocyBaHHS 00poOsienHs posmuiaBy [1E ynbTpa3sBykom 1 BBeIeHHS B
HBOTO TEPMOCTAOLTI3aTOpIB Ja€ e(eKT, 10 TMepeBUllye e(eKT Bl BUKOPUCTAHHS
KOXHOTO 3 IUX METOJIB Moau@ikaIiii okpeMo Ta 3a0e3neuye omip po3lIapyBaHHIO
KoMOiHOBaHOTO MaTepiany Ha piBHi 140 — 160 H/m [2].

[H1Ta rpyna MeToziB MiABUINEHHS aAre3ii mMoB’si3aHa 3 0OpOOJCHHSIM Marepy-
OCHOBU: TIOTIEPEIAHE EIIEKTPOHHE OOpOOJIEHHS 3 BUKOPUCTAaHHSM KOPOHHOTO
po3psaky (KP); monepenHe rpyHTYBaHHs CyMillIaMH, IO MICTATh CHOJYKUA TUTaHY,

KpEeMHiI0, a00 TOJTieTHIICHIMIHOM (CTBOPEHHSI aare3iiHoro mapy) [3].
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Puc. 3. Cxematnunuii BUTIsi 300Ky 30HU KOHTAKTY MK IPUTUCKHUM BaJIOM
OanIMayHOro TUIY 1 OXOJIO/KYBAJILHUM BajioM: | — MPUTUCKHUM BaT; 2 — IPUTUCKHE
MOJIOTHO; 3 — mpuTUcKHa Oanka; 3', 3", 3"" — NpUTUCKHI eleMeHTH; 4 — TIepeIHs

MOBEPXHS OANKU; 5 — 0XOJIOKYBAIBHHUM Ba

Hapemti, Bupimmutu npo6iemMy HHU3bKO1 aaresii MO)KHa TaKOX, IOJIOBXKYIOUH
gac mepeOyBaHHS TOJIOTHA B 30HI KOHTAKTY BajiB (30HI HAaHECCHHS IOJICTHIICHY).
CxemMaTUYHHM BUTIIS 300Ky 30HM KOHTAKTYy Mk MPUTUCKHUM 1 OXOJIOKYBAIBHUM
BaJlaMM JIaMiHAIIIMHOI CTaHIl 3 Cy4acHOIO TEXHOJIOTI€H0 OalIMayHOTO IMPUTHCKY
npeactaBieHo Ha puc. 3 [4]. OcoOmmBO BaauBe 3HAYCHHS II€¢ Mae IS
HU3BKONIUTHLHUX BUJIB Manepy Ta KapTOHY, 110 MalOTh 30€perTH Micis JIaMiHyBaHHSI
CBOIO CTPYKTYPY, 1, BIATIOBITHO, TUCK MK BajlaMH y BY3Jli HAHECCHHS IOJIICTHICHY
Mae O0yTr HU3bKUM. [Ipu 11bOMy 3a0€3MeUyeThCSI MOKIIMBICT B IIMPOKOMY JTiarma3oHi
PETYIIOBAaHHS il Yac pOOOTH 3yCHIUIS TUCKY.

OTxe, cHmiibHE 3aCTOCYBAaHHSA KUIBKOX METOAIB MoaHMpiKaimii y TEXHOJIOTii
oTpuMaHHs KoMOiHoBaHoro Mmatepiany IIE — mamip (kapTOH) MO3BOJIIE OTpUMATH
BHCOKY aJTre3iiiHy B3a€EMOJII0 MaTepiajaiB Ta CYTTEBO TIABUIIUTA IIBHAKICTH

TEXHOJIOTIYHOT JIIHII; 3HU3UTU Temmeparypy ekctpysii go 270 °C, B pa3si
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HEOOXITHOCTI, 3a0e3neunTu 30epexKeHHs] CTPYKTYPH HU3bKOUIUIBHUX BHUJIB Marepy

a00 KapTOHY Ta PO3UIUPUTH JlaNa30H PEryJIIOBaHHS TUCKY B 30HI HAHECEHHS.
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3. bannumkoBa O.A. BiusHHE TEXHOJIOTUYECKHMX TApaMeTPOB Ipolecca
HKCTPY3MOHHOIO JIAMUHUPOBAHUS Ha CBOMCTBA KOMOMHUPOBAHHOIO Marepuaa
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UDC 676.1.3

USE OF EFFICIENT SPORTS SYSTEMS OF LOW-WASTE
CLOSED WATER USE SYSTEMS IN THE PRODUCTION
OF BASE PAPER FOR WIRE
Undergraduate students Ganzhuk A., Osipenko V.,
technical sciences candidate, senior scientist, assistant professor Ploskonos V.G.
National Technical University of Ukraine

“The Igor Sykorsky Polytecnical Institute of Kyev”

Anomauisa. B X011 BUKOHaHHS POOOTH TMPOBEICHO aHaJli3 BUKOPUCTAHHS CITIOPCKOBHX
CHUCTEM MAaJIOBIIXOTHMX 3aMKHYTHUX ITUKJIIB BOJIOKOPHCTYBAHHS 3 METOIO IiIBUIIICHHS
iX epeKTUBHOCTI Ta pO3pOOKH pecypcoePeKTUBHUX TEXHOJOTI B Tpolecax
BUPOOHUIITBA CAaHITAPHO-TITIEHIYHUX BUIB Manepy i3 1eaoiao3u. Ha choroHimHiMi
JIeHb 3YCHUJUIS CBITOBOi CIUIBHOTH CIPSMOBaHI Ha BHUPINIEHHS EKOJIOTIYHUX Ta
COILIAJIbHO-EKOHOMIYHMX TMpo0JieM Ta 3a0e3MeueHHs CTajJoro BHpPOOHMIITBA Ta
criokuBaHHs. HoBa mporpama ctajoro po3BHTKY, IIIO MICTHTh s IUICH, SIKI MatOTh
3a0€3IeUnTH CBITOBIM CIBHOTI cTamuii po3BuToK Ha 2016-2030 poku[3]. B cucremi
BOJOKOPHUCTYBaHHS BHPOOHHUIITBA MAaNepoOBOi MPOAYKII MOXXHA BHJUIUTH IIIiCTh
KOHTYPIB IUPKYJISAIT 3BOPOTHOT BOJIM, BPaXOBYIOUH TAKHI MOKA3HUK, SIK 3MEHIIIECHHS
cTyneHns 3abpynHeHocti Boau [4]. TakuM dYHHOM, KOHTYp BOJOKOPUCTYBaHHS
Cy4acHO1 MarnepopoOHOi MAallMHU SBIS€E COOOI0 JOCHTh CKJIQJAHY CHCTEMY. ICHye
BEJIMKa KUTBKICTh BY3JIOBUX MICIb, Yepe3 AKi MPOXOJUTHh BEIHKA KUTHKICTh B3a€EMHO
MOB'SI3aHUX TMOTOKIB BOJAW. ToMy, Ha MiANPUEMCTBAX, IO MPAIIOIOTH 3 CUCTEMaMU
BUKOPUCTAHHS BOAM, OMU3BKUX IO MIHIMAJIHHOTO CIIOXWUBAHHSA, MPUHHATO MOAUIATH
KOHTYpHU BUKOPHICTaHHS 3BOPOTHOI BOJIM Ha OCHOBHI Ta NOMOMiKHI. J[0 OCHOBHHX
BITHOCSTBCS KOHTYpH BOJHM, IO TPAHCIOPTYIOTh BOJOKHOBMICHY Macy IO

TEXHOJIOTTYHOMY MOTOKY, TOOTO KOHTYpPU BOJIH, SIKI MalOTh O€3M0Cepe/IHIi KOHTAKT 3
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BUXiHUMH HamiBpaOpukatamu [2,4]. Jlo MOMOMDKHUX KOHTYPIB HUPKYJALIi BOAU
BIOIHOCUTBLCS BOJa, fKa BUKOPUCTOBYETBCST /I ymiJILHeHHﬂ 1 OXOJIOMKEHHS
BaKyyMHO1 cucTeMH manepopoOHoi mamuHu [4]. Ha npakrtuimi icHye Uimuid pan
CHocOo0iB 3HIKEHHSI BUTPAT CBDKOI BOAM JIA YIIUIBHEHHS BaKyyMHHMX HAacCOCIB.
OpgHuM 3 HHUX € KackaJHe MIIKIIOYEHHS BAaKyyMHHUX HacociB. B 1bomy BuDaaky
XO0JIoaHa BOIA4, AKAa BUKOPUCTOBYETBHCIA JIA ymiJIBHeHHSI BI/ICOKOBaKyyMHOI YaCTHUHHU
HACOCIB, MOCJIJIOBHO MEPEAAEThCA Ha YIIUIBHEHHS HI3KOBaKYyMHOI YaCTUHU HACOCIB.
B po6oTi nmokazano, 1o nepexija BiJi CACTEMHU CHOPCKIB HU3bKOTO TUCKY Ha BUCOKUU
MO3Ke 3a0€3MeYUTH 3HIKCHHSI BUTPATH CBIXKOT BOAHU 110 94%.

Knrwouoei cnosa: csixca 6ooa, canimapuo-cicieHiuni 6uou nanepy, NOKA3ZHUKU SKOCMI
nanepy, CnopKo6i Cucmemu.

Summary. In the course of the work the analysis of the use of sports systems of low-
waste closed cycles of water use was carried out in order to increase their efficiency
and development of resource-efficient technologies in the production of sanitary and
hygienic types of pulp paper. To date, the efforts of the world community are aimed at
solving environmental and socio-economic problems and ensuring sustainable
production and consumption. A new program of sustainable development, which
contains a number of goals that should ensure the world community sustainable
development for 2016-2030 [3]. In the system of water use in the production of paper
products can be divided into six circuits of return water circulation, taking into
account such an indicator as reducing the degree of water pollution [4]. Thus, the
water use circuit of a modern paper machine is a rather complex system. There are a
large number of nodal points through which a large number of interconnected water
flows. Therefore, at the enterprises working with systems of use of water close to the
minimum consumption, it is accepted to divide contours of use of return water on the
main and auxiliary. The main ones are water circuits that transport fiber-containing
mass along the technological flow, ie water circuits that have direct contact with the

original semi-finished products [2,4]. Auxiliary circuits of water circulation include
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water, which is used to seal and cool the vacuum system of the paper machine [4]. In
practice, there are a number of ways to reduce the consumption of fresh water to seal
vacuum pumps. One of them is the cascade connection of vacuum pumps. In this
case, the cold water used to seal the high-vacuum part of the pumps is sequentially
transferred to the seal of the low-vacuum part of the pumps. The paper shows that the
transition from a system of low to high pressure sports can reduce the consumption of
fresh water up to 94%.

Key words: fresh water, sanitary and hygienic types of paper, paper quality indicators,

spore systems.

The purpose of this work is to analyze the use of effective sports systems of
low-waste closed cycles of water use in the production of base paper for cellulose
napkins [1,2] at PJSC "Kyiv Cardboard and Paper Mill". As a result of the analysis it
is possible to offer innovative solutions in the technology of paper bases for napkins,
which is a necessary condition for its survival in the market.

To date, the efforts of the world community are aimed at solving environmental
and socio-economic problems and ensuring sustainable production and consumption.
The new sustainable development program, which contains a number of goals to
ensure sustainable development for the world community for 2016-2030, was
unanimously adopted by 193 countries in late September 2015 at the 70th session of
the UN General Assembly in New York at the UN Summit [3 ].

In the system of water use in the production of paper products can be divided
into six circuits of return water circulation, taking into account such an indicator as
reducing the degree of water pollution [4]. Thus, the water use circuit of a modern
paper machine is a rather complex system. There are a large number of nodal points
through which a large number of interconnected water flows. Therefore, at the
enterprises working with systems of use of water close to the minimum consumption,

it is accepted to divide contours of use of return water on the main and auxiliary. The
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main ones are water circuits that transport fiber-containing mass along the
technological flow, ie water circuits that have direct contact with the original semi-
finished products [2,4]. Auxiliary circuits of water circulation include water, which is
used to seal and cool the vacuum system of the paper machine [4].

Most machines for paper and cardboard production are equipped with vacuum
water ring pumps, and modern machines have vacuum stations that consume a huge
amount of water. For example, to provide a vacuum system of a modern cardboard
machine with a capacity of 200 + 300 t / day of multilayer cardboard requires about
12 m3 / t of clean fresh water at a temperature not exceeding 24 + 25 0C.

To reduce this article of water consumption, it is first necessary to ensure
stricter control over the consumption of fresh water supplied to the seals of vacuum
pumps [2,4].

In practice, there are a number of ways to reduce the consumption of fresh
water to seal vacuum pumps. One of them is the cascade connection of vacuum
pumps. In this case, the cold water used to seal the high-vacuum part of the pumps is
sequentially transferred to the seal of the low-vacuum part of the pumps. The
connection scheme of vacuum pumps provides two circuits of water circulation,
namely: a circuit of high vacuum, which provides water supply to the couch shaft and
the press part of the paper machine and a circuit of low vacuum with a section of
suction boxes in the presence of water separators. Water enriched with fiber-
containing impurities after water separators is transferred to the return water
collection. In this case, a significant reduction in fiber loss is achieved by reducing
leaching into the sewer [4]. In the absence of water separators, excess water is fed into
the collection without prior thickening. If water separators are installed in each
vacuum section, the water containing the fiber and the pile from the cloths can be
separated, which reduces the loss of fiber during the discharge of excess return water
by approximately 60-70%.

Sports systems must ensure the smooth operation of the grid part of the paper
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machine, where the consumption of this water and the number of sports is the highest,
and the quality of sports water is subject to the highest requirements. Most of the
water is consumed through the sports systems of cardboard and paper machines - up
to 35% of the total consumption of fresh water required in the technological process
of production [2,4].

The issue of selection of the most economical sports for the work of PRM and
KRM is of great importance. Thus, in the process of creating low-waste closed water
consumption systems, the issue of replacing fresh water with reverse and reusable in
almost all areas of the technological process of paper and cardboard production is
associated with the development of new types of sports equipment.

Direct consumption of fresh water can be reduced by using high pressure
spores. Many modern paper machines are equipped with oscillating high-pressure
spores, which are equipped with a device for moving the sport nozzles on the mesh
web, ensuring uniform washing of the surface of the mesh or cloth. Sporsk works on
filtered water with a suspended solids content of 10 + 15 mg / dm3.

Thus, the transition from a system of low pressure to high pressure can reduce
fresh water consumption by up to 94%.
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Assoc. Prof., Cand. Sci. (Tech.) R. Cheropkina, master student K. Portyukh, master
student D. Tishchenko
National Technical University of Ukraine

Igor Sikorsky Kyiv Polytechnic Institute

The global decline in the production of offset paper for printing is observed due
to the increase in electronic publications of newspapers, magazines, books,
documents. But sanitary paper, which is used to make napkins, towels, medical
supplies and toilet paper, is on the rise. During the COVID-19 pandemic, the demand
for sanitary products increased. This factor will contribute to the growth of the paper
market in the near future [1].

In Ukraine, the consumption of sanitary and hygienic products is about 4 kg per
person, compared to 15-19 kg in developed European countries. One of the reasons is
the low culture of consumption of this type of product [1].

Such paper is subject to certain special indicators, in accordance with the
operating conditions of products based on it - aesthetic, hygienic and physical-
mechanical. The base paper must have sufficient strength in dry and wet conditions,
good absorbency and looseness, softness, low dustiness, whiteness, etc. [2].

1. The mechanical strength of paper in the dry state depends on the magnitude
of the interfiber bonding forces. The main factors influencing the strength of paper are
determined by the quality of the source fibrous material - cellulose, semi-cellulose,
wood pulp, waste paper, chemical fibers and the technological process of paper
production - the degree of grinding, casting, pressing, drying and further processing.

2. The absorbency of paper depends on both the properties of the absorbed

liquid and the physical properties of its micro- and macrostructure.
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To ensure a high absorption capacity, the paper structure should be loosely bound and
porous. This is achieved through the use of semi-finished products of garden grinding,
by fastening, embossing, intensive drying, increasing the hydrophilicity of the fibers,
through the use of chemical auxiliaries.

3. The softness of the paper characterizes the elastic deformation. At present,
the enterprises produce paper-based for sanitary and hygienic purposes, mainly
single-layer toilet paper and paper towels from waste paper. This leads to
technological difficulties in achieving high quality paper due to the low paper-
forming properties of waste paper [1].

The aim of the work is to improve the consumer properties of sanitary paper,
reduce the deformation of the fibers and increase their hygroscopicity, due to the use
of chemical fibers in the composition.

Fibrous semi-finished products. When choosing semi-finished products for the
production of base paper, it is necessary to take into account both consumer properties
and economic indicators and hygienic characteristics.

Traditionally, sanitary and hygienic types of paper are produced from vegetable
raw materials - semi-finished products from different types of wood or annual plants.
The use of waste paper in the production of mass types of base paper allows to expand
the raw material base, reduce production costs, preserve high-quality fibrous semi-
finished products. But the fibrous mass of waste paper is characterized by reduced
strength of individual fibers, weak ability to form interfiber bonds in the process of
forming the fabric, deterioration of the ability of fibers to swell, hydrate and internal
fibrillation, increased grinding, which leads to composition.

Among the ways to restore the paper-forming properties of secondary fibers
and increase the strength of paper based on them, now in the literature there is more
and more information about the use of chemical fibers in the composition of paper
[3]. Studies have shown that the partial replacement of plant fibers in the composition

of paper by chemical has a positive effect on its physical and mechanical
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characteristics and special properties [3]. The parameters of synthetic fibers can be
compared with the size of natural cellulose fibers, which greatly facilitates the
adaptation of synthetic fibers in the flow of paper production [2, 3].

For the production of high-quality types of sanitary paper, it is recommended to
use in the composition up to 30% of chemical fibers, mainly viscose and polyvinyl
alcohol. The paper thus acquires improved elastic deformation characteristics and
increased strength, textile-shaped neck, increases the thickness, improves the
plumpness and absorption capacity [2].

Viscose fiber. The production of viscose fiber is cost-effective because it has
the lowest cost among all chemical and natural fibers. Viscose fiber is characterized
by good physical and mechanical properties and high hygroscopicity.

The raw material for obtaining long viscose fibers is wood pulp. As a result of
treatment of cellulose with an alkaline solution, and then with a solution of carbon
disulfide CS2, a viscous solution of viscose is formed. From this viscous solution thin
threads, in the form of fiber are extracted. By chemical nature, it is chemically pure
cellulose, but non-fibrous structure [2-4].

Polyvinyl alcohol fibers are close to viscose in their physical and mechanical
properties and these fibers are hygroscopic. They are the only hydrophilic synthetic
fibers produced on an industrial scale. To obtain the fiber using polyvinyl alcohol
with a degree of polymerization of 1200-1600. Polyvinyl alcohol fibers occupy an
intermediate position between synthetic and natural cellulose. The fiber has high
strength. Under normal conditions, they absorb 4.5-5% of moisture, and at 100%
relative humidity - 12%. Fibers are resistant to abrasion, their elastic properties are
higher than natural and artificial cellulose fibers. The fiber is resistant to acids and
alkalis and to the action of putrefactive microorganisms and mold [2 - 4].

Conclusions. Based on the theoretical provisions, the use of chemical fibers in

the composition of the base paper of sanitary and hygienic purposes is substantiated.
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Improved consumer properties of this paper can be achieved through the use of
viscose and polyvinyl alcohol fibers.
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National Technical University of Ukraine
Igor Sikorsky Kyiv Polytechnic Institute

Even in the digital age, the paper industry is thriving as paper remains an
integral part of our daily lives.

Modern retail trade is a driver of growing demand for packaging materials. As
e-commerce is developing in this sector, the need for the production of wrapping
paper and cardboard is growing.

Today, the industry uses waste paper for the production of packaging paper and
cardboard, which can not meet the consumer properties of this product segment.
Therefore, the presence of primary fiber in the composition, including from non-wood
raw materials, will increase the competitiveness of such products [1].

Technologically complex and costly process of production of semi-finished
products today requires the provision of new technical solutions, reconstructions, the
availability of alternative raw materials.

Researchers of Igor Sikorsky Kyiv Polytechnic Institute are successfully
conducting research in the field of using agricultural waste for processing into
cellulose. Corn stalks, which are chemically close to hardwoods and therefore suitable
for use in the pulp and paper industry, have been studied [1].

The prospects of using corn cob wrappers as cellulose-containing raw materials
are shown — cellulose content 36 %, pentosans about 27 %, resins, fats and waxes —
1.8 %, lignin — 14 %, ash — 2.5...3.0 % [2] . It was previously investigated that
delignification of wrappers by alkaline and alkaline-soda method allows to obtain
semi-finished products in the form of semi-cellulose. Such raw materials can partially

replace wood in the production of fibrous semi-finished products [2].
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This paper proposes the use of two-stage processing of corn cob wrappers at
low temperatures for better removal of lignin from them and improvement of
mechanical performance of semi-finished products. The first stage of delignification
Is the heat treatment of raw materials with a solution of sodium hydroxide. During
this period, the process of maceration, i.e. cell division in plant tissues due to the
dissolution of intercellular substance [3]. The second stage involves cooking in a
slightly alkaline medium using ethanol to complete the process of delignification [2].

The purpose of the work is to obtain fibrous semi-finished products from corn
cob wrappers using maceration and delignification at low temperatures.

Results. At the maceration operation, the chaff was treated with a solution of
sodium hydroxide with a concentration of 20 g/dm® in units of Na,O and
hydromodule 7:1. The maceration process was performed at a temperature of 90 °C
for 30 minutes. After treatment, the liquid phase was drained and further cooked in
two ways: with the addition of water and with the addition of a mixture of water and
ethanol. The amount of liquid added in the second operation was 35 % of the volume
of the maceration solution. The consumption of ethyl alcohol was 20 % of the volume
of water. The cooking time was 30 and 60 minutes at a temperature of 96...102 °C.

The results are given in table.

From the analysis of the data of table. it is seen that during maceration a well-
delignified semi-finished product is obtained, which corresponds to cellulose in terms
of yield and residual lignin content. However, after cooking in the second stage by the
soda method, there is an increase in the yield and strength of the semi-finished
product. This pattern is partly explained by the stabilization of hemicelluloses, which
swell and fibrillate easily with the formation of additional hydrogen bonds. Extending
the cooking time leads to a decrease in yield without improving delignification, which

IS negatively reflected in the strength.
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Delignification of raw materials in the presence of ethanol leads to an increase
in yield by 2.5...3.0 % compared with maceration, without deepening the

delignification. Therefore, the strength indicators are approximately at the same level.

Table — Qualitative indicators of fibrous semi-finished products obtained at a

concentration of maceration solution of 20 g/dm? in units Na,O

Alkaline- | Alkaline-
_ Alkaline, | Alkaline,
Parameter Maceration _ _ alcohol, | alcohol,
30 min 60 min
30 min 60 min

Yield of pulp, % 36,0 46,4 44,6 38,2 37,4
Lignin, % 3,6 4,1 4,0 4,4 4,1
Ash, % 1,89 - - 1,72 1,49
Breaking length, m 4170 5170 4640 4545 4090
Tearing strength,

560 960 640 720 560
mN
Fracture strength
with multiple double

110 510 90 170 150
folds, number of
double folds
Burst index, kPa 168 285 210 265 219

However, in the case of alkaline-alcohol delignification there is a decrease of
7...8 % yield compared to soda, and the content of residual lignin is approximately
the same regardless of the duration and method of delignification.

Analysis of physical and mechanical properties of fibrous semi-finished
products showed that the best results were obtained by the method, which includes the

stage of maceration and cooking lasting 30 minutes by the soda method.
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Conclusions. As a result of the process of maceration of corn cob wrappers,
semi-finished products in the form of cellulose were obtained. The use of maceration
followed by cooking of raw materials for 30 minutes allows to improve the quality of
semi-finished products from wrappers. The issue of the effect of ethanol on the

delignification of raw materials needs more attention.
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Some types of paper are made quite hydrophobic. To enhance the
hydrophobicity and bonds between the individual fibers, sizing is performed, which
reduces the ability of the paper to get wet, absorb and adsorb water. There are two
types of sizing - sizing in bulk and surface sizing [1].

1. Surface sizing is based on applying a thin layer of sizing agents to the paper
surface using special equipment. As a result, the high strength of the paper surface is
provided, the plucking of individual fibers by sticky paints is reduced, and the
deformation during wetting is reduced.

2. In the case of sizing in the mass, the sizing substances are fed into the paper
pulp before forming the paper web and are more or less evenly distributed in the
volume of the mass. This provides a certain degree of resistance to the absorption of
liquids [1].

Recently, sizing of paper in a neutral or alkaline medium at pH = 6.8 ... 9.0 is
becoming more common. The advantages of sizing in a neutral environment include
reduced corrosion of equipment, increased fixation of mineral filler and fine fibers,
increased abrasion resistance of the paper; improving the ability to meet increased
requirements for paper quality (higher degree of hydrophobicity, greater paper
strength, increase by 25 ... 40% of the efficiency of optical brighteners); increase of
technical and economic indicators of production. Neutral sizing is especially

necessary in the case of the production of high-grade types of paper, which contain
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calcium carbonate as a filler, which decomposes in an acidic environment with the
release of carbon dioxide [1, 2].

Paper filling is also used in paper production. The main purpose of filling the
paper, on the one hand, is to give the paper a certain whiteness, opacity, smoothness,
softness, absorbency. Mineral fillers improve the printing properties of paper. On the
other hand, the use of mineral fillers reduces the cost of finished paper. Mainly due to
the replacement of part of the cellulose fibers, which are quite expensive compared to
fillers [1].

Along with the positive aspects of the use of fillers, there are also negative
ones, which consist in reducing the degree of sizing of the paper, mechanical strength,
namely tear and puncture resistance, breaking strength during repeated bending, etc.

There are certain requirements for fillers that are introduced into the pulp. The
filler must:

-have a high whiteness;

-ensure maximum opacity;

-be homogeneous and fine, have particles no larger than 0.3 um;

-the particles should not be too hard, so as not to have a mechanical impact on
the equipment used for the manufacture and processing of paper;

-be chemically inert, insoluble in water and constant in air;

-have a low density so as not to cause versatility of the paper and hold well on
the fiber;

-to bind firmly to a paper cloth; be affordable and cheap.

The purpose of the work is to reduce the versatility of the paper by installing
in the mesh part of the paper machine hydraulic plates.

In the process of forming the paper web on the grid of the paper machine, the
filler passes through the forming grid with circulating water. This is partly due to its
smaller size than the holes in the grid. Therefore, the introduction into the pulp of

substances used for sizing can improve the content of fillers. The degree of retention
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of fillers in the paper is also influenced by the order of introduction of substances for
sizing and fillers, the amount of fillers, the degree of use of circulating water in
technological flows, weight 1 m2, machine speed.

But the main defect of the paper is the versatility of the paper. This defect is
manifested in the fact that the mesh and front sides of the paper web have different
shades, smoothness, absorbency, the degree of sizing. The reason for this pattern is
the uneven distribution of mineral filler, substances used for sizing and fine fiber in
the thickness of the paper web. The upper side of the paper web contains more filler
and fine fiber than the lower side. The main reason for the uneven distribution of the
mineral filler in the paper and its leaching as well as fine fibers and resin particles is
the use of the vacuum process on the register rollers and suction boxes. As the speed
of the paper machine increases, the suction effect on the register rollers increases, so
the leaching of the filler and fine fiber increases, which leads to the versatility of the
paper. This process has a sharper effect on high-speed cars compared to low-speed
[1, 3].

Conclusions. To reduce the versatility of the paper, it is recommended to use
hydraulic strips instead of register rollers as elements for dehydration of the paper

web in the mesh part. This will hold 10% more fine fiber and twice as much filler.
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Today, scientists around the world pay special attention to the issue of
biotechnological and chemical processing of industrial and agricultural waste, in
particular the remnants of cellulose-containing raw materials. Increased interest in this
topic is associated with the need to dispose of large amounts of waste with the
possibility of obtaining secondary raw materials. As a multifunctional secondary raw
material you can use sunflower husk — waste oil production.

As of 2019, Ukraine ranks first in the world in sunflower production. Vegetable
oils, along with cereals and products of their processing, occupy a major position in
the world food market [1].

As the pulp and paper industry is developing rapidly all over the world, in
particular in Ukraine, the problem of providing it with raw materials arises [2]. For
the integrated use of crops, as well as the conservation of forest resources, it is
proposed to use as a raw material for the production of fibrous semi-finished products
of sunflower husk. However, because the fruit shells of sunflower have a high content
of extractives, in the form of a mixture of higher carboxylic acids with the General
formula C19H29COQOH, glycerin, organic acids and a large proportion of waxes about
3.25%, which can affect the speed and degree of delignification [3], so it is proposed
to process them by the soda method with preliminary extraction of raw materials.

The aim of the work is to study the effects of pre-alkaline extraction of raw
materials to obtain fibrous semi-finished products by soda from sunflower husk.

Results. Two samples of raw materials were treated with 4% NaOH solution for
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60 min at a temperature of 120 © C and for GM 5: 1. One of the samples immediately
after extraction was squeezed from the extract and re-loaded into the autoclave for
further cooking. Cooking was carried out by the soda method with the consumption of
active alkali 10% by weight of abs. dry. raw materials, with a temperature rise of 80 °
C, a dose of 130 ° C for 30 minutes and direct cooking at the final temperature for
another 30 minutes.

The second sample was squeezed from the extract and analyzed for yield,
degree of boiling and determination of mechanical properties. The obtained results
were compared with soda cooking without extraction under those conditions.

In fig. the mode of cooking of sunflower husk is shown.
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Figure 1 — Mode of cooking sunflower husk soda method at a final temperature of 130

°C with a temperature rise of 30 min and a cooking time of 30 min

The results of yield, lignin content and mechanical properties of the obtained semi-
finished products A (after soda cooking method), B (alkaline extraction), C (after
alkaline extraction followed by soda cooking) are given in table.

From the analysis of these tables it is seen that the sample B, which was
subjected to extraction cooking is characterized by a lower yield than samples A and
B by about 8%, this is due to the fact that under double processing the raw material is

better impregnated with cooking solution. in the form of SJV. Based on the yield of
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the semi-finished product, which is in the range of 56 - 61%, it can be described as

semi-cellulose.

Table — Qualitative indicators of the obtained fibrous semi-finished products

Yield o Physico-mechanical parameters
Sampl Lignin, _ : _
of pulp, o Ash, % | Thickness, Breaking Tearing strength,

e 0

% mm length, m mN
A 60,9 29,8 1,6 0,15 950 170
B 60,0 31,1 2,4 0,20 320 110
C 56,3 31,2 1,8 0,16 990 160

Physico-mechanical properties of semi-finished products that have been
subjected only to extraction are generally about 60% lower than those of fibrous semi-
finished products obtained after cooking (A) and extraction and cooking (B). The
values for the breaking length are in the range of 950 - 990 m, the tear resistance is in
the range of 160 - 170 mN, which is explained by the plasticization of lignin and the
partial formation of additional bonds.

Conclusion. The use of extraction of sunflower husk before soda cooking can
improve the strength of the obtained semi-cellulose.

To improve delignification, it is proposed to improve the cooking modes, as well
as the conditions of extraction, taking into account the chemical composition of the
husk, for example, to increase the concentration of the extraction reagent or the
duration of processing.
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YK 676.011:676.026.2
BUKOPUCTAHHSA ABOCITKOBOI'O ®OPMYBAHHA JAJIAA
SBIVIBIHEHHA MPOAYKTUBHOCTI MAIIMHAU
marictpant KoBanboBa K.P., k.T.H., 1ou. MoBuaniok O. M.
HauioHa/JibHMH TeXHIYHUI YHIBEpCHTET YKpaiHU

“KuiBcbkui mosairexHivHuii incTutyT imMeni Iropsi Cikopcbkoro”

[TnockociTkoBl manmepopoOHI MaIIUHU HAOIUKAIOTHCS IO MEXI CBOIX
MOXJIMBOCTEH SIK 3a MPOAYKTUBHICTIO, TaK 1 3a SKICTIO TPOJYKIIii, III0 BUPOOJISETHCS.
dopmyrodya yacTHHA 0araTOIMIIHAPOBUX MAIMH MAa€ HU3bKY MIBUAKICTD, 110 3HAYHO
00MeKy€e 3pOCTaHHS MPOTYKTUBHOCTI.

OmHUM 3 OCHOBHHUX IUIAXIB MOJAJIBIIOTO BJIOCKOHAJICHHS BiVIMBY MAarepOBOTO
MOJIOTHA € 3aCTOCYBaHHS BOCITKOBOT'O ()OPMYBaHHSI, IO IIUPOKO BUKOPUCTOBYETHCS
JUIS CaHITapHO-TIME€HIYHUX BUIIB IMamnepy 1 J03BOJISIE CYTTEBO MIABUIIUTH POOOUY
MIBUJKICTh, a, BIAMOBIIHO, ¥ MPOAYKTUBHICTH MamuHU. [Ipu 1IbOMY CKOpPOUYYIOTHCSA
rabaputu (popMyrouoi YaCTUHU 1 CIIOKUBAHHA €JIEKTPOCHEPTii, uepe3 4acTKOBY abo
MOBHY BIIMOBY BiJl BY3JIiB 3 TEPTAM KOB3aHHS ((POpPMYHOUYHX Ta BIJICMOKTYBaJbHHUX
SIMKKIB, AehIEKTOPIB, TiAPOIUIAHOK); HATAETHCA MOXKIMBICTH 3aCTOCYBaHHS
HalCyJacHIUX 3ac0o0iB aBTOMATH3aIlli 1 KOHTPOJIO, PETYJIIOBaHHS Ta ONTHUMI3allii
SIKOCTI TPOIYKIIii, M0 B MiJICYMKY 3HHXKYE COOIBapTICTh Ta MiABHUINYE HATIHHICTH
TEXHOJIOT14HOTOo TIporecy [1].

Mera po0OOTH — MiJBUIIUTH MPOJYKTUBHICTh MAIIMHU ILISIXOM BUKOPHCTAHHS
TEXHOJIOT1i JBOCITKOBOTO (hOpMyBaHHS y BHUPOOHMIITBI TapONaKyBaJbHUX BUJIB
narnepy Ta KapToHY.

Kowmmaniero Voith Oymno po3po6iaeHo psia IBOCITKOBHX (DOPMYIOUUX MPHUCTPOIB,
cepen sikux DuoFormer™ Base (puc. 1), mio npu3Ha4eHH I MaKyBIBHUX BHIIIB
narnepy Ta kaptony [2]. CycneH3isi BOJOKHUCTOrO Marepiaiy MiJ THCKOM MOJA€ThCS B

YTBOPEHUN MIDK JIBOMA CITKaMH 3a30p. 3HEBOAHEHHs B10YBA€ThCS BOJHOYAC KPi3b
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IBl CITKM, IO 3HA4YHO I1HTeHCU(]ikye mpouec GiTbTpanii Ta NPU3BOAUTH 0
3MEHILEHHs eHeproBUTpaT. EQexkTrBHE po3TallyBaHHs HAMIPHOTO SUIMKA Y HAWBULIIN
Toulll Jgyodopmepa CHpPOUIYe BiIBEICHHS BOJAM, YaCTHMHA SKOi MPOXOAHUTH Kpi3b
BEPXHIO CITKY. Y Il o0macTi eHeprii Hamopy HOTOKY Macu Ta CWJIM TSKIHHA
JOCTaTHbO ISl 3a0e3nedyeHHs e()EeKTUBHOrO 3HEBOAHEHHS. Bucoke MonokeHHs
HaIIPHOTO AIIMKA TAaKOX 3MEHIIYE PHU3UK IMOBEPHEHHS MOTOKY Macu, TUM CaMUM
PO3MIUPIOIOYN POOOUMI J1ana30H HU3BKUX MIBUIKOCTEH. 30HAa HAMIPHOTO SIIUKA €
JIETKOJOCTYIHOK MMia 9ac poOoTu. BiICMOKTYyBadbHUM SIIUK PO3IIJICHUNA Ha Bl
OKpeMi 30HM, 1 BUTpaTa BaKyyMmMy 3MEHILYETbCS 3aBISKH TpaBiTallii, L0 CIPHUSIE

3HEBOJHEHHIO [2].

Puc. 1. ®opmyrounit mpuctpiit DuoFormer™ Base 3 npukiiaioM BCTAHOBJICHHS

nonatkoBoro hopmepa DuoFormer™ Top

DuoFormer™ Base dbopMye BHCOKI 3HA4YeHHS MIIIHOCTI TIOJIOTHA B
MOTICPEYHOMY HAMPSAMKY, OCKUTHKU 3a0e3euy€e HU3bKE CIiBBIIHOIIECHHS MIIIHOCTI Y

MalmMHHOMY 1 TIOTIEpEYHOMY HampsMKax. PiBHOMipHe (opMyBaHHS TMOJIOTHA
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30epiraeTbcst HaBITh 32 BUCOKOI KOHILIEHTpALIli MacH.

Kpim Toro, konctpykuis DuoFormer™ Base no3Bosisie OoTpuMyBaTH
OararomapoBe Moja0THO. TeXHOIorisl 6araTomapoBOCTi A€ MOXKIIUBICT 3aCTOCYBATH
pPI3HY KOMMO3UIIIO IS KOXHOTO INapy, a TaKOoX IHTEHCU(IKYBATH MpPOILEC
3HEBOJHEHHS (puc. 2) [2], 30UIblIYyI0YM TPHU LBOMY IIBHJKICTH (POPMYIOUOi YACTUHU
MamuHu MakcuManbHo 10 1600 m/xB. Jlns ¢opmyBaHHS JBOIIAPOBOTO TMOJIOTHA
HU3BKOT a60 cepenHboi Macu 1 M2 MOJKHA BCTAaHOBMTH HAIipHHUii AUk MasterJet M2.
Y BumajgKy OTpMMaHHs MojnoTHa Oimbmoi macu 1 M? DuoFormer™ Base MoxHa
MOEJIHYBATHU 3 I0AATKOBUM JBOCITKOBUM (popMytouuM npuctpoem DuoFormer™ Top,
Takok kommadii Voith (muB. puc.l) [2]. JlomatkoBoro mpocTropy Taka (opmyrouda

qaCTHHaA HE HOTpe6y€, HaBIIaKHW, BOHA JO3BOJIA€ 3MCHIIIUTU JOBXUHY HMYKHBOT CITKH.

T T L

Puc. 2. Ctyneni 3HeBojiHeHHS Ha (hopmyrouomy npuctpoi DuoFormer™ Base
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Ha puc. 3 [2] HaBeeHO 3aleXKHICTh MIBUIKOCTI MAIIMHK Bix Macu 1 M2, T, Ta
ACOPTUMEHTY NPOAYKUIi, IO BUIOTOBISAETHCA 3a JOMOMOIOI  (POPMYIOUOTO
npuctpoto DuoFormer™ Base Ta B kom0Oinauii #oro 3 DuoFormer™ Top.
YoTupHuCITKOBa  KOHCTPYKIISA, W10 YTBOPIOETHCS, UYYAOBO MIAXOAUTH IS

PEKOHCTPYKIIIH, OCKUIBKY 1i BUCOTa HE Taka CyTTeBa [2].

A
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Puc. 3. Moxnusi mBuakocTi DuoFormer™ Base Ta B moegHanH1 #Oro 3

DuoFormer™ Top m1s1 pi3HOTO aCOPTUMEHTY MPOAYKITIi

TakuM YWHOM, TEXHOJIOTiS JBOCITKOBOT'O OaraTomapoBoro ¢GopMyBaHHS 3
BUKOpHUCTaHHSAM (opmytounx npuctpoiB DuoFormer™ Base ta DuoFormer™ Top
7A€ MOXJIMBICTh IHTEHCH(IKYBaTH TMPOIEC 3HEBOJHEHHS 1 3HAYHO 30UIBIINTH
IBUAKICTE (OpMYIOdoi yacTMHM Mamubu. Jlng mamepy macoro no 80 r/m? 3a
IonoMoror BcraHoBieHHs auire DuoFormer™ Base makcuMmalipHa MIBUAKICTH MOKE
carat 1600 M/xB. .BomHowac WiABUIIYETHCA SKICTh (DOPMYBAaHHS, 3HIDKYETHCS
CIIOKMBAaHHS  €HEprii, = CeKOHOMHTBhCS  BHPOOHWYA  IUIOIIA,  CIPOIILYETHCS
oOcnyroByBaHHs. ToMmy ocoOnmMBEe 3HAYCHHS BUKOPUCTAaHHS TakKOi TEXHOJIOTI]

250



XIX mixHapogHa HAyKOBO-NIPAKTUYHA KOH(EpeHLli CTYAEHTIB, aCHIPaHTIB 1 MOJIOIUX
BueHux ~Pecypcoenepro3oepiraroyi TeXHOJIOrIT Ta 001aAHaHHSA

(opMyBaHHA Ma€ y BHUPOOHMIITBI TapONAKyBaJbHUX BHUIB Marepy Ta KapTOHY, IO

BUPOOJISIOTHCS 13 BTOPUHHOI CHPOBUHU.

Ilepesik nocuianb:

1. AnekcangpoB A.B., AnamkeBuu FO.J[. OGopynoBanue IIBII. Yacte II.
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2. Voith Paper. DuoFormer™ Base Board and Packaging Papers. URL:
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THE IMPROVEMENT OF THE EFFICIENCY OF WASTE PAPER
SORTING
MSc student S. Tretyak, Ph.D., Assoc. Prof. I. Deykun
National Technical University of Ukraine

“Igor Sikorsky Kyiv Polytechnic Institute”

The use of waste paper for the production of paper and cardboard is specified
by a number of factors: resource conservation, as approximately 50-60 kg of waste
paper saves one tree from cu down; environmental problems, which are very relevant
in the presence of moisture-resistant, laminated with polyethylene, coated with
bitumen and with other coatings of waste paper, which is difficult to disintegrate and
it will decompose in the environment for decades without the application of industrial
treatment methods. But the economic feasibility of using waste paper is the main
issue. The cost of 1 ton of waste paper on the market depending on the grade ranges
from $180 to 230, while 1 ton of pulp costs
$750-850. Therefore, paper and cardboard made of secondary fiber have a lower cost
[1].

The paper-forming properties of waste paper that determine the properties of
paper or cardboard depend on the conditions and storage duration, the number of
cycles of use, compliance with the grade specified by the supplier, etc.

Secondary semi-finished fibers undergo several cycles of processing, resulting
in changes in their weighted average length, pore geometry and microcracks in the
wall of the fibers, the reduction of the specific surface area. Fibers become stiffer and
more fragile, their ability to fibrillate is reduced, as well as, consequently, the ability

to form hydrogen bonds. These properties are deteriorated with each subsequent
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processing cycle. Paper and cardboard made of secondary fiber have lower strength
[2].

The problem of contamination in waste paper is also important, which is related
to the life cycle of paper and cardboard.

Various technological substances of non-fibrous nature such as sizing agents,
fillers, coating pastes, dyes are added in the fibrous mass at the production of paper
and cardboard. In the process of use, cardboard and paper products are contaminated
by the residues of products packed in these products and by additional packaging
materials (scotch tape, expanded polystyrene).

Contamination in waste paper leads to a decrease in product quality,
deterioration of its appearance. The presence of mineral inclusions is the cause of
abrasive wear and failure of sieves, sorting and grinding equipment. Most of the
contaminants remain in the pores of the felt, reducing their efficiency, stick to hot
rolls and drums, which can lead to the break of the paper web and product defect [3].

These reasons indicate the need to remove contaminants as one of the main
tasks of waste paper processing technology.

The sorting process is one of the most important stages of waste paper
preparation for the production of quality paper and cardboard.

The aim of the sorting process is the removal of extraneous inclusions and
non-fibrous pieces of waste paper from the waste paper mass.

For sorting of waste paper mass, sorters are used, that have sieves with round or
slotted openings, the size of which is larger than the size of fibers, but smaller than the
size of inclusions being removed.

The sorting of waste paper is carried out in 1-3 steps: at first, coarse pre-screen
at medium concentration in pressure screens with round or slotted openings, and then
fine screening at low mass concentration in sorters with slotted sieves [4].

Sorters of the MaxFlow AFT type are used for coarse and fine sorting [5]. It is

based on a design with the upward mass flow, while the waste is removed from the
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upper part of the equipment. This design allows to remove heavy impurities before
they can damage the components of the sieve. The elements of the rotor create
turbulence and thus increase its efficiency. Due to the fact that the rotor prevents the
thickening of the mass, efficiency and reduces energy consumption are increased. The
rotor of the sorter provides an optimal balance of turbulence and back pressure ripple
to ensure energy efficient and reliable operation of the sorter.

The result is a cleaner waste paper with reduced energy consumption by 30%.
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SOFT AND HARD NIP CALENDARING
Master student Koshlenko O., master student Kolesnykova O.,
senior lecturer, Ph.D. Ostapenko A.
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Calendering is the last step of the paper manufacturing process that affects
paper and board properties. Calenders are also used as pre-calenders before coating or
size application. The main purpose of calendering is to improve the surface properties
of paper and to control the caliper profile. Compaction of the paper surface and its
structure improves the surface properties, the most important of which are smoothness
and gloss [1].

Calenders have been in use in the paper industry for decades. They improve the
smoothness and gloss of a sheet and/or reduce the porosity of paper and board. While
achieving these desired properties, the challenge has always been to minimize bulk
loss so as not to adversely affect the stiffness or opacity of the product. The main
control factors are temperature, nip pressure, and dwell time (the time that the
paper sheet is in contact with the calender roll) [2].

In the PrimeCal Y belt calender, the surface of the sheet is moisturized
prior to entering an adjustable pre-heating zone around the Peritherm roll. Since
the dwell time in the pre-heating zone is more than 50 times longer than in a
typical hard nip calender, the temperature of the heated roll needs to be only 20-
30 °C above the glass transition temperature of the sheet. This approach makes
it possible to properly soften the paper using high moisture and temperature, but
in a thin surface layer of the sheet. Lower line forces are needed in the
subsequent roll nip and less heat is required to achieve the desired quality at a

much lower compression rate [3]. The result is bulk preservation,
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Compared to conventional soft or hard nip calenders, lower roll
temperatures and lower line loads in the PrimeCal Y achieve the same, or better,

calendering effects. This contributes to the calender’s significant energy savings

[3].

Figure. 1 - PrimeCal Y belt calender

Belt calendering technology can be applied to all paper grades and basis
weights. Unlike a shoe calender, where the nip presses through the belt, the
PrimeCal Y’s nip is behind the belt, and completely independent from it.

Hard or soft cover deflection-controlled rolls can be used to form the nip
with the heated roll. The PrimeRoll MHV ensures exact CD caliper control.

The major advantage of calenders [3]:

- bulk is preserved,;

- surface properties are enhanced;

- better densification and improved calendering effects are achieved compared

to conventional calenders.
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The thickening of the waste paper is related to auxiliary operations and is used
to ensure optimal conditions for processing waste paper at various stages of the waste
paper processing process: before sorting, grinding, dispersing and bleaching - to
reduce energy consumption for transportation and storage of the pulp, as well as for
the disposal of waste and sludge . In addition, the thickening of the fibrous suspension
Is carried out to separate the circulating water and create water use circuits that may
differ in temperature, pH value, concentration of chemical reagents and the content of
impurities [1].

The purpose of thickening the waste paper is to remove excess water and obtain
the waste paper at the optimum concentration required for the efficient
implementation of the subsequent technological operation.

Thickening of the waste mass is carried out by filtration and mechanical
pressing of the fibrous suspension, while the fibers are deposited on a filter sieve.
Thickening of waste paper is carried out on equipment equipped with metal screens
with round or slotted holes [2]. The sieve holes are larger than the particle size, so the
filtrate usually contains some solids. To retain all the solids in the suspension, an
auxiliary fibrous layer is created on the filter sieve of the dewatering apparatus.

For thickening, various equipment is used, depending on the required
concentration of waste paper. The concentration of the condensed mass can be from 3
to 12% or more. To thicken the fibrous suspension from a concentration of 0.5-1 to

6.0-9.0%, thickeners or drum filters are used, which are installed before additional
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grinding and accumulation of the mass. Waste pulp, which later goes to bleaching or
storage, is thickened to a concentration of 12-17% on vacuum filters or screw (screw)
presses.

The disc filter (Fig. 1) is a bath up to 12 m long, in which hollow discs with a
diameter of 3.0-5.5 m rotate. The number of discs can be 34 pcs. The discs are
mounted at an equal distance from each other on a hollow shaft. The disc is covered
on both sides with a plastic filter mesh. The compact disc filter design has a larger
filter surface compared to drum filters, or thickeners, of the same size. The filter discs
are half immersed in the slurry and rotate at a speed of 0.5-2 rpm, which corresponds
to a peripheral speed of 5-20 m / min. The rotation of the discs contributes to the
continuous cleaning of their filtering surface from the thickened fibrous layer under

the action of gravitational forces [3].

Figure 1 — Disc Filter
Compact design of provides maximum filtration surface area for a given floor
space clean design — eliminates pockets and shelves where slime and stock could

accumulate balanced water removal — water flows from individual disks through an
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internal manifold design core to maximum hydraulic capacity The inlet box design —
uniform distribution of stock throughout the vat non-turbulent flow — tapered or
straight center shafts are to suit specific installation requirements

The main advantage of a disc filter is a developed filtering surface with a small
footprint, ease of use and replacement of consumables. This gives an increase in
efficiency of 30-50% compared to a drum filter with the same energy consumption.

The dewatering pressure in the hollow shafts of a disk filter operating under
vacuum gradually increases from 0.025 to 0.05 MPa (at an absolute pressure of 0.05—
0.07 MPa). When the discs are immersed in the suspension, a filter layer is formed,
which remains firmly attached to the filter base during the entire thickening operation.
The filtering fibrous layer is removed from the surface of the upper part of the discs

using showers.
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IMPROVEMENT THE TECHNOLOGICAL PRODUCTION PROCESSES OF
PAPER FOR CORRUGATING

MSc student A. Husol, Ph.D., Assoc. Prof. I. Deykun
National Technical University of Ukraine

“Igor Sikorsky Kyiv Polytechnic Institute”

The special properties of corrugated cardboard as a packaging material are high
strength, low weight and elasticity. The main advantage of corrugated cardboard is its
low cost, because paper and cardboard can be obtained from waste paper. Corrugated
cardboard is used very widely not only as a packaging material, but also as a heat-
insulating, building, sound-insulating and filtering material [1].

Paper for corrugating is intended for the manufacture of a corrugated layer in
the production of corrugated paper. Aesthetics do not matter for this type of paper.
Physical-mechanical parameters of corrugated paper must ensure stable quality in the
case of static and dynamic loads (during storage, stacking etc.) and, most importantly,
to ensure the preservation of the corrugation. Paper for corrugating is usually sized or
unsized of machine finish. The composition of the paper may include cellulose, wood
pulp and waste paper [2].

Corrugated paper is divided into:

— Fluting (Semichemical fluting, SF) — a material made of semi-cellulose.
Coniferous wood is mainly used, which is subjected to not deep chemical treatment.

—  Wellenstoff (WS) — paper consisting almost 100 % of secondary raw materials.
Waste paper, which undergoes three-stage processing, is mainly used for production.

— Schrenz — the lowest grade paper with the lowest technical characteristics. It is

made entirely of waste paper. It has a rough texture, low performance, lack of
261



XIX mixHapogHa HAyKOBO-NIPAKTUYHA KOH(EpeHLli CTYAEHTIB, aCHIPaHTIB 1 MOJIOIUX
BueHux ~Pecypcoenepro3oepiraroyi TeXHOJIOrIT Ta 001aAHaHHSA

aesthetics. It is used only for the working layer of corrugated cardboard. For this
reason, it is not subject to high requirements [3].

Waste paper from packing and container cardboard, as well as household paper
waste is the raw material for the recycled paper stock used for the production of paper
for corrugating. Achieving maximum purity of recycled paper stock allows to avoid
problems with deposits on the equipment and, accordingly, the exclusion of breaks in
the paper web. Obtaining high-purity recycled paper stock is complicated due to the
constant decline of the waste paper quality [4].

The purpose of the work is to improve the technological production processes
of paper for corrugating at the Private Joint Stock Company “Kyiv Cardboard and
Paper Mill”.

To obtain quality paper, the technological flow of waste paper processing
includes all the basic operations for the preparation of recycled paper stock:
separation of fibers, rough cleaning, additional separation of fibers and sorting, fine
cleaning and fine sorting.

In order to improve the quality of the formation of the paper web, the
reconstruction provides for the replacement of cylinder vacuum forming devices with
a fourdrinier forming part. The fourdrinier forming device provides optimal forming
and uniform structure of a sheet. Homogeneity of a sheet is reached due to optimal
distribution of fines and fillers that considerably improves the formation process and
provides uniform dehydration of a paper web.

To press the paper web, it is proposed to install a four-rolls press TRI-NIP. It
has a compact block of four press rolls which form three nips and is used for the press
part with the shoepress module at the position of the third nip. As a central roll of the
1st and the 2nd nips, a three-chamber suction roll is used, containing two chambers
with a high-vacuum, providing the suction of water out of the felt in the point of the
nip, and one chamber with a low-vacuum, ensuring the transfer of the paper from the

1st nip to the 2nd nip. A smooth press roll without a felt is placed in the position of
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the central press roll of the 2nd nip and the 3rd nip. The smooth roll surface ensures
the transfer of the paper from the 2nd nip to the 3rd nip. A combination of a shoe-
press module and a stationary press roll is used in the position of the 3rd nip that
allows to press with a higher linear load in the wider nip and to achieve a better
dewatering of the paper [5].

This shortens the track of paper web through the press part. Dryness of a paper

web after a press part is more than 50%.
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USE OF NANOCELLULOSE FROM WHEAT STRAW AS A
REINFORCING ADDITIVE IN PAPER PRODUCTION
post graduated student Boyko V.V., engineer Yashchenko O.V.
professor, Ph.D Barbash V.A.
National Technical University of Ukraine

" Igor Sikorsky Kyiv Polytechnic Institute'

The organosolv wheat straw pulp (OSP) was prepared by the environmentally
friendly organosolv method - cooking in a solution of peracetic acid at the first stage
and the alkaline treatment at the second stage. To obtain the nanocellulose from the
investigated organosolv pulp the process of its hydrolysis was carried out under the
following conditions: 43% sulfuric acid, temperature 60 °C, hydrolysis time 60 min
and ultrasonic treatment 60 min. Structural changes and crystallinity index of OSP
and nanocellulose were studied by SEM and XRD methods. The nanocellulose had a
density of up to 1.3 g/cm?, transparency up to 72%, a crystallinity index of 71.5%, and
tensile strength up to 125 MPa. The AFM showed that the particles of nanocellulose
have a diameter in the range from 16 to 20 nm. A TGA analysis confirmed that
nanocellulose films have a denser structure and lower mass loss in the temperature
range 320 — 440 °C compared to OSP. We established the positive effect of
nanocellulose application on the physical and mechanical properties of paper.

Keywords: wheat straw, cellulose, nanocellulose, paper, physical and

mechanical properties

OpranoconsBeHTHa cojioM’siHa wenono3a (OCL) oTpuMyBanu €KOJOTTYHO
YUCTHM OPTaHOCOJBBEHTHHM CIIOCOOOM - BapiHHSAM Yy PO3YMHI OITOBOT KMCIOTH Ha
nepurii  cramii Ta Jy)KHOKO 0OpoOKow Ha Jpyrid ctaaii. [ns  oTpumaHHs

HAHOIIEJIIOJIO3H 3 JIOCHIJKYBAHOI OPraHOCOJIBBEHTHOT LETI0I03M TPOBOJMIN IPOLEC
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il rigpoini3y 3a Takux yMoB: 43% cipuaHoi KHCIIOTH, TemiepaTypa 60 °C, TpuBaliCTh
rizponizy 60 XxB Ta ynpTpa3BykoBoi 00poOku 60 xB. CTpyKTypH1 3MIHM Ta 1HAEKC
kpuctaniyHocti OCL] Ta HaHouenrono3m BuBuyainu wmetogamu SEM Tta XRD.
Hanouenrono3a Mama ImiabHicTs 10 1,3 r /em3, mposopicts m0 72%, iHzmekc
kpuctaniyHocti 71,5% Ta miuHicTs Ha po3puB ao 125 MIla. AFM mnokasas, 1o
JiaMeTp YaCTUHOK HAHOIICNIIOJIO3U 3HAXOISAThCS B Jiama3oHi Big 16 1o 20 HM. AHami3
TGA niaTBepAuB, 10 IUIIBKA HAHOIICIIOI03U MAKOTh HIUTBHINTY CTPYKTYPY 1 MEHIII
BTpaTH Macu B Aiana3oHi temmnepatyp 320 - 440 °C nopisusHo 3 OCLI. BcTtanosneno
MO3UTUBHUYN BILJIUB BUKOPUCTAHHS HAHOIEIIOI03U Ha (PI3UKO-MEXaH14H1 BIACTUBOCTI
narepy.

Karw4oBi cjoBa: mimeHWYHa CcoJIOMa, IIEII0JI03a, HAHOIIGNIOI03a, Iarip,

(b13uKO-MeXaH1YH1 TOKA3HUKHU

In recent years, many studies have been conducted on the replacement of
synthetic materials with natural substances. A reduction in the reserves of fossil
resources (oil, gas and coal) underlines the relevance of research on the technologies
of processing renewable sources into biodegradable consumer goods. Such resources
include renewable plant materials, the processed products of which are used in the
chemical, pharmaceutical, paper, textile and electronic industries. The main
component of all plants is cellulose, which is the most abundant renewable
biopolymer on the Earth. Cellulose is used to produce the cutting-edge material—
nanocellulose—which consists of nanosized particles and has unique properties.
Nanocellulose has high elasticity and a specific surface, high transparency and
chemical resistance, biodegradability and biocompatibility, a low production cost in
comparison with synthetic polymers and has lightweight.

The main source of raw materials for the production of nanocellulose is wood
pulp. To reduce the cost of wood and prevent the environmental crisis associated with

the production of pulp by traditional methods of delignification, scientists are
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searching for alternative sources of plant raw materials, including agricultural waste.
Such sources include, first of all, wheat straw, which is a large tonnage of agricultural
waste after the grain harvest [1].

In the pulp and paper industry there are traditional methods of pulp
production, among them the most common are sulfate and sulfite methods of
delignification, which are harmful to the environment. The industry needs to develop
more environmentally friendly technologies for pulp production, one of which is the
peracetic acid method of pulp production.

Stalks of wheat straw of a harvest of 2018 from the Kyiv region were used for
pulp production. Prior to research, the raw material was ground to 2-5 mm and stored
in a desiccator to maintain constant moisture content and chemical composition.
Cooking of wheat straw pulp (OSP) was carried out in the two stages. At the first
stage, treatment of wheat straw in the mixture of glacial acetic acid and 35 %
hydrogen peroxide in a volume ratio of 70:30 % at the liquid to solid ratio 10:1, at
temperature 95 + 2 °C during 120 min was carried out. At the second stage, the
alkaline treatment of obtained OSP by solution of NaOH concentration of 7 % during
120 min, at the liquid to solid ratio 12:1 at temperature 95 + 2 °C was carried out. The
OSP had the following indicators: yield - 48.9 %, lignin - 0.27 %, ash content - 3.05
% by weight of dry raw materials.

To obtain the nanocellulose from the investigated OSP the process of its
hydrolysis was carried out under the following conditions: 43% sulfuric acid,
temperature 60 °C, hydrolysis time 60 min and ultrasonic treatment 60 min. Structural
changes and crystallinity index of OSP and nanocellulose were studied by SEM and
XRD methods. The nanocellulose had a density of up to 1.3 g/cm?, transparency up to
72%, a crystallinity index of 71.5%, and tensile strength up to 125 MPa. The AFM
showed that the particles of nanocellulose have a diameter in the range from 16 to 20
nm. A TGA analysis confirmed that nanocellulose films have a denser structure and

lower mass loss in the temperature range 320 — 440 °C compared to OSP.
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It was found that the density of nanocellulose samples increases with increasing
duration of hydrolysis, in addition, ultrasonic treatment of nanocellulose suspensions
leads to an increase in the density of nanocellulose films. This dependence is
associated with a reduction in the size of cellulose fibrils and the formation of strong
hydrogen short bonds. Standard laboratory handsheets samples of paper with additive
of nanocellulose (NC) with consumption 5 % and 10% from mass pulp were prepared
using a Rapid-Kothen machine according to TAPPI standard. The table shows the
physical and mechanical properties of the paper depending on the consumption of
nanocellulose [2]. As can be seen from the data in the table, the addition of
nanocellulose improves the physical and mechanical properties of the paper.

This dependence is due to the fact that the tensile and tear properties directly
depend on the interfiber bonds and the formation and structure of the paper. Smaller
fibers or nanofibrillated fibers have increased the specific area and more points of
contact, increasing the number of bonds. Increasing these bonds increases the

apparent density as well as the resistance to stretching and tearing.

Table - Physical and mechanical properties of the paper depending on the

consumption of nanocellulose

Paper quality without with the addition | with the addition
indicators NC of 5% NC of 10% NC
Thickness, um 158 148 134
Density, g/cm?® 0,40 0,46 0,48
Burst index, kPa m?/g 1,7 2,7 3,4
Tensile index, N m/g 19,8 30,0 39,0
Tear index, mMNm?/g 4,5 7,0 10,2

Thus, it is shown that the use of nanocellulose as a reinforcing additive allows

to increase the physical and mechanical properties of paper by 50 - 100%. The
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potential for adding nanocellulose to products is to reduce the use of softwood pulp
while maintaining the physical and mechanical properties of the finished product. The
presence of NC in the paper increases the interaction between the cellulose fibers and
promotes better regrouping, filling the gaps between the fibers during paper

production, and providing a more uniform and compact structure.

1. Barbash V.A., Yashchenko O.V., Vasylieva O.A. Preparation and application
of nanocellulose from Miscanthus xgiganteus to improve the quality of paper for
bags. SN Applied Sciences, 2020, 2:727. https://doi.org/10.1007/s42452-020-2529-2.

2. Viana L.C., Potulski D.C., Muniz G.I.B., Andrade A.S., Silva E.L. Nanofi
brillated cellulose as an additive for recycled paper. CERNE, 2018, 24:2, p. 140-148.
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YK 676.024.61:676.034.6
TEXHOJIOT'ISI POSMEJIIOBAHHA BABOBHAHOI IEJIIOJIO3HU Y
BUPOBHUILTBI T PA®IYHUX BUAIB ITAITEPY
marictpant ['opsnoit C.B., k.1.H., nou. Mopuaniok O.M.
Hauiona/JibHMH TeXHIYHUI YHIBEpCUTET YKpPaiHH

“KuiBcbkui mosairexHivHuii incTutyT imMeni Iropsi Cikopcbkoro”

BaBOBHsAHA 1I€JII0JI03a BXOAUTh O KOMIO3MINi 0araTtboX BHUJIB mamepy. li
3aCTOCOBYIOTh, KOJHU TMPE'SBISIOTHCS TMIJBUINEHI BUMOTH JO JOBTOBIYHOCTI, Y
BUPOOHUIITBI Tamepy Juisi KpecieHHs, KaprorpadidyHOro Imamepy, OCHOBU
¢doToKOMIIOBaHHS, Nanepy Juisl XpoMaTorpadiyHoro Ta enekTpohOpeTHUHOrO aHali3y
touro [1].

baBoBHsIHA T11eMI0I03a BIAPI3HAETHCS XIMIYHOKO 1 TEPMIYHOIO CTIHKICTIO,
JIOBIOBIYHICTIO, CTaOUIBHICTIO OLIOCTI, OJHAK Tiporiec ii ¢hiOpuIIsIii, 10 HeOOXiTHUMI
JUISL TOCSITHEHHSI BUCOKMUX IAaiepOTBOPHUX BIJIACTHBOCTEH, € 3HAYHO YCKJIAIHEHUM
3aBJSIKM OCOOJIMBOCTSM OYIOBH 1 XIMIYHOT'O CKJIay 0aBOBHSHUX BOJIOKOH [2].

baBoBHsHa T1IeMION03a 3a CBO€H OyJAOBOIO 1 BIACTUBOCTSAMH ICTOTHO
BIJIPI3HAETHCA BiJl IENIOJIO3M 3 JEpPeBUHHU. BonokHa OaBOBHU € HaWMIIHIIUMU 1
HAWYUCTINIMMHA CepeJl TMPUPOJHUX BOJIOKOH, OCKUIBKM CKJIQJaroThcs 3  alb(da-
nenrono3u Ooutbin Hixk Ha 90%. IlinBuineHa KpUCTANIUHICTh Ta HATHBHI BIACTUBOCTI
3HAYHO YCKJIAJIHIOIOTh (DiOpriroBaHHS OaBOBHSHUX BOJOKOH, OCKUIBKM iX (hiOpuiu
3aKpydeHi mig KytoM 45° no oci BojokHa [1]. HaruBHI GaBOBHSIHI BOJIOKHA MAarOTh
PI3HOMAHITHI JOMIIIKH, SKI HEOOXIAHO BHAAIATH. XIMIYHUH CKJIaJ MPHPOTHUX

He0OpOoOJIEHNX BOJIOKOH OaBOBHU TpecTaBiieHo B Tabm. 1 [3].
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Tabnuusa 1. XiMIyHUI CKJIag HATUBHUX OABOBHSIHUX BOJOKOH

. Opraniu
CxaanoB | Llentono3 | bk | Ilexktun | Minepan | Bock _ Lyxp | [Hm
Hi
a a u u u U U e
KHCJIOTH
Bwmict, % 94 1,3 0,9 1,2 0,6 0,8 03 | 0,9

baBoBHsHI BOJIOKHAa MaroTh OaraTomapoBy GiOpWIApHY CTpYKTypy. Bonu
CKJIAJIAlOThCS 3 MEPBUHHOI 1 BTOPUHHOI CTIHOK Ta mpomibkHoro mapy (puc. 1) [4].
BinbuIicTh HELENMIONIO3HUX MaTepialiB MPUCYTHI Y 30BHIIIHIX MIapax OaBOBHSHOTO
BosiokHa. [1i MikpockormoM GaBOBHSIHE BOJIOKHO Ma€ BUTJISLA CKPYUYEHOI CTPIYKU abo
3ropHyTOi Ta cKpydeHoi TpyOku (puc. 2) [4]. Lli ckpyTKu Ha3UBaIOTHCS 3BUBUHAMU:
Ha caHTUMETp OyBae Oym3bko 60 3BUBMH. 3BHBUHHU [1al0Th 0OaBOBHI HEPIBHY
HOBEPXHIO BoJOKHA. [lonepeunuil nepepiz 6aBOBHSIHOIO BOJIOKHA YacTO OMMCYIOTh SIK

HUPKOIOA10HUH.

PR

N\

1

Puc. 2. Araromiuna Oys0Ba 6aBOBHSTHOTO BOJIOKHA: | — IEpBUHHA CTIHKA; 2 —

BTOPHWHHA CTiHKA; 3 — JTIOMEH; 4 — MPOMIKHHM mIap

3aBOSKM  HECTPYKTYpOBaHIM  Opi€HTAIlli IEII0JIO3M Ta  HELEIIJI03HUX
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MarepiaiiB, MOBEPXHs MEPBUHHOI CTIHKM € HEOpraHi3oBaHOK Ta BiakpuToro. lle
HAJ[a€ THYYKOCTI, 1110 MOTpiOHa Mmix Yac pocTy KIITUH. OCHOBHUMH IHTPEIEHTAMHU,
10 BIJIMIOBIIaIOTh 32 B3a€MO3B'SI3KM B TIEPBUHHIN CTIHIII, € IET0103a, TeMIIIeJII0I03H,
NEeKTUHH, OUTKM Ta 10HU. BTOpHWHHA CTiHKA, B SIKId MPUCYTHS JIMIIE KpPUCTaJiI4yHA
LEJI0JI03a, € BHUCOKOBIOPSAKOBAHOIO 1 Ma€ KOMIIAKTHY CTPYKTYpPY, 3 IapajielibHO

pO3TaIIOBAaHUMU BOJIOKHAMH [35].

Puc. 2. Burmsg 6aBOBHSIHOTO BOJIOKHA ITiJT MIKPOCKOIIOM: a — 0aBOBHSIHE
BOJIOKHO, CXOX€E Ha CKpy4YeHYy TpyOKy; b — momepeunuii mepepis 0aBOBHSIHOTO
BOJIOKHA; ¢ — 0aBOBHSHE BOJIOKHO, CXOK€ Ha 3rOPHYTY Ta CKPyUCHY CTpiuKy, d —

ITYy4OK 0aBOBHSIHHMX BOJIOKOH

Y  BupoOHUITBI Tamepy miusg ApyKy aBTopu [l, 2] pexkoMeHIYyIOTh
PO3METIOBaHHS OABOBHSHOT IETIONO03U 3/IIMCHIOBATH HETIEPEPBHUM CIIOCOOOM, Y JBi
cramii. [lepma cranmis — TATOTOBYA, IO XapaKTEPU3YETHCS CYTTEBUM YKOPOYCHHSIM

BOJIOKHA, JApyTra — CTaI[iH OCHOBHOTI'O PO3MCIIFOBAHHSA, IO CIIPAMOBAHA HaA IMEPCBAXKHY
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Horo ¢iopuIIALILO.

Panime miaroroBka 0aBOBHSHOI LEIIOJI03M BUKOHYBAJIacsd B PO3MENIOBAIBHUX
MalllMHAX MepioauyHoro aii (Hampukiaia, B ponax). Komnania «Clextraly (®panitis)
nporonye texHosorito BIVIS, mo Moxe BUKOPUCTOBYBATHUCS AJi YKOPOUYBaHHS
BOJIOKOH 0aBOBHHU NE€pes] OCHOBHUM po3MentoBaHHAM. Kommanis moBimomuisie mpo
npoaaxx JaBorBuUHTOBMX amapariB BIVIS nns migmpuemcTB, 110 BUITYCKaIOTh
BUCOKOCOPTHI Ta CIeEliajbHl BUAM Mamepy, y TOMY YHCIO OaHKHOTHI, 3 JIbOHY,

KOHOILJI1, 0aBOBHHM Ta 1HIIMX JIOBFOBOJIOKHUCTUX MaTepialiB [6].

Puc. 3. PoGoui opranu asorsuHTOBOTO anapaty BIVIS
Buxopucranns rexnosorii BIVIS Ha cranii monepe1Hp0ro po3mMeatoBaHHs T03BOJISE
YHUKHYTH BCTAHOBJICHHS TPOMI3IKOTO MEPI0UIHOTO 00J1aIHaHH, 3a0e3meuye
Oe3MepepBHICTh Ta ABTOMATHU3AIIII0 MPOIIECY, BUCOKI MOKA3HUKH SIKOCT1 MacH 1

rOTOBOTO Tanepy, a Takox Ha 10 — 15 % 3HMKy€e MUTOMY BUTPATy €JIEKTPOEHEPTii

[7].
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UDC 628.166
JOCJIIKEHHS BILIUBY BJACTUBOCTEHR XITO3AHY HA
MHPOLEC 3HE3APA’KEHHSA BON
Marictpant J. P. lllyapa, a.1.1., gou. O. I1. XoxoTBa
HauioHaJbHMH TeXHIYHUI YHIBepCHTET YKpaiHU

"KuiBcbkuil nmoJiirexHiyHuii iHcTutyT iMeHi Irops Cikopcebkoro"

Anomauyia. 3pocmaroyi gumozu 00 AKOCMI NUMHOI 800U NOMPEOYIOMb NOULYKY
OibUlL eKoNI02IUHO OOYINbHUX | eheKmueHUx Memodis ii 3Hezapadicenus. Mema oanoi
pobomu nousieae 8 OO0CHIONCEHHI 3He3apadlicyodoi Oii Ximo3any, 00epIHCcy8aH02o 3
npupoonozo nonimepy ximuwny, no eionowennio oo E. coli i C. albicans.
Bemanoeneno, wo cmynino inakmusayii’ kyremypu E. coli ne zanescums 6i0 muny
o0ocnidceHux y pobomi Ximo3auie: UCOKOMONEKYIAPHO20 (MoneKkyasapHa maca 100—
300 xla) i nusvxomonexynaproco (50-60 xla) 3i cmynenem Oeayemunio8aHHs.
gionosiono 95 i 75-85%. ¥V eunaoky C. albicans eucoxomonexynsipnuii ximosan 3i

cmynenem deayemuntogants 95% € Oinbul epekmuHUM 3HE3APANCYIOUUM A2eHMOM.

STUDY OF THE EFFECT OF CHITOSAN PROPERTIES ON THE
PROCESS OF WATER DISINFECTION WITH CHITOSAN
MSc student D. Shudra; DSc, Associate Professor O. Khokhotva

Abstract. Growing demands to the quality of drinking water require the search
for more environmentally friendly and effective methods of disinfection. The aim of
this work was to study the disinfecting effect of chitosan derived from the natural
polymer chitin, against E. coli and C. albicans. It was determined that the degree of
inactivation of E. coli culture did not depend on the type of chitosans used for the
research: high molecular weight (molecular weight 100-300 kDa) and low molecular

weight (50-60 kDa) with a deacetylation degree 95 and 75-85%, respectively. In the
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case of C. albicans, high molecular weight chitosan with deacetylation degree 95%

was more effective disinfectant.

The deterioration of water quality in drinking water supply sources, as well as
increasing requirements to the quality of drinking water and an increase in the
sustainability of the water treatment process, lead to the need in research in the field
of new, more environmentally sound and effective methods of water disinfection.
These studies include scientific work on the use of chitosan and materials based on it
[1, 2].

Chitosan is a linear high molecular weight cationic polymer obtained from the
natural polymer chitin by deacetylation in an alkaline medium.

The biodegradability and high disinfecting ability of chitosan against gram-
positive and gram-negative bacteria, with the simultaneous absence of toxicity to cells
of mammals, promote its use as an antibacterial agent or in a mixture with other

natural polymers [3, 4].

One of the most probable mechanisms of the antibacterial action of chitosan is
the electrostatic interaction of the protonated amino groups of its molecules with the
negatively charged membrane of the microbiological cell, mainly due to competition
with Ca?* ions for electronegative sites on the cell membrane surface. This has a
double effect. First, the permeability of the membrane wall changes that causes an
internal osmotic imbalance and, therefore, inhibits the growth of microorganisms.
Secondly, intracellular electrolyte is leaking because of the hydrolysis of
peptidoglycans in the wall of microorganisms [5].

The second possible mechanism of the antimicrobial action of chitosan is its
interaction with the DNA of the microorganism, leading to inhibition of the synthesis
of RNA and proteins through the penetration of chitosan into the nucleus of

microorganisms [5]. This suggests the possibility of chitosan penetration through the
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bacterial cell membrane, which consists of many peptidoglycan layers, and reaching
the plasma of membrane. This mechanism is considered as the one with low
probability of its implementation.

The third mechanism of the antimicrobial action of chitosan is the chelating
with metals, which are important nutrients for the growth of microorganisms [5].
Chitosan molecules can bind metals through chelating bonds, which blocks the entry
of important nutrients into the cell, contributing to its death. However, this
mechanism is also not critical in the antimicrobial activity of chitosan.

The disinfecting effect of chitosan depends on the degree of its deacetylation,
molecular weight, since these characteristics significantly affect the physical-chemical
properties of a particular chitosan sample, as well as on the type of microorganisms.

The aim of the work was to study the disinfecting effect of high and low
molecular weight chitosan with varying degrees of deacetylation on the gram-negative
bacterium Escherichia coli (E. coli) and the yeast-like fungus Candida albicans (C.
albicans).

The disinfection efficiency of distilled water from gram-negative bacteria E.
coli with chitosan of two types (concentration 0.1 mg/dm?3) practically did not depend
on the molecular weight of the polymer and the degree of its deacetylation. Already
after 1 hour of contact of E. coli with chitosan, the degree of inactivation of the
culture was two orders of magnitude at an initial culture concentration of 5-10° colony
forming units (CFU)/cm?®. It was found that chitosan had a pronounced bactericidal
effect, since there was no culture growth observed over time.

In case of disinfection of the yeast-like fungus C. albicans under similar
conditions, it was determined that the inactivation degree of the micromycete by
chitosan depended on the molecular weight and the degree of deacetylation of the
latter. Chitosan with a low molecular weight and a degree of deacetylation of 75-85%

inactivated only slightly more than one order of culture after 1 hour of contact, while
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high-molecular chitosan with a degree of deacetylation of 90% inactivated a period of

more than two and a half order of culture from 2.4-10% CFU/cm?® for the same time.
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MATRIX OF TRANSITION OF SOLID COORDINATES IN SPACE IN THE
TRANSITION FROM NON-INERTIAL TO INERTIAL REFERENCE
SYSTEM
student Solomianiuk D.O., Doctor of philosophy, Associate Professor Shtefan N.I.
National Technical University of Ukraine

"Igor Sikorsky Kyiv Polytechnic Institute"

Abstract. The paper shows the construction of a coordinate transformation matrix
during the transition from a moving to a fixed coordinate system. This matrix contains
guide cosines, which receive a lot of attention. These elements are often used in
engineering calculations to determine the position of a solid in space.

Key words: moving coordinate system, fixed coordinate system, free solid, directing

cosines.

MATPHUIA IEPEXOAY KOOPAUHAT TBEPAOI'O TIUIA Y ITPOCTOPI
IPU NEPEXO/I BIJ HEIHEPIIAJBHOI 1O IHEPIIAJILHOI CUCTEMHA
BIJIIKY

crynedT Conom’statok J1.0., x.1.H., gouedt Iltedan H.I

AHoTtanis. B po6oti mokazano moOyaoBy MaTpHIli MEPEeTBOPEHHS KOOPIAWHAT MpU
nepexo/i BiJ pyXxoMoOi 0 HEPYXOMOi CHCTeMHU KoopauHat. s maTpuist MicTUTH B
co0i HampsIMHI KOCHHYCH, OTPUMAaHHIO KUX IPUCBSYCHA BelrKa yBara. i enemenTu
9acTO 3aCTOCOBYIOTHCSI B IH)KEHEPHUX DPO3PAXyHKaX JUIsl BU3HAYCHHS ITOJIOXKCHHS
TBEPJIOTO Tij1a B MPOCTOPI.

KarouoBi cioBa: pyxoma cuctemMa KOOpPAMHAT, HEPyXOMa CHCTeMa KOOPJIHMHAT,

BUIbHE TBEPJIE TLIO, HANIPSIMHI KOCUHYCH.
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The position of a free solid in space can be set using six independent values
(parameters). Independent parameters that determine the position of a solid in space
are called degrees of freedom. As is known, the position of a rigid body (Fig. 1) is
determined by three points that do not lie on one line (for example, points O, O1, 02)
and are invariably connected with the body. There are three restrictions on the nine
coordinates of these points, which express the invariability of the distances between

them. It follows that there will be six independent parameters.

c Fig.1
If when determining the position of a rigid body set the position of one of its
points, such as point O, which is called the pole and is determined by three
coordinates &, 7o, o, then to fully characterize the motion of the body should choose
three more parameters that characterize the rotation of the body around this point ).
These parameters are denoted by ¥, 6, ¢ (for these coordinates we can take the Euler
or Euler - Krylov angles).
The law of motion of a free solid is a set of six scalar functions of time, which
unambiguously determine its position at any time:
So=<& (),  no=no(t), o=Co(t),
(1)
Yo =%o(t),  Go=6b(t), o= po(t).
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The motion of the pole and with it the translational motion of a rigid body
determine the first three equations. The motion of a body with respect to the
coordinate system O &'%'(" (ie the motion of a body with respect to a point O as a
stationary one) is determined by the following three equations.

The position of a rigid body is given by the following coordinate systems: A&y
- stationary; O&'n'C" is one that moves translationally with a body whose axes are
parallel to the axes of a fixed coordinate system, and Oxyz is a coordinate system that
is invariably connected to the body. The radius vector 7 of the point M in the fixed
coordinate system is related to the radius vector p-, which characterizes the position of
the point M in the body (in the moving coordinate system Oxyz), the ratio (see Fig. 1)

F=T5+p,
where T, - radius-vector of pole O. @

Construction of a matrix of transformation of coordinates.

-q'

Fig. 2
Consider a solid body (Fig. 2) with a fixed point O. You need to specify the
position of the body or, Oxyz axes, relative to the coordinate system O&'%'(".
The position of any lines in space (including axes) can be set using the cosines
of the angles between these lines and the axes of the coordinate system. In this case,

to specify the position of one line, such as the axis Ox, you need to know its three

281



XIX mixHapogHa HAyKOBO-NIPAKTUYHA KOH(EpeHLli CTYAEHTIB, aCHIPaHTIB 1 MOJIOIUX
BueHux ~Pecypcoenepro3oepiraroyi TeXHOJIOrIT Ta 001aAHaHHSA

guide cosines with the axes O&, Og', O, which are equal to the corresponding

—

products of the orts 7, T, k axes Oxyzand 7', ', k' axes O&5'¢" (see Fig. 2)
cos({}ﬁc_,_(j;f’) =7-7,
cos(0x,0n") =1-7, 3)

r

=l

cos(0x,00) =1-
Similarly, the position of the axes Oy and Oz is set. The guide cosines are
denoted by the letter a;; (i = 1, 2, 3; j = 1, 2, 3) and are given in the form of table. 1,

where marked
a,; = cos(0&,0x) =7 -1,

a,, =cos(08,0y) =77, .., (4)

(y, = cns(O_t,;’_,_{jy] k"7,
a3 =cos(0¢,02) =k'-k.
Table 1.
AXis Ox Oy Oz
o¢ an ar a3
On' a az az
o¢ asi asz ass

Consider the guide cosines aj as the projections of the orts on the
corresponding axes. For example, all is equal to the projection of the orth 7 on the
axis O&, ie i&" =ay,, etc.

A solid body with one fixed point has three degrees of freedom, and in table.
There are nine directing cosines, so only three of them can be independent. The six
relations that connect the guide cosines can be found using the properties of the guide
Ccosines.

From formulas for orts:
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_3

H
:ﬁ“i
)

2=1k2=1

;0;;0-;}’:0

'

which, taking into account the fact that their projections on the axis O&, Oy', O are

directing cosines, we obtain the required relations:

fg=?-i}=i_5!-£§r+i,?!-i,?!+i{:-i§-!+a§1+a§1+a§1=1,
2 7.7 —a% +ai +ai. =1 (%)
I =] J—alz az;, T dz; = 1,
L-]= lgr-je + 0y 'Lf"'iq"'jg':=f111f112+f121f122+f131f132 =0
l-k=a; a,;+a;,0;3 +az,8;;= 0,
J k=ap,a;+a;,05; + az;,03; =0,

Similar ratios can also be written for the rows of table. 1.
The table of guide cosines (table 1) is called the coordinate transformation

matrix and is written in the form:

Az aiz|[*
"'f’ ‘5121 Ayp  Qaz ||V (6)
3y Qz; Azz||Z ]
or abbreviated:
&0, 1" = ||la;||lxy, 2" =B [xy,2]",i,j=12,3, (7)

where [, 7', {'TF, [x,v,z]" - matrix-columns with corresponding elements;

||la;;|| = B - square matrix.
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YJK 531/534
STUDY OF THE MOTION OF A MATERIAL POINT
ON THE INNER SURFACE OF THE CYLINDER
student Pugach Y.R, Doctor of philosophy, Associate Professor Shtefan N.I.
National Technical University of Ukraine

"Igor Sikorsky Kyiv Polytechnic Institute'

Annotation. The motion of a material point on the inner surface of a cylinder is
investigated in the work. The Lagrange equation of the first kind is applied. The
initial conditions for the motion of a point, as well as the equation of the elm are
drawn up. The result is a system of differential equations, from the solution of which
we obtain not only the equation of motion of a point, but also the projection of the elm
reaction.

Keywords: Lagrange equation of the first row, initial conditions, equations of elms,
equation of motion.

JOCJIIXXEHHSA PYXY MATEPIAJIBHOI TOUKHA
IO BHYTPIIIHINA MOBEPXHI IIUJITHIPA

cryneHt Ilyrau S.P., x.1.H., nouent redan H.I.

Anomayia. B pobomi oOocniodxceHo pyx mamepianvHoi mMouKku Nno 6HYMPIuHil
nogepxui yuninopa. 3acmocogano pieuanns Jlaepausca nepuioco pooy. llpu yvomy
CKIA0EHO NOYAMKO8I YMOGU PYX)y MOUYKU, A MAKOMC DIGHAHHA 6 ’53i. B pezynremami
OMpUMAano cucmemy OupepeHyianbHux pieHsAHb, 3 PO36 SA3AHHSA AKOI OMPUMYEMO He
MINbKU PIBHAHHA PYXY MOYKU , A U NPOeKyii peakyii 6 s3i.

Knrwowuoei cnoea: pisnsanna Jlacpandxca nepuioco psaoy, nouamkosi YMOGU, PIGHAHHSL

8 ’s13ell, PIGHAHHS PYX).
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Let's explore the movement of the material point of mass m on the inner surface

of the cylinder with a radius of r , the axis of the cylinder is consider horizontal.

To do this, we will sum the beginning of the coordinates (point O) with any point of
the cylinder axis, we will guide the axis Och vertically, the axis of the Au
horizontally, and the axis of the Oz — on the axis of the cylinder . Let's accept that at
the initial moment (at t = 0) the position of the point is determined by the coordinates:
x = (0),y = (0),z = (0),

and projections of this speed
x=(0),y=1(0),2 =v,.

That is, the initial speed is directed parallel to the Oz axis.On the material point are
the weight strength of mg and the reaction of the v'yaz R , which is guided along the

radius. The eal equation (cylindrical surface) looks like:

flx,y,z)=x*+y*—r?=0.

Than:

df df df

— = 2x, — =2y, — =0
dx * dy ) dz

Force projections are determined by expressions:
F. =mg, F,=F =0.
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R.=2% R =24, R, =2
dx ] dy dz
Having put these expressions in the Lagrange equation of the first kind, we will get:
miX =mg+ 2Ax, my = 24y, mz = 0. 1)
From the third equation (1) after integration under the specified initial conditions, we
will receive
Z = V,t,
that is, the distance from the plane of Oxy increases in proportion to time. By
multiplying the first equation (1) by the u, and the second — by x and subtring the
second from the first equation, we will find
m(xXy- VvX) = mgy. (2)
By multiplying the first equation (1) by x and adding it to the second one
multiplied by
m(ix- yy) = mgx + 2A(x* + y?2). (3)

Let's move on now to the cylindrical coordinates according to formulas

X =TCoSQp,y =T1sing,z = z.

Becase
X = —1r@cosp, YV =Tr@sing,;
¥ =rgsing —rg*cose,  V=rgcose —rg*sing,

equations (2) and (3) will look like

mr2p = —mgr sing
or
q'ri—l—g;sinqp:{] 4)
and
mr?@2 = mgr cose + 2Ar° . (5)
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Rewrite the equation in a (4) form
¢dg = —Zsingde.
Before integration we will take
@—; = gmsq) +C.
Becauste t=0 qo=§ :®=0,10C=01i, Than

@? = ETECGSQD : (6)

This equation shows that under the original conditions, the movement of the point
will take place in the area where the cos ¢ = 0, because—> < @ <

Having put the expression (6) in the equation (5), we will have

3 3mg
= COS.
2r ¢
In result we will take:
df
R =1—= —-3m 2,
. I mg cos- @
df .
R, =A1A—=—-3mg sing cosg,
- d:l}
df
R.=i1—=0.
z dz

Modul of reaction

R = JRZX + R%, + R%, = 3mgc cosq.

. - T . . -
The reaction is zero when ¢ = i;. The maximum reaction value will be when ¢ =0

and equal to R = 3mg.
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YJK 531/534
THE BUILDING OF THE MATRIX OF DIRECTIONAL COSINES
BETWEEN AXLES IN THE CASE OF GYROSCOPE BEING IN THE
GIMBAL SUSPENSION
student Tryhubets B. O., Doctor of philosophy, Associate Professor Shtefan N.1I.
National Technical University of Ukraine

"Igor Sikorsky Kyiv Polytechnic Institute'

Annotation. In the work is shown the building of the table of directional cosines
between the axles of the object and axles connected with gyroscope rotor on the
example of gyroscope being in the gimbal suspension. Both Euler-Krylov's angles
and the table of directional cosines obtained by the matrix method will be using here.

Key words: the matrix of directional cosines, gyroscope, gyroscope rotor, Euler-

Krylov's angles.

IHOBYAOBA MATPUIII HAIIPAMHUX KOCHUHYCIB MI’K OCSAMMU Y
BUITAZKY I'TPOCKOIIA B KAPJAHOBOMY IIIJIBICI

crynent Tpurybeus b.O., k.1.H., nouent llredan H.I

AHoTanis. B po6oTi mokazano noOyaoBy TaOIHIlI HATPIMHUX KOCUHYCIB M1 OCSIMHU
o0'ekTa Ta OCSIMHU, 3B'S3aHUMHU 3 POTOPOM TIpPOCKOMA, HAa MPHUKIAAl TIpOCKOMa B
kapaaHoBomy miaBici. Tyt OyayTh 3acTocoByBaTuCh sik KyTu Eitnepa-Kpumosa, Tax i
BiIMOBITHO /10 HUX OTPUMaHa MAaTPUIHUM METOJIOM TaOJIUIlS HAMPSIMHUX KOCHHYCIB.

KirouoBi cioBa: Matpuilsd HampsIMHUX KOCHHYCIB, TIPOCKOI, pOTOP TipoCcKONa, KyTh

Einepa- Kpunosa.
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Let us analyze the construction of a
matrix of directional cosines between
axles on the example of the shown in
Figure 1 gyroscope in a gimbal
suspension installed on a moving object
connected with the coordinate system
Oxyz. Let us find a table of directional

cosines between the axles of the object

and the axles connected with gyroscope rotor.

4

Figure 1 gyroscope has three degrees of freedom.

As can be seen in Figure 1, this

The outer frame 1 can turn at an angle a relatively its axles of rotation, the inner
frame 2 — at the angle 3 and the rotor 3 — at an angle y.

Let us connect the coordinate system with the outer frame Ox,y, z,, with the
inner frame Ox, Y-z, and with the rotor Ox;Yy;z5. The mutual position of figures and

relative coordinate systems is shown in Figure 2.

y) pyl

17
I
o % X,, X,

’. 4 A
= N

——
—

X
o

Figure 2

It is easy to notice that the gimbal suspension simulates Euler-Krylov's angles.
Let us calculate the table of directional cosines by a matrix method.
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According to the rotations of the transformation matrix indicated in Figure 2,
they will have the following form:
[x,y,2]" = Bi[x;,y1, 2]
[X1,¥1,2:]" = B2[X3,¥,2,]"
[X2,¥2,2,]" = B3[x3,)3,25]"

[x,y,2]" = Blx3,)s,23]"

Here:
~ cosa¢ 0 sinf
Bi= 0 1 0 |
—sina 0 cosa
_ cosf —sinff 0
B2=|sinf cosf 0|
0 0 1

1 0 0
Ea=[{] cosy —siny
0 siny cosy

The resulting rotation matrix B we will found as a product:

I sinasiny — sinacosy +
cos o cos 8 : . :
—cosacosysinfS +cosasinysinf
Bl1=B1B2B3 = sinfs cos [§ cosy —cosfsiny
: cosa siny — COS @ COSY —
—sinacosf : ) : . :
! —sina@cosysinf —sinasinysinf|

Thus, on the example of a gyroscope in a gimbal suspension, the building with
the definition of each element of the matrix of directional cosines between the axles of
the object and the axles connected with gyroscope rotor is considered. Herewith the
serious mathematical device, which allows to receive the result given in the work, is

involved.
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Find the projection of the rotational and delovogo accelerations point solid on the

movable axis coordinate systems Oxyz:

- =
— - = L ] - - =
WP =Fxp= = w2 + jwo® + kw?S
£, 1)
X z
From here y
Trob—

Wy =€,Z — €Y
A T
W=s y — £ X. @)
In in a separate case, when the vector is displayed angular velocity (or

instantaneous axis of rotation) describes relatively fixed axis cone, rotating with

angular velocity Q (which is typical, for example, for conical couplings), angular

acceleration write to vide

g dﬁ+ Ox@
£E=— (.
at ©)
If besides w, = const, w,= const, w_,=const, that is the angle a it is permanent,
—
then "‘;—;"” = 0. If solid the body moves so that the vector angular velocity @ remains

parallel to yourself, then in this case hodograph vectors & it will be straight line and
so on the same as in the case of with a fixed axis, vector £ corner acceleration will
colinearly @. Ochevigno, in the case of such movement, if the same w, = 0, to axial
and rotational direction acceleration equal accordingly tangential and normal with
acceleration.

Consider learn more K axial direction acceleration points of interest. We'll find it
acceleration projections W° on the selected axis coordinate systems, for example,

Oxyz. Using formula for double vector works of art
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get: W =@ X (@ Xp) =
= &(@- p) - pw = ®)
= TW + W+ k wee,

We'll use it with these ratios:

-

Eiztmx—kfm},—kf?ﬁz, g=Tx+]jy+kz

B p=wX+w,y+ w,z w? = wl + 0l + w?. (6)

Then (5) takes the form

W = &(@ - ) — po* =

= (E’mx + fmy + F?mz) X 0

X (0 X + 0,y + w,z) —

—(E’x—kjy -+ F?z)(mf, + mf, -+ m;;')

Comparing the coefficients at the same the unit vectors in terms (5) and (7), we

get
we® = —x(w? + w?) + yo,w, + 0,
y T @z x Wy x Wy

wo€ = xw,w, — Viw: + wl)+ zo,w,

(8)

oc

W = xw,w, + yw,w, — z(w? + w?).

If to enter a conditional marking: ., = w; +w?, ©,, =+,

— 2 2 _
W, = Wy + Wy, Wy = W, Wy, )

]

xz = WyWz, myz = mymz'

Then you can write it down in the matrix system form
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TWyy Wy TWy ¥ (10)

— Wz, Wiy z

You can show that when rotating the body is relatively small. the instantaneous

axis, as well as when rotating around the motionless one axis, fair there is an

expression

—_—
W = —w?MN.

Indeed, using the formula (5) and considering that what g - ort aimed at the

—

instant the axis of rotation, and g + p=pcosa = ON, we'll get it

S oc

W= =

gl

— few? =

e

(@-p

Y-
(E : p) - pl = (11)

= w? (ﬁ —p)= —w?MN.
On based on the conducted our research methods properties movement of the
free solid body it can be argued that what @,, €, got it accordingly instantaneous

angular velocity speed and instant angular with acceleration portable movement.
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Pimenusn

XIX MixHapoAHOT HAYKOBO-TIPAaKTUYHOT KOH(pEpeHII1i
CTYJICHTIB, aCMIPaHTIB 1 MOJIOAUX BUCHHUX.
«Pecypcoenepro3depiraroui TEXHOJOT1I 1 001aTHAHHD)

Ha 3axntoyHoMy mieHapHOMY 3aciiaHHi KoH(epeHLii Oyno NpUHHSTO
HACTYIHE PIIICHHS:

1. Po6ory Panu Monoaux BueHux IHcturyty texHiuHoi ternodizuku [TTO
HAH Vkpainn, OpranizamiiiHoro xomiteTy HallloHaqibHOro  TEXHIYHOTO
yHiBepcuTeTy YkpaiHu «KuiBCbKHIA MOMITEXHIYHMA 1HCTUTYT 1imeH1 Irops
Cikopcbkoro», Ta [IporpamMHuii KOMITET 3 MIATOTOBKH Ta MPOBEACHHS 3aXOIIB y
paMKax MDKHapoJHOi HaykoBo-npakTuuHoi koH(pepeHuii «PECYPCOEHEPI'O-
35EPII AIOYI TEXHOJIOI'T] TA OBJIAJTHAHHS» cxBanuty.

2. 3a pe3ynbTaTamMu OOTOBOPEHHS MPEJACTaBICHUX Ha KOHepeHIii
JIOTIOBiJIE  BH3HATH IEPCIECKTHBHICT, BUKOHAHUX JIOCIIDKEHb Ta CXBAJIUTH
JOUUTHHICTh TOJANBIIOTO PO3BHTKY Ta TOTIHOJIGHHS HAYKOBUX pO3POOOK Yy
BIJIMOBIIHMX HAYKOBUX HAINPsIMKax, 1110 BU3HAUYEH1 B MpoOIeMaTuIll KOHpEpeHIIii.

3. 3 METoHw CTBOPEHHS HAyKOBO-METOJIOJIOTIYHUX OCHOB BHUBYEHHS
OCHOBHUX PECYCOCHepro3z0epiratounx 3axojiiB, 00JlaJHAHHS TEIJIOTEXHOJOTIN Ta
XIMIYHUX TEXHOJOriM B VYKpaiHi pPEKOMEHAYETHCS 3alydYUTH MaTepiaiu
KoH(epeHIii 10  JUCHUIUIIH «OcHOBHI  mporecu  Ta  OOJIaJIHAHHS
pecypcoeHneprosoepirarounx TexHojorii» Ta «CydyacHe oOJagHaHHS XIMIYHHUX
TEXHOJIOT11» 3 PO3pOOKOI0 BIATIOBIAHOTO METOUYHOTO 3a0€3IeUeHHS.

4. TIipBUIIUMTH pIiBEHb 3aJy4yeHHsI CTYJCHTIB, acHipaHTIB 10 HAyKOBHUX
JOCIIJDKeHb YKpaiHM B Tally31 pecypco- Ta eHepro30epeKeHHs.

5. BugaTu 30ipHUK TIpaIis KOHPEPEHITii.

6. PexoMenmyBatu myOJiKaiifo IUICHAPHUX JOMOBIACH B JKypHajlax «
XiMiyHa 1HXKEHEPisl, EKOJIOT1s Ta pecypco30epekeHHs», « XIMiUYHA MPOMHUCIIOBICTh
VYkpainn» ta «IIpomucnoBa TerorexHika». [IpocuTu romis cekiiii KOHPepeHii
BU3HAYUTH JOMOBIAI BIJ CEKIIA s OmnyOJiKyBaHHS B «YKpaiHCBKOMY
AHTAPKTUYHOMY KypHaATI». YyacHukam KOH(bepeHIIii MpEeACTABUTH
PEKOMEHJIOBaH1 JOMOBiMI y BUIJIAMI IyOMiKaIid 3TiHO TpaBui MyOJiKarii
BIIMMOBITHUX JKYPHAJIIB.

7. BuzHauuTu 3a JOIIbHE MOIIMPEHHs iH(opmalii mpo KoH(epeHiio B
3acobax MacoBoi iHQopmalii Ta 3aly4eHHs 0 HACTYMHHX KOH(QEpeHIii
ITUPOKOTO KOJIa BITYM3HIHUX 1 IHO3EMHHUX HAYKOBIIIB.

8. Opranizatopu KOH(EpEeHIIl BUCIOBIIOIOTh BASYHICTh BCIM Y4YaCHUKaAM
KOoH(DepeHIii.

3aBimyBau kadeaporo MaIIvH Ta armapaTiB

XIMIYHUX 1 HaTOTIEpEepOOHUX BUPOOHUX
BUPOOHUIITBA ,%‘ 7 SA.M.KopnieHko
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