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Summary.

The conditions for ensuring high-quality hydrodynamics of non-uniform jet-
pulsating fluidization in autooscillating mode at the ratio of the breakdown height
of the gas torch to the initial height of the fixed bed z/H,<0.31 are determined.

KEY WORDS: FLUIDIZED BED, GRANULATION, HYDRODYNAMICS,
DYNAMIC INDEX OF HYDRODYNAMICS QUALITY.

Anomauis.

Busznaueno ymosu 3abezneuenmss AKiCHOI 2i0pOOUHAMIKU HEOOHOPIOHO20
CMPYMEHEeB0-NYIbCAYIiHO20 NCe8003PI0NCEHHs NPpU BIOHOWEHH] Uucomu npoboio
2a306020 paxena 00 NoYamKosoi sucomu Hepyxomozo wapy 2,/Ho<0.31.

KJIFOYOBI CJIOBA: [ICEBJO3PUDKEHUM IIIAP, T'PAHYJIAL[IA,
TIIPOTUHAMIKA, IH/IEKC JJUHAMIYHOI AKOCTI I'I/IPOJJUHAMIKH.

According to the results of previous studies, it is established that
increasing the energy efficiency of obtaining granular organic-mineral fertilizers of
new generation, which would contain nutrients of mineral and organic origin,
deoxidizing and stimulating impurities that fully meet modern requirements of
rational land use is possible by using the non-uniform jet-pulsating fluidization in
autooscillating mode [1-5].

The use of non-uniform jet-pulsating fluidization in auto-oscillating mode in
the granulation of liquid heterogeneous systems provides intensification of
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diffusion-controlled processes [1-5] , but increases the risk of stagnation on the
working surfaces of the gas distribution device (GDD).

Previous studies [1-5] have shown that increasing the productivity of the
apparatus by evaporated moisture with the implementation of a layered granulation
mechanism is possible by increasing the total height of the layer of granular
material H,, therefore, determination of the parameters of the hydrodynamic mode
of non-uniform fluidization, which minimizes the risk of formation of stagnant
zones on the working surface of GDD is relevant.

According to researches [1-5] the process is cyclical and is characterized by
three stages [1]. In the first stage, the energy of gas jet in point A, Figure 1, should

be sufficient to overcome the horizontal component of the hydrostatic pressure.

APhydrost
Ho

SR PR - &T

A ""‘i‘l : /B E

YA <,
Wilit Wlit
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Figure 1 — Physical model of non-uniform fluidization

The horizontal component of pressure APy is determined by the hydrostatic
pressure of the fluidized bed, taking into account the coefficient of proportionality
Khor_, Pa:

APyor, = ﬂlPhyd1'0|st.1r{110|1'.! (1)

1€ APhydrost=psgHo(1- o).
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However, the pressure created by the flooded gas jet coming out of the slit of

GDD with a velocity wg;; with a density pgas, Pa:

2
_ PgasWslit

APy = 2% (2)

Since the pressure created by the flooded gas jet is equal to the horizontal

pressure component, Pa:

AFyas = APpor, (3)
then:
ﬂpgﬂs = APllydrost.Khor. (4}
Hence the calculated coefficient of proportionality:
AF,
Khor. =B (5}
Aphydrost.

According to the results of previous studies, the authors [1-5] established the
patterns of realization of non-uniform jet-pulsating fluidization in an auto-
oscillating mode and determined the conditions under which a high-quality
hydrodynamic mode is provided.

Studies of the hydrodynamic mode of fluidization were carried out on an
experimental installation with the dimensions of the granulator chamber A x B x H
= 0.3 x 0.11 x 1.5 m with a slit-type gas distribution device [6] with a cross-section
coefficient = 4.9%, and with guide insert in the upper part. As a granular
material was used granular ammonium sulfate with humate impurities with an
equivalent diameter in the range of values 1.5<d.<4.0 mm, density ps=1450 kg/m°,
The ratio of the breakdown height of the gas torch z to H, (total bed height) was
2/ Hy=0.31.

According to the results of the analysis of experimental data in ensuring the
qualitative hydrodynamics of non-uniform fluidization [1] when iguaiy=1, the
pressure that creates a flooded gas jet is determined and the value of the coefficient
of proportionality K is obtained for particles with equivalent diameter in the

range of values of 1.5 mm<de<4.0 mm, Figure 2.
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It is established that the qualitative hydrodynamic mode of non-uniform
fluidization, which minimizes the risk of stagnation and the index of dynamic
quality of hydrodynamics iqair,=1 With increasing de is achieved with an adequate

increase in the value of K, .

Koo
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Figure 2 — The value of the coefficient Ky, depending on the equivalent

V8]

particle diameter of the layer (z/Hy=0.31 Ta =4.9%)

In [4], similar experimental studies of the hydrodynamics of non-uniform
fluidization at a cross section coefficient ¢=3.2% and the ratio of the gas torch
breakdown height to the initial fluidized bed height z¢/H=0.24, z/H,=0.23 and
z¢/H,=0.2 were performed, which corresponded to the initial fluidized bed height
Ho=0.42 m, Hy=0.52 m and Hy=0.6 m. As a granular material the granulated
ammonium sulfate with humate impurities with an equivalent diameter of
d.=2.07 mm was used.

According to the analysis of experimental data on the hydrodynamics of
non-uniform fluidization [1] for the conditions of providing the values of igaiy=1,
the values of the coefficient Ky, was obtained, Figure 3.

It is established that qualitative non-uniform fluidization with the index of
dynamic quality of hydrodynamics iqiy=1 at decrease in the ratio zi/H, is
provided at increase in value of Kp,. That is, to ensure a high-quality

hydrodynamic mode of non-uniform fluidization with increasing hydrostatic
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pressure of the initial bed of granular material, it is necessary to increase the

energy of the gas jet by adequately increasing the gas velocity in slits of GDD.

Khor.
0,178
0.176 y = 0,0978x0364 [
0.174 R==0,9994
0,172
0,17
0,168
0,166 b\\g
0,164
0,19 0,2 0,21 0,22 0,23 0,24
z/H,

Figure 3 — Dependence of the coefficient K, from the ratio z/Hy when
d.=2.07 mmand =3.2%

According to the results of the analysis of the obtained values, Figure 3, the
nature of the change K, depending on z#/H, can be approximated by a correlation

dependence:

Zg\ 0,364
Kior. = 0,0978 (=) (©6)

Hy
The application of the dependence (6) and equations (2) and (5) allows to
pre-determine the value of the gas velocity in the slits of the gas distributing device
when changing the ratio of z/H,, within 0.24>z4/Hy>0.2 for a bed of granular
material with a particle size d.=2,07 mm, which will ensure the fulfillment of the

condition iguaip,=1, M/s:

20364
Wslit = \/ZAthdrost.Khor. Zﬂphydr“t'o’og 78 (H_o)
slit —

= (7)

Pgas Pgas

This will allow a constructive calculation of the gas distributing device of

the industrial granulator, but the obtained correlation (6) is indicative and needs to

10



36ipuuk Te3 nonosigeit XVIII mixkHapoaHoi HAyKOBO-IPaAaKTHYHOI KOH(pepeHIlii CTy1eHTiB,
acmipaHTiB i MoJioauX BUeHUX ’PecypcoeHepro3oepirarodi TexHoJorii Ta odJiagHaHHA”

be clarified by making more extensive experimental studies of the influence of the

ratio z{/Hy on the value of the coefficient Ky, .
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SUMMARY.

Are presented the results of experimental studies of non-uniform jet-
pulsating fluidization in an auto-oscillating mode for a layer of granular material
with an equivalent particle diameter of 1.5<d.<4.0 mm at the ratio of the
breakdown height of the gas torch to the initial height of a granular material bed
z/H,=0.3. The conditions for ensuring a high-quality hydrodynamic mode, which
eliminates the risk of stagnation on the working surfaces of the gass distribution
device are defined. the calculation dependences of change in the pulsation
frequency of fluidized bed, the mixing index and the dynamic quality index are
defined.

KEY WORDS: FLUIDIZED BED, GRANULATION, HYDRODYNAMICS,
DYNAMIC INDEX OF HYDRODYNAMICS QUALITY.

AHOTAIIA.

Hasedeno pezynomamu excnepumeHmanibHUxX 0O0CHi0NHCeHb HEOOHOPIOHO20
CMPYMeEHeB0-NYIbCAYIUH020 NCEBO03PIONCEHHS 8 ABMOKOIUBATILHOMY PeAHcUMi O0s
wapy 3epHucmo2o mamepiany i3 eKGIBANeHMHUM OiaMempoM HaCMUHOK
1,5<d:<4,0 mm npu gionowenHi sucomu npoboro 2az06020 Gaxeia 00 NOYAMKOBOL
sucomu wiapy 3eprucmozo mamepiany zg4/Ho=0,3. Busnaueno ymosu 3abesneqenis
SAKICHO20 2I0POOUHAMIYHO20 DedCUMY, NPU SIKOMY YCYBAEMbCA PUSUK VINBOPEHHS

3acmiunux 301 Ha pooouux nogepxusax I’ PII, susnaueno po3paxyHKosi 3a1eiCHOCmi
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SMIHU Yacmomu nyavcayiu wapy, iH0eKcy nepemiuly8anHs ma iH0exkcy OUHaAMIYHOT
AKOCMI.

K/JIFO490BI CJIOBA: IICEBIO3PIDKEHHUH IIIAP, T'PAHYJIALA,
T'IIPOAUHAMIKA, IHIEKC JUHAMIYHOI AKOCTI I'/IPOJUHAMIKH.

The use of non-uniform jet-pulsating fluidization in the auto-oscillating
mode during dehydration and granulation of liquid systems provides active
volumetric mixing of solid particles in the fluidized bed, which increases the
intensity of diffusion-controlled processes.

The important factors that determine the stability of the kinetics of the
process include the high movement activity of the granular material in the area of
gas distribution device (GDD).

Authors [1-5] proposed a method for determination the index of the dynamic
quality of hydrodynamics to establish conditions under which the formation of
stagnant zones on the working surfaces of the slit type GDD with a cross section
coefficient =4.9% at a fixed bed height H,=0.32 m. The research was carried out
at the ratio of the breakdown height of the gas jet to the height of the fixed bed
z/H,=0.33, that is 2 times less than in works of the author [6].

According to the results of studies of the hydrodynamics of the fluidized bed
with 1.5<d.<4.0 mm was found that with increasing the number of fluidization

increases the index of the dynamic quality of hydrodynamics iguaiit, Figure 1.

é’gg iqualim-'

0.80 e

0,70 E‘-FE‘__ N Bde=1,5 MM
0,60 — 3 1 Ode=2,0 MM
0,50 —— @de=2,5 MM
0,40 & @de=3,0 MM
0.30 Qde=3,5 MM

1,0 1,2 1.4 1.6 1.8 2,0 2,2 2.4 Kw

Figure 1 — Dependence of the index of dynamic quality of hydrodynamics

on the number of fluidization igyai,=f(Kw)
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However, to provide iqai,=1.0 with increasing d. from 1.5 to 4.0 mm the
number of fluidization K, increases from 1.42 to 2.48, Figure 1. This is due to the
increase in the mass of solid particles.

The group of factors that determine the intensity of transfer processes
includes the pulsation frequency f and the mixing index J,p [1-5].

Dependence of pulsation frequency f and the mixing index J,p On the
number of fluidization K,, for different values of d. are shown on Figures 2 and 3.
The index of dynamic quality of hydrodynamics igaiy=1.0 is provided at the set
values of K, for a specific particle size, Figure 1, corresponding to the maximum
values of the pulsation frequency f and the mixing index Jsp. With increasing
particle size d. from 1.5 to 4.0 the pulsation frequency of the bed f decreases from
3.12 to 1.75 Hz and the mixing index J,p from 0.86 to 0.37.

33 T/ T 0,90 17,

- 0,85

3.1 i z

g’ 0.80 i

2.9 0,75

2.7 0,70 I

25 | Bmde=1,5 mm |0.65 C Bde=1,5 MM

” Ode=2,0 mm |0,60 Ode=2,0 Mmm
2.3 ’

» Bde=2,5 MM 0,55 Bde=2,5 MM
2.1 @de=3,0 MM 0,50 @de=3,0 Mm
1,9 Ode=3,5 mm 0.45 Ode=3,5 MM

_ 0.40 ™
1.7 @de=4,0 MM 035 @de=4,0 MM
10121416 1,8202224 Kw 1.012141618202224 Kw
Figure 2 — Dependence f=f(K,,) Figure 3 — Dependence Jxp = f (Ky)

Generalization of results of the experimental studies is made in the form of
dependencies for predicting the index of dynamic quality of hydrodynamics igaiiyy
(1), the pulsation frequency of the granular material bed f (2) and the mixing index
Jap (3) depending on the number of fluidizations K,, and design parameters of
GDD for fluidized bed with 1.5<d.<4.0 mm:

| 100aH, 100aH,
quatity = (298,16 (7) + 0,9187) K,, — 2374 (7) +2,003 (1)
¢ ¢
100aHy\ 077 _ 100aH,
f = 04523 (—“) K, +13106-¢ %% ) (2)
@
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100aH, 100aH 7%
Jap = (91,41 (7) + 0,3247) K, — 38,554 (7) (3)
®

P

Dependence igaiy=f(Kw) allows to determine the required mass flow rate of

the liquefying agent and its velocity in the cracks of the GDD at known values of
the equivalent particle diameter of the layer of granular material to almost
completely eliminate the melting of the material on the working surfaces of the
GDD.

Depending on the equivalent diameter of solid particles, the limits of
realization of non-uniform jet-pulsating fluidization in an auto-oscillating mode
also changes, therefore, according to the results of experimental studies for a bed
of granular material with 1.5<d.<4.0 mm the minimum (initial) and maximum
(final) values of the fluidization number K, are determined, which ensure the
fulfillment of the conditions of the physical model (0.35<iguaiy<1.0 Ta
0.36<J,p<0.54). The generalization of research results iS made in the form of
dependence K,=f(aHo/@), where a — the specific surface of the bed of granular
material (2400>4>900 m*m?® according to the values 1.5<d.<4.0 mm), H,=0.32 m
— the height of the fixed bed of granular material, ¢=4.9% — coefficient of GDD
cross section, Figure 4.
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Figure 4 — Values of K,=f(aHo/@) within the existence of non-uniform

fluidization in an auto-oscillating mode

So the non-uniform fluidization in an auto-oscillating mode is provided

when the condition is met Ky,min < Kupos.) < Ku(min):
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100aH,
— 0,6804 (4)

Kw[min) = —0,41- ln( ©

100aH,
Kw[max) = —0,553 -In ( ©

The obtained dependences K, f, Jap and iguaiy are expedient to use in the

)— 1,1736 (5)

design calculation of the granulator with non-uniform fluidization in an auto-
oscillating mode to obtain organic-mineral fertilizers from 1.5<d.<4.0 mm at the
initial height of the fixed bed H,=0.32 m. Increasing the value of H, will contribute
to the intensification of the granulation process with increasing of the surface
contact of the phases, so in the future it is necessary to mace similar studies and

establish the effect of changes in H, on dependences Ky, f, Jap and iquaity-
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ABSTRACT: The description of the modernised design of the adsorber which is
being proposed to use for textile industry wastewater treatment, especially for dyes
removal.

KJIFOYO0BI CJIOBA: adsorption, wastewaters, dyes, sorbent

AHOTALIA: Haseoeno onuc moOepHi308aHOI KOHCMPYKYis aocopboepa, SAKull
NnponoHyemMsvCsl  sUKopucmosyesamu oA OYUULEHHA CMIYHUX 600 MEKCMUIbHUX
BUPOOHUYME 810 OAPBHUKIE.

KJIFOYOBI CJIOBA: aocopbyis, cmiuni 8600u, bapsHuxu, copbeHm

In the textile industry, the water is mainly used during the dyes coating. Textile
productions are considered as one of the most sources of wastewaters in the industry
taking into account both the amount and composition of the produced wastewaters.
More than one million tons of the dyes are produced by year and approximately 50% of
them are used in the textile industry. Moreover, except for the dyes, in the production
process, the complex organic compounds are generated in the wastewaters. They must
be removed from the water. The wastewaters from the textile industry also include
minerals salts [1, 2].

Taking into account the complex composition of the pollutants, it is reasonable to
use the complex technology for wastewater treatment. They should include the
adsorption for the organic compounds removal and the reverse osmosis for the mineral
salts rejection [3].

For the improvement of the process of the dyes and organic compounds removal
from water, the modified adsorber is used [4]. It includes the vertical body frame, the
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nozzles and also the ring-shaped contact part. The last is consists of two coaxial
perforated shells the space between them is closed at both ends and is filled with the
sorbent. The adsorber differs by that the perforated shells are made with lateral
corrugations and fixed between two covers. The bottom cover is solid and the upper
cover is made with holes for the sorbent load and unload. Moreover, the mentioned
covers are connected between each other with rod distance elements which are made in
a form of the threaded rod with screws.

The disadvantages of described above construction include the decreasing of the
sorbent volume concerning the apparatus volume and the possibility of fouling
formation and accumulation in angles of the lateral corrugations [5].

The increasing of the sorbent volume in the apparatus is provided by including the
lateral corrugations with the semicircular shape. Such design decreases the risk of the
fouling formation in the perforated shells [5].

The proposed adsorbed is operated in the following way. The gas, vapor or liquid
mixture is pumped into the nozzle 2, then it flows in the ring-shapped channel between
the body frame 1 and the perforated shell 5. After that is pass through the perforation of
the lateral corrugations 7 (figure 2) of the shell 5 and the sorbent layer in the radial
direction. Then it appears in the cavity of the perforated shell 6 and removed from

adsorbed thorough the nozzle 3 [5].

Y
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Figure 1 — The scheme of the adsorber

/

Figure 2 — The shceme of the lateral corrugations

This design provides effective use of the adsorbent volume in the apparatus and
decreasing the fouling formation [5].
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AHOTALIA: HasedeHi pe3ynomamu  YUMOHIOYUX — eKCHepUMEHMIE
IHMMEeHCUBHOCMI  MACOOOMHIMY Npu peeeHepayii  3a0pYOHEeHUX CHIPATbHUX
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ABSTRACT: The results of the correcting experiments for the determination
of the mass transfer intensity during the spiral wound regeneration are
represented. It was defined that with taking into account the dimensionless
relationship remains linear in the logarithmic coordinates.

KEY WORDS: membrane module, fouling, regeneration, mass transfer,
dimensionless relationship

The polarization phenomena lead to the drop in the tramsmembrane flux.
After establishment of the steady state conditions, the further decreasing in flux
does not occurs. Despite that the polarization phenomena are reversible, practically
the continuous decreasing of the flux is often observed. This means that the flux
deceleration is occurring. Such deceleration is the result of the fouling which can
be designated as reversible or irreversible scaling on the membrane of the rejected
particles such as colloids, macromolecules salts etc [1].

The fouling formation process is difficult for the theoretical description [1,

2]. Even fro the known solution it depends on physical and chemical parameters

21



36ipuuk Te3 nonosigeit XVIII mixkHapoaHoi HAyKOBO-IPaAaKTHYHOI KOH(pepeHIlii CTy1eHTiB,
acmipaHTiB i MoJioauX BUeHUX ’PecypcoeHepro3oepirarodi TexHoJorii Ta odJiagHaHHA”

such as concentration, temperature, pH, ionic strange, and also on specific of the
interactions among the molecules, possibility of the hydrogen bond and dipole
interactions [1, 2].

In previous works the method of the spiral wound membrane modules
regeneration were developed with using of the local boiling under subatmospheric
pressure and the mathematical model which describes the mass transfer in the
membrane channels of the spiral wound module [3, 4]. These results allow
developing of the calculation technique which can predict the membrane
productivity after regeneration. For this purposes the dimensionless equations were

defined in a form [3]:
Sh =0,394Re 0’8“-800'33(%j (1)

where Sh=8d_/D is the Sherwood number; Re =w-d,-p/u is the Reynolds
number; Sc=u/D-p is the Schmidt number; d, =23, is the equivalent diameter,

m; L is the membrane channel length, m; D is the diffusivity coefficient, m%/s; w
is the velocity of the cleaning solution; m/s; p is the density of the cleaning
solution, kg/m®;  is the dynamic viscosity of the cleaning solution, Pa-s.

However, during the determination of the dimensionless equations for the
defining of the diffusivity coefficients the Wikly-Chang equations was used which
gives the inaccurate results for the case of the inorganic salts solutions. The more
accurate results can be obtained with using of the reference data determined
experimentally with corrections for the temperature change [5].

With aim of the corrections of the dimensionless equation the additional
experimental researches were carried out. The obtained results were treated with
using of the refined data about the diffusion coefficients (figure 1).

It can be seen from figure 1 that the relationship between the Sherwood
number and the Reynolds number is still linear with corresponds to the

assumptions done in previous researches [3, 4].
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Figure 1 — The dependence of the Sherwood number from the Reynolds

number

Thus, the results of the correcting experiments with previously obtained data
allow correction of the dimensionless equation with tacking into account the more
accurate values of the diffusivity coefficients.
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Creating granular multilayer composite materials due to the layered
mechanism of continuous granulation in the fluidized bed granulator, main role has
processes of the mass crystallization and evaporation [1].

The mass crystallization process consists of nucleation of solid phase in
solution, crystal growth, dissolution and aggregation, which may occur
sequentially or simultaneously [2]. The physical model of the process is shown in
the figure 1.

The main parameters that affect the morphological structure are the degree of
saturation, which is determined from the concentration field in the film and
temperature. Increasing the rate of evaporation increases the rate of crystallization.
At higher crystallization rates, the major dendrites have a more pronounced
structure [3].

Also, the kinetics of the process of mass crystallization of heterogeneous
aqueous mixtures containing soluble and insoluble components are significantly
influenced by the pH, the surface tension force and the viscosity of the mixture.
The presence of components of organic origin such as humic components, ash and
bone meal, there is sufficient free surface of microcrystals to form a framework of
crystals of ammonium sulfate [4].

However, when the organic content is increased by more than 2%, a dense
layer of organic matter is formed on the surface of the crystals of ammonium
sulfate, which makes it impossible to form a crystalline framework [5]. As a result,
the dispersed particles of organic matter are not incorporated into the crystalline

structure and are carried away by the flow of hot air.
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In addition to organic impurities, the solution also contains water-soluble salts
(potassium chloride), which do not significantly affect the crystallization and
harmful impurities (surfactants) that affect the magnitude of the surface tension of

the solution and can cause the formation of low-quality material.

loPy

7
n(l,7)
=" @\ = M
.IN i’l([’t’,) '

1 —nuclei; 2 — dispersed particle; 3 — crushed or dissolved crystallization center;
r — radial size, m; R, — the solid particle radius, m; dys — the diameter of the
dispersed particle, m; | — the determining size of the nuclei, m; u — growth rate,
m/s;

Jw — mass flow of vapor, kg/s; j. — crystalline phase mass growth, kg/s;
Figure 1 - Physical model of mass crystallization

To describe the process of isothermal mass crystallization of a heterogeneous
solution we will make the following assumptions:

- The process of mass crystallization occurs under the isothermal conditions;

-The medium is continuous and indissoluble, the liquid phase is
heterogeneous, the physical parameters of the mixture are determined by the mass
content of each component, and we accept that there is a crystallization of certain
components, other components in the process of solid phase formation are
uniformly distributed in the volume;
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- The breakage of crystalline nuclei by turbulent vortex flows and dissolution
IS not taken into account due to the absence of turbulent liquid phase motion in the
solution and high degrees of supersaturation of the liquid system.
The number of nuclei n (I, t) of the solid phase in the solution is distributed
over the determining sizes I, the growth balance of the number of crystalline nuclei
Is described by function of crystal size distribution (CSD) [6]:

ondr ~0Q@¢{ 7
T Ge =2 1
ot +CE ol (1)

where | — is the determining size of the center of crystallization, m.
Initial conditions:

- ~ ~ B¢€
€00, €0, n0r =2 ::f 2)
where B(c(t)) — birth rate in supersaturated suspension, kgs/s.
Growth rate:
G¢ =k, €€ =-c, ° (3)

where ky —growth coefficient, (mm - 1)/(min - mol); g — growth exponent.
The number of embryos formed in the homogeneous formation of crystal
nuclei is determined by the Arrhenius equation:
16-7-0°-M?
3-R*-T®.p?-@a’

N =A-exp| - 4)

where A — is the proportionality factor; o — is the saturation factor; M — is the
molar mass of the substance, g / mol; T — temperature, K; o — surface tension, N /
m.

The mathematical model is supplemented by the equations of mass balance
of the dissolved phase, the equation of energy balance, given in [7].
Conclusions. Mathematical modeling of the process of isothermal mass
crystallization is complicated by the presence of mechanical impurities, whose
influence on the efficiency of the process is unknown. A further task
experimentally determine the effect of the concentration and composition of
impurities, physical parameters of the process on the rate of nucleation of crystals,
growth and morphology of the crystal structure of the obtained micro-layers during
layered granulation.

26



36ipuuk Te3 nonosigeit XVIII mixkHapoaHoi HAyKOBO-IPaAaKTHYHOI KOH(pepeHIlii CTy1eHTiB,
acmipaHTiB i MoJioauX BUeHUX ’PecypcoeHepro3oepirarodi TexHoJorii Ta odJiagHaHHA”

References:

1. Meyer, K., Biick, A., & Tsotsas, E. (2015). Dynamic multi-zone population
balance model of particle formulation in fluidized beds. Procedia Eng, 102(111),
111.

2. Omar, H. M., & Rohani, S. (2017). Crystal population balance formulation and
solution methods: a review. Crystal Growth & Design, 17(7), 4028-4041.

3. Misyura, S. Y. (2018). Evaporation and heat transfer of aqueous salt solutions
during crystallization. Applied Thermal Engineering, 139, 203-212.

4. Kornienko, Y., Martyniuk, O. (2011). Izotermichna krystalizatsiya sullIfatu
amoniyu z orhanichnymy domishkamy “Isothermal crystallization of ammonium
sulfate with organic impurities”. Bulletin of the National Technical University of
Ukraine "Kyiv Polytechnic Institute™ Series "Chemical Engineering, Ecology and
Resource Conservation”, 16.

5. X. Liu, Q. Zhong , J. Wang , X. Ji, Y. Jia, Y. Xu & L. Li (2011) Study on
Ammonium Sulfate Crystallization in the Ammonium Desulphurization Process in
a Coal-based Power Plant in the Petrochemical Industry, Energy Sources, Part A:
Recovery, Utilization, and Environmental Effects, 33:22, 2027-2035, DOI:
10.1080/15567036.2010.499412

6. Rachah, A., Noll, D., Espitalier, F., & Baillon, F. (2016). A mathematical model
for continuous crystallization. Mathematical Methods in the Applied Sciences,
39(5), 1101-1120.

7. Kafarov V.V., Dorohov I.N., Kol'cova Je.M. Sistemnyj analiz proces sov
himicheskoj tehnologi “ System analysis of chemical technologist processes:
Processes of mass crystallization from solutions and gas phase”: Processy
massovoj kristallizacii iz rastvorov i gazovoj fazy. — M.: Nauka, 1983. — 367 s.

27



36ipuuk Te3 nonosigeit XVIII mixkHapoaHoi HAyKOBO-IPaAaKTHYHOI KOH(pepeHIlii CTy1eHTiB,
acmipaHTiB i MoJioauX BUeHUX ’PecypcoeHepro3oepirarodi TexHoJorii Ta odJiagHaHHA”

UDC 613.8
THE PROCESS OF ISOTHERMAL CRYSTALLIZATION TO CREATE
GRANULATED ORGANIC-MINERAL FERTILIZERS
student latsiuk I., asistant professor, Ph.D. Stepaniuk A.
National Technical University of Ukraine

«Igor Sikorsky Kyiv Polytechnic Institute»
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ABSTRACT. The process of isothermal crystallization of a supersaturated
aqueous solution of ammonium sulfate in the presence of organic and inorganic
insoluble impurities on the surface of the granules for the production of organic-
mineral fertilizers with the use of chemical, food and agricultural wastes is
considered.

KEY WORDS: isothermal crystallization, organo-mineral fertilizers,

aqueous solution, granules.

The idea of the work is to study the mechanism of formation of the
multilayer structure of the granules in the process of crystallization in the apparatus
by the example of the process of production of new generation OMF containing
mineral, humic substances and other useful components.

The aim of this work is to investigate the growth of layers on the surface of
the granules in the process of crystallization of a saturated aqueous solution of

ammonium sulfate in the presence of impurities to understand the forces and
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parameters affecting the crystallization process and the growth of crystals forming
the multilayer structure of the granule.

Presenting main material. As is known, to ensure the soil fertility, it is
more rational to use complex organic-mineral fertilizers containing nitrogen,
phosphorus and organic humic compounds. Organic raw materials for the
production of these types of fertilizers can be peat, brown coal, lignin and other
organic residues and wastes of agricultural and food production [1].

Also, the great advantage of granular fertilizers is their convenient use,
storage and transportation.

Granulation is a complex process, as it depends on many factors. For
example, the basic parameters that determine the growth of crystals on a pellet are
the temperature and the nature of the interaction between the liquid droplets and
the particles. For example, the presence of organic compounds significantly
complicates granulation, since organic compounds are very difficult to crystallize
because organic impurities do not adhere to the surface of the layer.

Consider the formation of a multilayer structure by the example of
isothermal crystallization of a saturated aqueous solution of ammonium sulfate
in the presence of organic and inorganic insoluble impurities on the surface of

the granules.

For granulation, fluidized bed granulators are used, allowing to obtain
granules with a layered structure by the process of isothermal crystallization. The
mechanism of formation of layers on the granule is shown in detail in Figure 1.

Understanding layer-by-layer crystallization involves analyzing the
distribution of heat in a spherical material and in a fluid film (heat exchange) that
covers a sphere, and the process of evaporation of a mixture film (mass exchange)
that proceed simultaneously.

When dispersing the liquid phase into a two-phase system: granular
material is a gas coolant, the liquid phase is retained on the surface of solids in

the form of an ultra-thin film due to the action of adhesion-sorption forces. The
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porous structure of the granule causes a partial diffusion of moisture. Heat is

supplied to the film from the heated solid particles and the gas coolant.

This leads to intense evaporation of the solvent, resulting in a thin layer of
mineral crystals and colloidal particles of humic compounds deposited on the
surface of the solid particles. Microcrystals serve as the centers of crystallization of
minerals from another liquid film, which results in the growth of granules [4].

This leads to the formation of a porous frame of mineral component, in the

cavities of which are located microparticles of organic matter.

Recycling

Removal of the finished granulate

Figure 1. The mechanism of formation of layers of crystals on the granule

| - supply of heated gas coolant; Il - removal of gas coolant together with water
vapor; A - initial centers of granulation; B - the area of application of the liquid
phase on the surface of the granules; C - the area of removal of moisture from the
surface of the granules and its distribution between phases; D - is the region of
formation of the micro layer on the surface of granules of microcrystals of mineral
substances, suspended parts and humic particles; E — areas of unloading of
granular product with the specified dimensions. 1 - preheated pellet; 2 is a liquid
layer; 3 is a thin layer of microcrystals of mineral substances and colloidal
particles of humic compounds deposited between them; 4 is a second layer of
microcrystals formed on the previous layer; 5 - inclusion of gmine compounds; 6 -
crystals formed on the surface of the layer.
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This granule formation method allows the distribution of colloidal particles
of humic substances throughout the volume of the multilayer solid component.

Thus, the mechanism of granulation is a cycle of processes (ie, the formation
of one micro layer), which is repeated many times: the application of a solution on
the surface of a solid particle, heating and dehydration of the aqueous solution film
on the surface of the granules with simultaneous crystallization of minerals and
distribution of organic constituent, drying the moisture adsorbed by the granule.

To implement this mechanism of granulation requires the consistent passage
of pellets through the technological stages. In region A, the granulation centers (1.5
+ 1.7 mm in size) are heated to a temperature of 90 + 95 by the coolant. In region
B, the liquid phase is applied to the surface of the granules in the form of a thin
film, which is formed as the granules pass through the dispersion zone.

The rapid removal of moistened particles from the irrigation zone and the
layered distribution of them among the dry granules will promote intense
redistribution of moisture between the dry granules and the heated coolant.

The intensive removal of moisture from the surface of the liquid phase film
promotes the formation of a layer of microcrystals of mineral substances together
with suspended organic particles and the deposition of colloidal particles of humic
substances between them.

Crystals of different shapes and sizes are formed at different temperature
modes. The lower the temperature, the longer the drying time and the
correspondingly larger crystal. As the temperature rises, the drying time is reduced
and the crystals become smaller both in length and in width. Humate particles do
not change in size because they are solid amorphous particles that are present in
the saline solution as small, insoluble particles. Observing the crystallization of the
granules during the experiment allows us to see the difference in the structure of
the crystals at different temperatures.

The structure of crystals at different temperatures is shown schematically in
Figure 2.
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When the content of the original granulation solution is exceeded, impurities
(which cannot crystallize), such as organic components that are generated in the
production of ammonium sulfate, bone meal, the contact area between crystals of
sulfate ammonium is reduced to a critical level. The interaction force of
neighboring crystals becomes less critical.

Then the forces arising from the interaction of the granules (friction of one
another, shocks, aerodynamic forces) break off the conglomerates formed on the
surface of the granules. As a result of these factors, the degree of pellet formation
sharply decreases and the amount of dust generated during the production of
organic-mineral fertilizers increases. The purpose of the dissertation is to
investigate the factors (the amount of impurities) that affect the granulation

process.

Figure 2. Structure of ammonium sulfate crystals at different temperatures:
a—T=293K; b-T=393K.

The purpose of the master's thesis is to determine the parameters that affect
the deterioration of the granulation process.

Conclusions:

In the future, it is advisable to continue the experimental study of the

crystallization process on the surface of the granules and to establish the critical
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value of the number of impurities that affect the efficiency of granulation, physical

selection and development of a mathematical model of granule formation.
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THE INVESTIGATION OF THE FLOW IN MEMBRANE CHANNEL
WITH WOVEN SPACER BY THE CFD METHOD
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ABSTRACT: The description of the study of the flow in the membrane
channel with the use of spacers of non-traditional design, using CFD methods is
represented

KEY Words: flow, spacer, membrane modules.

AHOTALIA: Hasederno onuc 00cniodxicenHs meyii 8 KaHaui MeMopanu npu
3acmocysati cneticepié He mpaouyiuHoi KOHCMPYKYIL, 3 BUKOPUCMAHHAM Memo0ig
CFD.

KJIFOYOBI Cnosa: meuis, cneticep, MeMOpauui Mooyi

In the membrane separation processes the hydrodynamic conditions in the
membrane module are of the great importance. They impact on the mass transfer
intensity, the concentration polarization layer formation, and the pressure drop in
the apparatus [1]. The presence of the spacer net in the membrane channel is the
particularity of this kind of equipment. The spacer net not only ensures the
necessary distance between the membranes but also provide the turbulence in the
flow [2].

The flow into the channels can be described by the Navier-Stocks equation
and the mass conservation equation [1]. However, taking into account the
complexity of both the equations and the geometrical characteristics of the
channels with the spacer, the defining of its solution by the conventional methods
are practically impossible. Therefore, in this case, it is reasonable to use the
methods of the computation fluid dynamics (CFD).
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These methods allows defining the influence of the shape of the spacer net
filament [2-4], the position of the spacer filament by the channel width [5], and
also the angles among the spacer filaments [6-7]. However, the most of such
researches were carried out for the cases of conventional designs of the spacers. In
the current research the new design of the woven spacer net (figure 1) was
developed. The study of its effectiveness was the objective of the current study.
The flow in the membrane channel with the spacer was investigated using the CFD
methods by the Solid Works software. During the research the spiral-wound
membrane module was conditionally unfolded into the plane. Since it was shown
by Ranade and Kumar [8] that in these cases the difference in flow characteristics
is negligible no correction factors were used. The results of the simulation are

shown on the figure 2.
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Figure 1 — The three-dimensional model of the developed spacer

Figure 2 — The results of the flow simulations in the membrane channel
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In summury, it may be conclude that the developed design of the spacer net
Is reasonable to the commercialization, taking into account that the number and the
dimensions of the stagnant areas are much less in comparison with the

convectional designs of the spacer net
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THE VISCOMETER FOR NEWTONIAN LIQUIDS
student Koval V., asistant professor, Ph.D. Andreiev I.
National Technical University of Ukraine

«Igor Sikorsky Kyiv Polytechnic Institute»

ABSTRACT. The design of a capillary viscometer designed to measure the
viscosity of Newtonian fluids is discussed. A viscometer is proposed, which
provides a significant simplification of the design and facilitates measurements of
the rheological characteristics of the test media. The measuring tube of the device
Is conical, which makes it impossible to break the continuity of the flow in the test
fluid and therefore eliminates the need for a wide knee, as is the case with
standard viscometers. The proposed viscometer allows you to directly calculate the
quantitative physical characteristics of liquids, while greatly simplifying the design
of the device and facilitates its maintenance.

KEY WORDS: viscosity, viscometer, Newtonian fluid, conical channel.

AHOTAIIA. Posensnyma KOHCMPYKYIs KANIIAPHO20 BICKO3UMEMpPdA, SAKUU
NPU3HAYeHUl 0151 BUMIDIOBAHHSL 8 S3KOCMI HbIOMOHIBCLKUX PIOUH. 3anponoHo8aHo
gicko3umemp, y SAKOMY 3A0e3neyyemuvCs CYmmese CNPOWEeHHs KOHCMPYKYIl i
o0OJleculeHHsl  NPOBeOeHHsT 3aMipi8  pPeoNOCIUHUX XAPAKMEPUCMUK — OOCHIOHUX
cepedosuwy. Bumiprsanvha mpyboka npunady BUKOHAHA  KOHIYHOMN, U0
VHEMONCIUBTIIOE PO3PUBU CYYINbHOCMI NAUHY 8 Hill OOCHIOHOI pIiOuUHU 1 MOMY
8i0naoae HeoOXIOHICMb 8 WUPOKOMY KOJIIHI, 5IK Ye BUKOHYEMbCA Y CMAHOAPMHUX
sickozumempax. Ilpononosanuil 8icko3umemp 003601s€ 30iUCHUmMU Oe3nocepeoHiil
PO3PAXYHOK KINbKICHUX (DI3UYHUX XAPAKMEPUCUK PIOUH, NPU YbOMY ICIMOMHO
CNPOWYEMBCS KOHCMPYKYIS NPULAoy i 00J1ecutyemucsi 020 00C1y208Y8aHHL.

KJIFOYOBI C/IOBA:, sicko3umemp, HbIOMOHIBCbKA PIOUHA, KOHIYHULL

KaHdal.
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Viscometers are more common in chemical, oil refining, food, thermal
power, construction and other industries and are used to measure viscosity of
liquid media.

Standard capillary viscometers have relatively complex designs and require
considerable time to perform viscosity measurements.

We have proposed a viscometer which provides a significant simplification
of design and ease of measurement of viscosity. For this purpose measuring tube is
made conical, which narrows downwards, and upper part of measuring tube is
filled with pocket [1].

The design of the vertical conical measuring tube eliminates discontinuities
in the flow of the research fluid therein and therefore there is no need for a wide
knee, as in a standard viscometer 'OCT-10028-81, which greatly simplifies the
design of the device. The filling of the upper part of the measuring tube with a
pocket provides a smooth supply of liquid and helps to maintain it at a constant
level, and the viscosity measurements themselves are simplified.

The viscometer works in this way.

The outlet 2 is closed, whereupon the research fluid fills the conical vertical
measuring tube 1 to its upper edge, which is facilitated by the presence of the
pocket 3. After opening the outlet port 2, the liquid outflow time is changed and
the viscosity is determined by the existing analytical formula of the flow of
Newtonian liquid in the conical channel (see Figure 1).

The viscosity determinations can be carried out by maintaining a constant
liquid level in the tube 1. For this purpose liquid is continuously supplied to tube 1
through pocket 3.

The proposed viscometer allows to perform direct calculation of
quantitative physical characteristics of liquid, at the same time the design of the

device is considerably simplified and its maintenance is facilitated.
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1 — conical vertical measuring tube, 2 — outlet hole, 3 — liquid channel

Figure 1 — Viscometer
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THE VIBRATION VISCOMETER FOR FIBER-REINFORCED
CONCRETE MIXTURES
student Kramar A., asistant professor, Ph.D. Andreiev I.
National Technical University of Ukraine

«Igor Sikorsky Kyiv Polytechnic Institute»

ABSTRACT. The vibration viscometer is proposed, which simulates the
process of forming flat fiber-reinforced concrete products and provides an increase
in measurement accuracy. The considered design of the device is simple in
production and operation, allows to perform viscosity measurements of fibrous
concrete mixtures of different compositions, achieving more accurate results by
conducting measurements only in the middle zone of the channel of the hopper of
the vibro-extruder, where no influence of end sections on the volume flow is
detected.

KEY WORDS: vibration viscometer, viscosity, vibration extrusion, fiber-

reinforced concrete mix.

AHOTAIIA. 3anpononosaro 8ibpogickozumemp, KUl MOOEN0E Npoyec
Gdopmysannus niaockux Qiopobemonnux 6upodie i 3abe3newye NiOBUUCHHS
mounocmi  eumiprosants. Pozensnyma xowcmpykyis npunady Heckiaowa |y
6UCOMOBNECHHI ma eKcnayamayii, 00360/€ GUKOHY8AMU 3AMIpU 8 S3KOCMI
@ibpobemonnux cymiwell pizHUX CKIA0I8, 00cA2aruu Npu Ybomy OLlbUL MOYHI
pe3yibmamu 3a paxyHox npoeeodeH sl 3aMIPi8 SUKIIIOUHO 8 CepeOUHHIN 30HI KAHALY
OyHKepa 8ibpoexcmpyoepa, Oe He BUABTIAEMbCA 6NIUE MOpYesux OLIIHOK Ha
00 ’emHy sumpamy.

KJIFOYOBI CJIOBA: gibposickosumemp, 8’sa3Kicmb, 8i0poexcmpy3is,

@ibpobemonna cymiw.
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The design of vibration extraction equipment requires knowledge of the
rheological characteristics of fibrobeton mixtures, which are determined by
viscometers.

We have proposed a vibration viscometer that simulates the process of
forming flat fibrobeton products and provides improved measurement accuracy. In
the process of measuring the rheological characteristics of mixtures, fibrobetone is
selected from the middle zone to the flow rate of the mixture, and therefore,
existing analytical formulas are used more effectively, which describe the flow of
liquids between flat fixed walls that converge.

Proposed vibration viscometer contains hopper 1 mounted on elastic
supports 2 with inclined flat walls, which by their lower sections form distributing
window 3, vibration exciter 4 fixed on hopper 1 and concrete mix distributor 5 (see
figure 1).

In the process of measuring viscosity, a fibrobetone mixture is loaded into
the upper part of the hopper 1 when the dispensing port 3 is closed and the
vibration driver 4 is switched on. As a result of the vibrations which are
transmitted from the vibration exciter 4 to the inclined flat planes, the fibrobeton
mixture at the outlet of the hopper 1 is discharged separately from the middle and
end faces of the dispensing port 3. During the experiment, the initial level of the
concrete mixture in the hopper 1 and the time of complete outflow of the concrete
mixture from the medium mixture of the dispensing port 3 are measured.

The determination of viscosity can be determined by maintaining a constant
level of concrete mix in the hopper 1. For this purpose concrete mixture is

continuously supplied to hopper 1 at activated vibration exciters 4.

41



36ipuuk Te3 nonosigeit XVIII mixkHapoaHoi HAyKOBO-IPaAaKTHYHOI KOH(pepeHIlii CTy1eHTiB,
acmipaHTiB i MoJioauX BUeHUX ’PecypcoeHepro3oepirarodi TexHoJorii Ta odJiagHaHHA”

z

1 — hopper, 2 — flexible supports, 3 — dispensing port, 4 — vibration exciter,
5 — distributor

Figure 1 — Vibration viscometer

The proposed design is easy to manufacture and operate, allows to measure
viscosity of fibrobetone mixtures of various compositions, achieving more accurate
results due to measurements exclusively in the middle zone of the hopper channel,

where the effect of end sections on volumetric flow rate is not determined.
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BOJIOI'OOBMIH IIIJI YAC 3HEBO/IHEHHA
KOPEHEIIVIOAIB BATATY
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AHOTAILIA. O6'exkmamu 0ocnioxcenv Oyiu KOpeHenioou NoMapaHyesozo
oamamy. Pezynemamamu excnepumenmanbHux O0CHiONCeHb GU3HAYEHO, WO O
inmencugikayii npoyecy CyWiHHA KPOXMANEBMICHOI CUPOBUHU  HEOOXIOHO
nposoOUMuU  2icpOmepMiuHy  00pOOKY NAPEHXIMHUX MKAHUH  KOPEHEeNno0is.
Pospobneno o0socmaoditini pesicumu cywlinHa, sKi 3a6e3neuyromv CKOPOUEHHS!
mpueanocmi npoyecy Ha 15%, a omorce i 3HUdCEHHS eHepeosuUmMpan.

KJIFOYOBI CIIOBA: xopenennoou oOamamy, 2icpomepmiuna 00podKa,
cmaoilie  3HEBOOHEHHs,  B0J02000MiH,  YUNCU,  XAPHUOBUU  NOPOULOK,
eHepeoeghekmusHicme.

ABSTRACT. Objects of research were root crops of orange sweet potatoes.
Studies have shown that to intensify the drying process, it is necessary to conduct
hydrothermal treatment of root crops. According to the research of drying process
developed regimes that provide high-quality dehydration, reducing the process
time by 15%, reducing energy consumption.

KEYWORDS: sweet potato roots, hygrothermal treatment, stage process of
dehydration, chips, food powder and energy efficiency.

VY CBITI pocTe MOMYJSPHICTh Ta MOMUT Ha OarTaT (COJIOAKY KapTOIUIIO), 1
VYkpaina Tex He cTajga BHUHATKOM. Yepe3 3pocTarodi NOTPeOM CIOKHBAYiB
dbepMepu movanau BUPOIIYBaTH OaTaT Ha CBOIX TocrojapcTBax. 31 30UIbIICHHIM
oOcCsTiB  BUPOOHMIITBA KOPEHEIUIOAIB BHUHHKae TMoTpeba y 30epiraHHi Ta

nepepoOseHH1 6aTaTy Ha XapuoBi MPOAYKTH.
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OmanuM 13 HalOUIbII ~ epEeKTUBHUX METOMIB  30€peKEHHS  CBIKOI
CUIBCHKOTOCTIONAPCHKOT CUPOBUHMU € CYIIiHHSA. Ha CBITOBOMY PHHKY CYIICHHI
0araT mpeAcCTaBICHUI IUIACTIBISIMHM, YWICAMU 1 TaKk 3BaHUM OOpOIIHOM —
MTOPOIIIKOM JAPIOHOAUCTIEPCHOT (hpaKitii.

Sk 1 Bci pocnuHHI MaTepianu, 0ararT — BHUCOKOBOJIOTHM Matepian. Bwict
Cyxux peuoBuH KoauBaeTbes Bix 20 1o 30%, mpu upomy 60...70% 3 HUX cKiagae
KpoxMajb. XIMIYHMH CKJIaJa OaTaTy 3alie)KUTh BIiJl COPTOBHX O3HAK, YMOB
BUPOIIYBaHHSI, CTYTIEHSI 3p1II0CTi, 30epirants. 3a0apBiIeHHS M’ SIKOTI 3aJIEKUTh B1J
HAssBHOCTI KapOTHHOIIIB, aHTOIlIaHIB, MOJIQEHONIB Yy KOpeHemiojgax 1 OyBae
OUIUM, KPEMOBHM, >KOBTHUM, NTOMapaHuyeBUM 4d (10JETOBUM. 3aBISKU OaraToMmy
CKJIaly CTIOKHBaHHs 0aTaTy KOPUCHE JUISI 310POB'S JTOAMHH.

OCHOBHMMH BUMOTaMHU, SIKI HPE'SIBISIOTHCS O CYIIIHHS, € IHTEHCUBHICTD
Opolecy Ta 3a0e3MeYeHHs] MAaKCHUMaJbHO IIOBHOTO 30€peXeHHS MPUPOIHHUX
BJIACTUBOCTEN KOPEHEIUIOAIB Oarary NHpH CYTTEBOMY CKOPOYEHHI TpPUBAJIOCTI
3HEBOJHEHHSI Ta 3HWKEHH1 €HEPrOBUTPAT.

Mera poboTrm TmonArae y JIOCHIIKEHHI BOJIOTOOOMIHY TIiJ 4ac
KOHBEKTHBHOTI'O CYIIIIHHS 0aTaTy JJi BU3HAYEHHS IUIAX1B IHTEHCU(IKAIllT Mpoiecy
Ta BCTAHOBJICHHSI EHEPro30epiraroynx pekKnMiB.

Pe3synpraramMu TEOpETHYHMX 1 €KCTIEPUMEHTATBHUX JIOCIIHKCHh BU3HAYEHO
ONTUMAJIbHI YMOBU Ta TMapaMeTpu TirporepmMiyHoi oOpoOku Oarary, 10
3a0e3MeuyloTh SKICHY 3MIHY BHYTpPIIIHBOI PIBHOBArd KOJOiIHOI CHUCTEMHU Ta
CHPUSTIMBO BIUIMBAIOTH HA T1ApaTalil0 KPOXMAJIbHHUX 3€PEH 1 KOAryssiio OLIKIB.
Bonnouac BinOyBaeThCcsi 1HaKTHBAIlsl (PEPMEHTHOTO KOMIUIEKCY 3a PaXyHOK
3cilaHHs OUTKOBMX HOCIiB (p€pMEHTIB, Kl € y cupoBUMHI. HamMu BU3HaueHo, 110
HeoOX1THUN edekT 00poOKkH AocaraeThes 3a Temmeparypu matepiary 80...95 °C
npotsirom 50...600 c. Benuunna temmnepaTtypu 1 yacy BUTPUMKH 3HAXOIATHCS Y
00€pHEHO MPOMOPIINHIN 3aJIEKHOCTI.

Ha mincraBi y3aranbHEHHsI pe3yJbTaTiB €KCHEPUMEHTAIbHHUX JIOCHIIKECHb
PO3pO0OJIEHO BOCTAIIMHI PEKUMHU 3HEBOJHEHHSI, BIJIMOBIIHO 70 SIKUX, HA MepIIii
CTajii mporecy, TeMIeparypa TerioHocis miaTpumyBaiack Ha piHi 80...100 °C, a
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Ha apyrid — 55...70 °C. ITlporec mpoBOAWIM TaKMM YHUHOM, IIOO TeMIiepaTypa
MaTepiaity BIPOJOBXK 3HEBOJHEHHs He nepeBulnyBaia 50...65 °C. Temnepatypy
TEIUIOHOCISI 3HIKYBAJdW MOCTAIMHO 3aJeXHO BiJ TeMIEpaTypud CUPOBUHH.
3aBIAKM IIbOMY B OJIEp’KaHOMY MPOAYKTI 30epiratoThCsi yci O10J0TIYHO aKTHBHI
KOMITOHEHTH.

Jlis  aHamildy OCHOBHHX 3aKOHOMIPHOCTEM KIHETMKHA BOJIOTOOOMiHY
Bukopuctano Meroa B. KpachikoBa, skuii 0a3yeTbcs Ha y3arajibHEHHI
eKCIIEpUMEHTAIbHUX JaHUX y KoopawHatax W-N7 Ta BU3HAYCHHI KPUTUYHHUX
BOJIOTOCTEN y XapaKTePHUX TOYKAX 1 BIJIHOCHUX KOE(IIIEHTIB CYIIIHHS, 3HAYCHHS
AKUX 3amucaHo B Tabmuii. s MOpiBHSAHHS, B TaOJWIll HABEIEHO 3HAYEHHS
BEJIMYMH KPUTUYHHUX BOJIOTOCTEH Ta BIJIHOCHUX KOE(ILIEHTIB CYLIIHHS JJISl 1HILIOT
KPOXMAJIEBMICHOI CHUPOBMHM — KapTorwi. Sk Oaunmo, OataT Mae OUIbIILY
MOYaTKOBY BOJIOTICTh, ajieé BETUYMHA BIJHOCHUX KOE(IIIEHTIB CYIIIHHS OaTaTy Ta
KapToIUll  JyIsi  JAPYroro Tepiogay  BiAPI3HAIOTHCS  HecyTTeBo.  OCHOBHI
3aKOHOMIPHOCTI BOJIOTOOOMIHY KpPOXMAJIEBMICHOI CHPOBUHHM € 3arajJlbHUMH 1

MaroTh MOAIOHUMN XapaKTep.

Ta0muis
3HaveHHs BiTHOCHUX KOe(dilli€eHTIB CyNIiHHSI KPOXMaJIeBMiCHOI CHPOBUHH
OO0’eKT CymiiHHS barar Kapromias
: 550...115 400...315
J1arma3oH KpUTHYHHAX 315...120
< o 115...22
Bojorocrei, % 7 6 120...24
24...6
— 1c.104 — 17104
Benuunna BiHOCHHUX =15 10-4 X2 =17 10_4
KOe(ILIE€HTIB CYLIIHHS x3= 1810 4 x3= 1910 4
4= 16-10 4= 1410

BukopuctoBytoun po3paxoBaHl BETUYMHH MOKHA BHU3HAYHUTH 3arajibHY

TPUBAIICTh IPOLIECY CYIIIHHS KOPEHEIJIOIB TP 3MiHI PEXKUMIB 3HEBOIHCHHS:

r:i We —-We Jrilgwc“pl L gV 11 Woos

: 1
N kpl Zz W c ( )
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ne N — BigHocHa mBHAKICTH cymiiHHA; W®, W’ — moyaTrkoBa Ta KiHIIEBa

Bojiorocti, Yo, W, W,

ey W, — mepiua ta [pyra KpUTHYHI BOJIOTOCTI BIATIOBIHO.
BucHoBku. BcTaHoBiIeHO 1 PEKOMEHAOBAHO ONTHUMAIbHI — PEKUMHU
MIPOBEJICHHS TIrPOTEPMIYHOT OOPOOKH Ta MpOlIeCY CYIIIHHS KOPEHEII0A1B Oarary,
K1 3a0€3IeUyIOTh SIKICHE 3HEBOJAHEHHS MPU CKOPOYEHHI TPUBAJIOCTI Ta 3HMKEHHI
CHEPrOBUTPAT 1 CHPHSAIOTH 30EpPEeKCHHIO I[IHHUX TEPMOJIA0UIPHUX CKIIATOBUX
cupoBuHU. Po3paxoBaHo 3HaYCHHS BITHOCHUX KOE(QIIIEHTIB CYIIIHHS Ta HABEJEHO

3QJIKHICTh JUII  PO3PaXyHKy TPHUBAJIOCTI 3HEBOJHEHHSI KOPEHEIUIOAIB Y

3daraJIlbHOMY BHFJIHIIi.
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YK 664.8.047
AJICOPBUIMHI BJIACTUBOCTI ABJYK ITPY 3HEBOJAHEHHI
J10 HU3bKOI 3AJTMIIKOBOI BOJIOTOCTI
[Tanap P.O., I'ycaposa O.B.
IncTuryT Texnivnol Temnopizuku HAH Ykpaiunn,

AHOTAILIA. Jlocriosceno adcopbyiiini enacmugocmi aoayk copmy Penem
Cumupenko npu 3HEB00HEeHHI 00 HU3ZLKOI 3AIUWKOB0I 601020cmi nid 4ac
ooepoicanns yuncie. Po3paxoeano Kinbkicms meniomu, 5Ky HeoOXIOHO niosecmiu 00
CUPOBUHU, WO 2apaAHMOBAHO OMPUMAMU NPOOYKM I3 3A0AHOI0 BOJI0ZICIIO.

KJIFOYOBI CJIOBA: uuncu 3 a6nyk, adcopoyitini enacmugocmi, izomepma
aocopbyii, izomepuyna menioma aocopoyii.

ABSTRACT. The adsorption properties of the apples of the Renet Simirenko
variety under dehydration to low residual moisture during the production of chips
were investigated. The amount of heat that must be supplied to the raw material is
calculated to guarantee a product with a given humidity.

KEYWORDS: apples chips, adsorption properties, adsorption isotherm,

heat of adsorption.

[Tin yac oxmepkaHHS YMICIB 3 SA0JYK NIpPOLEC CYLIIHHS MPOBOJUTHCS 10
HU3BKOI 3aJIMIIKOBOI BoJIOTOCTI 6%, 10 yCKJIagHIOE 3HEBOAHEHHS Ta MOTpedye
JOAaTKOBUX BUTpaT e€Heprii. 3Hal4Yd BEIUYMHY PIBHOBAXXHOI BOJIOTOCTI
Marepiany, MOXHa nepeadaunuTi NOBOJKEHHSI CUPOBUHM TIPU CYILIHHI, TAKyBaHHI
11 30epiranHi.

Meta pobotTu. Jlocniautu ancopOiiitHi BIACTUBOCTI SOIYK Ta BU3HAYUTH
TEIJIOTY, SIKY HEOOXIHO MiJBECTH JI0 CUPOBUHH, 11100 TapaHTOBAHO OTPUMATH TPOTYKT
13 33JIaHOO BOJIOTICTIO.

AJlcopOIIiiiHI BJIACTUBOCTI BH3HAYAIOTh TUIBKM EKCIIEPUMEHTAIBLHO TIO
aHanmizy 13otepMm azacopOuii. [3oTepmMu agcopOuii mpeAcTaBiIsAIOTH COOOIO
(GyHKITIOHATIBHY 3aJIKHICTh MK BIZIHOCHOIO BOJIOTICTIO MOBITPSI Ta PIBHOBAXKHOIO
BOJIOTICTIO CUPOBHHU TPH MOCTIAHINA TeMIepaTypi Ta TUCKY, BUKOPUCTOBYIOTh IS
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BUBUYEHHS (hOpMHU 3B 53Ky BOJM 3 MaTepiaioM, BU3HAUYEHHS TEIUIOBUX €(EeKTiB, 1110
BUHUKAIOTH MPH 3B'SI3yBaHHI BOJM JOCTIKYBaHUM 00’ €KkTOoM [1].

s oxepskaHHS 130TepM aAcopOlii BUKOPUCTAHO TEH30OMETPUUHUN CIIOCIO
(meton Ban bamenena) Bu3HaueHHs piBHOBaxHOi BojiorocTi [2]. Ha miacrasi
EKCTIICPUMEHTAIbHUX JIaHUX IO PIBHOBaXKHIM BOJIOTOCTI, MOOYJOBAaHO 130TepMY
ancop6uii W ¢, = f(¢) B inTepBani BiJHOCHUX BOJOrOCTEil MOBITPs, XapaKTePHUX
JUTsl BAPOOHUYMX MpUMILEeHb, ipu Temrepatypi 20 °C (puc. 1).

Otpumana 130TepMa Ma€ XapakTepHY IS KOJOiTHUX KamUISIPHO-TIOPUCTUX
MarepianiB popmy, onucany O.B. JIukoBum [1]. SKm1o kprBa onykjia B HaMpsSIMKY
no Bici adcmuc ¢ (oomacte Bim @ = 04 mo ¢ = 0,9), nmpomec BiOyBaeTbCs IO

MEXaH13My MOJIIMOJICKYJISIPHOL aJIcCOpOIIii.

60
50
40

30
20 ~

L
10

0

W, %

0,304 0,506 0,7 0809 1
N4

Puc. 1. [3oTepma angcopOiiii mapu Boau SI0TyKOM
[InsxoM exkcTpamoJsiiii JOCHIAHUX JaHUX BU3HAYEHO, MI0 s sI0JyKa

MakcHMaJbHa rirpockomniyna Bojoricts W . = 98%. 3uaroun W °,, MOXHa cKazaT, 110
obnacts Bumia W ©,. — 1ie Bosoruii cran Marepiany (MacMO OCMOTHYHO-YTPHMYBaHY BOIY,
BOJLy y IIOpax Ta MakpoKarmjspax), a oomacts Hiwkda W ;. — 1ie 0011acTh TirpoCKOINYHOIO
cTaHy (MaeMO BOAY MIKpPOKAMISPiB Ta aacopOIiiitHO-3B's13aHy BOJY).

AHanizyoun 130TepMH aacopOIlii mapu BOAM SOJTYKOM MOKHA BCTAHOBUTH
PIBHOBOKHHMI CTaH Marepiaqy NpH 3aJlaHuX MapaMeTpax, YMOBHM IaKyBaHHS Ta
30epiraHHsi TOTOBOTO MPOAYKTY.

Ha miacraBi oxgepkanux manmx, 3a piBHSHHsAM Kiaysiyca-Knanetipona (1)
BU3HAUCHO TEIUIOTY ajacopOIlii. BoHa n03Bossie BU3HAYNTH HEOOXIAHY KIJIBKICTh

TEIUIOTH, 110 TAPaHTY€ OJIep>KaHHA MPOAYKTY 13 3aJaHOI0 BOJIOTICTIO [3]:

Ohnp_ q
onT_ QT (1)
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7€ P — piBHOBaKHUU TUCK, T — abconroTHa Temieparypa, K; R —

yHiBepcaibHa razosa ctana (8,314 Jx/(monb-K).

[Tin wac BumanmeHHS 3B’SA3aHOT BOJMW 3arajibHI BUTPAaTH CHEprii Ha
BUTIAPOBYBaHHS CKIAJAOTBCS 3 MUTOMOI TEIJIOTH BHIIAPOBYBAaHHS Ta YHCTOl
TeroTu ancop6uii. Tak, 3a Temneparypu t = 60 °C ta Bonorocti W °= 6% nonarkosa
CHEprist TIOHA TEIUIOTY, HEOOXIMHY It BuAaieHHs Bomu (feo = 2382 x/Ix/kr, [4]) ms
A0ITyKa, CTaHOBUTH
Ja = 370 xJx/kT, 110 Ha 15% Oibllie HDK BUTpATH HAa TAPOYTBOPEHHS. ToMy A s0TyKa
Ha | Kr CyXoro MpoayKTy HEOOXITHO BHUTPATUTH Ha TOIOJIAHHS aJICOPOLIMHMX CHIT
npubm3HO Q, = 2752 xJIx.

BucHoBku. AHaini3 i30TepM ajcopOIlii Mmoka3aB, 110 MOTJIMHAHHS BOJIOTH
A0JyKOM — CKJIQJIHMHA  Tpolec, SKWAW  BiIOYBAa€ThCA IO  MEXaHI3MY
MOJTIMOJICKYJISIPHOT ~ afcopOliii, YCKIAJHEHOI KalUISIPHOK KOHJCHCAIl€, 1
CYNPOBOJIKYETHCS aACOPOITIEI0 POZUMHEHHIM. Takl sSiBHINA yCKIAAHIOIOTH MPOIIEC
CYLUIHHS Ta MOTPeOYIOTh JOAATKOBUX BUTPAT €HEPTIi.

Ilepesik nocuJjiaHnb:

1. JIeikoB A. B. Teopus cymiku. [2-¢ u3n., mepepad. u gom.]. Mocksa:
Oneprus, 1968. 472 c.

2. Gal J. Die. Methodik der Wasser-dampf-Sorptions Messungen. Berlin-
Heidenberg-New York: Springer-Verbad, 1967. 140 p.

3. Cuexkun FO.®D., [abwxka H.A., Ilamapr P.A. Onpenenenue
DPHEPreTUYECKUX 3aTpaT TMPU CYMIKE KOJUIOMAHBIX  KAMUJUISPHO-TIOPUCTHIX
MatepuainoB. [ Ipomviuiiennas menromexuuxa, 2003, 25 (4), c. 198-200.

4. AnexcanmpoB A.A., I'puroppeB b.A. Tabmuipel Temiohu3ndecKux
CBOMCTB BOJIBI M BOJSTHOTO IMapa: CIPABOYHUK [pPEK. TOC. CIY>KO0O0M CTaHIapTHBIX

cinpaBouHbix JaHHbIX. [[CCCJI P-776-98]. MockBa: MOU, 1999. 168 c.
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YK 636.085.55:636.52.58

TEXHOJIOI'ISI BAPOBHUIITBA KOPMIB HA OCHOBI EKCTPYJAEPA
K.T.H., c.H.Cc. Paquenko H.JI.
IncTuryT Texnivnol Temnopizuku HAH Ykpainu

AHOTALIA: Po3zensanymo npobaemu 8 2any3i iMYUHAHO20 8UPOOHUYMEA
KOpMI8 ma 0coOIu8oCcmi mpaouyiiHux mexHono2iu. 3anponoHo8aHo mexHoL02i0
00€epPIHCANHS 2PAHYTbOBAHUX KOMOIKOPMI6 HA OCHOBI MeNnI080i 0OPOOKU 3ePHOB020
KOMNnoHenma 6 exkcmpyoepi i3 HACMYNHUM HANUIEHHAM THWUX CKIA008UX Ha
00epIHCanUli 2panyaam 6 CneyiarbHo po3pooIeHOMY NPUCMPOI.

KIIFOYOBI C/IOBA: excmpyoep, ekcmpyoam, KOPM, HANUTIEHHSL.

SUMMARY: Theses describe problems of domestic feed production and
traditional technologies. Describes a new granular compound feed technology.
This technology is based on processing the novelty is the dusting of components in
a specially designed device.

Keywords: extruder, granules, feed, spraying.

OCHOBHOIO YMOBOIO YCITIIITHOTO PO3BUTKY TBAPUHHUIILKOI Tally31 YKpaiHu €
30UTBIIIEHHS KIJTBKOCTI TOCTIOJIAPCTB Ta 3pOCTAHHS B HUX YUCJIA TIOTOJIB’ S 1 TITHIT.
B cBolo uepry, 1e CTBOPIOE HEOOXITHICTh Y HApOUIyBaHHI OOCSTIB BUPOOHHUIITBA
BHCOKOSIKICHOT KOpMOBOi 0a3u. OcTaHHI J1aHl TTOKa3ajiu, 1[0 PUHOK BUPOOHUIITBA
BITUM3HSHUX KOPMIB JEIIO 3pIC 3a OCTaHHI POKHU, L0 MOKHA TOSCHUTHU
30UTBIIEHHSIM CHOKMBAHHS KOMOIKOPMIB 1 MPEMIKCIB MTaXiBHULBKUMU (pepMamMu
[1]. Onnak, mpoOneMor0 3alMIIAETbCI BHCOKHMM BIJICOTOK HA PUHKY YKpaiHu
IMIIOPTOBAHOI KOPMOBOI MPOAYKIIIT 1, BIAMOBIIHO, i BUCOKa BapTicTh. Bumpasutu
[0 CHUTyaIlll0 MOXHa 3a paxyHOK IHII[IIOBaHHS PO3BUTKY BITYM3HSIHOTO
BUPOOHMIITBA KOPMIB TMUISIXOM BIPOBAHKCHHS HOBOTO €HEProeeKTHBHOTO
oOyalHaHHS Ta TEXHOJIOTIH HEBEJIMKOI MOTY>KHOCTI, SIKI 3MOXYTh 3a0e3meuyBaTu
BJIACHI MOTpPeOM HaBITh HEBETWKHMX rocmojaapcTB. Hapasi mepeBa)kHa OLIBIIICTh
TPAAMIIIMHUX  TEXHOJOTIA  BUPOOHUIITBA KOMOIKOpMIB  MMOOyJOBaHA  Ha
MEXaHIYHOMY TIOAPIOHEHHI 3EpPHOBHUX KOMIIOHEHTIB Ta HACTYIMHOMY iX
nepeMillyBaHHl B 3agaHux mnporopiiisax. [loapiOHEHHS OCHOBHOIO 3€pPHOBOTO

KOMIIOHCHTA, AK IIPaBUIIO, S,HiﬁCHfOeTLC}I B MOJIOTKOBHX np06ap1<ax, a
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MepeMilllyBaHHsI — B CIEMIaIbHUX TOPU3OHTAIBHUX 3MilllyBadyax. B sKkocti
CKJIAJOBUX  BHUKOPHUCTOBYETHCS ~ CHPOBMHA  POCIMHHOTO, TBapUHHOIO 1
MiHEpaJIbHOTO TOXO/KeHHS [2]. Hapasi kopMu Takoro BUPOOHHUIITBA Ty>KE YaCTO
HE JIOCTaTHHO 30aaHCOBaHI 3a CBOIM CKJIQJJOM, MalOTh HE BUCOKY IMOKHBHY
I[IHHICTH Ta HE BIJIMOBIAI0Th MIKPOOi0JIOTIYHIM TIOKa3HUKaM [3].

SIKIIO K pO3TIIAgaTH 1HO3EMHI JIiHIT BUPOOHHUIITBA KOPMIB, TO B TIEPEBAXKHIN
OUTBIIIOCTI B OCHOBY iX po0OOTH TIOKIAJACHO TEIJIOBY OOpoOKy 0a30BOro
KOMIIOHEHTY — 3€pHa Ta HACTYIIHE JI030BaHE MHOro 3MIIIyBaHHS 3 1HIIUMU
CKJIQJIOBUMH 3TiAHO 3 peuentypu. Ha kiHneBomMy erami BUPOOHHUIITBA TEIJIOBA
0o0poOKa J103BOJISIE MMiIBUIIUTU MOKUBHY IIHHICTH KOMOiKOpMY. PearnizytoTs Taky
TEIJIOBY 0OpOOKy B eKcmaHjepax abo k B ekcrpynepax. OjHak, BapTICTh 1
00CITyroByBaHHs TaKOro 00JIaIHaHHSA JJIsl TOCIIOIAPCTBA 3pOCTAIOTh B Pa3H.

B ITT® HAHY 6yna po3po0ieHa 1 MpONOHYEThCS TEXHOJOTISI OJep:KaHHS
0araTOKOMIOHEHTHOTO T'PAHYJIbOBAHOTO KOPMY ISl MTHI. TEXHOJOris BKIHOYAE
TEIJIOBY OOpOOKY 3€pHOBOrO KOMIIOHEHTa B EKCTPYAEpi, L0 MIABUILYE HOTO
MOKUBHY I[IHHICTh 3 HACTYITHUM €TarlOM HAMUJIEHHHS BITAMIHHOTO KOMIUJIEKCY Ha
36pHOBUM  €KCTpyJaT MpH  JOMOMO31  CHeIliaJbHO  po3polJieHOro  Ta
3alaTeHTOBAHOTO MPHUCTPOr0. [IpucTpili 103BOJIIE BUKOPHCTOBYBATH TEILIOTY
EKCTpYy3il MJi1 TOKpaIIEHHsS PIBHOMIPHOCTI MPOIECY HANMUJIEHHS Ta 3HUILCHHS
MIKIJTMBOT MIKPO(IIOpH, MIABUIIYIOUM ITUM SIKICTh KIHIIEBOTO Mponaykty. [lpum
PO3pOOIIl TEXHOJIOT1T EKCTIEPUMEHTAIILHO MiII0PaHO ONTUMAJIbHI PEKUMU BEIACHHS
mpoliecy Ta 1abopaToOpHO JOBEACHO BUCOKY SIKICTh OJIEP)KYBAHOTO KOPMY.
Ilepesik nocujanb
1.EnexkTponnuii pecypc. — Pexum noctymy:

http://agroportal.ua/news/ukraina/proizvodstvo-

2. Boeukas E.E. Ouenka kayecTBa ChIpbi ISl MPOM3BOJCTBA KOMOHUKOPMOB.
Hayxogi mpaiii OHAXT. 2014. T.1. Ne46. C. 65-70

3. CeipoBatka B.W. MIHHOBaIMOHHBIE TEXHOJIOTUU MPOU3BOACTBA KOMOMKOPMOB.
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YK 536.242: Y]IK 621.643: YK 620.175
OIINC CTEHAY I METOAUKA JOC/IIIKXEHD TEIVIOPI3UYHUX
BJIACTUBOCTEM BIHAPHUX BOJHUX CUCTEM

1 2
K.T.H., Ip.H.c Konuk A.B"., crynent Jlemuenko B.B.
1 . ) o o
IncrutyT Texniunoi Temnodizukn HAH Ykpainu,
2 . o . o o o
HauioHa/bHUI TeXHIYHUN YHiBepCcUTET YKPaiHU

«KII im. Iropsa CikopcbKkoro»

AHOTAIIA: J[ns 0ocniodcenns npoyecy menioooMiHy CMEOPEHO CMEHO,
Wo MoOentoe nepedic Meniosux npoyecié 8 MoOIIbHOMY MENI080MY AKYMYIAMOPI
eMHicHo20 muny. Memoio Odocnidxcenvb € nidiopamu OIHAPHI B0OHI cucmeMu,
MenioaKymynonui peuosunu 3 gazosum nepexooom (PCM) abo xomnnexc PCM
PeyoBUH, Ol NOOAIbULO20 3ACMOCYBAHHS IX 5K MENI0HOCIi8 6 Meniosux
AKYMYIAMOPax.

KIIIOYOBI CIIOBA: mennoakymyniooua pe4yosuHnda, OIHApHI BOOHI
cucmemu, MOOITbHULL MENJIOBUL AKYMYIAMOP.

ABSTRACT: To study the process of heat exchange, a stand was created
that simulates the flow of thermal processes in a mobile heat storage battery of a
capacitive type. The purpose of the research is to select binary water systems,
phase-transition heat-storage substances (PCMs), or complex PCM-substances,
for further use as coolants in heat storage.

KEYWORDS: heat-accumulating substance, binary water systems, mobile
heat storage.

Merta AociiPkeHb — BHOpaTH OlHApHY CHUCTEMY MOXJIMBOTO TOEIHAHHS
PCM wmarepiasly 3 1HIIMMH pIAMHAMH JUIsI KOMIIEHCAlli BUIBHOTO 00’€My mpu
3allOBHEHI «TEIJIOBOTO siipa» MOOLIBHOTO TemiaoBoro akymyistopa (MTA);
3MOJIEIIOBATH MPOLEC aKyMYJSIi Temjia €MHOCTI 3 «TEIUIOBUM SAPOM» IJis
BU3HAYCHHS TETUIOBOTO HABAHTAXKECHHS TPU 3apSI 1 PO3PSAIHKEHI aKyMyJISATOPY

€MHICHOTO THITY.
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OO0’€eKT MOCHTIKEHb — MPOIEC TEIIO00MIHY, IO BiAOYBa€ThCI B MOJAECII
MOOUILHOTO TEIJIOBOTO aKyMYJIATOpa, «TEIUIOBOMY SJIp1» B IPOIECl 3apsaKu 1
PO3PSIIKU aKyMYJIATOPA.

[Tpeamer JOCITIKEHb — BHCOKOMOJICKYJISIPHI CHOJYKH 3
HU3BKOTEMIIEpaTypHUMH (a30BUM IEPEX0JI0M, BOJIa, O1HAPHI BOJIHI CUCTEMHU.

JIJisi IpOBENIeHHS OCHIPKEHh CTBOPEHO EKCIEPUMEHTAIBHUN CTEHI, IO
JI03BOJISIE 3MOJICFOBATH TTPOIIeC 3apsaaku Ta po3psupkerns MTA (pucynok 1) [1,2].
CreHj CKJIaIa€ThCsl 3 JIBOX METAJIEBUX TEPMETUYHO 3aKpUTHX €MHOCcTed 1 1 2,
00’e€MU SIKUX MNPONOPLIIHI 00’€MaM €MHOCTI aKymyJisiTOpa Ta «TEIJIOTO SApay
MTA, BignoBigHO. €EMHICTH | BCTAaHOBJIEHA HA E€JIEKTPUYHY IUIUTY 3, EMHICTH 2
BCTAHOBJICHA Ha MeTaieBy omopy 7. TemrepaTypa BUMIPIOETBCS TepMoniapaMu 4,
peecTpallisi ToKa3aHb 3A1MCHIOIOTHCS 32 TOTIOMOTOI0 MIKPOIIPOIIECOPHOTO MOYJIsS
5. Bigyauizariis Ta onpaioBaHHsl €KCIIEPUMEHTANBHUX JOCIIHKEHb 31HCHIOEThCS
3a J0MOMOror0 mporpamHoro 3abesmeueHHsi DataRecoder BcTanoBneHOro Ha
MEePCOHAILHOMY KOMIT'IOTepl. BuTparu Temna 3a1HCHIOIOTBCA 3a JIOIIOMOTOIO
JiyuiabHUKAa 6 3 ypaxyBaHHSIM Yacy HarpiBy. MIiKponpouecopHuii MOAyJb
peectpartii curHaiiB Tepmonap "TRITON 6004TC" npuzHaueHuit s peectparii
TeMrepaTypu Tno 16 kaHamaMm 3a JOMOMOTOI TEpMomap 1 aBTOMATHYHOL

KOMIIEHCAllli TeMIEePaTypH XOJIOAHOTO 3IOTY.

a) MPUHIIMIIOBA cXeMma cTeHay; 0) dboro creHay: 1, 2 — eMHICTh, 3 — IJIKTA
enexkTpuuHa, 4 — Tepmonapa; 5 - Mikponpouecopuuii Moayibr TRITON 6004TC
cnomyaeanii 3 [IK (Ha puUCyHKY yMOBHO HE IIO3HAY€HUMN), 6 — IYUIHHUK
eJIEKTpOeHepTii, 7 — omopa.

Pucynok 1 — ExciepuMeHTanbHui CTEHA
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YK 621.331.69
HAIIPAMKHU PO3BUTKY CIIOCOBIB OUUIIEHHA CUCTEM
BOJISTHOI'O OITAJIEHHSA BT BIIKJIAJIEHb HA BHY TPIIITHIA
IMOBEPXHI
rosr.rexnosor llenkin B.1., c.H.c. ['apTBIir A.Il., mpoB.H.c. IBanunpkuii I'.K.
IncTuryT TexHiyHoi Tennopizukn HAH Ykpainun

AHOTALIA: Po3zensanymo cnocobou ouuujenHss mpyoonpoeooie cucmemu
B005IHO20 ONAJIeHHs 6i0 B8I0KIA0eHb HA BHYmMpiwHill noeepxwi. IIpoananizosano
HanpsAMKU pO36UMKY cnocobis ouueHHs cucmem 800H020 ONATIeHHS.

JJFIOYOBI CIIOBA: cnocobu ouuwienus, cucmema 600IHO20 ONANCHHS,
8IOKIa0€eHHsl, MPYOONPO8OOU.

ABSTRACT: The ways of cleaning the pipelines of the water heating system
from precipitate on the inner surface are considered. Directions for development
of cleaning methods of water heating are analyzed.

KEYWORDS: cleaning methods, water heating system, precipitate,
pipelines.

Bigomo, mo nonaa 30% manuBa, 10 CHATIOETHCA B YKpaiHi, BUTPAYAETHCS
HA OMaJIOBaHHSA OyIWHKIB. BaxnuBuUM HanmpsiMOM BJOCKOHAJIEHHS CHUCTEMU
TEIUIONOCTaYaHHs OyAUHKIB € po3po0JIeHHS] HOBUX KOHCTPYKIIN OMaTtOBAIbHUX
NpUiIaAiB, 3HMKEHHS iX MaTeplaJIOEMHOCTI, MIABUIIECHHS TEIJIOBOI 1 TiJIpaBIIIYHOI
CTIMKOCTI, 3HM)KEHHSI BUTpAT Mpaili Ha 0O0CITyroByBaHHS 1 PEMOHT JaHUX CHUCTEM.
Jns  wHamiiHOi poOOTH CHUCTEMH ONaJICHHS 1 TMIATPUMAHHS HEOOX1THUX
KOM(OPTHUX YMOB y TIPUMIIIIEHHSAX HEOOX1HE MTPOTHO3YBAHHS 3MiH BTPATH TUCKY
B CHUCTEMax IMpOTArOM eKcIuTyaTallii 1 30epexeHHs] MPOIYCKHOI CIPOMOKHOCTI
TpyOomnpoBoAiB. JlochmimKeHHsT TPUYHH TPOMYCKHOI CIPOMOKHOCTI CHCTEM
OTTAJICHHS TI0KA3aJI0 3HWKEHHS MPOIMyCKHOTO Mepepi3y TpyO BHACIIIOK YTBOPEHHS
BIIKJIaJICHb Ha iX BHYTpIMIHIM moBepxHi. HaykoBe oOrpyHTYBaHHS 3aie’KHOCTI
TIAPABIIYHUX XapaKTEPUCTHUK TpyO CHUCTEM BOASHOTO OMAaJEHHS Bl XapakTepy
BIIKJIAJACHbh 1 JAWHAMIKKM 1X (opMyBaHHSA Ha BHYTPIIIHIX TIOBEPXHIX Ta
pO3poOJICHHST METOJIIB  0OpoTHOM 3 I[MM SBHUIIEM HaBEIEeHI B PpoOoTax
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A . Anprirynsa, @.A. llleBeneBa, K. Yaiita Ta 1H. OrTpumani pe3yibTaTu
JOCITIKEHb BUKOPHUCTAHI MPU PO3POOJICHHI CIIOCOOIB 3aXHCTy METaly TpyO Bij
KOpo3ii Ta crmoco0iB 1 MPUCTPOIB OYMINCHHS CHUCTEM BOJSHOTO OIAJICHHS BiJ
BiIKJIafIeHb. [[71s OuYMINEHHS CHCTEMH BOJSHOTO ONAJCHHS BiJI BIAKIAJACHH Ha
BHYTPIIIHIM MOBEPXHI 3aCTOCOBYIOTh HACTYIHI CIIOCOOU OUMIIICHHS:

1. OuumieHHs MeXaHIYHUM CHOcoOOM (yAapHi BIUIMBH  TBEPAUMH
MOBEPXHSAMH, TYpOiHAMHU, HOpKaMu, AedopMaliiero TpyO, NITKaMHU TOIIIO).

2. OuumieHHs TiAPOAWHAMIYHUM CIOCOOOM (CTpyMHHAMH piIWHU, Ta3y,
napu, OyipOamkamMu ra3zy, yJapHUMU XBWISMH, THEBMAaTUYHUMHU yJIapaMH,
MK (}a30BoI0 TYpOYJICHTHICTIO, CIEKTPOT1IPABIIYHUMH YIapaMHu).

3. ®i3nuHe ouHIIeHHS (KOJMBAHHIMHE 3BYKOBOI 1 YIIBTPa3BYKOBOI YaCTOTH).

4. XimiyHe ouuieHHS (LMUPKYJISAIIE0 B CHUCTEMI XIMIYHMX PEarcHTiB,
e(hEeKTUBHICTD J1i AKUX MOXKE IIJCHUIIOBATUCh 3a PaXYHOK JIOJATKOBUX MYJIbCarlii
TUCKY 32 JOMOMOTOFO MOBITPS UM IHIIOTO Ta3y).

5. Tepmiune ouwniieHHsI (TOCTPOO Mapor0 a00 HArPITOKO PIAMHOIO).

6. Kom0OiHoBaHi cmocoOu (TO€IHAHHS OKPEMHUX CIIOCOOIB 3 HABEIECHOTO
BHUIIIC TTEPEITIKY).

Ha ocHOBiI ormsimy maTeHTHOI Ta HAyKOBOi JIITEpaTypud 1 TEOPETUUYHOTO
aHajgidy BHW3HAYEHO, IO TEHJEHIIS PO3BUTKY CIIOCOOIB OYHUIIEHHS CHUCTEM
BOJSTHOTO OMAaJIEHHA BiJ BIAKIQJCHb TMOJSATa€ B PO3pOOJEHHI 1 CTBOPEHHI
TEXHOJIOT1H, CrOCO0IB 1 MPUCTPOIB JJIsi OUUILEHHSI KOHKPETHUX CHCTEM BOJSHOTO
OMAJICHHs 1 ONaNIOBaJIbHUX NPUCTPOIiB. P0O3po0ol0ThCS 1 BOPOBAIKYIOTHCS B
MIPOMHUCIIOBICTh METOJIMKM KOHTPOJIIO CTYTEHS OYMINCHHS MOBEPXHI, TEXHOJOTIT
yTHIII3a11i OYMIIEHUX B1JIKJIAJI€Hb, TOBTOPHOTO BUKOPHUCTAHHS MPOMHUBHOI PiJIMHU
1 XIMIYHUX PEarcHTiB.

JIOCKOHAIIICTh CHUCTEM TEIUIONOCTauyaHHs OYJIWHKIB Ta HAJINHICTh CHCTEM
OMaJICHHS XapaKTePU3yEThCS TIAPaBIIYHOIO 1 TEIJIOBOK  CTIMKICTIO, IO
3a0e3MevyyeThCsi  CTaOUIBHICTIO  PO3PAaxyHKOBOTO  MapaMeTpa  MpPOMYyCKHOI

CHpOMO}KHOCTi CUCTCMU.
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YK 75.080
JOCJIKEHHS ®I3UKO-XIMIYHUX BJIACTUBOCTEM BOJITHO-
MAJIMBHUX EMYJIbCIN
ron.texaojor lllenkin B.1., c.H.c., k.T.H. llenens b.4.,c.H.c. ['apTBir A.IL,
1poB.H.c. IBanuipkuii I'.K.
IncTuTyT Texniynoi Tensopizukn HAH Ykpainn

AHOTALIA: Posenanymo oCHOGHI (hi3uKo-XiMiuHI 61aCmMUuocmi emynvbCill
800U 3 DEH3UHOM, 2ACOM MA OU3ETbHUM NATUBOM OMPUMAHUX 3 GUKOPUCTNAHHAM
AHIOHHUX, KAMIOHHUX 1 HeIOHO2eHHUX emynrveamopis. JlocniodceHo 6nius
NOBEPXHEBO AKMUBHUX PEYOBUH, IX CMPYKMypu [ KIIbKOCMI HA 8 A3KICHb,
wWinbHicmo i cmitkicms emynvcii. Bemanosaneno, wo euxopucmanus 10% 6o0Ho-
NAIUBHOL eMYNIbCIL 8 OBUSYHAX BHYMPIUHBO2O 320PSHHA NPU3BOOUMb 00 3HUNCEHHS
VY GIONpayboB8aHUX 2aA3aX 6MICMYy OKCUOI8 8y2leyio [ a3omy ma 3HUNCEHHS
Menio8020 HaNPYHCeHHs 0BUSYHA.

KIIIOYOBI CJ/IOBA: s00HO-nanusHa emynvCis, 6 s3Kicmb, WIIbHICMD,
oucnepcHicme.

ABSTRACT: The basic physicochemical properties of water emulsion with
gasoline, kerosene and diesel fuel obtained using anionic, cationic and nonionic
emulsifiers are considered. The influence of surfactants, their structure and
quantity on the viscosity, density and stability of the emulsion was investigated. It
is established that the use of 10% water-fuel emulsion in internal combustion
engines leads to a reduction in the exhaust gas content of carbon and nitrogen
oxides and a decrease in the thermal stress of the engine.

KEYWORDS: water-fuel emulsions, viscosity, density, dispersion.

Enepretuka 1 TpaHCHOPT € OCHOBHMMHM CIOXKMBadaMH NanuBa. [cHyrodi
eKOJIOT14HI MPOOJIEMHU JUKTYIOTh BUMOTHU LI0J0 €(PEeKTUBHOTO HOr0 BUKOPHCTAHHS
1 CTBOPEHHS HOBHX BH/IIB MaJlMBa SIK Ha OCHOBI HETPAIUIIIMHUX JKEpea eHeprii,

TaK 1 CTBOPEHHI MAJIUBHUX KOMITO3HITIH.
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PosrnsgnyTo OCHOBHI (Di3MKO-XIMIYHI BJIACTUBOCTI €MYIbCIH BOAM 3
OCH3MHOM, TracoM Ta JU3EJIbHUM MaJMBOM OTPUMAHUX 3 BHUKOPHUCTAHHIM
aHIOHHUX, KaTIOHHMX 1 HEIOHOTeHHUX eMyJsbratopiB. JlocHmikeHO BILTUB
MOBEPXHEBO aKTUBHUX PEUOBHUH, X CTPYKTYPH 1 KITBKOCTI Ha B’SI3KICTh, UIUIbHICTD
1 CTIHKICTh emyinbcli. BaxiuBuMu mnapamMerpamu, sKi BH3HA4YalOTh 00JacTh
3aCTOCYBAaHHS BOJHO-TIAJMBHOI €MYJbCii € B’S3KICTh, TMOBEPXHEBHM HATAT 1
IIIBHICTh. B’A3KICTh  BOJHO-TAJIMBHOT eMYJbCli 3aJICKUTh B B S3KOCTI
aucrepcHoi (a3 1 AUCHEPCIHHOTO CepeloBUINA, CHIBBIIHOIICHHS MIDK HUMH,
OpUpoAu 1 KOHUEHTpamlii emyibraropa. LIlinbHICTE eMynbCli BHU3HAYAETHCA
BJIACTUBOCTSIMH 11 CKJIaJOBUX.

Emynbratopu, B 3al€XHOCTI BIJ iX CTPYKTYpH 1 KUIBKOCTI B €MYJIbCI,
CIPUSIOTH YTBOPEHHIO MPAMUX Y O0OOPOTHUX MAKpO- 1 MiKpoemyibciid. CTIHKICTh
NAJIUBHOI €MYJIbCIi MOSICHIOETHCSI YTBOPEHHSM Ha 30BHILIHIN MOBEPXHI KPAIIMHU
aucnepcHoi  (asu  agcopOuiitHO-conbBaTHOTO 1mIapy. [liBHIEHHS CTyneHs
JUCTIEPTYBAHHS €MYJIbCli CIIpHsi€ 3POCTAHHIO 11 KIHETUYHOT CTIHKOCTI.

[IpoBeneni nabopaTtopHi JOCHIAKEHHS MOKA3aJIM 3pOCTAHHS KiHEMAaTHYHOL
B’A3KOCTI1 1 IIIJILHOCTI €MYJIbCil BiJl KOHIIEHTPAIll BOJU 1 CTPYKTYpHU MOBEPXHEBO
aKTUBHUX pedoBHH. [linTBEep/pKeHO, IO 30UIbIIEHHS YacTKU BOJU CIPHSIE
nepexoay 00OpPOTHOI EMYJIbCIi B IIPSIMY.

Bcranosneno, 1o Bukopuctanus 10% BOIHO-TIATMBHOI €MyJbCii B
JBUTYHAX BHYTPIIIHBOTO 3TOPAaHHS MPHUBOJIUTH 0 3HIKCHHS y BiANMPAIlbOBAHUX
razax BMICTY OKCHJIB BYIJICIIO 1 a30Ty Ta 3HM)KEHHS TEIJIOBOTO HANpPYXEHHS
JIBUTYHA.

IlepeJsik mocujianb:

1. enkun B.W., Lenens b.A., Paguenko H.JI. MccnegoBanue BIuSHUS

KaBUTAIIMU Ha KAa4YCCTBO OSMYJIbCHUU IIPU IMOJYUCHHUN TOIIJIMBHBIX KOMHOSI/IHI/Iﬁ. //

Hayxkosi mpaiit OHAXT. Bunyck 45, T.3, 2014. — C. 196-199.
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YK 662.6.536.4
JOCIIAKEHHSA OPTAHIYHUX PEHOBHH 3 ®A30BUM
IEPEXO/JIOM 3 METOIO IX BUKOPUCTAHHS B AKYMYJISITOPAX
TEIIVIOTHU
3aB. 1a0. [II'TT, k.1.H. lemuenko B.I'., c.H.c., k.T.H. Llenens b.41.,
p.H.C., K.T.H. Konnk A.B.

IncturyT TexnivHol Temnopizuku HAH Ykpainu

AHOTAIIA: Posenanymo nepesacu i HeOONIKU pedo8UH OJisl AKYMYIHOBAHHS
meniomu. 3 Memow 8UOGOpy ONMUMATLHOI MenioaKyMyno4oi pedosuHU
BU3HAYEHO 3AKOHOMIPHOCMI 3MIHU MeMnepamypu 6 4aci 0Jis1 030Kepumy, yepesumy
i nemponramymy npu ix nouamxKo80OMY HAZPIBAHHI | NOOANLULOMY OXON0ONCEHHI
(mepmoyuknyeanHi). Bcmanoaneno, wo yepesun ax menioaKymynonda peyosuna
BULIOHO BUOLNAEMBCA ceped O0CIONCYBAHUX 3PA3KIE.

KIIIOYOBI CJ/IOBA: akymynamop meniomu, 030Kepum, Yepe3um,
nempoaAamyMm, Ha2pi8aAHHA-0X0I00HCEHHS, MEPMOYUKTYBAHHS.

ABSTRACT: Advantages and disadvantages of substances for heat storage
are considered. In order to choose the optimum heat-accumulating substance,
regularities of temperature change over time for ozokerite, ceresin and petrolatum
were determined at their initial heating and subsequent cooling. It has been
established that ceresin as heat-accumulating substance stands out favorably
among the samples tested.

KEYWORDS: heat accumulator, ozokerite, ceresin, petrolatum, heating-
cooling, thermocycling.

HepiBHOMIpHICTh  CHNOXWBaHHA 1 HAJIXO/DKEHHS  TEIUIOBOI  €HEeprii,
HAIPUKJIA], MPU BUKOPUCTAHHI MOHOBIIOBAHUX JDKEPEN €HEprii, MpU3BOAUTH [0
HEOOXI1THOCTI 3aCTOCYBaHHS aKyMYJISITOPIB TEIUIOTH, IIUPOKE BUKOPUCTAHHS SIKUX
auiie B KpaiHax €BpomM J03BOJUTH HIOPOKY €KOHOMHUTH MpuOim3HO 1,4 MIIH.

I'Btron eneprii 1 Ha 400 MJIH. T. CKOPOTUTH BUKUJIUA TIOKCUAY BYTJICITIO.
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Hapasi ogHi€o 3 OCHOBHUX MPOOJeM, 0 CTPUMYE IIUPOKE BIIPOBAIKEHHS
MOOUTPHUX aKyMYJIATOPIB TEIJIOTH € BIJCYTHICTh HAJIHHOI TEIUIOaKyMYJIOI0UO1
pPEUYOBMHU, IO TOBMHHA BIJIMOBIAATH HACTYIHUM KPHUTEPISAM: BiIIOBIIHICT
BUMOTaM CaHITApPHOI 1 TOXXEKHOI OE3MeKH, HHU3bKa BapTICTh, KOMITAKTHICTS,
HU3bKa KOpPO3iliHa aKTUBHICTh, BHCOKA IMHMTOMa TEIUIOEMHICTh, BIIMOBIIHICTh
TEMIEPATYpPHOMY Jiana30Hy BUKOPUCTAHHS 1 TPUBAJIUN TEPMIH €KCILTyaTaIli.

HaiiGinpiie mommupeHHs B SKOCTI  TEIUIOAKYMYJIIOIOUOI PEYOBUHU B
SHEPreTUIll OTpUMaja BOJA, OJHAK HHM3bKa HIUIBHICTh aKyMYJISIIi TEIJIOTH HE
JTI03BOJISIE CTBOPIOBATM KOMITAKTHI aKyMYJSITOPYM TEIUIOTH Ha ii OCHOBI. biibmr
BUCOKY  ILIUIBHICTh  aKyMyJBIIil  TEIJIOTU  OAEPXKYIOThb  3aCTOCOBYIOUU
TEIUIOAKYMYJIIOI0Yl peYoBMHU 3 (a3zoBuM mnepexoaoM. HalOineln mupoxe
3aCTOCYBaHHSA OTPUMAJIM KPUCTAJOTIApATH Ta JEsIKI OpraHiyHl CIOJYKHU
(mapadinm, KUpHI KAUCTOTH Ta 1H.). OCHOBHUMHU HEAOJIKaMH KPUCTAJIOTIIPaTIB €
HECTaOUIBHICTh (PI3MKO-XIMIYHUX BJIACTHUBOCTEM Mpu OaraTOKpaTHUX UHUKIAX
IJIaBJICHHS-KPUCTAJII3allli, CyTTEBE IEPEOXOJIOKCHHS TPH IEepexojai B TBEPAY
(da3y, HuU3bKa TEPMOCTIMKICTh MPU TPUBAIMUX MNEPioJiax EKCIUTyaTallii, Kopo3iiiHa
aKTHUBHICTh, cerperamisi (a3 1 HEBETUKUU pecypc poOOTH, M0 OOMEXYIOTh iX
3actocyBaHHs [1]. OpraniuHi crojayku 100pe BUBUYEHI, IIIMPOKO 3aCTOCOBYIOTHCS B
MIPOMUCIIOBOCTI 1 HE MalOTh BUIII€3a3HAYECHUX HEOJIKIB.

3 wmeroro BHOOPY TEIUIOAKYMYJIOIOYOI PEUOBMHU [UJISI  MPAKTUYHOTO
BUKOPHUCTAHHS MPOBEICHO JOCITIDKEHHS 3 METOI0 BHU3HAYCHHS 3aKOHOMIpHOCTEH
3MIHM TEMIEPATypH B 4Yaci 3pa3KiB TEIUIOAKYMYJIIOIOUHUX PEUOBUH — O30KEPHUTY,
HEpe3rHy 1 MeTpojaTyMy HpH IX IOYaTKOBOMY HAarpiBaHHl 1 MOJaJbIIOMY
OXOJIO/DKEHH1 (TepMOoLMKIyBaHH1). JlocmipkeHHs MpOBOAMIA Ha J1a0OpaTOPHOMY
CTEH/I1 JI0 CKJIaJly SIKOTO BXOJMWJIM: HarpiBady; BOJAsSHA OaHS 3 BCTAHOBJICHOIO Ha
JTHUTI PEIIITKOI; €MHOCTI JUIsl JTOCTIPKYBaHUX PEYOBHMH, TepMmomnapu (tum L 3
BIIKPUTUM cHaeM, giametp npoBoay 0,2 Mm); aHanoro-uudppoBuii mepeTBOproBay 1
npucTpiii st peectpamii naHux. I[liAroToBKy 3pa3kiB MPOBOIWIM HACTYIIHUM
YUHOM: B CKJISIHI €éMHOCTI HaOupanu no 50 r KOKHOI peYOBUHH, PO3ILJIABIISIIA Ha
BOJSHIN OaHi, BBOAWIA TEPMOIAPy, TEPMETUYHO 3aKPUBAIM 1 OXOJIOKYBAIHU 10
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MOYaTKOBOi Temmeparypu. JlOCHIDKeHHS TPOBOAMINA IIJISXOM HArpiBaHHS BCIX
3pa3kiB g0 Temmeparypu 90°C micis 4Ooro HarpiBaHHsA MPOAOBXKYBAIU e
npotsiroM 15 xB. Jlani HarpiBaHHA NPUOUHSIN 1 MPOJOBXKYBaJIM BHUMIPIOBATH
Temneparypy pedoBuH 1o aocsirHeHHs 40°C. Ilicns oxonomkeHHS 3pa3KiB 10
TEMIIEpaTypyd OTOYYIOUOT'O CEepeOBUIA EKCIEPUMEHT MOBTOprOBaiM. I[HTEepBan
peecTpamii maHux 3 TepMomap crtaHoBuB 1 c. Bceboro mposemeno 11 1ukimiB
HarpiBaHHA-0XOJIOHKEHHS 3pa3KiB 030KEPUTY, LIEPE3UHY 1 IETPOJIaATyMy.

[Ipu mocmikeHHI BUOpAaHMX 3pa3KiB JECTPYKTUBHUX 3MIH MareplajiB He
BUSIBJICHO, 3aKOHOMIPHICTh 1X HarpiBaHHSI-OXOJIOKEHHS 3aJIMIINIACh HE3MIHHOIO.
Bcranosneno, mo TtpuBanicte HarpiBanHs (10 90°C) uepesuHy HaifoBIa 1
nepeBuInye Taky B 1,5+2 pa3u ajis 030KEpUTY 1 METPOJaTyMy BHACHIJOK HOTO
HAlBUIIOI cepelHbOoi MUTOMOI TemtoeMHOCTl. CepenHs TeMmieparypa 3pas3ka
nepe3uny npu oxoJomkeHH1 Big 90°C no 50°C € HaWBHUIIOO, IO BUT1IHO BUILISAE
LEPE3UH SIK TeIUI0aKyMYJIIOI0Uy PEYOBUHY CEpe TOCIIKYBaHUX 3Pa3KiB.

Ilepesik mocujianb:

1. Thermal Energy Storage | Technology Brief , IEA-ETSAP and IRENA©
Technology Brief E17 — January 2013, pp. 10-13
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YK 621.671
IJISIXA MOJAEPHIZAIIT BIUIHEHTPOBUX HACOCIB JJIs1
IMNEPEKAYYBAHHSA MOJIOYHUX MPOAYKTIB I MUIOUYNX PEYUOBUH
ron.texrojor [lenkin B.I., c.H.c. ['apTBir A.Il., c.H.c., k.T.H. llenens b.4.

IncTuryT Texnivnol Temnopizuku HAH Ykpainu

AHOTALIA: Hasedeno nepegacu i HeOONiKU BiOYEHMPOBUX HACOCIE 3
BIOKpUMUM POOOYUUM KOJIeCOM OJisl NEPEeKady8anHs MOJOYHUX NPOOYKMIG | MUIOUUX
peuosun. Brazano nanpsamku nooanbuioi MooepHizayii Hacocie 0aHo20 muny.

KIIIOYOBI CJIOBA: sioyenmposuii Hacoc, MOOepHI3ayis, MOJNOYHI
NPOOYKMU, MUIOUL PeYOBUHU.

ABSTRACT: Advantages and disadvantages of centrifugal pumps with open
impeller for pumping dairy products and detergents are presented. The directions
of further modernization of pumps of this type are given.

KEYWORDS: centrifugal pumps, modernization, dairy products,
detergents.

JUist  BiAKadyBaHHS ~ MOJIOYHHUX MPOAYKTIB 3  TOMOIEHI3aTopiB 1
BaKyyMariapaTiB, a TaKOX JUIsl IepeKaquyBaHHS MUIOUYUX PEYOBUH BUKOPUCTOBYIOThH
BIJILEHTPOBI HACOCHM 3 BIAKPUTHUMH POOOYMMH KOJE€CaMU — BIALICHTPOBUMU
JarOHAJIbHUMHM 3 JIOTIATSIMU TIOJIBIMHOI KPUBU3HU KYT BHUXOMAY SIKMX 3 Po0O0OYOro
kKojeca He mepeBunrye 50°. He3HauHa 3alie)KHICTh HAMOPY JaHUX HACOCIB Bij
TOPLIEBOTO 3a30py MDK JIOMATSIMU 1 CTIHKaMHM KOpITyca 3MEHINY€E BIPOTITHICTb
3a0WBaHHS KaHAJIB KoJieca >KHpaMH, OUIKaMHU 1 TBEPAUMH YaCTUHAMH TIpU
3HOLIYBaHHI Jjomnareid. BigHOCHO BemuKI 3a30pM MK KOPIOYCOM 1 poOOYUM
KOJIECOM, a TaKOX BIJICYTHICTh TMEPEJHIX UIUIMHHUX VIIIJIBHEHb CIPOILYE
CKJIaJlaHHsl Hacoca 1 MiABMILYE HOro HaIIMHICTh NpU MEepeKadyyBaHHI MOJIOYHHX
npoaykTiB. KpiM 11b0ro, BOHM MaroTh MIJBUIICHUN pecypc, MPOCTIIIl B PEMOHTI,
Oe3medyHl MpU eKCIuTyaTallii, BOJIOAIIOTh HAWHOUIBII MUPOKMMHU Jiama3oHaMU

4acToT 00epTaHHS POTOpPA 1 TEMIEPATYPHUX PEKUMIB MEpEeKauyBaHUX MPOIYKTIB,
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HU3BKAM KOE(IIMIEHTOM MIBHIKOXITHOCTI, a TaKOXX HAWOUTBIITUM 3HAYEHHSIM
Koe(illieHTa Hamopy, IO JA03BOJIIE 3MEHIIUTH PO3MIPU MPOTOYHOI YACTHUHU
Hacoca (pobouoro koiseca, TmMarpyOKiB TmTojadi 1 HAMoOpy) 3HIKYIOUU
METaJIOEMHICTb.

Opnnak, rigpaBiaiyHl BTpaTH PIAMHU BHACIIIOK TeUii dYepe3 3a30p MiK
KOPITYCOM 1 TOPIIEBOIO MTOBEPXHEIO JIONATeH Kojieca, KPOMKOBI 1 ylapHi BTpaTH Bij
HeOa)kaHoro OOTIKaHHS BXIJIHOI KPOMKHM JIOMATeH, TiApOJWHAMIYHI BTpPAaTH BiJ
BUXPOBUX YyTBOPIOBAaHb B KaHAJIaX KoJieca IAOTh ITJICTaBH [JIS TIOJAJIBIION
MOJIEpHI3alli KOHCTPYKLIi BIJUEHTPOBUX HACOCIB ISl MEPEKAUYyBAHHA MOJIOYHHX
MPOJYKTIB 1 MUIOYUX PEYOBHH 3 METOIO PO3IIMPEHHS MOJIIB IMOJadl 1 Hamopy Ta
30UTBIIICHHST ~ MaKCHMaJIbHOI ~ TeMIlepaTypyd  IEepPEeKadyyBaHOTO  TPOAYKTY.
BcranoBneHo, 1110 3aCTOCYBAaHHS 3BapHO-IITAMITYBAJIBHOI KOHCTPYKIII MPOTOYHOT
YaCTUHM 3a0e3Meuye BUCOKI MOKA3HUKHU SKOCTI BIJILIEHTPOBUX HACOCIB 1 3HIKYE

Macy KOHCTPYKLII.
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UDC 66.045.132, 697.921.4

ANALYSIS OF THE INFLUENCE OF THE CRITERIA OF
HYDRODYNAMIC SIMILARITY ON THE LENGTH OF THE
REGENERATOR AND COSTS ON OVERCOMING HYDRAULIC
RESISTANCE.
undergraduate Yevziutin P. Y., Ph.D., senior lecturer DvoinosY. G.,

National Technical University of Ukraine
""Kyiv Polytechnic Institute"

AHOTALIA. [lpoexmysanns meniooOMIHHUX anapamis pe2eHepamopHO20
muny Ol Meni000MIHY MIdNC 2a3amu YCKIAOHEHUN HU3bKUM KOeqiyieHmom
mennogiooayi ma 3HAYHUMU SUMPAMAMU HA NOOOIAHHS 2I0PABAIYHO20 ONOPY
Hacaoku. Tlepwuii Hedonix 30inbuULye po3mipu anapamy i, 8i0N0GIOHO KANIMAlbHi
sumpamu, Opyeutl 30imbuiye excnayamayiuui. [l 00IpyHmosano2o ubopy
2I0POOUHAMIUHO20 PedCUMY ) peceHepamopi menjia 2azie 3 cimuacmoro Opomoeoio
HACAOKOIO 3anponoHOBAHO  nposecmu amaniz - MemoooM HUCENbHO20 md
CUMYTIAYIUHO20 eKCNepUMEHmI8 MakKkux anapamieé 3 pPISHUMU PEHCUMAMU DPYXY
MEeNnIoHOCIf, CHOPMYTLOBAHO GUMO2U 00 anapamy ma O0OpPaHO OCHOGHI
3AKOHOMIPHOCMI Ol MOOENOBAHHSL.

K/IFO4OBI CIIOBA: pecenepamop menna, KoeiyicHm mennogiooaui,
cimuacma Hacaoxa

ABSTRACT. The design of regenerative type heat exchangers for heat
exchange between gases is difficult by the low heat transfer coefficient and
significant costs for overcoming the hydraulic resistance of the nozzle. The first
disadvantage increases the size of the device and, accordingly, capital costs, the
second increases the operating. For a reasonable choice of hydrodynamic regime
in the heat regenerator of gases with a mesh wire nozzle, is offered to analyse by
the method of numerical and simulation experiments of such devices with different
modes of coolant movement, formulated requirements for the device and selected
basic laws for modelling.

63



36ipuuk Te3 nonosigeit XVIII mixkHapoaHoi HAyKOBO-IPaAaKTHYHOI KOH(pepeHIlii CTy1eHTiB,
acmipaHTiB i MoJioauX BUeHUX ’PecypcoeHepro3oepirarodi TexHoJorii Ta odJiagHaHHA”

KEYWORDS: heat regenerator, heat transfer coefficient, mesh nozzle.

Regenerative type heat exchangers are widely used in heat exchange
processes between gases. The advantage of this type of heat exchangers is the high
specific surface area of heat exchange and simplicity of design, the main
disadvantages of mixing flows and the need to install gas distribution devices.

Parametric calculation of heat exchangers is to determine the surface area of
heat transfer from the values of thermal power obtained in the heat balance. When
designing a shell-and-tube heat exchanger, the hydrodynamic mode of movement
of liquid heat carriers is chosen to be turbulent, within Re=10*+1.5-10* [1]. When
designing regenerators for gas-gas systems, there are many more variations in the
modes of movement of gaseous heat carriers.

The physical model of air heat exchange with a nozzle shown in Figure 1.

Vortices
Wire

Gas flow

Laminar layer

Figure 1 - Physical model of gas heat exchange with a nozzle

The aim of the work is to choose a tool for analyzing the influence of the
criterion of hydrodynamic similarity on the length of the device and the cost of
overcoming the hydraulic resistance.

In the work of F. Duprat & G. Lopez [2] the non-uniformity of the influence
of the number Re on the hydrodynamic resistance and heat transfer coefficient is
shown, the economically optimal mode is substantiated, which takes into account
the size of the device and its operating costs. The difficulty of experimental
verification of theoretical calculations is the need to build a new experimental
setup for each value of Re in order to ensure a stable regeneration coefficient. It is

proposed to use criterion dependences obtained from experiments on the
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interaction of gas flow with a small diameter cylinder and simulation experiment,
aimed at summarizing the data obtained for the nozzle of nets woven from wires. A
range was chosen for the gas heat regenerator model Re=0.01+140, and used the
patterns obtained D.C. Collis and M.J. Williams [3]:

-0,17
Nu[i—m] = A+ BRe"

g9

017’
a= A+BRe" (iJ(T—m]
d)| T

g

where Nu and Re - similarity criteria, A, B, n - coefficients that depend on Re:

Coefficients 0,02<Re<44 44<Re<140
n 0,45 0,51
A 0,24 0
B 0,56 0,48
To determine the hydraulic resistance of the nozzle from the wire mesh, it is
p\N2
proposed to use the dependence [4]: AP =c¢,, 21 , Where ¢., — coefficient of

resistance; p — gas density, kg/m*; W, — the average gas velocity in the cross
section of the apparatus, m/s.
W,6 I -
Re=—"% where W, =V% — gas velocity in the mesh holes, m/s, f :%
14

is equal to the ratio of the area of the holes to the total area of the grid; &, - mesh
wire diameter, m; v — kinematic viscosity of the gas, Pa-s.
50<Re<1000 => g, =kg +¢, Where ¢ i

k.. are determined from the graph in Figure 2,

Re<50 => gRe:%+g.
e
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Figure 2 - Graphs for determining the coefficients of hydrodynamic resistance [4]

Conditions for modeling processes in a heat regenerator can be the
regeneration coefficient g=0,96 [1] and the average temperature difference
between the nozzle and the gas 1,5 K [5], as a nozzle selected copper mesh 0056
according to GOST 6813-73, the distance between the grids of 0.12 mm and
simulation experiment in CFD system (computational hydrodynamics).

For the simulation experiment, it is proposed to use the application

SolidWorks Flow Simulation, Figure 3.

Figure 3 - Preliminary results of simulation

References:
1. Osnovnye processy i apparaty himicheskoj tekhnologii: Posobie po

proektirovaniyu / G.S. Borisov, V.P. Brykov, YU.I. Dytnerskij i dr. Pod red. YU.I.
Dytnerskogo, 2—¢ izd., pererab. i dopoln. M.: Himiya, 1991. — 496 s.2. Duprat, F.,
& Lopez Lopez, G. (2001). Comparison of performance of heat regenerators:
Relation between heat transfer efficiency and pressure drop. International Journal
of Energy Research, 25(4), 319-329. doi:10.1002/er.681
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UDC 536.242
VALIDATION OF THE SIMULATION MODEL OF HEAT EXCHANGE
IN APLATE HEAT EXCHANGER
master student Italiantsev O., senior lecturer, Ph.D. Dvoinos Y.
National Technical University of Ukraine

""Kyiv Polytechnic Institute"

ABSTRACT: The simulation model of heat exchange process between the
solid wall and the fluid flow of the plate heat exchanger in the space between the
plates is validated by setting up the experiment and comparing the results with the
calculation according to known criteria equations. The difference was less than
5%, which confirms the validity of the chosen simulation model.

KEYWORDS: plate heat exchanger, heat transfer, simulation model.

AHOTAIIA: Ilpogedeno eanioayito cumyiayitiHoi Mmooeni npoyecy
Meni00OMIHYy MIdC CMIHKOK NAACMUHYACMO20 MENIO0OMIHHUKA Mda NOMOKOM
PIOUHU Yy NPOCMOPI MIdC NAACMUHAMU ULISAXOM NOCHMAHOBKU eKChepuMeHmy ma
NOPIGHAHHI  pe3ylibmamié 3 PO3PAXYHKOM 3d  BIOOMUMU  KpUMEPIaTbHUMU
pisuanuamu. Po3biscnicmo cxnana menwe 5%, wo niomeepoxicye 0oCcmosipHicmsy
00paHOi CUMYIAYIUHOT MOOei.

KIIIOYOBI CIIOBA: naacmunuacmuii meniooOMIHHUK, Meniosiooaud,
CUMYTAYIUHA MOOEb.

To verify the validity of the results of the research of the process of heat
transfer in a plate heat exchanger in SolidWorks environment, the results of the
simulation experiment were compared with the calculations by criterion
dependence. Designing an experiment: a= 2-10°— channel height, m; b =30-10°°

channel width, m; L=0.25 — length of the plate, m; G =0.2 — mass flow rate, kg/s;
t., =20 — average coolant temperature, °C ; coolant: water.

Calculation of the average value of the coefficient of heat transfer by
experimental dependencies [1]:
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Equivalent diameter for rectangular channel, m:

4.5 4-6:10°
* 11 0.064

where S - cross-sectional area of the channel, m:

d =3.75-10° ,

S=a-b=2:10° - 30-10° =6-10" ;
IT - wetted perimeter, m:
[1=2- a+b =2. 2.10° + 30-10° =0.064

Average velocity of fluid in channel, m/s:

G 0.2

-2 - -3.75 ,
S-p  6-10° -997

where p =997 kg/m*® - density of water at average temperature[2].
Reynolds number:

W.p-d, 3.343-997- 3.75-10°7

Re
n 1004-10°°

=12450.199 :

where 7=1004-10"° Pa-s - dynamic viscosity of water at average temperature [2].
Prandtl number:
_n-c, 1004-10° -4183
A 0.599
where ¢, = 4183 J/(kg - K) - heat capacity of water at average temperature [2];

Pr =7.011 ,

A =0.599 Br/(m-K) - thermal conductivity of water at average temperature [2];

Nusselt number:

Pr
Pr

w

0.25
Nu:O.021-Re°'8-Pr°'43( } =0.021-12450.199°°-7.011°*.1=91.633

ne Pr/Pr, " =1 - correction of Mikheyev.

The average value of the heat transfer coefficient, W/(m? - K):

_Nu-2_91.633-0.599
d 3.75-10°

e

=14656.85
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Research of the average heat transfer coefficient by simulating the process
in SolidWorks.

The results of the simulation experiment are shown in Figure 1.

16227.288 Surface Parameters 1
15831.969 Heat Transfer Coefficient Mini 9728.983 Wim*2/K
15436.650 Heat Transfer Coefficient Maxi 16516.418 Wim"2/K

15041.331 Heat Transfer Coefficient Average 14973.241 Wim"2/K

14646.013 Heat Transfer Coefficient Surface Area|0.0060 m"2

ke oo |

Heat Transfer Coefficient] 13037.085 W,mAZ,K‘!Hem Transfer C [13264.507 wim~2/k | [Heat Transfer Coefficient| 15741.690 Wimn2/K|

Figure 1 - Results of the simulation experiment

The average value of the heat transfer coefficient from SolidWorks,
W/(m°K)
o, =14973.241

Divergence, %:

o —a, 100 [14636.85—14973.24]
a - 14636.85

Conclusion: the divergence is less than 5%, which is acceptable; the

0= -100=2.298 .

simulation model of the plate heat exchanger has been validated.
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1. (1972) N.B. Vargaftik. Spravochnik po teplofizicheskim svojstvam
gazov i zhidkostej, M.

2. (1987) Pavlov K. F., Romankov P. G., Noskov A. A. Primery i
zadachi po kursu proczessov i apparatov khimicheskoj tekhnologii. Uchebnoe
posobie dlya vuzov / Pod red. chl.-korr. AN SSSR P. G. Romankova. — 10-e izd.,
pererab. i dop. — L.: Khimiya, 576 p.

70



36ipuuk Te3 nonosigeit XVIII mixkHapoaHoi HAyKOBO-IPaAaKTHYHOI KOH(pepeHIlii CTy1eHTiB,
acmipaHTiB i MoJioauX BUeHUX ’PecypcoeHepro3oepirarodi TexHoJorii Ta odJiagHaHHA”

UDC 664.1.048
THE IMPORTANCE OF THE SOLUTION PHYSICAL PROPERTIES FOR
THE EQUIPMENT PROJECTING FOR SUGAR PRODUCTIONS
student Havrylenko V.V., asistant professor, Ph.D. Huliienko S.V.,
associate professor, Ph.D. Zubriy O. G.
National Technical University of Ukraine

«lgor Sikorsky Kyiv Polytechnic Institute»

AHOTAIIA: Pozenanymo numauHs wo00 poiai  BUNAPIOBAHHA Y
BUPOOHUYMET YYKPY Ma 6NIU8Yy memnepamyphoi oenpecii na npoyec. Pozpobnena
MemoouKa eKCnepuUMeHmantbHUux 00Cni0XHCeHD ma Ha8eoHO onuc
eKCnepuMeHmaibHol YyCmaHoB8KU.

KJIO4OBI CJ/IOBA: yykop, eunaprosanHs, memnepamypHa Oenpecis,
KUNIHHA

AHOTAI[IA: The questions about the role of evaporators in sugar
production and the impact the temperature depression on process are considered.
The technique of experimental investigation is created and the description of the
experimental set-up is represented.

KJIFOYO0BI CJIOBA: sugar, evaporation, temperature depression, boiling

The sugar is the carbohydrate with consists almost completely from the
saccharose (C1,H»,011). It has the sweet taste and digest by the organism easily and
almost completely. During the period from 2018 to 2019 the world sugar
consumption was more than 173,95 million of tons [1].

The white beet and sugar cane are widely used as a raw material for sugar
production. The root crops of white beets include 20-25% of dry substance in
which the content of saccharose is varied from 14 to 18%. The sac saccharose is
extracted from white beets by diffusion method. The obtained diffusion juice
consists the 15-16% of the dry substance in which 14-15% is the saccharose and
about 2% is the other substance. In order to removing of the admixtures, the
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purification of the diffusion juice by the lime carbonate (the sugar-juice defecation)
with following removing of its overbalance by the carbon dioxide (saturation). For
the reducing of the colority and the alkalinity the filtered juice of the second
saturation is treated by sulphur dioxide (sulphitation) [2].

The evaporators are used for the concentration of the juice, which is carried
out in two stages. Firstly, it is concentrated on the evaporator to the concentration
of the dry substance of 55-65% (the saccharose does not crystalized), then after the
additional purification the viscous syrup in the vacuum apparatus is concentrated
to the content of the dry substance of 92.5-93.5% and the fillmass is obtained. The
prepared fillmass is crystalized and the sugar crystals are separated in the
centrifuges [2].

In the evaporators the temperature loss occur which lead to the decreasing of
the temperature differences between the heating vapor and the separated solution.
The main reason of it is the temperature depression, with equal to the difference
between the boiling temperature of the solution and the pure solvent
correspondingly under the same pressure [3].

The temperature depression values depend prom the solute and solvent
nature and from the solution concertation and pressure [3]. Usually, the values of
temperature depression are represented in reference and specialized literature. The
experimental values for the sugar solutions are represented in the literature in
limited number and it availability is limited, therefore the it is necessary to carry
out the experiments for the determination of the temperature depression of the
sugar solutions.

For the determination of the temperature depression the technique of the
experimental research experimental set-up (Figure 1) were developed.

The set-up includes the experimental tank 1 with electric heater 2, in which
the investigated solution is added. In the solution the thermocouples 3 are installed
which are contacted using the controller 4 to the personal computer 5, where using
the software IndexTem the indication ma thermocouples are registered and
automatically plotted versus time.
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The set-up allows to determinate the boiling temperature of the solutions,
which can be easily detection the temperature plot, since the temperature during
the boiling pure solvent remain constant and during the boiling solution the
increasing of temperature is dramatically slack (the increasing of the temperature
during the solution boiling is determined by change in concentration due to solvent
evaporation). As mentioned above? the temperature depression is equal to the

difference between the boiling temperature of the solution and the pure solvent.

z 73 4 5

i 4{

Figure 1 — The schemo of the experimental set-up

The presence of available experimental data about the temperature
depression of the sugar solutions allows decreasing the difficulties during the
technological equipment for sugar production design espessialyy evaporators.
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UDC 631.867
THE PROCESS OF SEPARATION OF DUST-CONTAINING
POLYDISPERSE TWO-PHASE SYSTEMS IN A CYCLON UNDER PHASE
TRANSITION CONDITIONS
graduate student Kichak R. V., Associate Professor? PhD Stepanyuk A. R.
National Technical University of Ukraine
""Kyiv Polytechnic Institute named after Igor Sikorsky"

AHOTAIIA: Bupobnuymeo OpP2aAHO-MIHEePAIbHUX 006pus €
bazamocmaoiliHum, OOHUM 3 emanié sAKo20 € 2azoouucmka. 13-3a ckiaoHocmi
oamnoeo npoyecy, KUl CYNPOBOONCYEMbCA OCKIIbKOMA B83AEMONO8 SA3AHUMU,
NPOMIKAYUMU OOHOYACHO 3 HUM, 80AIOMbCS 00 KOMNIEKCHUX Memooig i3
3ACMOCYBAHHAM KIIbKOX anapamis, 0OHUM 3 SKUX € YUKIOH. [[ns inmeHncugixayii
8I00INEeHHS NONIOUCNEPCHUX 080(A3ZHUX CUCMEM 8 YUKIOHI, OKPIM 8i0YeHmposol
2A3004YUCMKU 8 YUKIOHI CIBOPIOIOMb YMOBU (Pa308020 nepexody, npu HAA8HOCMI
epadienma memnepamyp. Ilpu ybomy yacmunku 3a3Ha0ms 0it0 KilbKOX CKAAO0BUX
npoyecy 0ns inmencugixayii npoyecy ceoumenmayii ma 8i08e0eHHs 3 ANapamy.

KIIFOYOBI CJ/IOBA: opeano-minepanvui 0obpusa, 6a2amoxkoMnOHEeHMHI
BUKUOU, YUKIOH, (ha308Ull nepexio, po3UuHHICMb, CeOUMeHmayis, memnepamypue
novJie.

ABSTRACT: The production of organo-mineral fertilizers is multi-stage,
one of the stages of which is gas cleaning. Due to the complexity of this process,
which is accompanied by several interrelated, occurring simultaneously with it,
resort to complex methods with the use of several devices, one of which is a
cyclone. To intensify the separation of polydisperse two-phase systems in the
cyclone, except centrifugal gas cleaning in the cyclone create the conditions of the
phase transition, in the presence of a gradient temperatures. In this case, the
particles are exposed to several components of the process to intensify the process
sedimentation and drainage from the apparatus.

KEY WORDS: organo-mineral fertilizers, multicomponent emissions,
cyclone, phase transition, solubility, sedimentation, temperature field.
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The production of organo-mineral fertilizers generates a significant amount
of multicomponent emissions that need to be captured. Traditionally, several
devices are installed in series. It is proposed to use a combined method of
capturing multicomponent emissions in an upgraded cyclone. Their capture is
carried out in the cyclone while providing the conditions of the phase transition of
water vapor, which is created by the cooling shell and the supply of additional
initial mixture into the stream before the cyclone. In this case, the following
processes occur [1 —4]:

- heat dissipation through the cylindrical wall; volume and film condensation
of the vapor phase;

- formation of enlarged dust particles;

- centrifugal deposition of the solid phase.

The physical model of the process is shown in Figure 1.

The vapor contained in the air is cooled by introducing a cold initial
solution, until it becomes supersaturated and begins to condense, forming an
aerosol of liquid and solid particles. Upon cooling, the vapor partially condenses
on the droplets of the initial solution. Part of the vapor condenses on the inner
surface of the cyclone wall. The condensate flows laminarly in the form of a film
with a thickness 9.

1 - cold coolant; 2 - drops of the initial solution; 3 - solid phase; 4 - condensate
film

Figure 1 — Physical model of capture
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Because there are solid particles in the water vapor, the surface of which is
wetted by the condensing liquid or drops of the initial solution, this leads to an
intensification of the capture process. A thin film of condensate is adsorbed on the
surface of the particles. Therefore, in the future, the particles behave like droplets
of the same size [5].

The solubility of the constituent solid particles in the condensed liquid or
droplets of the initial solution causes a decrease in both its vapor pressure and
supersaturation, which is necessary for the onset of condensation [5].

Particles settle under the action of centrifugal force C and gravity G. In
addition, in the presence of a temperature gradient, the particles are affected by the
temperature field, further driving them along its lines (thermophoresis), in the
direction of lowering the temperature. The directions of action of these
components coincide, which accelerates the sedimentation of particles on the
surface of the film [5].

Due to the active turbulence of the flow during sedimentation, there is an
intense collision of particles with each other, adhesion and enlargement, which
enhances the action of the driving components of the process. The precipitated
particles are removed from the cyclone together with the flowing film.

Conclusions: For the possibility of unambiguous modeling of the process of
centrifugal separation of two-phase emissions in a cyclone, in the conditions of
phase transition and design of devices, it is necessary:

- experimentally investigate the mutual influence of processes and
deposition factors in the modernized apparatus;

- select a mathematical model of the process of centrifugal separation of
two-phase emissions in the cyclone and check its adequacy;

- provide recommendations for the design of modernized equipment.

References:
1. Cyclone / Kichak Ruslan Vitaliyovych, Stepanyuk Andriy Romanovych -
in 2019 131590; declared 06/27/2019; publ. January 25, 2019, Bull. Ne 2.
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UDC 66-911, 536.24
PROCESS OF COOLING POLYETHYLENE PIPES
graduate student Podiman G., master student Rudnytskyi Y.,
Senior Lecturer, Ph.D. Dvoinos Y.

National Technical University of Ukraine "'Kyiv Polytechnic Institute”, Kyiv

ABSTRACT: Analyzed the regularities of the process of non-stationary cooling of
polyethylene pipes, the use of a simulation model in the CFD system
(computational hydrodynamics) is proposed, such an experiment is performed in
the FlowSimulation application of SolidWorks, the results are compared with the
results of the numerical experiment.

KEYWORDS: non-stationary heat transfer, simulation modeling, polyethylene
pipe.

AHOTALIA: Ilpoananizosano 3aKOHOMIPHOCMI npoyecy HecmayioHapHo2o
0X01002iCeH L MPYO 3 NOAieMuUieHy, 3anponoOHO8AHO BUKOPUCIAHHS CUMYIAYIUHOL
mooeni y cucmemi CFD (obuucnrosanvha 2iopoounamixa), SUKOHAHO MAKULL
excnepumenm y oooamky FlowSimulation npoepamu SolidWorks, peszyromamu
I’lOpiGHﬂHO 3 pe3yiomamdmu 4YUCelbHOc0 eKCnepumennty, 3p06]l€H0 6UCHOBOK npo
MOodCIUBicmb 8epudikayii pe3yibmamis.

KJIFOYOBI CJIOBA: necmayionaphuii menioooMiH, CUMYIAYIHE MOOe08AHHS,
mpyba 3 noiemuieny.

The production of polyethylene pipes by extrusion involves the stage of
cooling, using equipment - water baths, or fans that blow the pipe. Criteria for
completing the cooling process can be the annular rigidity of the pipe, which is
sufficient to prevent plastic deformation in the drawing device, and the possibility
of mechanical cutting of the pipe in the cutting device (cutter or knife). Thus, the
length of the production line of polyethylene pipes is mainly determined by the
time required for their cooling, and the topic of modeling the cooling process is

relevant. The non-stationary process of cooling polyethylene pipes can be

78



36ipuuk Te3 nonosigeit XVIII mixkHapoaHoi HAyKOBO-IPaAaKTHYHOI KOH(pepeHIlii CTy1eHTiB,
acmipaHTiB i MoJioauX BUeHUX ’PecypcoeHepro3oepirarodi TexHoJorii Ta odJiagHaHHA”

represented as cooling a flat wall and use the dependences [1] to calculate the

temperature field with conditions of the third kind for the outer surface, Figure 1.
Provided the temperature is uniform at the beginning of cooling T(t=0,X)=T,
(initial conditions) and a known heat transfer coefficient and temperature of the
cooling medium T, (boundary conditions). The wall thickness is equal to two wall
thicknesses of the pipe (R=0 due to cooling of the plate on both sides) the
temperature in the pipe wall depends on the current wall thickness and cooling
time:

T x,1 —T, =6 2sin p.
T.-T, | 1, +sin p, cos . R R

- : 1 . :
where the coefficients p; are determined from ctg p, :Epi; criterion Bi :OLTR;
[

thermal conductivity of polyethylene x:o,zﬂ[{; coefficient of thermal
m

.. A 0,2 m?
conductivity of polyethylene a= —=—"=6,21-10"> —.
y ot polyethy C 3220 S

p

To determine the heat transfer coefficient o from the surface of the

m’K

polyethylene pipe to the cooling medium proposed to use the dependences [2, 3]
and simulation model in CFD system (computational hydrodynamics) of
FlowSimulation application SolidWorks.

For the numerical experiment, the cooling condition was chosen - forced
convection in water, pipe diameter D=0,032 m, water temperature T.=+20°C, flow

rate W=0,1 m/s, kinematic viscosity of water v=1,006-10° m?s, thermal

conductivity A.=0,599 W/(mK).
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Figure 1 - Calculation scheme of non-stationary cooling of the flat plate
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The result of the simulation experiment shown in Figures 2, 3.
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Figure 3 - Coefficient of heat transfer around the perimeter of the pipe, n:/l/—K

Parameter Minimum | Maximum | Average Average value
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“Relative error of simulation results and numerical experiments, %:

1335-1387,14
1335

o —a

simul

(0

€= ‘100%:3,9%

100% = ‘

Conclusion: an approach to study the cooling conditions of polyethylene pipe in
the CFD system is proposed, the results of the simulation experiment compared to
the calculations by the criterion equations, the determined error ensures the
accuracy of engineering calculations obtained by simulation, and the method can
be considered verified.
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1. Lykov A.V. Teoriya teploprovodnosti. M., Vysshaya shkola, 1967. — 600 s.
2. Mikheev M.A., Mikheeva I.M. Osnovy teploperedachi. Izd. 2-e, stereotip. M.,
«Energiya», 1977.
3. Kreit F., Blek U. Osnovy teploperedachi: Per. s angl. — M.: Mir, 1983. — 512 s.,
il.

81



36ipuuk Te3 nonosigeit XVIII mixkHapoaHoi HAyKOBO-IPaAaKTHYHOI KOH(pepeHIlii CTy1eHTiB,
acmipaHTiB i MoJioauX BUeHUX ’PecypcoeHepro3oepirarodi TexHoJorii Ta odJiagHaHHA”

YK 620.952
THHOBAIIIMHA TEXHOJIOI'ISI BAPOBHUIITBA
MNPECOBAHOI'O BIOITAJINBA
k.T.H. Kopinuyk /1. M., Byneupkuii B.O.
IncTuryT Texnivnoi Tenodizuku HAH Ykpainun

JepimuT TpaauiifHUX EHEeproHociiB B YKpaiHi, MiABUIICHHS BapTOCTI
IMIIOPTOBAHUX, Ta HEOOXIAHICTH CTAJIOTO PO3BUTKY EHEPreTHKU CIPUYUHUIH
3a]ly4€HHS] B EHEPreTUKY aJIbTePHATUBHUX €HEproHociiB. biomaca sk eHeproHocii
CTAaHOBUTH HAWOUIBIINy YaCTKy cepell aabTepPHATUBHUX JPKEPEI 32 TEMIIaMHU POCTY
00cATriB BUKOPUCTaHHS B eHepreTuuHii cdepi. [Tonut Ha BUCOKOsIKICHE 010TaIUBO
MOCTIHO 3pOCTa€ K B YKpaiHl Tak 1 B YCbOMY CBITI, a caMe€ OpPUKETyBaHHS Ta
IpaHyJIIOBaHHS JIO3BOJISI€ MIJBUIIUTH O00’€MHY TEIUIOTY TOpIHHS MaJuBa,
MNOKPAILUTH JIOTICTUKY IE€pPEeBE3€Hb, HOpMali3yBaTH NaJMBO 3a BOJIOTICTIO Ta
IpaHyJIOMETPUYHUM CKJagoM. B YkpaiHi 3a ocTaHHI ABa NECSATHIITTS BUHHUKIIO
oinbire 500 BUpOOHUIITB MATUBHUX OPUKETIB Ta TPAHYJ 3 CUPOBHHH POCIWHHOTO,
JIEPEBUHHOTO TIOXOKEHHSI Ta TOPQY

UYepe3 HEOOCTATHIO KUIBKICTh JIOCHIKEHb OO0 MIATOTOBKH TOPQY,
arpo6ioMacu, IepeBUHHOI 010Macy Ta TBEPJAUX OPTraHIYHUX BIJIXOJIIB SIK CUPOBHHH
710 IPECYBaHHA YaCTUMU € IEPEBUTPATH €HEPTii i Yac BUPOOHUIITBA OloNanuBa 3
TaKoOro BHUJY CHUPOBHHHM, a BIANpPaIlbOBYIOTh PEXUMU pOOOTH 00JIaTHAHHS
0e3mocepelHbO MiJl Yac BUPOOHUYOrO MPOIECY, YACTO OTPUMYIOUU MHPHU IBOMY
NaTMBO 3 HU3BKUMH SKICHUMH TOKa3HUKaMu. HemockoHamicTh mporiecy
IpaHyJIIOBaHHS Ta HEBPAaXyBaHHS BJIACTHBOCTEN MOPOJHOTO CKIaay O10CHPOBUHH,
3MIHM TEXHOJOTIYHUX (PAKTOPIB MPOTArOM PIYHOIO LHMKIY BHPOOHMIITBA
MPU3BOJUTH JI0 TBUIIEHHS €HEPTOEMHOCTI MPOIECy Ta BIIMOBH O0JIaIHAHHS.

[Tomryk edexkTHBHMX TEXHOJOTIA TepepoOKkn OiomMach Ha TaIHBO,
3a0€3IMeUeHHs] TOBHOTH O10€HEPrOKOHBEPCii B TMOEAHAHHI 3 €KOJIOT1YHOIO
0€3MeKOoI0 Ta CTAJMM BUPOOHHMIITBOM B YKpaiHi OlOMajvB, BUKJIUKAIO PO3BUTOK
HOBUX HAYKOBUX HAMPSAMKIB JOCIIIKE€Hb MPOIIECIB MiITOTOBKM NajvBa Ta HOTro
€HEPreTUYHOr0 BUKOPUCTAHHSI.

82



36ipuuk Te3 nonosigeit XVIII mixkHapoaHoi HAyKOBO-IPaAaKTHYHOI KOH(pepeHIlii CTy1eHTiB,
acmipaHTiB i MoJioauX BUeHUX ’PecypcoeHepro3oepirarodi TexHoJorii Ta odJiagHaHHA”

Texuiynuii aHami3 [iI0OYUX BUPOOHUITB TpaHyl Ta OpPUKETIB BHUSIBUB
HACTYITHI MPOOJIEMH, 1110 MOTPEOYIOTh HAYKOBOTO BUPIIICHHS:

- Husbka enepretnyHa e(eKTHBHICTH BHPOOHUIITB, TMEPEBUIICHHS
NUTOMUX EHEProBUTPAT HAa OJMHUIIO0 MPOAYKIi OCOOIMBO B3UMKY pPOOHTH
BUPOOHUIITBA HEPEHTAOCTLHUMU,

- CKaiHICTh PEryIIOBaHHS KIFOUOBUX JIAHOK BUPOOHUIITBA

KonuBanHs MpOAYKTUBHOCTI B PIYHOMY IHMKJIl BUPOOHHUIITBA
BUKJIMKaHE KJIIIMaTHYHUMU (pakTopamu
- [IIBuke BUYEpIaHHs CUPOBUHHOI 0a3u

- HenocrartHiil piBeHb 3HaHb 110JI0 MEXAHI3MIB IPaHyJIOYTBOPEHHS

Hu3pka sAKicThP manmBa, 3a IIOKa3HHUKAMU 30JbHOCTI, MIIIHOCTI,
T'YCTHUHH, TEIUIOTH 3TOPSIHHS

Bupimenss 3a3HaueHux npoOiemM noTpedyBajlo KOMIUIEKHOTO MiAXOAY 10
CTBOPEHHS €HEPro-pecypco30epiralourx TeXHOIOT1d BUTOTOBJICHHSI 010TaJIUB.

HocmimxkenHss Ta BUSBICHHS (AKTOpiB BIUIMBY Ha EKCIUTyaTalliifHi
MOKa3HUKMA TMPOLECIB MIATOTOBKA CUPOBHHM, CYIIIHHS Ta TIpaHyJIOyTBOPEHHS
OlomanuBa JO3BOJIMJIM MIABUIIMTH SAKICTh TpaHysl Ta OpHUKETIB, 3a0€3Me4YUTH
CTAJIMI NUTOPIYHUN ITUKII POOOTH i ANPUEMCTB.

ABTOPCHKHM KOJIEKTHUBOM 3alPONOHOBAHO PO3TJSAATH MAJTMBHI Ol0TpaHyv
SIK KOMITO3HUITIHHKM O10T10IiMep 3 HEOPIEHTOBAHOK CTPYKTYPOIO Ta OOIPYHTOBAHO
JOLIBHICTh BUKOPUCTAHHSA KOMIO3UIINA B BUPOOHMIITBAX MPECOBAHOIO IMAJMBA.
Jns aHamizy GI3MKO-XIMIYHOI TPUPOAM MOJEKYJISIPHUX 3B’S3KIB Yy TpaHyJl
pPO3pO0JIEHO METOOJIOTIYHI 3acaJd HEI30TEPMIYHOTO aHaii3y MajJUBHUX TpaHyll,
0 JO3BOJMJIO BHU3HAUYUTH POJIb OKPEMHX CKJIQJIOBHX OloMacu Ta BIUIMB
aKTUBAI[IMHUX TIPOILIECIB HAa MEXaHI3MU YTBOPEHHS MIIHUX 3aB’SI3KIB TIPH
TPaHyJIFOBaHHI OJTHOPIHOT OiOMacH Ta KOMMO3UINIWHUX CyMimield 61oMacu pi3HUX
BUJIIB POCIMHHOTO Ta JIEPEBUHHOIO MOXO/KEHHA, TOpdy MOBITPSHO CYXOro,
Topdy XIMIYHO —  aAKTHBOBAHOTO. AHaNI3, MEXaHIYHHUX, TEPMIUHUX,
TEPMOBOJIOTICTHUX Ta XIMIYHMX METOJIB aKTuBaIli Topdy Ta OiloMacu mepen
I'PaHyJIOBaHHSM JI03BOJIMB OOTPYHTYBATH BIPOBAIUTU €HEPTroe(EeKTUBHI PEKUMHU
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TPaHYJIIOBaHHS, PO3POOMTH  3aXxoau  cTalimizamii  MPOAYKTUBHOCTI  JIHIT
BUPOOHUIITBA TajJMBa B PIYHOMY IIMKII. Ppo3poOiieHO pexuMHI mHapaMeTpu
TEPMIUYHOI Ta TapMOBOJIOTICTHOI aKTHBAIlli TPaHYJIIOBAHHA Ta KOMIIO3HIIIMHUN
ckiaa OioMacu 3 YacTKOI0 MEXaHIYHO-aKTHBOBAHOI CKJIAJ0BOI SIK OJHOPIAHOT
OloMacH Tak 1 CHpPOBUHHM IHILIOTO BHUAY JIEPEBUHHOTO Ta POCIMHHOTO MOXOJKEHHS,
10 JA03BOJISIE 3HU3UTH €HEPTeTUYHI BUTPATH Ha MPOoLieC IpecyBaHHs B 4-8 pasu.

B nmepmie mnpoBeneHO €HEPreTMYHUN aHali3 METOMAIB  PEryJIOBaHHSA
IPOJYKTUBHOCTI OapabaHHOT cylIapKu Ta po3po0JIEHO €HEepProe(PeKTUBHY
CyLIapKy 3 JIMHAMIYHHUM PETyJIOBaHHSAM KyTa Haxuily B Mexax -3°< [ <3° mio
3a0e3nedye  30UIBIICHHS dYacy mepeOyBaHHS BOJIOTMX YacTOK B arapari,
NIJBUILIEHHS CTYIEHs 3allOBHEHHA CYIIApKW Ta TOBEPXHI KOHTAKTY MIX
MaTepiajioM Ta CYIIMJIbHUM areHTOM B OJMHMII 00’ €My CyIlIapKH, 3a0€31eUy€eThCs
301IbIIEHHS €(EKTUBHOCTI BHMKOPUCTaHHS CYIIWIBHOIO Aare’Hty Ta Woro
BUKOPHUCTAHHA, IO TPUBOIAUTH 0 3MEHIIEHHS MUTOMUX BHUTpPAT TEIUIOTH Ha
BUIMAPOBYBaHHsA Bosiord B Mexkax 4750 — 5000 x/x/kr 3a cymimieHHS 3
peryJtoBaHHIM KUIBKOCTI 00epTiB, B Mexkax 5000 — 5300 kJ[x/Kr 3a cyMmileHHs 3
peryJoBaHHsIM TemmepaTypu cymmibHoro arenty ta 4700 — 5200 x/[x/kr y
BUIAJIKYy PEryJIIOBaHHS JUCHEPCHOTO CKJIaay, IO BIATNOBIAAE ITABUIICHHIO
eHeproe@ekTuBHOCTI ycraHoBku Ha 10 — 15%. IlokazaHo, 110 BOpPOBaIKEHHS
CXeMH 3 PO3JUICHHSIM CTajliii MOAPIOHEHHS Ta MEXaHO-aKTHBAIlll MPOMINKHOIO
CTa/i€l0 CylIiHHS a00 CyMIIIEHHS B CYIIMJIBHOMY arapaTi MpOIECiB CYUIIHHS Ta
noApiIOHEHHS BeJle 0 3HIKEeHHS Ha 15% eHeproButpaT rpaHysIoyTBOPEHHS.

Komrieke TeopeTHIHNX TOCHIKEHb MPOIIECiB MOAPIOHEHHS, CYIIIHHS Ta
TpaHyJIOBaHHS 3aro4yaTKyBaB B  YKpaiHi CTBOpPEHHs €Heproe(eKTHBHHUX
TEXHOJOTIM  BUPOOHMILITBA  KOMIIO3UI[IHHOTO  TIPaHyJIbOBAaHOTO  IajuBa

(puc. 1, Tabm. 1).
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CywunbHui 6apabaH 3
MOX/TUBICTIO AMHAMIYHOro
peryfBaHHs KyTa Haxuny

Omepyma NEPBUHHE NOAPIBHEHHA
<opas

i Byson pcnipauii
= ,‘g 36ip Mikponny)

BTOPMHHE NOAPIBHEHHA

TennoreHepaTop3 Ompymo
peKkynepaTuBHUM
Tennoo MiHHWK

TEINOFEHEPATOP L

Puc.1. EHeproedexTrBHa TEXHOJIOT1SI BUPOOHHUIITBA KOMITO3HIIIITHOTO
TPaHyJIHOBAHOTO TAJIMBA.
Tabmums 1.IHHOBaMiiHI CKIaA0B1 €HeproePeKTUBHOI TEXHOJIOTi

BI/IpO6HI/II_[TBa KOMHOBI’IHiﬁHOFO I'paHyJIbOBAHOTO ITaJIMBA.

InnoBaniiini Texniunuii nepeBarn Exonomiuni nepeBarun

pilleHHsA

Junamiune PerymntoBanHs 00’ €MHO{ MoxuBicTh Oe3nepepBHOi

peryJtoBaHHs KyTa MIPOTYKTHBHOCTI CYIIapKHU B poOOTH ITPH 3MIHHUX BXITHHX

Haxuity 6apabany 3aJIeKHOCTI BiJl BOJIOTOCTI napaMerpax CUpOBUHHU,
CUPOBUHU Ha BXO/i M1JBUIICHHS TPOyKTHBHOCTI

10 25%

HBocTaniiina 301ip Ta MoBepHEHHs B npouec | 3MeHmIeHHs BTpat 10 10%.

cucrema acriparii MIKpOITIITY

Termoo0MIHHUK BiacyTHicTh 101aTKOBOTO 3MeHIIeHHs 30J6H0CTI 10 5%

JTUMOBHX Ta3iB 3a30JIEHHSI CHUPOBHHHU

[TixirpiB cupoBUHU [TinBueHHs peakiiitHo1 [TimBuIIeHHS] MPOAYKTHBHOCTI

nepe; MPeCcyBaHHSM | 31aTHOCTI CHPOBHHHU rpaHynaTopis 110 25%

JBocTaniitHe [aTeHCHbIKAaIlisA TPOIIECIB 3MEHIIICHHS! EHEPrOBUTPAT Ha

moApiOHEHHS CYLIIHHS Ta FPaHyJIIOBaHHS npecyBanHs 10 20%.
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Po3pobnennii kKoMIiekC BUPOOHUIITBA KOMITO3UINIHOTO OlomanuBa (puc.l.,

Taby1.1) NpOoayKTUBHICTIO 1 T/TO/ Ma€ SIK cTallioHapHE, Tak 1 MOOLIbHE BUKOHAHHS,
Ta 3a0e3neuye 10 20 % 3aoIayKeHHS €HEprii mpu LIIOpIvHii Oe3BIAMOBHIN
poOOTI 3 BUPOOHUIITBA SKICHOTO OlOMalMBa, MO O3BOJISIE MIOPIYHO 3aMICTUTH
BHKOPHCTAHHS BUKOITHOTO [PHPOIHBOTO Ta3y y KUIbKOCTI 3,5 MitH. M°. Pesyibrarn

po6otu BripoBakeHi 1TOB « BM—Inuoxcunipuney.
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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*

In the process of extrusion the raw material is dosed into the loading neck of
the disk extruder (figure 1), where it is entrained by the multistage screw cutting of
the loading and plastic zone (LPZ), it is further heated by dissipation energy and in
the form of a melt enters the working gap, where the melting of the polymer is
completed, homogenization takes place and the melt is prepared in a melt of 3-7

MPa into the gear pump.

Figure 1 - Disk extruder

Consider the main variants of the melting process, which occurs in the disk
extruder (the vertical line corresponds to the zone of onset of melting):

1) The granules melt not far from the neck, then sticking is possible, as well
as the inability to create pressure to push the material (figure 2);

2) Most pellets melt just before the homogenization zone and then the melt
is better mixed (figure 3);

3) Part of the pellets are melted after the homogenization zone, so less
melting requires mechanical energy to melt and this saves electricity, but then the

non-melted pellets can fall into the working gap (figure 4).
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Oe =4

Figure 4 - Part of the granules melt after the homogenization zone

A feature of the extrusion process, in this case, is that it passes in a “hunger”
feeding mode, when the material is dosed into the extruder feeder, which is
characterized by the fact that the productivity is determined by the feeder, the
pressure begins to increase gradually, such nutrition reduces the effective length of
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the feeding zone [1]. And the efficiency of the power zone is limited by one of the
factors: the length of the zone and the conditions of heat transfer on the friction
surfaces or the strength of the granules.

Temperature sensors installed in the body of the extruder capture the change
in temperature along the length of the LPZ and allow you to determine the location
of the maximum temperature gradient along the length of the body. By adjusting
the rotation speed of the disk and the size of the working gaps at a given
performance, the maximum temperature gradient is set so that it is at the end of the
LPZ, indicating that the melting process takes place in the LPZ, and
homogenization in the disk gap and in the designated places [2 ].

What is special about the melting process is that it passes in accordance with
two models: the Tadmore model and the dispersion melting model (the energy
consumption for melting is reduced by 30% and the melt temperature is more

homogeneous and lower).
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CEKLIA 2

«OBJIAJTHAHHSA JIICOBOI'O KOMIIVIEKCY»
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CARDBOARD MACHINE
student Galaykovskiy A.O., senior lecture, Ph.D. Novokhat O.A.,
assistant professor, Ph.D. Zubrii O.H.
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ABSTRACT.
The analysis of the development of gauch press designs. The following

directions of the modernization of structures are defined: compensation of the
deflection of the lower shaft, reduction of metal consumption of structures. The
tasks are solved by installing a shaft with hydraulic support of the shell. A hollow
shaft design is proposed to compensate for the bending of the shaft and reduce the
metal consumption of the structure.

KEYWORDS: gauch-press, pressing, shaft with hydraulic support,
cardboard canvas, cardboard machine

AHOTALIIA

lIpoananizosano pozeumox KoHcmpyKyiu 2ayy npecige. Busnaueni nacmynni
HanpsiMu MoOepHi3ayii KOHCMPYKYIll — KOMNEHCYBAHHS NPOSUH) HUNCHLO2O BATY
ma 3MeHWeHHs MemaioemMHocmi kKowcmpykyiu. Ilocmaeneni 3adaui eupiuieni
BCMAHOBIEHHAM — 8aly 3  2IOPONIOMPUMKON  00O0JIOHKU.  3anponoHosaua
KOHcmpyKI/;i}Z eaia 3 nycmomiﬂum ocepdﬂm, saKa oae 3M02Yy KOMnencysamu npocuH
8aly ma 3MEHWUmMuU MemanioOEMHICIMb KOHCMPYKYIL.

KJIFO4OBI CIIOBA: 2ayu-npec, npecy8auHs, 6all 3 2i0poniompumKoro,

KapnmoHHE NOJIOMHO, Kapm0H0p06Ha Mawlura
In today's world, there is an urgent problem in upgrading or replacing legacy

gauge presses. In Ukraine, paper and cardboard industries still use outdated gauge

presses, but have recently been actively replaced. Manufacturers are trying to

91



36ipuuk Te3 nonosigeit XVIII mixkHapoaHoi HAyKOBO-IPaAaKTHYHOI KOH(pepeHIlii CTy1eHTiB,
acmipaHTiB i MoJioauX BUeHUX ’PecypcoeHepro3oepirarodi TexHoJorii Ta odJiagHaHHA”

reduce the energy costs and metal consumption of cardboard presses. Increase their
efficiency without reducing the technical characteristics of the cardboard cloth [1].

Modern designs of gauche presses have the following disadvantages: 1)
uneven distribution of the linear pressure in the grip of the press, as in the area of
contact of the shaft over time there is a bend, which significantly affects the quality
of the cloth; 2) significant metal intensity of press structures, especially shafts. To
solve these shortcomings, it is decided to install a gauge shaft on the top, and to
compensate for the deflection to place the bottom shaft with hydraulic support
shell (Figure 1).

&%
&}

1 — gauch shaft; 2 — shaft with hydraulic support; 3 — cardboard canvas; 4 — cloth.

Figure 1 — Gauche-Press scheme.

This decision is caused by the following. New pressures with more efficient
hydraulic systems are used to increase the line pressure in the grip and in the shaft
contact area. In such cases, the deflection of the shaft increases, which negatively
affects the quality of pressing [2]. To prevent this, use hydraulically supported
shafts that compensate for the deflection of the shell by feeding it into the inner

space of the lubricant.
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1 — core; 2 — shaft sheath; 3 — bearings; 4 - end sealing covers; 5 - polymer coating.
Figure 2 — Scheme of modernized construction of the shaft with hydro support of
the shell

To reduce the metal intensity of the shaft, it is suggested to make the core
hollow (Fig. 2). This will greatly facilitate the shaft without reducing its rigidity
and strength.

It is known that, in the metal core, the outer layers are used for bending and
stretching. Therefore, using the calculation, you can determine the required
thickness of the core with the hole inside, reducing its metal intensity, but retaining
the necessary degree of rigidity and strength.

Due to this modernization of the shaft with hydraulic support of the shell, it
Is possible to reduce the deflection and increase the uniformity of pressing along
the width of the web, which will reduce the costs of pressing the cardboard web
and metal consumption of the structure.
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student Zaporozhets O.V., assistant professor, Ph.D. Zubrii O.H.,
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Abstract.
The process of drying the cardboard cloth and the opportunity to intensify

the drying process are described. The existing methods of drying cardboard cloth,
the suitability of combining them are considered. The scheme of a combination of
devices for intensification of the process and the principle of their operation is
offered.

KEYWORDS: CONDUCTIVE METHOD, CONVECTIVE DRYING,
INFRARED EMISSION, CARDBOARD

Anomauis.

Onucano npoyec CyLMiHH}Z KapmoHHO2O noJjomHa ma MOdHCIUBICIMB
inmencugikyeamu npoyec cywinnsa. Poszensnymo icnyroui memoou  CyuinHA
KApmMOHHO20 NOJOMHA, OOYINIbHICMb IX KOMOIHY8AHHA. 3anponoHO8aHO cXeMy
NOEOHAHHS NPUCMPOi8 015 IHMeHcuhikayii npoyecy ma npuHyun ix pobomu.

KJIFOYOBI CJIOBA: KOHIVKTHBHHH CIIOCIb, KOHBEKTUBHE
CVIIIIHHA, IHOPAYEPBOHE BUIIPOMIHIOBAHHA, KAPTOH

The process of drying the cardboard cloth is to remove moisture by
evaporation through heating. An important factor is the drying mode, which
determines the quality of the final product.

At the beginning of drying, the paper pulp has high humidity, which allows

intensifying the process of heating and drying by increasing the thermal load on
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the cardboard. This can be achieved by increasing the heat flow and combining
different drying methods. However, increasing the intensity of drying should not
impair the quality of the final product and be economically feasible [1].

Consider existing drying methods and variants of their combination.

On a cardboard machine, a conductive method of drying is essential. Heat is
transferred from the heated body (the drying cylinder) to the cardboard. In the first
drying period, the drying process should be intensified as quickly as possible for
rapid heating and to provide the cardboard web with sufficient strength for further
safe transport. To increase the intensity of heat and drying, the cardboard can be
combined conductive method with convective or radiation.

In the convective method of drying, heat is transferred from the heat source
to the surface of the material, which is dried using a heated coolant. However, this
method has several disadvantages: energy consumption and low intensity when
used only. Also, the units for the supply of coolant (hot air) are overall, which
complicates their installation together with the drying cylinders.

The radiation method of drying a cardboard web is to direct infrared
radiation inside the material. This method should be used as an intensifier of the
drying process along with the conductive because it has several advantages over
the previous one. These include the compactness of infrared panels that can be
installed directly in the space between the drying cylinders. Such groups also have
a considerable heat load, which, when combined with the conductive method, can
generate significant heat flow [2].

In Fig. 1 shows an arrangement of intensifying devices in the drying part.
The principle of operation of this scheme is as follows. The cardboard cloth is
gradually dried on both sides on the drying cylinders. At the free interval between
them, infrared radiation is applied to the surface of the cardboard web, free of
cloths or nets. This will increase the thermal load on the canvas, accelerate its
heating and drying. Moisture and evaporation with air are removed from the drying
zone by vacuum boxes. Therefore, excess moisture will not reduce the intensity of
drying.

95



36ipuuk Te3 nonosigeit XVIII mixkHapoaHoi HAyKOBO-IPaAaKTHYHOI KOH(pepeHIlii CTy1eHTiB,
acmipaHTiB i MoJioauX BUeHUX ’PecypcoeHepro3oepirarodi TexHoJorii Ta odJiagHaHHA”

There are also other ways of drying. For example, in a vacuum, filtration,
high-frequency currents, etc. However, their use is limited by the design features of
the associated equipment or, for example, a large mass of square meter of
cardboard.

Therefore, a combination of different methods of drying a cardboard
machine is advisable in the production of cardboard cloth, especially at the
beginning of the process during its heating. After all, the high humidity of the
cardboard cloth at the start of drying makes it impossible for the appearance of
destructive phenomena and deterioration of the physical and mechanical properties
of the fabric. And the right combination of drying devices (drying cylinders,
sealing the bottle, infrared emitters, blowers) will increase the intensification of

drying and heating of the cardboard.

1 —drying cylinder; 2 — drying device (a combination of infrared emitters with hot
air supply); 3 — vacuum box; 4 — cardboard cloth; 5 — cloth or net

Figure 1 — Drying part with a combination of intensifying mechanisms
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Abstract.
The physical model of the process of drying of perlite by radiation method

are presented and substantiated. The process of drying of perlite is analyzed. The
main features of drying perlite exist given. The temperature and humidity
distribution in the perlite particle during radiation drying are analyzed.

KEYWORDS: PERLITE, DRYING, INFRARED EMISSION, MOISTURE

Anomauis.

Haeeoeno ma obripynmosano @izuuny mooenb npoyecy CYUliHHA nepaimy
paodiayitinum memooom. llpoananizoeano npoyec cywinua neprimy. Haseoeno
OCHO8HI ocobnueocmi cywints nepaimy. Ilpoananizoeano po3nooin memnepamyp i
60J10208MICMY 8 YACMUHYL Nepimy nio Yyac padiayitino2o CYuiHHs.

KJIIO4OBI  CJIOBA:  [IEPJIIT, CVIIIHHA, [HOPAYEPBOHE
BUIIPOMIHIOBAHHA, BOJIOT'OBMICT

We consider the process of drying perlite as the drying of a capillary-porous
body.

The driving force of the drying process in the first period is the expansion
between those saturated water vapor in the boundary layer on the first and even
steam pairs in the surrounding area, and in the other periodically drying - massive

streams and the final equilibrium hair fibers. [1] During drying, moisture
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evaporation can occur not only with a high depth of layer for the penetration of
thermal winds.

The perlite contains free and adsorbed bound moisture. In the first drying
period, free moisture evaporates, and the intensity of the heat flow limits the
processing speed. In the second drying period, the velocity is initially limited by
the diffusion of moisture into the evaporation zone, and at the end of the drying is
limited by the destruction of the adsorption bonds of the humidity with the perlite
and its evaporation. [2]

Before drying, the moisture content and the temperature is the same
throughout the perlite radius. During drying in surface layers, where the highest
amount of heat absorbed, the temperature value is highest, and the moisture
content is lowest. Since, during the drying of perlite, the heat flux decreases in the
thickness of the particle, the temperature decreases accordingly, and the moisture
content increases in the direction of the center of the particle of the perlite. At the
end of drying, the moisture content reaches an equilibrium value along with the
entire thickness (Fig. 1)

Consider the assumptions made.

Perlite in the form of small spherical particles is located on an infinite plane.
The plane has a solid flat surface and is chemically inert to perlite. The particle
size of the perlite affects only the porosity of the layer and, accordingly, the mass
per square meter of bulk perlite. The particles are arranged in a dense layer with
some porosity. The thermal conductivity of the material transmits the heat between
the particles at the point of contact. Heat exists also sent to the upper layers due to
the ability of the infrared radiation to absorb the equipment.

Above the upper surface of the perlite is an infrared emitter (heater), which
is a source of heat. The space between it, and the perlite is filled with gas, the role
of which is moist air. The heat absorbed by the perlite particles is spent on
evaporating the moisture in the material and increasing its degree of heat. The
weather is removed from the upper surface of the perlite by heat transfer to moist
air and by touching the lower plane. [1] The heat from the inner layers also passes
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through the heat transfer to the air in the pores between them. Due to the

convective flows, this heated air can rise upward and outward.

7

1 —total infrared radiation; 2 - infrared radiation that has passed through; 3 — heat
transfer; 4 — heat flow from heat transfer; 5 — perlite; 6 — heat with steam
generated; 7 — infrared emitter

Figure 1 — Physical model of the process of drying perlite by the radiation
method
Since the particles of perlite are placed in a dense layer, and the heat flux
from the IR radiator comes from above, the particle is heated unevenly along with
the entire thickness. The temperature of the perlite particle decreases from the
surface to the center with downward displacement (Fig. 1). As the heat enters from
above, the outer surface of the particle is heated best, but closer to the center and
downward, the heat comes less, and, accordingly, the temperature of these particle
layers will be lower. The moisture content, on the contrary, increases from the

outer surface of the perlite particle and down to the center.
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The physical model of radiation drying of perlite involves the following
processes: radiation of the heat flux by the heated surface of the emitter; absorption
of the bulk of the heat flux by perlite particles; loss of a small part of the heat flux
on reflection from the perlite surface; Absorption of heat in the volume of perlite;
heating the Perlite surface to a wet thermometer temperature; evaporation of
surface moisture and moisture of large capillaries; mass transfer of steam from the
surface of perlite to the environment; evaporation of water from microcapillaries
and adsorption bound water and subsequent rapid heating of perlite.

Since the particles of perlite are tiny (up to 5 mm), it is tough to study the
drying process. Therefore, it is possible to accept perlite particles as a continuous
layer with a given porosity (Fig. 2).

2

Jlllllll!
B

1 — total infrared radiation; 2 — total infrared radiation; 3 — a layer of perlite with a

given porosity

Figure 2 — Generalized simplified physical model
References:
1. Marchevsky, V. Kinetics of Corrugated Board Flute Drying with the Use of
Infrared Radiation [Text] / V. Marchevsky // The Advanced Science Journal. —
2015. — Vol. 2015, Issue 6. — P. 69-72. doi: 10.15550/as;j.2015.06.069
2. Marchevsky V. Numerical modeling of physical fields in the process of drying
of paper for corrugating by the infrared radiation / A. Karavatskii, V. Marchevsky,
O. Novokhat // Eastern-European journal of enterprise technologies — Vol 2, No
5(86) — (2017) — P. 14-22.

100



36ipuuk Te3 nonosigeit XVIII mixkHapoaHoi HAyKOBO-IPaAaKTHYHOI KOH(pepeHIlii CTy1eHTiB,
acmipaHTiB i MoJioauX BUeHUX ’PecypcoeHepro3oepirarodi TexHoJorii Ta odJiagHaHHA”

UDC 676.056.42
KINETICS OF CARDBOARD CONTACT DRYING
Postgraduate V. Telestakova, PhD, prof. V. Marchevsky,
PhD, assist. Y. Grobovenko
National Technical University of Ukraine

«lIgor Sikorsky Kyiv Polytechnic Institute»

Abstract: the description and results of cardboard contact drying are given.

Keywords: kinetics, cardboard, contact drying.

AHnnomauin: HageOeHO OnUC i pe3yibmamu O0O0CHIONCEHH KOHMAKMHO2O0
CYWIIHHA KAPMOHY .

Knwuogi cnosa: Kinemuxa, Kapmow, KOHMAKMHE CYULTHHAL.

Drying cardboard is one of the important processes in its manufacture. This
process is the removal of moisture from the cardboard by evaporation, which
requires significant energy consumption and special drying modes required to
obtain high-quality special cardboard. Energy for the evaporation of moisture is
transferred to the cardboard by contact with the heated surface of the drying
cylinder. As a source of energy using the heat of condensation of water vapor
supplied to the middle of the cylinder where it condenses on its inner surface. The
heat of condensation is transferred by thermal conductivity through the wall of the
cylinder shell to its outer surface. If the outer surface of the cylinder shell is
polished, it can be assumed that the heat flow from the surface of the cylinder shell
to the cardboard is transferred by thermal conductivity rather than convection.
With positive results of the calculation of drying of single-layer cardboard, it is
planned to refine its mathematical model to describe the drying process of
multilayer cardboard.

The purpose of this work: make and solve the mathematical model of drying
of a single-layer cardboard at heat transfer from a surface of a cover of the cylinder

to a cardboard by thermal conductivity.
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In the following researches it is planned to create a multilayer cardboard
(figure 1) with various properties of layers: where 1 is a bottom layer that allows to
keep moisture and has high durability; 2 is a middle layer that consists of a fibrous
mass with a concentrated content of mineral filler, which allows you to retain
constant moisture in future packaging (used filler is a good adsorbent (studies have
shown that cardboard made with mineral filler has no odor and protects food from
spoilage)). The upper (porous) layer of cardboard 3 protects the middle layer of

cardboard from destruction.

7
1 —a bottom layer; 2 —a middle layer; 3 —an upper (porous) layer
Figure 1 — The structure of multilayer cardboard
To compile a mathematical model of drying single-layer cardboard, a
physical model was developed in which the heat transfer of cardboard from the

cylinder is by thermal conductivity, and is removed from the outer surface of the

cardboard by convection:
(1) = q: — Qs

where g: — heat transfer by thermal conductivity, ;12; d; — heat transfer by

s

. v
convection, —.
m

Based on the physical model, the equations of the mathematical model are
compiled, which makes it possible to determine [1]:
1. The speed of drying cardboard;
2. The rate of change of temperature of the cardboard from the time of drying.

Equations of conductive heat and mass transfer [2, 3] :
dt ‘
CJGURL‘ E + Aeff{?t)gr =T]

j:ﬁ(a_Pparc)_'_ II{-’(Ul.ﬁ:_ UP)

102



36ipuuk Te3 nonosigeit XVIII mixkHapoaHoi HAyKOBO-IPaAaKTHYHOI KOH(pepeHIlii CTy1eHTiB,
acmipaHTiB i MoJioauX BUeHUX ’PecypcoeHepro3oepirarodi TexHoJorii Ta odJiagHaHHA”

Initial conditions:
Linits tﬂ_‘l;'ﬁﬂdé!?‘-' Loy, T = 0
Boundary conditions:

tc:_‘u‘!z'ﬂdefr' = const

at
q= — ;I'eff (E) =y (tp - teﬂv)
Heat flow conversion:
f ¥ - tﬁ:
q= — Agr(VO) g = Aegr ( = )

Ry,

where ¢ — the average heat capacity, J/kg-K; p, — cardboard density; z—j —

cardboard heating rate, K/s; 4., — effective thermal conductivity, W/m-K; Vt —

temperature gradient in the middle of the cardboard on the border with the heated
surface of the drying cylinder, K/m; r — specific heat of vaporization, J/Kkg; j —

mass flow, kg/m-%c; B — moisture exchange coefficient, m/s; P, — saturation
pressure, Pa; F,,,. — partial pressure, Pa; K — drying ratio in the second drying

period, s™; U, —the first critical moisture content, kg/kg; U, — equilibrium
moisture content, kg/kg; j—: — temperature gradient; a; — heat transfer coefficient,

W/m*K; t, — surface temperature, °C; topw — temperature inside the cardboard,

°C; tg — heating surface temperature, OC; ti — cardboard temperature, °C; hy — the
thickness of the layer of cardboard.

To solve the system of equations, a program was developed and values were
obtained to construct theoretical dependences of the moisture content of cardboard
on the drying time and the temperature of the cardboard on the drying time.

On the figures 2 and 3 are presented the dependence of cardboard
temperature on drying time and cardboard moisture content on drying time at

different heat flux densities for cardboard by weight 200 g/m?.
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Figure 2 — The dependence of the temperature of the cardboard on the drying time

at different heat flux densities

g=2[}8gm2
1-q=2500 Wim?2
2 - q= 5000 W/m?

| —3 . g= 7500 Wim?

Figure 3 — The dependence of moisture content of cardboard on drying time

Figure 2 shows that in a short period of time there is a rapid increase in
temperature. The temperature rises to the temperature of the wet bulb thermometer,
which does not increase significantly with increasing heat flux. When the
temperature of the wet thermometer reaches an average of 60 °C, the heating
period of the cardboard sample ends and the first drying period begins. In the first
period there is an intensive evaporation of surface moisture, and the evaporation
temperature depends on the partial pressure of steam over the wet surface of the
cardboard. With the end of the evaporation of surface moisture, the first period
ends and the second drying period begins with a sharp increase in temperature,
caused by a decrease in the amount of water that evaporates from the
microcapillaries. Further temperature rise first at a constant rate in small initial

sections, and then the rate of temperature rise gradually decreases to zero, and the
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temperature of the cardboard rises, approaching the surface temperature of the
shell of the drying cylinder.

Figure 3 shows that at a given heat flux, the cardboard is heated to the
beginning of the first drying period quickly enough in 2-3 seconds. In the first
period, the surface moisture that makes up the bulk of the cardboard moisture
evaporates at a constant rate. In the second period there is a decrease in moisture
content over time according to the logarithmic law. The drying rate in the second
period is limited by: diffusion of moisture from microcapillaries and diffusion of
moisture from the volume of fibers.

Conclusions:

The mathematical model of process of contact drying of a cardboard is made
and the decision of mathematical model for various thermal modes of drying of a
cardboard is received.The analysis of the obtained kinetic regularities showed that
the tested mathematical model can be used to study the drying kinetics of
multilayer cardboard, using the boundary conditions of the fourth kind at the
contact points of the layers.

The results of this work will be used in further studies of the drying kinetics
of multilayer cardboard.
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INVESTIGATION OF HYDRAULIC RESISTANCE OF GAS
DISTRIBUTION GRID
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Abstract: the description and results of hydraulic resistance research of a
gas-distributing lattice are given.

Keywords: hydraulic resistance, gas distribution grate, fluidized bed.

Annomauina: HageoeHo onuc i pe3yibmamu O00CHONCeHHS 2I0PABIIYHO20
ONnopy 2a30po3noo0iIbHOI peuimKu.

Knwuoei cnoea: 2iopasniunuii  onip, 2a30po3noo0ilbHA  peulimka,
ncegoo3piodicenull wap.

Gas distribution devices are widely used to create a uniform distribution of
gaseous coolant in devices with a fluidized bed.

The main purpose of the study is to determine the parameters of the gas
distribution grid to ensure uniform and stable parameters of the fluidized bed of
perlite without the failure of particles in the sublattice space and the formation of a
stable superlattice zone.

The coefficient of hydraulic resistance (§) of the gas distribution device
(FDD) is determined by the static pressure difference in front of and behind the
grid using a highly sensitive differential pressure gauge. Determination of the
absolute, constant coefficient of hydraulic resistance of the perforated lattice  is
not possible. Due to the fact that the coefficient of resistance depends on many
parameters: the share of the living cross-sectional area, the diameter of the holes,
the velocity of the coolant [1].

To determine the coefficient of hydraulic resistance of the perforated lattice
¢ in a laboratory installation [2]. three gas distribution grids with different hole
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diameters of 3 mm, 4 mm, and 5 mm were investigated. The results of the study

are shown in Table 1. The coefficient of hydraulic resistance of the gas distribution

grille with holes with a diameter of 3 mm is much lower than the resistance

coefficients of gas distribution grilles with a diameter of 4 mm and 5 mm (Figure

1), which reduces energy consumption during the process [3].

Table 1 - Parameters of experimental research

Ne | Coolant costs m*/s Speed in the holes | Hydraulic Dynamic pressure
exp of the lattice m/s resistance Pa Pa

eri [3mm |4mm|5mm

me 3mm|4mm|5mm | AF;, |AF, |AP; |P, | E P

nt

1 0,0086 | 0,009 |[0.015 |2450 |1572 |15.33 |294 |29 |49 366 |151 |143
2 0,014 |0,016 |0.016 |38,85 | 2589 |16.57 |441 |245 |127 |921 |409 | 167
3 0,015 0,018 | 0.022 | 41,13 | 29,38 | 22.62 | 539 |470 |303 | 1033|527 312
4 0,018 |0,023 | 0.024 |50,45 | 36,69 | 24.48 | 931 |666 |392 |1554 | 822 |365
5 0,019 |0,025 |[0.026 |55,07 |39,74 | 26.50 | 1274|882 |490 |1852 | 964 |428
6 0,021 | 0,027 |0.027 | 60,37 |43,02 |27.67 | 1470 | 1078 | 588 | 2225 | 1130 | 467
7 0,022 |0,028 | 0.03 |61,87 |4391 |30.15 | 1764 | 1196 | 695 |2337 | 1177 |555
8 0,023 |0,029 |0.031 |65,24 |46,70 | 31.32 | 1901 | 1372 | 774 | 2599 | 1332 |598
9 0,025 |0,03 [0.031 |69,77 |47,73 |32.07 | 2313 | 1470 | 842 | 2973 | 1391 | 628

The decrease in the coefficient of living cross section is accompanied by an

increase in the velocity of the gaseous coolant and a decrease in the coefficient of

hydraulic resistance (Figure 1).

3

2

= =
=

Coefficient of hydraulic
resistance of fracturing
=]

.,_

0,019 0,033

The coefficient of live cross section of the holes

5 mm

3 4 mm
3mm

0052 f

Figure 1 - the dependence of the coefficient of hydraulic resistance of

fracturing on the coefficient of live cross section of fracturing holes
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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.

AP,
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%

Pt w]’
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Dynamic coolant pressure

Figure 2 - the dependence of the pressure drop on the fracturing lattice on the

dynamic pressure of the coolant

Conclusions: the dependences for calculation of coefficients of hydraulic
resistance of fracturing lattices are established; the dependence of the coefficient of
hydraulic resistance on the live cross-section of the holes of the fracturing lattice is

determined.
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Anomauis.

Haseoeno onuc moodepuizayii nHaxamy nanepopoOHOI MAWUHU ULTIAXOM
B6CMAHOBIEHHA YUNIHOpA HAKAmMy 3 CUCMEMOI0 0X0100xcenHs. Mooeprizayis
nOJISI2A€ Y 6CMAHOGIEHHI YUTIIHOPY HAKANM) 3 CUCIEMOI0 NI08EOeHHS XOJI0OHOI 800U
ma 6i08e0eHHs1 MenJioi, wo 003801UMb 000AMKOBO 3B80J10X4CY8AMU NANIp nepeo
HAMOMYBAHHAM HA MAMOYPHULL 84N, MAa HNOKPAWUMb WIIbHICMb [ AKICMb

HAMOMY6AaHHAL.

KJIFOYORBI CJIOBA: LIHJITH]IP, TIAIIIP, MOJ/IEPHI3AL]IA,
HAMOTYBAHHA.
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 upgrading and improving their performance.

A paper machine consists of a great number of parts. However, one of the
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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.

‘:rr L,_ ‘:

.

O

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 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.
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2 3 4 5

1 - ‘ |
-

1 - a roll 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.
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POS’Z]Z}ZHymO ma 6UOieH0 OCHOBHI MemooOU 6U3HAYEHHS SAKICHUX NOKA3HUKIB
OIONIAMUCKY HA OCHOBI KPOXMANI0 Ma HABEOEHO KOPOMKI ONUCU IX CYmMHOCMI, a
makooic ix nepesacu Ha Heooniku. Onucamo cnekmpockonii, xpomamozpagiro,
MepMIYHULL aHAali3, Memoou GU3HAYEeHHs @QI3UYHo20 cmawy Oiononimepy, U020
83A€MO0II0 3 80102010 MA NAPOIO MA 30aAMHICMb 00 PO3KIAOAHHS Y NPUPOOHIX
YMOBAX, BICKO3UMEmpIito, OUCNEPCHUUl aHANI3 2PpaHy# ma Memoou GUHAYEHHS
MEXaHIYHUX 61acmusocmell.

Knwuosi cnoea: Oioniacmux, Kpoxmaib, MeXAHIYHI  GLACMUBOCHI,
cmpykmypa.

Summary

The main methods of determining the qualitative indicators of bioplastics
based on starch are considered as well as brief descriptions of their essence, as
well as their advantages and disadvantages are given. Spectroscopy,
chromatography, thermal analysis, methods for determining the physical state of
the biopolymer, its interaction with moisture and steam and the ability to
decompose in natural conditions, viscosimetry, disperse analysis of granules and
methods for determining mechanical properties are described.

Keywords: bioplastic, starch, mechanical properties, structure.

Today, one of the global problems of mankind is the pollution of the
environment with synthetic polymers. It is possible to reduce the harmful impact
on the environment by using polymers from biodegradable materials. Starch-based
polymers are becoming more widespread due to their bioconversion into
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environmentally friendly substances, easy renewability of their raw materials and
the possibility of using equipment for their production similar to that used in the
processing of synthetic polymers. The novelty of biodegradable materials and
technologies of their production determine the lack of common standards for
assessing the quality of the obtained polymers based on starch.

The purpose of the publication is a brief overview of methods for assessing
the quality of polymers from starch-containing raw materials.

Among the main methods of analysis of polymers based on starch the most
used are:

1. Spectroscopy: ultraviolet, infrared, X-ray, mass spectrometry, as well as
the method of nuclear magnetic resonance.

Ultraviolet spectroscopy makes it possible to study the processes of
complexation, to study the kinetics of chemical reactions, as well as prediction of
the polymerization kinetics parameters. The main disadvantage of this method is
the inability to assess the configuration and conformation of macromolecules [1].

IR spectra are used to identify polymeric materials, structural group analysis,
quantitative analysis, to study intra- and intermolecular interactions, to establish
the configuration of macromolecules, to study the kinetics of polymerization, etc.
The main disadvantage of this method is the complexity, as well as the complexity
of the analysis of the obtained data [2].

Nuclear magnetic resonance (NMR) is usually used to determine the structure
of a substance as well as to determine the molecular weight of the polymer. The
advantage of NMR spectroscopy is the relative simplicity of evaluation of the
obtained results and the ability to perform absolute quantitative determinations
(without model calibration). A limitation of the method is the condition of
sufficient solubility of the polymer. The main disadvantage is the high cost of
equipment and quite serious safety requirements [3].

X-ray diffraction allows to identify crystalline substances with a high degree
of selectivity and accuracy. X-ray diffraction can be used to identify mainly
crystalline compounds [2, 4].
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Mass spectrometry of polymers is a method of studying the chemical
structure, composition and properties of polymers by determining the mass (often
the ratio of mass to charge) and the number of ions obtained by ionization of
volatile decomposition products of the analyte. This allows you to use this method
for identification of polymers as well as for analysis of polymer compositions. In
addition to the analysis of the composition, this method is widely used in the study
of the mechanism and kinetics of chemical transformations in polymers [5].

2. Chromatography: gel permeation chromatography (GPC), pyrolytic gas
chromatography (PGS).

Currently, for starch-containing polymers, chromatography is widely used to
address a wide range of issues: analysis of monomers, solvents, plasticizers, the
study of kinetics, etc.

Gel-permeation chromatography is the most common method of determining
the molecular weight distribution, due to the possibility of complete automation of
the method, relatively low cost of devices, high analysis speed and the ability to
use for all polymers without exception [6].

In the case of pyrolytic gas chromatography, the polymeric material is
subjected to decomposition at high temperatures and then chromatography of
gaseous degradation products is performed. This method identifies the polymer by
pyrolysis products in stationary conditions, evaluates the thermal stability of
polymers and materials based on them and determines the volatile products formed
at different pyrolysis temperatures. [7].

3. Thermal analysis, mainly thermogravimetry and differential thermal
analysis.

Thermogravimetry is used in the study of thermal destruction of
biodegradable polymers (kinetics and mechanism of destruction), heat resistance of
biopolymers, oxidative destruction, solid-phase reactions, determination of
moisture, ash content of polymers, study of absorption, adsorption and desorption
[8, 9].
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Differential thermal analysis is used in the study of processes occurring in
polymers during heating or cooling. Usually used to determine the glass transition
temperatures, melting, crystallization and decomposition of polymers [10].

4. Methods for determining the physical state of polymers:
thermomechanical and frequency-temperature.

The essence of the thermomechanical method is to determine the main stages
of change in physical condition: vitreous, highly elastic and viscous. It is also used
to study the effect of plasticizers on the mechanical and technological properties of
polymer systems, fillers and other ingredients injected into polymers [11, 12].

5. Viscosimetry. To determine the viscosity of biopolymers, capillary
(constant flow or constant pressure) or rotary (mainly coaxial cylinders)
viscometers are used, as well as «cone-plane» plastomers [13, 14].

6. Methods for determining the structure and particle size distribution:
optical microscopy, thermomicroscopy, cryomicroscopy, scanning electron
microscopy and other automated methods.

Optical microscopy is performed manually using conventional light
microscopes. This method can visually assess the morophology of changes in
starch granules - their size, shape [15].

Thermo- and cryomicroscopy is used to determine the nature of changes in
the morphological state of starch granules with the supply of different temperatures
[16, 17].

SEM-microscopy is generally used to obtain a three-dimensional image of
starch granules for a more accurate visual assessment of their change [18].

A common disadvantage of microscopic methods is the complexity of the
analysis, which can be reduced by automated systems for determining the size of
the granules and determining the dispersion of their composition [19].

7. Methods for determining the physical and mechanical properties of
biopolymers. Among the main indicators of physical and mechanical properties of
biopolymers are primarily density, strength, hardness, modulus of elasticity, vapor
permeability, sensitivity to moisture and biodegradability [20, 21, 22].
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The ability of polymeric materials to withstand loads applied at high speed, is
assessed by their impact strength. For this, one mainly method is used which
consists of testing the sample in the form of a standard bar with an incision
(Charpy method) or without it, which is examined on a standard pendulum copra.
According to the second method, the sample with a notch (Izodom method) or
without it (Dinstat method) is fixed cantilevered.

Known methods for determining the hardness differ in the geometry of the
indenter. According to Brinell's method, a steel ball is pressed into the polymer,
according to Rockwell's method — a diamond or metal cone, according to Vickers'
method — a diamond pyramid. Either the depth of indentation of the indenter or the
size of the obtained imprint is measured.

Due to the fact that bioplastic is quite sensitive to moisture and relative
humidity in the environment as a whole, it is also necessary to determine its vapor
permeability and analyze the amount of moisture absorbed under normal
conditions, as well as in conditions of high relative humidity. The obtained results
make it possible to assess the suitability of the obtained bioplate for use in various
fields and conditions [23, 24].

Also, one of the main indicators of the quality of the obtained bioplastic is its
ability to ability to safely decompose in the environment. In general, to determine
this characteristic, bioplastics are placed in environmental conditions (soil,
compost, etc.), and determine the time during which the biopolymer is completely
decomposed [25].

Based on this review, we can conclude that in the absence of standards, a set
of quality indicators of bioplastics and test methods for its determination are
chosen based on the requirements for each case of a particular material, taking into
account technical measurement capabilities, time and other constraints. In terms of
production, it is desirable to choose the minimum required number of quality

indicators, which will be sufficient to ensure the requirements for the products.
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Abstract

The description of the fluid flow during cylinder rotation of cardboard paper
machine. Was allocated constructions of stationary and rotating siphons as
components of circulation systems of heat medium of cylinders. Was indicated the
areas of their application.

Keywords: cooling, heat-transfer, siphon, water, differential pressure,

cylinder.

Anomauin

Haseoeno onuc pyxy 6odu nio uac obepmamnms XOJI00UNbHO2O YUNIHOPA
nanepo- abo KapmoHopooOHoi mawiunu. Budineno koncmpykuyli cmamuynux ma
00epmosux cughonis, K CKIA008UX cucmeM YUPKYIAYIl MenioHoCiie yuuiHopie.
3asznaueno obaacmi ix 3acmocy8anHs.

Kniwouosi cnosa: oxonoosicenns, menenonepeoaua, cughow, 6oda, pizHuys

muckis, yuninop.

Cold water is used as the heating medium in a cooling cylinder and enters
the cylinder through water sprayer. The cooling cylinder must reduce the sheet
temperature uniformly across the web. To ensure uniform heat reduction, an
effective cooling system introduces a mixture of cold water and air to provide the
required differential pressure to evacuate the warmer water at a rate that keeps the

cylinder’s surface temperature constant. Removal of the warm water from cooling
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cylinder by means of siphon the same as removal of condensate in the dryer

section. All modern syphons require a certain amount of differential pressure,
which provides continuous evacuation of water through a siphon which is located
inside the cooling cylinder shell [1].

In cooling cylinder by means of centrifugal force causes the 3 stages water
behavior at various speeds (puddling, cascading and rimming). A schematic
drawing the four main stages of water behavior shown in Figure 1:

« Stage 1, no rotation — cold water forms a pool in the bottom of the
cylinder.

. Stage 2, puddling — as the cylinder begins to turn, the puddle moves up
with the rotating cylinder shell, and a thin film of water forms around the shell
surface.

« Stage 3, cascading — faster rotation of the cylinder causes the puddle to
move farther up the shell until gravity forces overcome centrifugal forces and the
water showers back into the bottom of the cylinder.

. Stage 4, rimming — as the cylinder rotation speed is increased further,
centrifugal forces overcome gravity forces so that the film thickness is uniform all

around the cylinder shell.

aere

Stage 1 Stage2 Stage3 Stage4
No Rotation Puddling  Cascading Rimming

Fig. 1 Water behavior in cooling cylinder
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The cascading stage offers the best heat transfer because of the very

turbulent conditions inside the cylinder, but the power surges may cause gear and
bearing problems [2].

The siphons could be of stationary or rotary type. For rotary siphons, the
centrifugal force of the water must be overcome, meaning requirement of higher
differential pressure. Stationary siphons are more efficient and are not very speed
dependent with respect to differential pressure. Comparison of rotary and

stationary siphons shown in the schematic drawing in Figure 2.

1 — rotary siphon, 2 — stationary siphon

Fig. 2 Comparison of rotary and stationary siphons

Stationary siphons usually are used for low- and middle-speed open gear

machines. The wide scoop-like frontal opening of the shoe is ideally suited for
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machines operating at speeds that promote puddling and initial rimming behavior
of the water — conditions at which the water ramps over a narrow cylinder
circumference. The wide opening profile maximizes water evacuation during the
relatively short time it rotates through the water layer. Rotating siphons usually are
used for high-speed machines that promote puddling and rimming water behavior.
Modern paper and board machines often have dual-purpose (cooling or
drying) cylinders. These versatile “swing” cylinders have special requirements to
enable them to perform effectively in either mode. A schematic drawing of a dual-

purpose stationary siphon shown in Figure 3 [3].

AlR
AlIR

STEAM
INLET
QUTLET

INLET \

WATER

OUTLET \

COMNDENSATE
WATER

i DRYING MODE j COOLING MODE

Fig. 3 Stationary siphon for cooling and dryer cylinders

On high-speed machines, stainless steel turbulence bars are normally used to
break up the laminar water layer and thus improve heat transfer. Turbulence bars
form a cage-like structure around the inside diameter of the cylinder. This
improves the uniformity of the dryer surface temperature, ensuring an improved
sheet moisture profile. The configuration, spacing and bar size determine the
degree of turbulence inside the cylinder shell. Turbulence bars are especially

effective in combination with stationary siphons [4].
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Abstract:

The method of intensification of pressing on the shoe press of a cardboard
machine is given. A fundamentally new design of the press tape of shoe press is
proposed, which allows to significantly reduce the hydraulic resistance and,
accordingly, increase the speed of the water filtration process in the cardboard and

dress, which provides a significant increase in cardboard dryness after pressing.
KEY WORDS: SHOE PRESS, PRESSING, BELT, CARDBOARD
Anomauia:

Haeeoeno cnocio inmencughixayii npecysanns Ha OQUMAYHOMY Npeci
KapmoHOpoOHOi Mmawunu. 3anponoHo8aHo NPUHYUNIAIbHO HOBY KOHCMPYKUIIO
npecy8anbHoi cmpiuku O6aWMauHo20 npeca, SIKA 0036018€ 3HAYHO 3MEHUUMU
2iopasniunHull onip i 8i0N08IOHO 30iIbWUMU WUBUOKICMb npoyecy pitbmpayii 600U 6

Kapmowi i CyKHI, wo 3abe3neuyye cymmege 30LIbUleHHST CYXOCMI KAPMOHY NiCisa
npecy.

KJTFOYOBI CJIOBA: BAIIIMAYHUHU TTPEC, IIPECYBAHHA, CTPIYKA,
KAPTOH

An urgent problem of increasing the productivity of cardboard machines,
reducing energy consumption is to increase the dryness of the pressed cardboard

sheet.
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Shoe presses are used as the final presses of the press part of paper and
cardboard machines. The dryness of the cardboard at the entrance to the drying
part depends on their efficiency.

In the process of modernization, the existing design objects were analyzed
[1], [2], [3] and the following problem was revealed in the construction of the shoe
press belt, grooves for drainage of extruded water are made on the bearing surface
of the tape, prone to compression. The negative factor leads to their clogging with
cardboard mass, which increases the filtration resistance and impairs the process of
removing water from the cardboard cloth. This disadvantage is very significant in
terms of efficient use of resources for drying, because the greater the dryness of the
cardboard after the shoe press, the less heat is consumed by the drying part.
Approximate increase in dryness after the shoe press by 1% allows to reduce heat
consumption by the drying part by 5%.

The main task of this work is to create a belt with a new coating, which will
solve the lack of clogging of the grooves and improve the quality of cardboard
pressing.

This tape is made of wear-resistant polyurethane reinforced with Kevlar
threads. On the outer surface of which are made blind holes (Fig. 1). A feature of
the grooves is the possibility of self-cleaning. This is due to the action of

compressed air in them and the centrifugal force.

d — hole diameter; 11,12 — the distance between the holes

Figure 1 — Outer layer of shoe press belt
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1 — Kevlar threads; 2 — polyurethane coating; 3 — blind holes

Figure 2 — Cross section along A-A to Figure 1

The pressing process takes place in three stages (Fig. 3):

1) cloth fall under in capture with a cardboard cloth;

2) under the action of the pressure that creates the shoe, the cloth and the
cardboard cloth are deformed, while the water from the deformed
capillaries of the cardboard and partially the cardboard mass is filtered
into the cloth, and through the cloth into the blind holes of the belt;

3) under the action of centrifugal force and compressed air in the blind

holes, the pressed fibers of the mass are pushed out of the blind holes.

1 — clamping shaft; 2 — belt ; 3 — cloth;
4 — cardboard cloth; 5 — shoe

Figure 3 — Stages of pressing cardboard cloth
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Conclusion: the proposed new design of the shoe belt will strengthen the
process of filtering water into the cardboard and fabric and increase the dryness of

the cardboard after the press, so it is advisable.
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The problem of plant wastes utilization is important and urgent not only in
Ukraine. One of the most promising way for the processing of such kind of
wastes is the application as biosorbents for heavy metal ions removal from
wastewaters. The attractiveness of biosorbents application is connected with its
cheapness and availability, as well as annual renewability. Such raw materials
include primary plant materials, such as timber, and secondary plant resources -
waste from wood processing, agriculture, and the food industry. In order to create
a low-waste technology of wastewater treatment from heavy metal ions, it is
necessary to develop efficient methods for for the utilization of spent biosorbents.
One of the most promising ways for the disposal of the sludge formed through
water treatment is their use in the composition of building materials. The
sediments after water treatment can be used as the activators of cement hardening
or can partially replace cement in the concrete.

The aim of this study was to study the effect of initial and modified walnut
shells as additives on the physical and mechanical properties of cement.

For this purpose, ground walnuts shells (particle size of 0,5-1,0 mm) consist
of 41,2%, cellulose, 37,5% lignin, 5,2% resins, fats, waxes, 2,3% minerals and
modified with 10-75 wt.% H;PO, were used as a raw material. Initial and
modified shells were used as additives in the composition of cement. The cement
of 1/500 type was used for this purpose. The mineralogical composition of the
cement is the following, wt. %: CsS — 57,10, C,S — 21,27, C;A — 6,87, C,AF —
12,19. The samples preparation was done by mixing all components in the ball
mill for 20 min. The samples were then tested for normal density, hardening time,
compressive strength and coefficient of water removal.
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While evaluating the effect of unmodified walnut shell on the physical and
chemical properties of cement, it was established that the unmodified walnut
shells play the role of a fine additive, that increases the normal density and
accelerates the hardening as can be seen from Table 2. The acceleration of
hardening takes place due to the fact that the fine additive acts as a thickener
(similar to clay). The compressive strength of cement samples decreases with the
increase in the walnut shells content but the effect is a minor. This can be
explained by the increased normal density of the cement paste. The coefficient of
water removal also increases, but not significantly, and the increase in the content

of the sells above 3% does not lead to any changes in values.

Table 1 — The effect of walnut shawls content in the composition of cement

on its properties

Walnut Hardening time, _ Coefficient
Normal _ Compressive strength, %
shells _ min of water
density,
content, _ at the age | at the age of | removal,
% begging | end
wt. % of 2 days 28 days %
- 24,0 62 140 100 100 4,1
1 24,5 60 130 98 98 4,5
3 27,1 45 90 68 95 6,0
5 28,4 40 75 65 80 6,0

The influence of adding of 1,5% of modified walnut shell on the properties
of cement is shown in Fig. 2. The data show that the impact of the modified
walnut shells on normal density is quite insignificant if compared to the initial
material. It is also obvious, that the acid modification of shells leads to a decrease
in the beginning of hardening of cement due to the higher lignin content. The
compressive strength increases in all cases due to the fact that lignin shows good
binding properties. The coefficient of water removal changes insignificantly in

comparison with the initial material.
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Figure 1 - Properties of cement with the adding of 1.5% modified walnut

shells, prepare with the application of H3PO, of different concentrations:

a — normal density; b — hardening time; ¢ — compressive strength;

d — coefficient of water removal.

Thus, taking into account the positive effect of adding the shells on the

physicochemical properties of the cement, it can be recommended to use this fact

in the development of an effective method of its utilization through the

application in cement production in quantity of 1-3%.

The utilization of waste biosorbents through the use in the composition of

building materials is effective from an economic point of view and is also very

important for resource saving. This approach allows to ensure the sustainable

development of many branches of industy as well as of agro-industrial complex.
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Nowadays it is necessary to develop new native resources of raw materials
for produce of consumer goods. In the last decade, the increasing interest to
develop new methods of producing valuable products from renewable raw
materials is observed all over the world. Of particular interest is the chemical and
biochemical processing of secondary lignocellulosic materials, namely, plant
residues of the agro-industrial complex. Today, this residue is used in small
quantities as organic compost. A small part of this waste also is burned as solid
fuel, but most of it is still not useful and needs utilization. In this regard, there is a
need to develop effective ways of its processing. Any plant material consists of
cellulose, hemicelluloses, lignin and other components in small quantities that
exhibit different properties, including sorption, due to the multicomponent
composition and the presence of different active functional groups. The
processing of waste and by-products of plant materials into pulp, cellulose and
biosorbents is considered to be a promising field of chemical technology and
ecology.

Bagasse (stalk residues after juice extraction) and straw (leaves) are low-
value by-products that result from the processing of sugarcane and can be
considered as promising material for a number of valuable products. The results
of the study showed that bagasse (cellulose 42.1%, hemicelluloses 33,8%, lignin
21,4%, extractives 0,8%, ash 3%), and straw (cellulose 37,2% hemicelluloses
30,6%, lignin 19,6%, extractive substances 4,3%, ash 7,8%) of sugarcane are
close in content of the main components. In general, the data obtained indicate a

133



36ipuuk Te3 nonosigeit XVIII mixkHapoaHoi HAyKOBO-IPaAaKTHYHOI KOH(pepeHIlii CTy1eHTiB,
acnipanTiB i MmoJsionux BueHux ”PecypcoeHepro3oepirarwdi TexnoJorii Ta odJagHaHHA"

high content of carbohydrate components in the investigated materials. The high
content of the high molecular weight polysaccharide component may indicate the
high mechanical strength of the fibers.

The aim of this study was to obtain pulp from sugarcane residues using
alkaline treatment, and to investigate its yield and lignin content.

The surface of the materials is heterogeneous and contains macro- and

micro-pores (Fig. 1).

20 um

Figure 1. Micrographs of the surface of sugarcane processing waste:
a — bagasse; b - straw.

Methods of adsorption/desorption of nitrogen and sorption of benzene vapor
were used to study the porous structure of raw materials. According to the data
obtained, the specific surface area and battle of adsorption pores of bagasse and
straw are 1,35 m?/g and 0,08 cm®/g and 1,93 m?/g and 0,05 cm®/g, respectively.

The sugarcane bagasse and straw were subjected to alkaline treatment.
Materials were cooked in two stages with a solution of NaOH with a
concentration of 4%, solid/liquor ratio was 1:5, the temperature for the both
stages were 120 °C, cooking time varied from 30 to 120 minutes.

The results are shown in Table 1 and on Fig. 2. The analysis of the data
shows that increasing in cooking time from 30 to 120 min reduces the yield of the
product in both stages. This is explained by the dissolution of low molecular
weight fractions of carbohydrates, partial removal of lignin and ash components.
Fig. 1 shows that with increasing cooking time lignin content decreases, which is

explained by the partial dissolution of lignin and its removal into solution.
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Table 1 — The effect of cooking time on yield of the product after in each

stage BapiHHSA

RaV\_/ T”T‘e’ Yield after first stage, % | Yield after second stage, %
material min
30 53,27 74,71
Bagasse 60 51,14 73,27
g 90 48,38 71,41
120 44,14 69,12
30 42,16 73,87
Straw 60 38,86 72,49
90 37,13 71,49
120 35,81 70,12
24
= 20
218
2 16
& 14 A e
= 12 A
10
20 70 120

Cooking time, min

Figure 2 — Lignin content in product after sugarcane residues cooking:
1 —bagasse in 1 stage; 2 — bagasse in two stage; 3 — straw in 1 stage;

2 — straw in two stage

In general, it can be concluded that sugarcane residues can be successfully
delignified to produce pulp for different purpose, for example, or the needs of
pulp and paper industry, further chemical processing into valuable products, for

the production of biosorbents.
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The paper industry is one of the sources of environment pollution because of
the consumption of a large amount of water and formation of a huge quantities of
wastewaters, which differ in composition, depending on the range of products
produced. The paper and cardboard manufacturing is a quite complex and multi-
stage process. The equipment for paper formation produces wastewater with a high
content of soluble and insoluble substances. In order to reduce the anthropogenic
load, the implementation of using recycling water can be created. But this method
iIs too difficult to perform, because of the formation and accumulation of dissolved
mineral salts and mucus in system. During treatment of such wastewaters, a large
amount of solid wastes which contains, not only natural fibers but also mineral
components, is formed. The main part of this wastes remains unused and requires
the development of effective disposal methods.

Methods for solid wastes of paper industry utilization have been described in
many publications (as a component of concrete mixtures, in the manufacture of
bricks, as a base of gypsum plaster, as a component of wood-fiber boards, as a
filler of insulation blocks), but none of the investigated methods has acquired
industrial use. For nowadays, only landfill or incineration is used on an industrial
scale for the utilization of solid wastes of paper industry, which has a negative
impact on the environment. Therefore, the problem of efficient utilization of such
wastes is an urgent one. One of the possible effective methods of its utilization

can be the application in epoxy composites.
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In this work solid waste of paper industry in the form of fibrous material
(FM) was used as the raw material. The value of the redox potential (pH) is 6,5,
humidity — 85,4%. The mineral constituent includes ions of Pb(ll), Zn(l1), Cu(ll),
Cd(ln), Cr(I1), Ni(ll), Mn(ll). The commercially available epoxy resin CHS-
EPOXY520 and hepolyethylene polyamine (a curing agent) were used to prepare
composites. The content of FM in composites was 20%. It was added
immediately after stirring main components, and then the composition was
homogenized and formed into samples. The polymerization was occurred at a
room temperature during 72 h.

Investigation of the mechanical properties of obtained composite testifies
about good compatibility between CHS-EPOXY520 and FM (due to the fact that
both materials contain a significant content of hydroxyl groups) and about high
strength and flexibility of the composites. The results of the laboratory
experiments are shown in Table 1. As can be seen the adding of FM in the
composition of composites leads to the increase in some parameters.

Table 1 - Strength parameters of epoxy composites.

Strength parameters Unfilled With adding of 20% FM
Bending strength, kg/mm?® 5,0 5,1
Module 1*1000, kg/cm? 16,2 20
Compression load, kgf 320 300
Abrasion, mg 100 90
Fire resistance, sec 1 2

Epoxy plastics are quite resistant to many aggressive mediums. But there are
a number of solvents and mediums, such as acetone and its solutions with ethyl
acetate, nitric acid, chlorocarbons, peroxides, that are very aggressive for
polyepoxides. The effects of acetone and hydrogen peroxide onto epoxy
composites swelling degree are shown in Fig. 1 and Table 2. As seen from Fig. 1,
the filling of epoxy composites with FM leads to an increase in its resistance to

acetone. If unfilled cannot stand in acetone for more than 2 days, then filled
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sample can withstand more than 10 days. At the same time, the lower degree of

swelling is observed for filled sample.

30

—o—Untilled

0 5 10 15 20 25
Time, days

Figure 1 - Effect of acetone onto epoxy composites swelling degree.

Table 2 - Effects of hydrogen peroxide onto epoxy composites swelling

degree.
Days Swelling degree, %
Unfilled With adding of 20% FM
0 0 0
1 2,1 0
2 6,2 1,0
3 6,2 2,4
4 6,2 2,9
19 12,4 9,0
55 19,6 20,0

Table 2 shows that filling of epoxy composite with 20% of FM also leads to
an increase in resistance to concentrated hydrogen peroxide. This is effect is
pronounced during first month of investigation. However, increasing the duration
of the experiment indicates that the swelling values becomes are almost the same
for both unfilled and filled composites.

In general, it can be concluded that solid wastes after paper production can
be regarded as perspective and promising material for application as a filler of

epoxy composites, which is confirmed by the results of the present studies.
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Today, a promising area for research and development work is the
development of resource-saving methods of environment protection with the
application of wastes and residues of agriculture. One way to reduce the amount
of pollutants in wastewater is to use sorbents of different origins for toxin
removal. In recent years, special attention has been directed by researchers
toward the development of sorbents and enterosorbents derived from available
raw materials such as components of plants. From an economic point of view, it
Is promising to use solid plant wastes, i.e., lignocellulosic materials from the
agriculture and food industry and their components, as the sorbents.

Lignin is the most common natural polymers of aromatic nature. For
nowadays, one of the important tasks of chemical technologies is to study the
properties of lignin as a multitone by-product of delignification.

The aim of this work was the investigation of the sorption properties of
lignin after organosolv cooking of wheat straw towards methylene blue.

The efficiency of methylene blue sorption is largely determined on the pH of
its aqueous solution. This is due to the property of the surface of the different
plant material to get positive, neutral or negative charge depending on the pH of
the aqueous solutions. The results of the study the pH influence onto methylene
blue sorption capacity of organosolv lignin era given in Fig. 2. The sorption
efficiency increases rapidly with an increase in pH from 3.0 to 5.0. The further
increase is smaller and the maximum sorption capacity is reached at pH 6 and for

further it remains constant with the next increase in pH.
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Figure 1 - Influence of pH onto the sorption capacity of organosolv lignin to

methylene blue.

The dependence of the sorption efficiency of organosolv lignin towards
methylene blue on the time of the process is given in Fig. 3. It can be seen that on
the first period of time, which ends 60 min, the maximum removal of methylene
blue is observed, but the further sorption occurs a little bit slower and the full

sorption equilibrium reaches after 120 min from the beginning of the experiment.
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Figure 2 - The dependence of the sorption capacity of organosolv lignin on

methylene blue on the duration of sorption.

140



36ipuuk Te3 nonosigeit XVIII mixkHapoaHoi HAyKOBO-IPaAaKTHYHOI KOH(pepeHIlii CTy1eHTiB,
acmipaHTiB i MoJioauX BUeHUX ’PecypcoeHepro3oepirarodi TexHoJorii Ta odJiagHaHHA”

The adsorption isotherm plays an important role in description of how the
adsorbate interacts with the adsorbent and gives an idea of the adsorption capacity
of the sorbent. The study of adsorption equilibrium was carried out with initial
concentrations of methylene blue in aquase solution from 30 to 500 mg/l. At the
concentration of methylene blue in the solution lower than 100 mg/l, the sorption
efficiency increases linearly with the increase of the dye concentrations (Fig. 3).
Further increase in the sorption efficiency occurs more slowly and the maximum

of 44.7 mg/l is reached.
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Figure 3 - The dependence of the sorption capacity of organosolv lignin on

the equilibrium concentration of methylene blue.

In general, the presented data correspond well to the literature data. It is
promising for further to study the structure of organosolv lignin and to investigate
its sorption ability towards heavy metal ions.

Such approach important for our country because of the fact that Ukraine is
a developed agricultural country, which produces o lot of solid wastes and
residues of cereals that can be regarded as promising material for delignification
and for the obtaining of different goods for different purpose. Also, it will help to

ensure environment protection through the efficient utilization of solid wastes.
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Anomauyia. B xo00i 6uKoHaHHA pOOOMU NPOBEOEHO OOCHIONCEHHI 3 Memoro
BUABIEHHS NO3UMUBHO20 BNIUBY MOOUPDIKOBAHUX NULEHUUHUX KPOXMAIbHUX Kileis
HA KOMNIEKC (Ii3UKO-MeXaHiYHUX NOKASHUKIE Nanepo8oco noJomHua. 36ax#caroyu Ha
me, w0 OCHOBHUM YIHHUM KOMHOHEHMOM MAaKyiamypu € Yeniol03HI 60J0KHA,
00CNiOJCeH s, AKI NPo8edeHi nio Yac 8UKOHAHHS OAHOI OOCHIOHUYbKOL pobomu,
CNPAMOBAHI HA MAKCUMANLHO MOJMCIUBE YMPUMAHHA YUX BOJIOKOH NANepo8uUM
NONOMHOM 0e3 Ccymmegoeo nocipuienHs tioco skocmi. Ilposedeno cepiro
eKCnepumMenmie 3a 6UKOPUCMAHHA 8 AKOCMI 3MIYHIOBAIbHO20 A2eHMA NULEHUYHO20
Kpoxmanio. 3 Memoio CKOpOUeHHsl KILlbKocmi 00cnidie ma NiosuujeHms
iHpopmamuenocmi  eKcnepumenmy  NONEpeoHbo  pPO3POOAEHO  MAMPUYIo
eKCnepUMeHmanbHux 00CNi0HCEeHD 3a BUKOPUCTNAHHS Kpumepiis
iHpopmamuenocmi ma wymocmiukocmi. 3a pe3yiomamamy eKCnepUMeHmaibHux
dociodcerb 6y0ymov po3poOiieHi MamemMamuiti Mooeni, O0CAIOHCEeHHS AKUX 0ACTb
eKCNepUMEeHmMamopy MONCIUBICMb BIOCIOKY8amu 8ci npoyecu, wjo 8i00y8aromovcs
3a BUKOPUCNAHHA NUEHUYHO20 KPOXMATI0, ma nidiopamu OnmuManbti to2o 003u
8 npoyeci 8U20MOGIeHHsI Ne8HO20 BUAY nanepy i3 3a0aHUMU Di3UKO-MeXaHiYHUMU
61ACMUBOCMAMU.

Knwuoei cnoea: kpoxmanvui Kiei,nanepoge NONOMHO,  (DI3UKO-MEXAHIUHI

NOKA3HUKU, Manpuyio eKcnepumeHnnty, mamemamuyHi Mooeri.

Summary. In the course of the work, a study was conducted to identify the positive
effect of modified wheat starch adhesives on the complex of physical and

mechanical parameters of the paper web. Considering that the main valuable
142



36ipuuk Te3 nonosigeit XVIII mixkHapoaHoi HAyKOBO-IPaAaKTHYHOI KOH(pepeHIlii CTy1eHTiB,
acmipaHTiB i MoJioauX BUeHUX ’PecypcoeHepro3oepirarodi TexHoJorii Ta odJiagHaHHA”

component of waste paper is cellulose fibers, the researches carried out in the
course of this research work are aimed at the maximum possible retention of these
fibers with paper web without any significant deterioration of its quality. A series
of experiments were conducted to use wheat starch as a fortifying agent. In order
to reduce the number of experiments and increase the informativeness of the
experiment, a matrix of experimental studies has been pre-developed using
informative and noise immunity criteria. According to the results of the
experimental researches, mathematical models will be developed, the researches
of which will give the experimenter the opportunity to trace all the processes
occurring with the use of wheat starch and to find the optimal doses of it in the
process of making a certain type of paper with the given physical and mechanical
properties.

Key words: starch adhesives, paper cloth, physico-mechanical parameters,

experiment matrix, mathematical models..

The purpose of this work is to study the effect of modified wheat starch
adhesives on the complex of physical and mechanical parameters of the paper web
in the process of its formation.

As is known [1,2], the secondary fiber, which is obtained in the process of
recycling waste, is today an important source of raw materials for the manufacture
of paper and cardboard in the enterprises of the industry. However, partial or
complete replacement of expensive pulp for waste paper in cardboard and paper
products leads to a number of technological problems, although the cost of finished
products is reduced. Considering that the main valuable component of waste paper
is cellulose fibers, the researches carried out in the course of this research work are
aimed at the maximum possible retention of these fibers with paper web without
any significant deterioration of its quality.

To maximize the trapping of fibers on the mesh of the paper machine and to
maintain a complex of physico-mechanical parameters of products manufactured at
a sufficiently high level, starch adhesives are used.
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As adhesive agents for paper and cardboard cloth, starch adhesives are
widely used in the world practice of cardboard and paper production [3]. The
prospect of increasing the use of starch in the cardboard and paper industry is also
explained by the fact that starch is a renewable natural product. Starch is a complex
carbohydrate that is regarded as a polymerization product containing several
thousand monosaccharides in the molecule. The role of starches is especially
increasing in the context of deficiency of high quality cellulose fiber. The
environmental benefits of using starches as a means of enhancing the production of
fine fibers on the paper machine mesh are related to the natural nature of the
starches themselves.

To enhance starch retention, synthetic polymers are added, or modified
starch is used instead of conventional starch. This approach increases the retention
of starch on the fiber of the paper web in the process of releasing the paper pulp to
the grid of the paper machine, respectively, and during pressing and drying of the
paper web. Thus, it is possible to reduce the degree of pollution of the sewage,
namely: saturation with fine fibers.

Non-modified starch, modified starch, starch phosphates, starch diesters and
low-substitution starch acetates may be used in the waste weight compositions.

Normal unmodified starch is rarely used because of its poor solubility.
Starch dispersion in cold water has no binding force. The stickiness of the starch is
properly linked to the gelatinization temperature, which is a parameter dependent
on the plant from which the starch is made. Starch paste obtained from unmodified
starch has a relatively high viscosity at a very low concentration of dense particles.
Another disadvantage is that starch is not related to cellulose fibers that are
negatively charged. This impairs the retention of starch in the process of forming a
paper web. Modifications are used to eliminate these disadvantages.

In the process of modification, the hydrolysis (break) of glycosidic bonds
occurs, resulting in a decrease in the molecular weight of starch polysaccharides
and a decrease in the viscosity of its dispersions. Particular attention should be paid
to cationic modified starches, which may be the most unique class of starch
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derivatives that have recently become widespread. Their large scale of industrial
importance lies in their affinity for negatively charged cellulose molecules. Thus,
in solution, starch 'sticks' to the fibers, which helps to increase its retention on the
canvas and, accordingly, the physical and mechanical properties of paper or
cardboard.

Thus, in the course of research, a series of experiments were conducted to
use wheat starch as a fortifying agent. In order to reduce the number of
experiments and increase the informativeness of the experiment, a matrix of
experimental studies was previously developed using informative and noise
immunity criteria [4]. According to the results of experimental researches,
mathematical models will be developed [5], the researches of which will give the
experimenter the opportunity to trace all the processes occurring with the use of
wheat starch and to find the optimal doses of it in the process of making a certain

type of paper with the given physical and mechanical properties.
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HanionansHuit TeXHIYHUNA YHIBEPCUTET YKpaiHU

«KuiBcpkuii moniTexHiyHui 1HCTUTYT iMeHi [ropst CikopcbKoroy»

Hocniosceno ximiunutl cknad cmeben ouepemy ma npoyec OMpUMAHHI 3 HbO2O
yenronosu Ol XIMIiYH020 nepepoONeHHsT WISAXOM NPOBeOeHHs. 080X CmAOdili XIMIKO-
mepmiunoi 06pobKu. Bcmanosneno, wjo 3a  XiMIUHUM CKIAOOM ouepem ONU3bKULL
[HWUM npedcmasnukam pociunnoi cuposunu. Iloxkazano, wo nyxicHa o06podKa
CUPOBUHU 3MEHULYE BMICI MIHEPATbHUX PEHOSUH Y 80JOKHUCMOM)Y Hanigpabpuxami,
a NPoBeOdeHHs. OPeAHOCOIbEEHMHO20 BAPIHHA NPU3BOOUMb 00 OMPUMAHHS YeI0N03U,
NPUOAMHOI 018 XIMIYHO20 nepepoOieHHs.

Knrouoei cnosa: cmebno ouepemy, ximiune nepepoONieHHs, yenron03a,
JIYIHCHA 0OPOOKA, OP2aAHOCOIbEEHMHE BAPIHHSL, NICHIH, 30JIbHICMb

The chemical composition of reed stalks and the process of obtaining pulp from
it for chemical processing by carrying out two stages of chemical-thermal treatment
were investigated. It is established that the chemical composition of the reed is close
to other representatives of plant raw materials. It is shown that alkaline processing of
plant raw material reduces the content of minerals in the pulp, and carrying out
organosolvent cooking leads to the production of cellulose, suitable for chemical
processing.

Keywords: reed stalk, chemical processing, cellulose, , alkaline treatment,

organosolvent cooking, lignin, ash

3a0e3reueHHs] CBITOBOI TEHJCHINT 3pOCTaHHA OOCITIB BUKOPHUCTAHHS
IIETI0JI030BMICHOT TPOAYKINi TOTpedye 30UTbIIeHHS O0O0CATIB  BUPOOHUIITBA
IEJTFOJIO3HU, 30KpeMa TSl XIMIYHOTO TIepepoOICHHS Ha €TEPU Ta €CTEPH IETIOJIO3H,
OKCHUIIENION03y 1 HaHOMENi03y. (OCHOBHOIO CHPOBHHOIO [IJIi OTPUMAaHHS
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LENIOJIO3W Y CBITOBIM  II€NIIOJI0O3HO-TIANIEPOBI  MPOMUCIOBOCTI  3aJUIIAE€THCS
JIEpeBUHA XBOMHUX 1 JUCTSHUX MOPiA. 3MEHIICHHS CBITOBHMX 3allaciB JIEPEBUHU 32
paxyHOK 1i 1HTEHCHMBHOTO BHUKOPHUCTAaHHS HaJa€ TMOIMITOBX I TOMIYKY
ATBTEPHATUBHOI POCIMHHOI CHPOBUHHU. Takoi aabTepHATHBOIO MOXKE OyTH
HEJIEpeBHA POCJIMHHA CHPOBHHA, SKa 32 XIMIYHMM CKJIaJIOM OCHOBHHUX
KOMITOHEHTIB Ta JOBXHHOIO BOJIOKOH HE TOCTYIAEThCA JepeBuHi. Jlo HemepeBHOT
POCIMHHOT CHPOBUHHU BITHOCATHCS PIi3HI BHJIM OJHOPIYHHUX 1 OaraTopiyHuX
pocivH, 30Kkpema crebna ouepety. lle OararopiyHa pocivHa 3 HWIIHIPUYHUMU
a00 TpUrpaHHUM CTE€OJIOM BUCOTOIO 70 3,5 M, MOIIMpEHa MO BCIM 3eMHIN Ky,
pocTe B 60JI0THCTIH MictieBocTi [1].

[cHyroul TpaguIiiiHI METOIU OACPKAHHS LIENIOJIO3H, cepell AKX HanO1IbII
PO3MOBCIOPKEHUMU € CcyibhaTHUA Ta CynbQITHUNR crmocoOu aemirHidikarii
POCIIMHHOI CHUPOBUHHU, HAHOCATH MIKOAY JOBKULIIO 1 MOTPEOYyIOTh HOBUX OUIBII
CKOJIOTIYHO YHCTHX TEXHOJOTIHA, 30KpeMa OpPraHOCOJBBEHTHUX CIIOCOOIB
OJICp)KaHHs IIETI0JI03H. TOMY METOI J1aHOi POOOTH € JOCHIKCHHS METO/IIB
OJICp>KaHHs 13 cTeOeNl OouepeTy UENI0JIO3N I XIMIYHOTO mnepepoOsieHHs. Jlms
OTO B poOOTI BUKOPUCTOBYBAJIM OYepeT, BupoleHuid y KuiBchkiil obnacri, 1 3a
CTaHJAPTHUMHU METOJMKAMU BU3HAYMIM HACTYIHUNA XIMIYHUN CKJIaJ O4YepeTy:
neroso3a — 49,3 %, mirnin — 22,9 %, 301a — 2,3 %, cMonw, xxupu, Bocku — 3,54 %
B1JI Macu aOCOJIFOTHO CyXO0i CUPOBHHH (a. C. C).

CrangaptamMu 10 UETIONO3M JJIsi XIMIYHOTO TepepoOJieHHs mependaydeHo,
10 BOHA MAa€ MAaTH HU3bKUN BMICT JIITHIHY Ta HE3HAYHY 30JIbHICTH (He Ouibiie 0,3
%), BUCOKY XIMIYHY YUCTOTY (BMICT O-TITIONIO3H 95-99 %), BUCOKY MOJIEKYJISIpHY
Ta CTPYKTYPHY OAHOPIAHICTG [2]. JIJIsi 3HM>KEHHST BMICTY MiHEpPAJIbHUX PEYOBUH Ta
JITHIHY B CHPOBHUHI MoApiOHEHI cTebia odepery migmgaBain oOpoOIll po3urHOM
NaOH xonmnentpariero 30 ta 50 r/x ta rizpomoayis 10:1 3a remneparypu 95 £ 2
°C mpotsrom 60-240 xB. Ha puc. 1 HaBeaeHo 3anexHOCTI 301pHOCTI BH® 13
OUYEepETY BiJl TPUBAJIOCTI JTy>KHOI 0OpOOKH.

Ak BUIHO 13 PHUCYHKY, MIJBUILCHHS TPUBAJIOCTI JY>KHOI OOpOOKH 1
koHeHTpailii NaOH npu3BoauTh 10 3MEHIIIEHHS] BMICTY MiHEpaJbHUX PEUYOBHUH Y
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BOJIOKHUCTOMY HamiBpadpukarti 13 creden ouepety. Ha apyriii cranii oOpoGneHHs

BOJIOKHUCTOTO HamiBhaOpuKaTy MPOBOJMIIA BapiHHS CYMIIIIIIO OITOBOI KUCJIOTH
ta Hy,O, y cniBBinnomenHi 70:30 06 emuux % 3a rigpomonyns 10:1, remneparypu

95 °C BrpomoBxk 30-120 XB, pe3yibTaTH SIKUX HABEJECHO Y TaOJIHIII.
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Puc. 1 — 3anexnicts 30apH0cTI BH® 13 0uepety BiJl TpUBANIOCTI JTYKHO1
00po0ku pozunaoM NaOH piznoi kontienTpartii: 30 /i (m) i 50 /71 (@)

Tabnuisg — 3ame)HOCTi MOKa3HUKIB SKOCTI IETI0I03H 13 CTe0eN 04epeTy Bij

TPUBAJIOCTI BapiHHS

Konnentpariiss | TpuBamicTs, Buxin, Jlirnig, 3o1a,
NaOH, r/x XB % % %

30 83,0 0,41 0,137

30 60 81,8 0,38 0,124

900 79,5 0,36 0,094

120 77,4 0,17 0,078

30 82,7 0,41 0,089

50 600 80,5 0,31 0,084

90 73,1 0,26 0,035

120 71,8 0,14 0,013

Ak BUIHO 3 JMaHUX TaOIMIl, 301IBIIEHHS TPUBAJIOCTI OPraHOCOJIHBEHTHOTO
BapiHHA 3aKOHOMIPHO 3MEHIIY€ BUXIJ IETOJI03U 1 3aJMIIKOBUM BMICT B HIl
JITHIHY 1 MiHEepajJbHUX pedoBUMH. Ha OCHOBI OTpMMaHUX pe3yJbTaTIB MOXHA
3pOOWTH BHCHOBOK TIPO TPHIATHICTH OTPUMAHOI IICNIOJIO3W ISl XIMIYHOTO

nepepoOJICHHsI Ha IETF0JI030BMICH1 ITPOTYKTH.
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YK 676.056
SMEHIIEHHSA BTPAT BOJIOKHA B ITPOLECI PO3ITYCKY
MAKYJIATYPU
Marictpantu Tpetsik C.B., Mskinin E.}O., Xaputonuyk M.A.,
K.T.H., 1011 TpemOyc 1.B.
HanionanbHuUii TeXHIYHUA YHIBEpCUTET Y KpaiHu
«KuiBcbKkuil moitexHivnui iHcTutyT iMeHi Irops Cikopcbkoro»

Anomauia. Posensanymo numauHs — He0OXIOHOCMI ma — MONCIUBOCHI
BUKOPUCMAHHA 6MOPUHHOL BOJOKHUCMOI CUPOBUHU 6 KOCHO3UYIL KAPMOHHO-
naneposoi npoodykyii. Onucano memoo epeKxmueHo20 pO3NYCKy ma OYUUJeHHS]
MaxyaamypHoi macu 610 3a0pyOHeHb HegoNOKHUCMOo20 xapakmepy. llokazano, wo
3ACMOCY8aHH MAKOI CXeMUu OYUWEHHS O00360JI€ 3MEHWUMU 8MPamu 60JI0KHA
Ha 8 %.

Knrouoei cnoea: maxynamypa, po3nyck, ouuwjenHs mMacu, 6i0xoou, empamu
B0JIOKHA.

Abstract. The necessity and possibility of the use of secondary fibrous raw
materials in the composition of cardboard and paper products are considered. The
method of effective dissolution and purification of waste paper from non-fibrous
impurities is described. It is shown that the application of such a cleaning scheme
allows to reduce fiber losses by 8%.

Keywords: waste paper, dissolution, purification of mass, waste, loss of
fiber.

[HTEpEC MO MIMPOKOrO0 BUKOPUCTAHHS BTOPUHHOI BOJIOKHHCTOI CHUPOBUHHU
JUISL OTPUMAHHS MPOAYKINT IIMPOKOTO MPU3HAYEHHS BUHUK JIaBHO, aje OCOOJIMBO
3pic Ha moyaTky 70-X POKIB MHHYJIOTO CTOJITTA. BUIbIIICTh pO3BMHEHUX KpaiH
CBITY 3 OOMEXKEHHMMHU 3amacamu JIICOBUX PECYpCiB MOYaMd PI3KO IMiJBUILYBATH
YaCTKy BTOPMHHOTO BOJIOKHA B KOMIIO3WIli KapTOHY 1 Tmamepy. 3HA4YCHHS
BTOPMHHOTO BOJIOKHA IS TAMepoBOi MPOMUCIOBOCTI 3pOCTAO 1 TMiJ THCKOM

3aXMCHUKIB HABKOJMIITHLOTO cepeoBuia [1].

150



36ipuuk Te3 nonosigeit XVIII mixkHapoaHoi HAyKOBO-IPaAaKTHYHOI KOH(pepeHIlii CTy1eHTiB,
acnipanTiB i MmoJsionux BueHux ”PecypcoeHepro3oepirarwdi TexnoJorii Ta odJagHaHHA"

Piske 301bII€HHS BHUKOPUCTAHHA MAaKyJaTypHOI Macd B KOMIIO3HUIUT
Maike BCIX BHJIIB TMarepy 1 BUHUKHEHHS BEJIMKOTO CTPATETIYHO BaXJIMBOTO
MaKyJaTypHOTO Oi3HECy, BIAKpWUIM Ui TAanepoBOi MPOMHCIOBOCTI IIHUPOKE
JOKEPEII0 CHPOBUHHUX MaTepialliB.

OngHuM 3 HaWBaXKJIMBIIIUX €TaliB IMIJFOTOBKM MAaKyJlaTypHOI Macu s
BUPOOHUIITBA Tamepy Ta KapTOHy € mporec po3mycky. Ilim uwac posmycky
BOXJIMBUM € 3MEHIIICHHS BTpAT BOJIOKHA Ta IMIJBUILEHHS SIKOCTI HOT0 OYUIICHHS.
Came 3 1I€I0 METO Ha CY4YaCHMX BHUPOOHMUTBAX Taly3l BCTAaHOBIIOIOTH
e()eKTUBHI CUCTEMHU OYMIICHHS, METOIO SIKUX € HE TUIbKM BUAQJICHHS BIAXOIB, a
TaKOK 3MEHIIICHHS BTPAT BOJIOKHA Y ITUX Biaxoaax [2].

[IpuknanoM Takoi CUCTEMHU OYMIICHHS € CUCTeMa Po3poOlJieHa 1H)XXeHepaMu
bipmu GWFASERTECHNIK (puc. 1) [3]. Taka cucrema m03BOJISIE 3HAYHO
3MEHIIUTH CIOXUBAHHA EHEPrOpPeCYpCiB Ta CUPOBHUHM, 3aBASKUA TMOKPAIICHHIO

e(EeKTUBHOCTI PO3IMYCKYy 1 OYMIIEHHS BaHHU TiApopo30MBaya Bia 3a0pyIHEHb

HEBOJIOKHUCTOTO Xapakrepy (MoieTHIeHy, raHgip's, MIacTUKY Ta 1H.).

B

i

‘ CopTyBanpHEH 63pa6w =

Hacoc

rizpopoztHea

Pucynok 1 - Texnonoriuna cxema By3ina po3nycky GWFASERTECHNIK
Ounmennsiza cxemoro GWFASERTECHNIK BinOyBaeThcsi 6e3nepepBHO B

4 cranii: 30ip, po3MyCK, MPOMHUBAHHS Ta BUAAJEHHS BIAXOMIB 3 MaKyJIaTypHOI

Macu. TpHBamiCTh CTaaiil PETYIIOEThCS B 3alIEKHOCTI BiJ] CKJIaJy CUPOBHHH 1
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HEOOXITHOTO CTYNEHS OYHIICHHS 3aBISIKA CUCTEMI aBTOMATH30BAHOTO
KEepyBaHHS.

3 METOI0 3MEHIIIEHHS TPUBAIOCTI MPOLECY OYHUIIECHHS BCTAHOBIIOIOTH HACOC
JUTS TIEpEMIIIIEHHS BIIXO/IIB 3 BaHHH T1ApOpo30MBava Ha CUTO copTyBaiku. llepen
HACOCOM  BCTaHOBJIOIOTH  3aCyBKYy, sSIKa& aBTOMATHMYHO BIJICIKA€ BaHHY
ripopo30uBaya Mmicis 3aBepIleHHs cTaaii 30upanHs BiaxoaiB. Jlopo3myck mydkiB 1
dbparmenTiB Makynatypu BifgOyBaeTbes B copryBaiii tuny “JANKSCREEN” [3].
Ha craaii npoMuBaHHSA B COPTYBAJKy Y€pe3 HACOC IMOAAETHCS 00IroBa BoAa IS
3a0e3IeueHHs] HEOOX1THOTO PEXUMY BIJIIIJICHHS BIXO/IIB BiJl BOJOKHA. OcTatouHe
COpPTYBaHHSI BiIOYBAa€ThCS Ha COPTyBajdbHOMY OapabaHi Ha cTaaii BUIAJICHHS
BIAXOAIB. BinMmuTe 3 BiAXOJIB BOJOKHO pPa3oM 3 BOJOI0 TOBEPTAETHCA Ha
BUPOOHHUIITBO.

BuxopuctanHs Cy4acHUX CHCTEM PO3IYCKY Ta OYMIIECHHS MaKyJIaTypHOi
MacH JI03BOJISIE CKOPOTUTU BTPATH BTOPUHHOTO BOJIOKHA 3 B1AXOMAIB Ha 8 % 1 TUM
CaMUM TOKpAIUTH EHEeProepeKTUBHICT, BUPOOHUIITBA Ta 3HAYHO 3MEHIIUTH

co01BapTICTh TOTOBOI MPOIYKLIII.

Ilepesik mocujianb:

1. EnexTpoHHuii  pecypc.  Acouiamiss ~ YKpPaiHCbKUX  MIJMPUEMCTB
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2. TexHoJOTHS IEJUTIOJ03HO—OYMaXXHOTrO Tpou3BojacTBa. (CrnpaBoOYHbIE
Matepuanbl: B 3-x Tomax. T.1. Ceipbe U mpou3BOACTBO monydadbpukaton. Y. 2.
[TpousBoactro momydadpukaros. — CII6.: JITA, 2002. — 432 c.

3. Enextponnuit pecypc. Odimitinuii caiit kommnanii «GW».  Pexum
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YK 676.166
OTPUMAHHS COJOM'STHOI IIEJIIOJIO3U B CUCTEMI «OIITOBA
KHCJIOTA -IIEPOKCHJI BOJHIO - ETHJIOBHUI CITUPT»
acmipantka Cemenenko H.B., marictpant Cinminbkuii O.
K.T.H., 1011 TpemOyc [.B.
HauionajnbHuil TexHIYHMI yHIBepcUTeT YKpaiHu
«KuiBcbKuil moiTtexHivHui iHcTutyT iMeHi Irops Cikopcbkoro»

Anomauia. Jlocniodceno 6naue mpueaiocmi NpOCOYeHHs mda Npoyecy
OenieHiikayii Ha 6uxi0 i emicm 3AIUUKOB020 JcHIHY 6 00ePHCAHUX OKUCHO-
OP2AHOCONILEBEHMHUX COJIOM SIHUX BOJOKHUCMUX HANIBhadpuxamax.

Knwuosi cnosa: nwenuuna conoma, NpocouenHs,  OenieHiikayis,
B0JIOKHUCMUL Hanigghabpuxam, euxio, 1iciHiH.

Abstract. The influence of the duration of impregnation and the process of
delignification on the yield and content of residual lignin in the obtained oxidized
organosolvent straw fiber semi-finished products was investigated.

Keywords: wheat straw, impregnation, delignification, fibrous semi-finished
product, yield, lignin.

TexHonoriyHi Ta €KOJOTIYHI TPOOJIEMH, IO BHUHUKAIOTH B TIPOILECI
OJIEp>)KaHHS IIENIIOJIO3U TMOTPEeOYIOTh HOBUX TEXHIYHUX PIIEHb, BKIOYAIOUYU
BUpIIIEHHST TIpoOJjemMu cupoBuHHOI 0Oa3u. Came ii BIJICYTHICTH € OCHOBHUM
Oap’epoM st 30UTBIIEHHST OOCATIB  IIEJTIOJIO3HO-TIAIEPOBOTO  BHPOOHUIITBA.
Heo0xi1HOI0 yMOBOIO MOJANBIIOrO PO3BUTKY Traiy3l € 3HUKEHHS HEraTMBHOTO
BIUTMBY IMANPUEMCTB HA HABKOJIHMIIHE cepenoBuie. OMHUM 13 IUIAX1B BUPIIICHHS
€KOJIOTIYHUX MpPOOJIEeM € CTBOPEHHS MPHUHIIMIIOBO HOBHUX CIOCOOIB OTPUMAHHS
LEJTI0JIO3U. AJIbTEPHATUBOIO TPAIUIIIMHUM CIIOCO0aM BapiHHS, SIKI € €KOJOT14HO
IIKIJIMBUMH, CHEPrOEMHHUMHM, OaratocTaJifHUMH TEXHOJOTIIMH OACPKaHHS
IEJTII0JIO3H 13 JIEPEBUHHM € OPraHOCOJBBEHTHI CIOCOOM AemirHidikaiii pocaIuHHOT
cupoBuHU [1]. OpraHocoipBeHTHI croOcoOH, Oyay4yd EKOJOTIYHO Oe3NMeYHUMH,
JI03BOJISIIOTH OTPUMYBATH IIE€JTIOJIO3Y 3 JJOCUTh BUCOKUM BUX0a0M. [Tpu oMy 3a ix

BUKOPHUCTAHHS BIJICYTHOCTI CIPKOBMICHI BUKHJIU 1 IPOMHUCIIOBI CTOKH.
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Metoro pobotu Oylio OAepKaHHA EKOJIOTIYHO O€3MeYHHM CIOCOO0M
nenirHidikaiii cooM’sTHOT IETI0JIO3N B CHCTEMI ‘‘OITOBAa KHCIOTa — IMEPOKCH]
BOJIHIO — €TUJIOBUM CIUPT .

[Ipu mochimkeHHI MPOIECY OACPIKAHHS IETIOJI03U 13 CIYKH MIIEHUIHOL
COJIOMHU B CHCTEMi ‘‘OLITOBAa KHCJIOTa — MEPOKCU] BOJHIO — €TUJIOBUN CUPT’’ 3a
OCHOBY OyJI0 B3SITO TEXHOJIOTIYHI PEKHUMH, pO3poOJIeHI aBTopamMu pobotu [2]. 3
METOI0 BH3HAYEHHSI ONTUMAJIbHOI TPHUBAJIOCTI IMPOCOYEHHS IPOBEIICHO CEPIIO
7a00paTOpPHUX BapiHb cTeOe MIIEHUYHOI cojomu. [lonepeaHe mpocovYeHHs ClUKU
cosiomu nipoBoAmin 3a criBBigHomeHHsM CH3;COOH : H,O, = 70 : 30 o0'eMHux
%, temmneparypu 50 °C, TpuBaiicTio Big 60 1o 120 xB., ['M mpoiiecy npocoueHHs
craHoBuB 10 : 1. Ilicma 3akiHUeHHA mnpouecy npocoueHHd BigiOpano 40 %
BIJIPAI[bOBAHOTO BapPWJIHLHOTO PO3YHMHY 1 3aMIHEHO HOTO Ha BIAMOBIIHY KUIBKICTh
etminoBoro cnupty (CoHsOH). OkrcHO-OpraHoCOIbBEHTHE BapiHHS MPOBOIMIIN 32
temneparypu 90 + 2 °C, TpuBaiictio Big 60 mo 180 xB, ['M crtanoBuB 10 : 1.

Pe3ynpraTtu mpoBeacHUX AOCTIIKEHb HaBeaeHO Ha puc. 1 (a, 0)

oo e

. — ) 0 60 120
Tpmeanicrs Bapiki, <6 TPHEATICTE BADIHHA . XB

a) 0)

Pucynok 1 — 3anexHicte BUX0Ay (a) Ta BMICTY 3aJIMIIKOBOTO JITrHIHY (0)
cosiom’sitHux BH® Bin TpuBanocti mpouecy aenirxidikarii: -4- CH3;COOH : H,0,
: CoHsOH (mpocouenns 60 xB); -e-CH;COOH : H,0, : C;HsOH (mpocouenns 90
xB); - A- CH3COOH : H,0, : C;HsOH (ipocouenns 120 xB); -m- ASAE [3]; -o-
[1OK [3]

SIK BHOHO 3 HaBENECHUX 3aJIE)KHOCTEN BHXIJ LEIIOJO3M 1 BMICT B HIH

3QJIMIIKOBOTO JITHIHY 31 30UIBIIEHHSAM TPUBAJIOCTI MPOCOYEHHS Ta MPOIECy
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BapiHHA 3MeHIryeThes. CiniJl BI3HAYUTH, IO Y MOPIBHSAHHI 3 BAapIHHSAM CIUKH
MIIIEHUYHOI COJIOMU TIEPOITOBOIO KHCJIOTOIO ASTITHI(IKaIls POCIMHHOT CUPOBUHU
B cuctemi CH3COOH : H,0O; : C;HsOH no3Bosisie oTpuMat 1etoa03y 3 O1TbIIIM
BUXOJOM — Ha 9 — 13 % 1 MeHIMM BMICTOM 3aJMIIKOBOTO JirHiHY Ha 1 %. Lle
O3Haya€ 110 BBEJICHHS €THJIOBOTO CIHUPTY IMIABUILYE IMIBUIKICTH Ta BUOIPKOBICTh
mporiecy AemirHidikamii ClYKu MIIIEHUYHOI COJIOMH TEPOITOBOI0 KHCIOTOIO, SKa
YTBOPIOETHCS B TIPOIIEC] BapIHHS.

BBeaenns cramii mpocodeHHS TPH3BOAUTH IO TOro, IO  IPOIIEC
JenirHiikamii MpoXOJuTh B JOCUTh CHPUATIMBHX YMOBaxX IpU CUIBHOMY
HaOyXaHHI CIYKHM COJIOMH Ta Ma€ JBOCTAIIMHUN XapakTep: hparMeHTarlis Jirdidy 3
NOJAJIBIIOK) OKHCHOKO JECTPYKIIEID IBOr0 JITHIHY 3 MEPEBEAEHHSM HOro 10
BapUJILHOTO PO3YUHY.

ExcniepuMenTanbHi JOCHIKEHHST TIOKa3alu, IO TMpolec AemirHidikaiii
ciuku cosiomu B cucteMi CH3COOH : H,0; : C;HsOH npununsierses micis 90 —
120 xB Bapinnst 3a temmeparypu 90 + 2 °C. ITogablie MPOXOBKEHHS BapiHHS
MIPU3BOIUTH 10 JACCTPYKIII BYTJICBOJHEBUX KOMIIOHEHTIB POCIMHHOI CHPOBUHH, a
camMe 3a MaiKe OJHAKOBOI'O BMICTY 3aJIMIIKOBOTO JITHIHY, BiJOYBa€ThC
3HUKCHHSI BUXOJly Ha 4 — 6 %.
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YK 676.2052.8
MOJIEPHI3AIISI IPECOBOI YACTHUHU ITPM ITPU BUPOBHUIITBI
O®CETHOI'O ITAIIEPY
marictpantu Konutenko O.B., Omura B.P., Timenko J1.B.,
K. T. H. Tpem0Oyc [.B.
HanionanbHuUii TeXHIYHUA YHIBEpCUTET Y KpaiHu
«KuiBcbKkuil moitexHivnui iHcTutyT iMeHi Irops Cikopcbkoro»
Anomauiﬂ. P032JZ}ZHym0 npoyec 3HE600HEeHHS nanepoeoco 60JIOKHa 6
npecositi  Yacmuui NnanepopooHOi MauwluHu. 3anponoHO8AHO BCMAHOBIEHHS
2PAHIMHO20 8ay, W0 00380IUMb 30LILUUMU CYXICMb NANEpPo6020 NOJIOMHA NPU
8UPOOHUYMEI 0hcemHo20 nanepy.
Knwuogi cnosea: nanepose noiomHo, 30HU NPECYBAHHA, SPAHIMHUL 64,
CyXiCcmb NOJIOMHA.
Abstract. The process of dehydration of paper fibers in the press part of the
paper machine is considered. It is proposed to install a granite shaft, which will
increase the dryness of the paper web in the production of offset paper.

Keywords: paper web, pressing areas, granite shaft, dryness of the web.

BaxxnuBa poiib B mporieci BUTOTOBJICHHS Tariepy Ha MarepopoOHiil MalinHi
(ITPM)  BimBomuThCS  mpecoBii  yacTuHi. BoHa moBuHHAa  3a0e3neuyBaTH
MaKCHMaJIbHE 3HEBOJIHEHHSI IMarepoBOro MOJIOTHA, PIBHOMIPHY HOT0 BOJIOTICThH Ta
BIJICYTHICTh OOpHWBIB Tl Yac TPOIECY MPeCyBaHHsS. AKTyaJIbHICTh PO3POOKH Ta
MojepHizaiii npecoBux 4vactTuH [IPM 1y BuUrotoBiieHHS O(CETHOro TMamepy
NOJISITa€ B 3MEHILEHHI €HEepro3aTpar Ha CYILIIHHS Nanepy LUISXOM MiABUIICHHS
CYXOCTI TariepoBOTO MOJIOTHA MICJIsI IPECOBOI YaCTUHU. BCTaHOBIIEHHS TPaHITHOTO
Bally B mpecoBiit yactuHi [IPM mpu BUpoOHUIITBI O0dceTHOro mamnepy A03BOJUTH
MOKPAIIUTH SKICTh 3HEBOIHCHHS ITAIIEpPOBOTO BOJIOKHA.

B nanmii yac Bech mepioa MPOXOKEHHS IOJOTHA 4Yepe3 30HY KOHTAKTY

BaJIIB JJISITh HA YOTUPH Nepioau a0o0 30HU. Y | 30HI MOJIOTHO MPOXOIUTH HA CYKHI
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IUIAX BiA MICI 31TKHEHHS CYKHA 3 HIDKHIM BaJlOM J0 BXOJYy B 30HY KOHTAKTiB
BasiB; B Il 30H1 - BiJg MiCIl HaJAXOMKCHHS IIOJOTHA Tamnepy 1 CyKHa B 30HY
KOHTakKTy 10 ii cepenunu; B IIl 30H1 - BiJ cepeArHN 30HU KOHTAKTYy O BHXOIY 3
Hel mamepy 1 cykHa; B IV 30H1 - Big MiCli BUXOJy Mamepy 1 CykHa 13 30HHU

KOHTAKTY JI0 TOYKU BiAPHUBY CykHa Bija Baiy (puc. 1) [1].

Pucynok — 1. 30oHM BuAaseHHs BOAM Ha mpecax: | - rpaHiTHUWA Bam;, 2 -

MOJIOTHO Tarnepy; 3 - CykHO; 4 - mporymoBanuii Bai; | - IV - 300U ipecyBaHHs

[1ix yac BUKOpPHUCTAaHHS 3BUYAHOTO Bajly Y MpOLECl MPEeCyBaHHS IIBUIKICTb
CyKHa TMPOTH MOro pyxy MNOBMHHA OyTH OLUIbIIE MIBUAKOCTI MarnepopoOHOi
MamHA. TiTbKH B IbOMY BUTAIKY BoAa Oy/e BUIAISATHCS Ha HUKHIN Ball Mpecy.
Boga mio Oyna BipkaTa 3 MamepoBOTO MOJOTHA YTBOPIOE TEPE] BXOAOM B 30HY
KOHTaKTy BajiB BoAsHUU KiuH. [lonoTHO mamepy mepea HaaXOJKEHHSM B Mpec
JI0AATKOBO 3BOJIOKYETHCS, TIEpena TiApaBIiYHOTO TUCKY MK MOJIOTHOM 1 CYKHOM
3MEHIIIYEThCS Yepe3 IMMIABUINCHHS TI1APaBIIYHOTO THUCKY. [liIBUIIEHHS THUCKY
NpecyBaHHS Ha 3BUYAMHMX Mpecax 3a BHCOKOI MIBHIKOCTI MAIlMHU BUKIUKAE TaK
3BaHE PO3JABIIOBaHHA MOJOTHA. [[ns 1HTeHcu(ikalii 3HEBOJHEHHS Manepy Ha
npecax B Il ¢a3i HeoOXimHO MIATPUMYBATH BUCOKHN MUTOMHA THUCK 1 BHUCOKY
MOPUCTICTh CYKHA B CTUCIIOMY CTaHi [1].

Ha BuxigHiii cTOpoHiI 30HM KOHTakTy mnpecoBux BaiiB (¢aza III) Tuck B
CYKHI 1 TallepOBOMY MOJIOTHI MOCTYIOBO 3MEHIIYEThCS. BiTHOBIIOETHCSA TOBILIMHA

NarnepoBoro MOJIOTHA, CYKHA 1 MPYXXKHOTO OOJIMIIOBaHHS Bajy. 3 NPUIIMHEHHSM
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TUCKY TPAIIEHT TIAPABIIYHOTO THUCKY Mafa€ 0 HYJS 1 TEOPETUYHO MOXKIIUBE
BUHUKHEHHSI YaCTKOBOTO BaKyyMmy, MpH LIbOMY Yy TBEPIIM CTPYKTYpl (BOJOKHaX)
BCE I1I€ MOXKYTh JiSITU Hampyra CTUCHEHHsS. TakuM YMHOM TMOKa3HO, 1[0 BOJOra B
I11 30HI MepeMIMAETHCS 3 CYKHA B IMAiepoBe MOJIOTHO.

Jlns  iHTeHcudikarii mpolecy 3HEBOAHEHHS IIiJI 4Yac BUPOOHHUIITBA
oceTHOrO MAarnepy 3ampoONOHOBAHO KOHCTPYKIIO mpecoBoi dactunu [IPM, mio
CKJIQJAETHCS 3 TPHOX OKPEMO po3TalioBaHuX mpeciB. [lepmmii mpec ckiagaeThes 3
rpa”iTHoro Bany (D = 1050 mMm) 1 »xkonobuactoro Bany (D = 830 mm). dpyruii 1
TPETI Mpecu - BIACMOKTYIOYi, B SIKHX TpAaHITHHM Bal AK 1 y MEpLIOro, a
BIJICMOKTYIOUHI BaJl D = 1150 mM [2]. B Tabn. 1 HaBeaeHO 3HAYCHHS 3MIHH

CYXOCTI MarepoBOro MoJIOTHA MiJ] Yac HOro MPOXO/KEHHS Yepe3 MPECOBY YACTUHY

IIPM.

Tabmuug 1. CyxicTh nanepoBoro nojioTHa, %

ITpec Ne 1 ITpec No 2 ITpec No 3
CyxiCTh TamepoBOro IMOJIOTHA
nepe]; IpecyBaHHIM 19,0 24,7 31,2
CyxiCTh mamepoBOro IMOJIOTHA
T1CJISI PECYBAHHSIM 24,7 31,2 37,9

[Ticnst BCTaHOBJEHHST TPAHITHOTO Bally MPEcOoBa YacTUHA Ma€ MPOCTY
KOHCTPYKIIif0, BUCOKY CTYITiHb B3a€MO3aMIHHOCTI, KOMITAKTHICTh. ['paHiTHHI Baj
pO3paxoBaHMl HA MIIHICTH 1 KOPCTKICTh. [Ipy IbOMY CITij1 mam’aTaTH, U0 TPAHIT €
aHI30TPOIMHUM MaTepiajioM, SIKHH Mae HU3bKY MEXY MIIHOCTI MPH PO3TIATyBaHHI
(10-40 MlIla), Tomy mpu poOOTI B TpaHITHOMY OJIOIi HE TMOBHHHI BHHUKATH

posTsrHeHHs Oibie 2-3 MITa.
IlepeJiik mocuanb:

1. KpsutoB B. H. CnpaBoununk OymaxkHuka — TexHosiora. Ceipbe. OOmue

ceenenus / B. H. Kpsutos. — CII6. — [etepOypr, 1993. — 71 c.
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YK 676.166.6+620.3

OJEPKAHHSI HAHOLEJIIOJIO3H 13 NINEHUYHOI COJ1IOMU
marictpanT boiiko B. B. , imxenep Amenko O. B.
npodecop, K. X. H. bapbamr B. A

HarionaneHuil TeXHIYHMIA YHIBEPCUTET YKpaiHu

«KuiBcpkuii moniTexHiyHui 1HCTUTYT iMeHi [ropst CikopcbKoTroy»

Hocnidoceno XimiuHuil cK1a0 NUEHUYHOL COIOMU MA NPpoYecu OMPUMAHHS 3
Hel Yyenono3u 3 BUKOPUCAHHAM NEPOYmMoBO20 BAPIHHA Ma JYAHCHOI 0OpOOKU.
Bcmanoeneno, wo 30invuients mpueaiocmi 8apinHa Npu3eo0ums 00 3MEHULeHHS]
BUX00Y Ye0I03U MA 3ATUUKOB020 6MICMY 8 Hill JI2HIHY | MIHEPANbHUX PEYOBUH, d
JIYAHCHA 00pOOKA 003808€ OMPUMAMU  YeNt0N03y 3 MIHIMAIbHUM 8MICHOM
ekcmpakmugHux pedoeun. lloxazama mooicaugicms OMpUMAHHA 13 NUEHUYHOL
COJIOMU OP2AHOCONIbBEHMHOI Yentono3u i HAHOYEeWIIoN03U, SKa Modce Oymu
BUKOPUCMAHA 8 PIZHUX 2AJ1Y3AX NPOMUCTIOBOCHI.
Kniwwuosi cnosa: nwenuuna conomu, yenronosda, apiHHs, IYHCHA 0OpooOKa,

JII2HIH, 30JIbHICMb

The chemical composition of wheat straw and the processes of its production
from cellulose with the use of peracetic cooking and alkaline treatment were
investigated. It was found that increasing the duration of cooking leads to a
decrease in the yield of cellulose and residual content of lignin and minerals, and
alkaline treatment allows to obtain cellulose with a minimum content of
extractives. The possibility of obtaining organosolvent pulp and nanocellulose
from wheat straw, which can be used in various industries, is shown.

Keywords: wheat straw, cellulose, cooking, alkaline processing, lignin, ash

B nanuii Wac y CBiTI HasBHE 3pOCTaHHS BUKOPHUCTAHHS IIEJFOJIO3HO-
MarnepoBOi MPOAYKIi s 3armo0iraHHs €KOJOT1YHOI KpHu3HM, TOMY motpeba y
30UTBIIICHH] BUPOOHMIITBA IIENIONIO3M Ta 1 MOXigHUX pocte. Jlims oTpumMaHHA
IIEJTI0JI03U OCHOBHOIO CHPOBHHOIO B CBITI 3aJIMINAETHCS JIEPEBUHA XBOWHHUX 1
JUCTSHUX Topif. JIJIs 3MEHIIICHHST BUTPAT JCPEBUHU BUSHUMH 3TIMCHIOIOTH TIOITYK
ABTEPHATUBHUX JPKEpPET POCIMHHOI CUPOBHHHM, 30KpEMa 3a PaxyHOK HeJepeBHA
pocnunHa cupoBuHa (HAPC). 3a xiMiYHMM CKJIaJIoM OCHOBHHMX KOMIIOHEHTIB Ta

noBxkruHOW BosiokoH HJIPC He moctymaethes aepeBudi. Jlo HAPC BimHOCSTHCA
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pi3H1 BUU OJHOPIYHMX 1 6araTOpIYHUX POCIHH, 30KpeMa MIIEHUYHA COJIOMa, AKa €
BIJIXOJIOM CLJIbCHKOTO FOCIIOAapCTBa IicIst 300py Bpoxkaro 3epHa [1].

B uemtono3no-maneposiii  mpomwucioBocti (LIIIII) icHyroTs Tpamuiiiai
METOIM OTPUMAaHHS UEJION03H, Cepel HHUX HaOUIbII  PO3MOBCIOIKEHHI
cynbpaTHU Ta CyabMITHUH croci6 aenmirHigikaiii, sSKi HAHOCATh IIKOIY
HaBKoJMITHROMY cepenoBuiy. LIIII morpebye po3poOKuM OibII EKOJOTIYHO
YUCTUX TEXHOJIOTi OTPUMAaHHS IEIIONIO3U, OJHUM 3 SKUX € TIEPOKCOKHUCIOTHHM
CIIOC10 OJIepKaHHs EI0I03U. TOMY METOI0 JIaHOi pOOOTH € TOCTIIKEHHS METO/TIB
OJIep>KaHHS 13 MIIEHUYHOI COJIOMH LIEIIONI03U ISl XIMIYHOTO IEPEPOOIICHHS.

Jlsist iboro B poOOTI BUKOPUCTOBYBAIM MIIEHUYHY cojioMy 13 KuiBchkoi
obnacrti. Ilicna coptyBaHHs 1 MOAPIOHEHHS cTEOE MIIEHUYHOI COJIOMH HA CIUKY
JOBXKHUHOIO 5-15 MM mpoBoauiu ii TepMOXiMiuHY 0OpoOKy. BapiHHs 1emntono3u
MPOBOJIMIM CYMIIIIIIIO OIITOBOI KUCJIOTH 1 MEPOKCUY BOJHIO 33 CIIBBIIHOIICHHS
70 : 30 06’eMHHX B CKIITHHUX KOJI0ax 3a Temneparypu 98+2 °C i rigpomomyis 10:1.

PesynpTaTu BapiHHs HaBeleHO y Tad. 1.

Tabnuus 1 — [TokazHUKH OPraHOCOJIBLBEHTHOI COJIOM SIHOI 1IEJT0I03H, %0 BT a.C.C.

Yac BapiHHS 30 xB 1 roxn 1 rox 30 xB 2 rox
Buxin 58,2 51,1 50,0 48,9
JIirHin 0,93 0,65 0,55 0,27

30JIBHICTH 4,05 3,7 3,5 3,05

Sk BUIHO 13 1aHuX Ta0m. 1, 301IbIIEHHS] TPUBAIOCTI BapiHHS MPU3BOJAUTH JI0
3MEHIIEHHS BHUXOAY LENIONIO3W Ta 3aJMIIKOBOTO BMICTY B HIA JITHIHY 1
MIHEpAJIBHUX  PEUOBHMH, 1[0  TOSICHIOEThCS  IHTEHCU(IKAIE0  MpoIecy
nenirHiQikaiii poCIMHHOI CHPOBUHHU 13 YacoM BapiHHS [2].

OCKUIBKH TIETT0JI03a ISl XIMIYHOTO TMEpPepoOIeHHS Ma€ MICTUTH TUIBKH
CIIA 1HIIUX, KpIM UEI0JI03U, KOMIIOHEHTIB, HEOOXiqHO OyJlo MpOBECTH
JIOTaTKOBY OOpOOKY OpraHOCOJIBBEHTHOI IICNIOJIO3M JUIsl 3MEHIITYBATH BMICTY
JITHIHY 1 MIHEpaJIbHUX PEUOBHMH. J[JI1 1BOro MPOBEACHO JIYkKHY OOpOOKY

OTPUMAaHMX 3pa3KiB 1entono3u 7 % po3zunnom NaOH, B pe3ynbrarti 4oro oTpruMana
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LENI0NI03a 13 3aMuIIKoBUM BMicToM JirHiHY 0,1 % 1 minepanbHux pedoBuH 0,4 %
B1J] MacH a.c.c.

Jlis oTpuMaHHS HAHOIIENIONIO3U MPOBOJIWIM TIAPOIII3 OPraHOCOJIBBEHTHOT
LETI0JI03U PO3UMHOM CYIb(GaTHOT KUCIOTH KOHLIEHTpali€t 45 %, 3a Temneparypu
60°C Bmpomorx 60 xBwiamH 3a rigpomomyast 10:1. JIias oTpuMaHHS OJXHOPITHOT
resienoiOHol CycneH3ii HaHOIEUTIOI03U MPOBOJIUIN i yIbTpa3BYKOBY 00OpoOKa
npotsarom 30 - 60 XB 3 BUKOPHCTAHHIM YJIBTPa3BYKOBOTO ne3iHTerparopa UZDN-
A. Jlns  cooctepexkeHHa ~ 3MiH  MoOpdoJIoTii  POCIUHHOI  CHPOBHUHH,
OpPraHOCOJIBBEHTHOI  IIEJIIOJIO3M, LENIOJIO3W  MicHs  JIy>)KHOT  0OpoOku  Ta
HAHOIIEJUTIONIO3U BUKOPUCTOBYBAIM CKAHYIOUHMM €JIeKTpOHHHM Mikpockon PEM-
1061. AnKBOTM HaAHOLEIUTIOJIO3HOM cycmeH3ii mowmimanud B vamkd [lerpi s
OTPUMaHHA IUTIBOK, fKI JIOCHIJKYBaldW Ha IIUIbHICTh, TEPMIYHY CTIMKICTH B
tepmoaHnaiizaTtopi Netzsch STA-409, npo3opicts B obnactsx Big 200 1o 1100 am
Ha  JBONpoMeHeBoMYy  crnektpodoromerpi 4802, BHU3HAYEHHS  CTYyHEHS
KPUCTAJIIYHOCTI MICHs aHajiizy peHTreHorpam Ha naudpaktomerpi Ultima [V,
HAaHOPO3MIPHICTh Ha eNeKTpoHHOMY Mikpockom TEM125K.

AHai3  300pakeHb CKaHYHYOl €JIEKTPOHHOI MIKPOCKOMIi IMOKa3aB, IO
cTe0JIO COJIOMH IIIIEHUII CKIAJAI0THCA 3 BEIUKOI KUIBKOCTI IIIJILHO 3'€HAHUX MIK
co00I0 KIITHH, II0 YTBOPIOIOTH IIIIBHY CTPYKTYpy. JemnirHidikamis coiloMH B
KHUCIIOMY CEpEeIOBHUII TPUBOAUTH N0 Toaury ix Ha ¢iopunu. JlykHa oOpoOka
PU3BOJIUTH IO YaCTKOBOTO 3MEHIIEHHS JOBKMWHU BOJIOKOH 1 BHJTyYEHHS JITHIHY
Ta MiHEpaJbHUX peuoBUH. EnekTpoHHi MikpodoTorpadii HaHOIEIITION03U MICTs
KHCJIOTHOTO T1JpOJIi3y Ta yJIbTPa3BYKOBOI OOPOOKH MOKa3yKOTh BIJACYTHICTh OY/1b-
SKUX JOMIIIOK, IO CBIIYUTH MPO OTPUMAHHS HAHOPO3MIPHUX YACTUHOK. Takum
YMHOM, TIOKa3aHa  MOXJUBICTh  OTPUMaHHSA i3  TIIEHWYHOI  COJOMH
OpPraHOCOJBLBEHTHOI IIENTIOJIO3U 1 HAHOIEIITION03H, sIKa MOKe OyTH BUKOPHCTAaHA B
PI3HHX rajxy3sX MPOMUCIOBOCTI, 30KpeMa y HEI0I03HO-TIANePOBiil K 3MIITHIOI0YA
no0aBKa y BUpOOHUITBI Marepy 1 KapToHy.

1. bap6amm  B. A. [HHOBaIIMiHI ~ TEXHOJOTH  POCIMHHOTO
pecypco30epexenHs: HaBY. ocioH. — Kuis: Kapasena, 2018. — 288 c.

2. Henenun H.H., Henenun 10.H. Texnonorus nemtono3sl: B 31. / M.:
Okomorust, 1994. — T.3: Oumctka, cymka W oTOenka IeUTroIo3bl. [Ipoune

CIIOCOOBI MIPOU3BOJICTBA LIEJUTIOJIO3EI. - 592 C.
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YAK 676.264.2:017.66

BIIJIUB YMOB ITPOCOYEHHS BIJIXOAIB YITAKOBKMU ITIOP-
INAK HA HIBUJIKICTb BOAOIIOTJIMHAHHSA
Marictpant 3yiikoB [.A, K.T.H., 1o1. MoBuaHtok O.M.
HauionainbHuil TexHiYHMI yHIBepcUuTeT YKpaiHu
“KuiBcbKuil noJIiTexXHiYHuil iIHCTUTYT iMeHi Iropsa Cikopcebkoro”

OO6csr npogaxiB ynakoBku Pure-Pak BupoOHuiTBa kommanii «Elopak» y
CBITI CKJagae 8,3 MJIpA. IIT. HA PIK, MPOAYKIIS mpeAcTaBieHa Ouibin HIX B 100
KpaiHax cBiTy. CydacHa ynakoBka Pure-Pak BupoOnsieTbcst 3 GararomapoBoro
KOMOIHOBAHOTO MaTepialy, IO MEPEeBAXHO CKIANAEThCS 3 KapTOoHy. MirHui
KpeHJ0OBaHUN KapTOH TIOKPUBAETHCS I1HEPTHOIO JIO XapyoOBUX IMPOJYKTIB
TE€PMO3BapIOBAIIBHOIO TOJIETUIICHOBOIO IUIiBKOIO. KapToHHa OCHOBa J103BOJISIE
HAHOCUTH 0araToOKOJIpHI BUCOKOSIKICHI 300paxxeHHs, 3a0e3neuye (GOpMOCTIHKICTh
1 MIIIHICTHh ynakoBku. Ha puc. 1, a, mpeAcTaBieHO KJIaCUYHY KapTOHHY YIIaKOBKY

Pure-Pak. Bona npucyTHs Ha OJMIX BCIX MPOAYKTOBUX Marasuis [1, 2].

a E Bepxniit map ITE
A Cy N KaproH
; Pure-Pak )
A G € rera APR_‘ 7 Hukaiii map ITE

N

Pure-Pak’
\ :
& M

T

a ]
Pucynok 1 — Knnacuuna kapToHnHa ynakoBka Pure-Pak:
a — 30BHIIIHIN BUIJIA; 6 — CKI1aJ KOMOIHOBAaHOTO MaTepiaiy
[Ticnss BUKOpHCTaHHS Taka YMaKOBKa CTa€ MPUBAOIMBOIO CHPOBUHOIO IS
MarepoBoi MPOMUCIIOBOCTI, aJ)kKe BOHA MICTUTPH IIHHE IICITIOJIO3HE BOJIOKHO, IO
MIPOUIILIIO JIUIIIE OJMH IUKJI TIepepOOICHHS.
OnHak, iCHYIOTh TMEBHI CKJIQJIHOIII, IO TMOB’S3aH1 3 BIIIIJIEHHSAM BOJIOKHA

BiJl TIOJIIETUJICHOBOI TUTIBKH, 110 BKPUBA€E KapToH 3 000X cTopiH (puc. 1, 6). Uepes
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e BUKOpHCTaHa ymakoBka Pure-Pak mo TemepimmHporo uacy He 3HAXOIUTh
HaJIEKHOTO0 BUKOPUCTAHHS SIK B YKpaiHi, Tak 1 B KpaiHax bmkaboro 3apyOixxs, 1
B O1IBIIIOCTI BUITAIKIB TIOTPAILISE HA 3BAITUIIIC.

Po3myck cyxux BOJOKHHCTUX HamiBQaOpHKaTIiB € MEpUIMM MPOLIECOM
TEXHOJIOTTYHOTO MOTOKY, 110 MPAIIOE 32 TPATUIIHHOIO TEXHOJIOTIEI0 BUPOOHUIITBA
nanepy Ta KapToHy. Y BHUNAJAKY MakylaTypd pO3IYCK mependadyae HE JHUIIe
MepeTBOPEHHS i Yy BOJOKHHUCTY CYCIEH3110, a W BUJAJCHHS HAWHOLIBII KPYITHUX
dpakiiiit 3a0pyIHEHbD, 1110 HAIXOAATh Y T1ApOopo30rBay pa3oM 3 MakyjaTyporo. Bixa
€(EeKTUBHOCTI BUKOHAHHS LUX 3aJad 3aJIEKUTh CKIAIAHICTh 1 BapTICTh BCIX
MOAANBIINX TEXHOJOTIYHMX MPOIECiB, KUIBKICTh BIJIXOMIIB, SKICTh TOTOBOI
MPOAYKIIIi.

OgHuM 13 KIIIOYOBUX UMHHHKIB, M0 3HAYHO BIUIMBA€E Ha 3JaTHICTh
MakyJjaTypu 10 PO3MYCKYy, € ii BOJOTOCTIHKICTb, SIKa 3aJICKUTh BIJ[ CTYTICHS
OpOTOBIHHS BTOPUHHOTO BOJIOKHA, a TaKOX BIJ THUX XIMIYHMX JOTOMIXKHUX
PEYOBHH, 1[0 BUKOPUCTOBYBAIUCH Yy TOMEpenHIX Iukiax BupoOHuirrea [3]. Ilix
yac 3BOJIOKEHHS MakyjlaTypud BOJa, B pe3yJbTaTi (I3MKO-XIMIYHMX MPOLECIB,
IIPOHUKAE B MOPH, PO3COBYE BOJIOKHA 1 CpUUUHSAE iX HaOyxaHHs. BinOyBaerbcs
PO3pPUB MIITHUX BOJHEBHUX 3B'SI3KIB MK BOJOKHAMH 1 3aMIIIEHHS ITUX 3B'S3KIB
C1aOKUMH BOJHUMU MICTKaMH [4].

Crning BiI3HAUWMTH, IO 3a3HayeHl (I3UKO-XIMIYHI TIPOLIECH HE MOXKYTh
CaMOCTIMHO 3a0e3MeYUTH PeaJbHOr0 PO3AUICHHS MaKyjJaTypu Ha OKpeMi BOJIOKHA.
X ocHOBHE mpH3HAYEHHS — MOCIAOMTH MEXaHiuHy MIIHICTh JIMCTA i THM CaMUM
CTBOPUTHU CIIPUSTINBI YMOBH JIJIsi PO3MYCKY [4].

VY Bumnanky nepepoOieHHs ynakoBku Pure-Pak, mioma KoHTakTy KapToOHY,
10 3 BOX OOKIB BKPUTHI IIapaMH MOJIETHIICHY, 3 BOJIOI € 00OMexeHoto (puc. 1,
0). I Tomy nporec NpocoYeHHsI KAPTOHY CYTTEBO YIOBUIBHIOETHCS.

MeTo10 1aHOi poOOTH € JOCIIPKEHHsI BIUIMBY YMOB MPOCOYEHHS BIJIXOJIB
Cro’KUBaHHS yrmakoBku Pure-Pak Ha mBUIKICTh BOJIOMOTIMHAHHS.

Jlns pocmipkeHHs: OyJio MiATOTOBIEHO 3pa3kH 13 ymakoBku Pure-Pak, 1o
BUKOpPUCTOBYBaiacs sl 30epiraHHs MoJioka, po3mipoM 2x4 cm. IIpocoueHHs

163



36ipuuk Te3 nonosigeit XVIII mixkHapoaHoi HAyKOBO-IPaAaKTHYHOI KOH(pepeHIlii CTy1eHTiB,
acmipaHTiB i MoJioauX BUeHUX ’PecypcoeHepro3oepirarodi TexHoJorii Ta odJiagHaHHA”

YacTMHM 3pa3KiB BigOyBajocs BHpoAoBk 150 XxB, B IUCTWIBOBaHIA BOMI, 3a
MOCTiIHHOT TeMmrieparypu. TemrepaTypy BOAM WIATPUMYBAIM 3a JTOTIOMOTOIO
tepmoctary. KoxHui 15 XB KOHTpomoBanmw wmacy 3pas3kiB. /[l KOKHOTO
HACTYIHOTO JTOCHINY 3MIHIOBAIM TeMiiepaTypy Big 15 go 60 °C, 3 inTepBaniom 15
°C. [ns mpocoueHHs APYyroi 4acTUHU 3pa3KiB BUKOpUCTOBYBaimu po3dnan NaOH
kounentpariero 0,1; 0,3; 0,5 %, 3 temneparyporo 15 °C. 3a 6a3oBuii oOpanm
BapiaHT MPOCOYECHHS B IUCTHIIHOBaH1M Bojii 3a 15 °C.

Bononornunanus Am, %, po3paxoByBaiu 3a (popMyIoro:
m-—m,

Am = ———-100,
m

o

7e M, 1 M — mMaca 3paska J0 1 Imicis IPOCOYEHHS, T.

Pesynpraty 1t HalOUIbll €(EeKTUBHUX MOCHIIKEHHX YMOB HPOCOYEHHS
HaBeJIEHO y Tabmui 1.

Tabmuus 1 — [ornuuanHs BoU 3a pI3HUX YMOB MPOCOYEHHS

VMOBH HPOCOUEHHS Am, %, 3a TpUBAJIOCTI MPOCOYCHHS, XB
30 60 90 150
15 . °C, nmuct.Boma (6a3oBuit 76 16.3 36.3 36,5
BapiaHT)
45 °C, nucr.Bojia 61,6 714 74,4 78,6
60 °C, nuct.Boda 63,5 81,4 84,9 86,4
15 °C, NaOH, ¢=0,5 % 15,7 38,1 68,02 70,3

3 T1abaumi 1 BUAHO, MO TeMIepaTypa 3HAYHO BIUIMBAE HAa pIBEHb 1
IIBUJIKICTh TIPOIIECY BOJIONOIVIMHAHHA. 3a 0a30BOT0 BapiaHTy MaKCUMaJbHE
BOJIONOTJIMHAHHA OYJ0 JOCATHYTO uepe3 90 XB, Moaasblie MPOCOUYEHHS MPOTITOM
60 xB edekTy mpakTUUHO He nano. Temmepartypa, sik 60, tak 1 45 °C, no3BoJsie
OTpUMAaTH AaHAJOTIYHE 3HAYEHHS BOJOIMOTJIMHAHHS 3a 15 xB, TOOTO y 6 pasiB
IIBU/IIIIE.

3a Temnepatrypu 60 °C BogomorivHaHHs 3pa3kiB 4yepe3 30 XB MPOCOYEHHS
BXKe y 8,4 pa3u nepeBulrye 0a3oBuil BapianT. [ligBUIIIEHHST TeMIiepaTypu CIpUsiE
3HMKEHHIO B'SI3KOCTI BOJIM 1 301JIBIIICHHIO MOTJIMHAHHS 11 KAPTOHOM.

IBUAKICTH BOJOMOTIMHAHHS 1] YaC MPOCOYEHHS 3pa3KiB y PO3UMHI JYTy 3

koHneHtparieo 0,5 % BOPOJOBK BCHOTO AOCTIIHKEHOTO dYacy TEpeBUIyBajia
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MIBUJKICTh 3a 0a30BUM BapilaHTOM NpuOiIN3HO B 2 pa3u. OgHAK 3acTOCYBaHHS
JY)KHUX XIMIKaTiB Ma€e MoOIYHI HETaTWBHI HACIIJIKH, TakKl SK YTBOPECHHS IIiHU,
MOTIPILIEHHSI YMOB 3HEBOJHEHHS HA ManepopoOHiil MamiuHi Ta iHii [4].

Takum 4uHOM, B pe3yNbTaTi MPOBEICHUX OCIHIIKEHb OYyJIO BCTAHOBIICHO
3QJICKHOCTI BOJIONOTJIMHAHHSA MaTepiany ymakoBku Pure-Pak Binm TpuBanocri,
TEMIEpaTypy MPOCOYCHHA 1 KOHIeHTpallii Jayry. [IpocoueHHs Takoi ynmakoBKH 3a
temneparypu 45 °C peKOMEHJOBaHO SK MIATOTOBYY CTaJil0 /10 OCHOBHOI'O
po3nycky. lLle n03BONMHMTH MIABUIIUTH €(EKTUBHICTh IMPOLECY PO3MYCKYy Ta

3MEHIIUTH KIJIbKICTh BOJIOKHUCTHUX B1IXO/IIB.
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YK 676.038.2
NIJIBUIIEHHS EGEKTUBHOCTI IPOIIECY ®JIOTAIIIL
MAKYJATYPHOI MACH
cryaeHtka AuapisHens P.M, k.1.1., gou. MoBuantok O.M.
HaunionanbHUil TeXHiYHUI YHiBepCUTET YKpaiHu

“KuiBcbkuii nmositexHiyauii incturyT imMeni Irops Cikopcbkoro”

BaxxnmuBuM acmekToM TIepepOoOKH KHIDKKOBO-)KYPHAJIBHOI, Ta3eTHOI Ta
IHIMX BUIIB 33JpYKOBAHOI MaKylaTypd € BUIAJICHHS JpyKapcbkoi (apoum Ta
30JbHUX eJIeMeHTIB. OJHUM 13 CIOCO0IB BHUAAJICHHS JpyKapchkoi (apbu 3
MaKyJaaTypHOI MacH, 0 HE BUAAISETHCS 3 HEi NP OYMINEHHI Ta COPTYBaHHI, €
drnoramis. CeoromHi  (GioTaIiiiHI  amapaTd  YCIIIIHO  BHKOPUCTOBYIOTHCS
Ha MAnepoBHX MIANPUEMCTBAX CBITY. BritoueHHs ¢uioTallli B TEXHOJIOTIYHY CXEMY
nepepoOKH MakyjaTypu € OCOOJMBO HEOOXIJHUM y BHUMAAKY BUPOOHMIITBA THUX
BUJIIB MaIepy, 10 YMCTOTH AKUX MPEI ABISIOThCS 0co0muBI Bumord [1, 2].

OCHOBHUM TPHUHITMIOM Tporiecy (ioTamii € BBEACHHS Y BOJOKHHUCTY
CycIleH3i10 Oynp0OamoKk MOBITPS, OO0 SKUX MPUETHYIOTHCS YacCTKH JIPYKapChKOT
dap6u. IliHa, 1m0 YTBOPIOETHCS B pe3yJbTaTi aepailli BOJOKHUCTOI CYCIEH3II,
MIJHIMAETHCA A0 1i MOBEPXHI U BIIJANSETHCS CIEIIaTbHUMU MPUCTOCYBAHHIMU
y BepXHiil yacTuHi (ioTariitHoi kamepu [2].

[Ipontec  duioramii  MakynarypHoi Macu 0a3yeTbCsd Ha  BIIMIHHOCTI
riipooOHOCTI MOBEPXHI PI3HUX KOMIIOHEHTIB CYCIEH31l, TakuX SK YaCTKH
IpyKapchkoi ¢apOu, HAMOBHIOBAYIB, JUMKHUX 3a0py/IHEHH 1 BOJIOKOH CYCHEH3Ii.
Yum Bume rigpodoOHICT, YacTOK JOMINIOK, THUM Kpalle BiOyBaeThcs
iXHE MPUKPITUICHHST 110 OypOAIIoOK TMOBITPs, 1TUM CTidKimow € miHa. Jlus
MIIBUIIEHHS CTAa0UIBHOCTI MMHH 3aCTOCOBYIOTHCS  (DJIOTOPEAreHTU: eMYJbCil
HEIOHOTCHHUX TOBEPXHEBO-aKTUBHUX PEYOBHH (aKpuiaoBl edipd OKCHIY
NoJTieTHIIeHy ), Moau(ikoBaHI >KUPHI KUACIOTH, Tomo. [Ipu mboMy BimOyBaeThcs
arjioMepailisi HEeBEJIIMKMX YacTOK JAPYKAapChKOi (apOu i 4aCTKOBO 3MIHIOETHCS
npupoJa YacTOK HAMOBHIOBAadiB, BHACIIJOK YOO BOHHU 3/100YyBalOTh 3AAaTHICTh
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OpUKpiIIoBaTucsa 10 OynpOamok moBiTpa. [lin uac dQuoTamii  edekTuBHO
BUJIAJIIOTHCS 4acTKu po3MipoMm Big 10 mo 250 MkMm mnipu 30epekeHH1 OOpPHUBKIB
BOJIOKOH 1YaCTOK HANOBHIOBadiB. Y JESKUX BUMAAKaX BJAEThCS 3a0€3MEUUTH
BUJAJICHHS 9acTOK po3mipom j1o 500 mxm [1].

YMoBHM ekcrutyaTanii ghoTariiHoi kamepu: koHieHTpariiis macu — 0,8—1,5%,
temneparypa — 40-70°C, pH — 7-9. BiaHomenHns o006'eMHOT BUTpaTH MOBITPS
710 00'€eMHO1 BUTpaTH BOJIOKHUCTOI cycrnieHsii cranoBuTh 300%, iHoi 1o 1000%.

OnHuM 3 ICTOTHUX HEJIONIKIB Cy4acHOi TEXHOJIOTIT BUJATIEHHS JAPYKapChKOi
bap6u 13 MakyJIaTypHOi Macu MeToA0M (JoTallli € HU3bKUWA BUX1J 1 BEJIMKI BTpaTH
BOJIOKHAa. BTpatu npiOGHOro BOJIOKHA ¥ 30JIbHUX €JIEMEHTIB MOXYTh JOCATaTh S5—
20%.

JIpiOH1I BOJIOKHA 3 HEBIJIOKPEMJIEHUMHU YacTKaMHu JpyKapcbkoi (hapou mpu
droTanii CruiMBalOTh Ha TOBEPXHIO OUIBII IHTEHCHUBHO, HIXK BOJIOKHA 0e3 (hapow,
TOMY OJIHUM 3 IUIAXIB CKOPOUYCHHS BOJIOKHUCTHUX BTpaT Mij 4dac duoraiii €
MIIBUIIEHHS €(PEKTUBHOCTI BIJIUICHHS YacTOK JpyKapchkoi (apOu i 30JbHHUX
€JIEMEHTIB B1Jl BOJIOKOH Ha €Tami MiArOTOBKM MAaKyJaTypHOi Macu 110 (ioTaiii
(M1 9ac po3BOJIOKHEHHST MaKyJIaTypy i IUCHIepryBaHHS MaKynaTypHoi MacH) [1].

[Ile ogaMM crmiocoOOM 3MEHIICHHS BTpaT BOJIOKHA 1 MIJIBHINCHHS BUXOIY
nicias  ¢daoTamii Moke OyTH BHUKOPUCTaHHSA CTyneHeBoi (uoTamii. B mpomy
BUTAJIKY (prioTaIiiiHa miHa, siKka yTBOPUJIACS BiJl MEPBUHHOI (IIOTAIli, MIATAETHCS
BTOPUHHIN (ioTarii, 1m0 3A1HCHIOEThCA 3a OUIbII HU3BKOI KOHIIEHTpAIlll MacH,
OCKUIBKU Yy (PJIOTOMIHI MiCAsi MEepLIoro CTymeHs QuoTanii MICTUThCS HE3HAYHa
KUIBKICTh BOJIOKOH.

®norauiiina kamepa Tumy SelectaFlot™ ¢ipmu Andritz mae gBa piBmi
B 0JfHOMY amaparti (puc. 1), [ist 31iiCHEHHS MEPBUHHOT 1 BTOpHHHOI QuroTarii [1,
3]. MynbTuimkekTop 3abe3nedye ONTHMAIbHHIA PO3MOALT OyIbOaIIoK MOBITPs
B cycrien3ii. BupanenHs dyacTtok apykapchkoi (apOu 1 aHIOHHUX JIOMIIIOK
3IIACHIOETHCS 3a MIHIMaJIbHOT BTpaTtu BosiokHA. 11[06 3MeHIuTH BTpaTH BOJIOKHA,
MiHa 3 IepIIOro cTyneHs (oTallii nogaerbes Ha Apyruid. [lutoma BuTpara eneprii
duorariitnoi kamepu Tury SelectaFlot™ Ha 20% € HUKYOI0, HiXK B AHATOTIIHHX
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amaparax, 3a paxyHOK ONTHUMAajbHOI aeparlii Macu 1o BChbOMY O0’€MYy KaMepH.

[TpoaykTuBHICTH KaMepu cTaHOBUTH Bij 20 10 1200 1/m00y [1, 3].

Puc. 1 — ®norauiiina kamepa iy SelectaFlot™

Kpim Toro, ¢uotarniiina kamepa Tumy SelectaFlot™ ocHaleHa IpocToro
CHUCTEMOIO KEpyBaHHS BY3JIOM aepallii, € 3py4HOI ISl OINISIAY i TEXHIYHOIO
00CIyroBYBaHHsI, 1110 JIO3BOJISIE CKOPOTUTH BUTPATH Ha ii ekcrutyaraniro [1, 2].

Takum ynHOM, e€deKTUBHICTh Tpoliecy (GIoTalil y TEXHOJOTTYHUX MOTOKaX
MUCATBHO-IPYKAPCHKUX 1 CAHITAPHO-TITIEHIYHUX BUIIB MMarnepy MOKHa MIJBUILUTH
[UIIXOM OUIBII TIOBHOTO BIJJIUJIEHHS 4YacTOK JPYKapchkoi (apOu i 30JIbHUX
€JIEMEHTIB BiJ BOJIOKOH Ha €Tarll MiIT0TOBKU MaKyJaTypHOi Macu 1o uoTarri, a
TaKOXX BUKOPUCTAHHSM (JIOTAINHUX KaMep SelectaFlotTM, o mnependavyaroTh
cTyneHeBy QuoTarito. Lle 103BONMTH HE JUIIE 3HU3UTH BTPATH BOJIOKHA, ajne i
CKOPOTHUTH €HEPIreTHYHI Ta eKCIUTyaTalliiiHl BUTPaTH Ha QJIOTaLIO.
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YK 544.726:537.311.3
EJEKTPOIIPOBIJHICTb KATIOHOOBMIHHUX HEJIIOJIO3HUX
MEMBPAH JJISA EJEKTPOAIAJII3Y
marictpanT Kexkyx M.B., k.T.H., nou. MoBuantok O. M
HauionajbHUil TeXHIYHUA YHIBEepCUTET Y KpaiHu

“KuiBcbkuii nmositexHiyauii incturyT imMeni Irops Cikopcbkoro”

Merton enekTpoianizy MUPOKO BUKOPUCTOBYETHCS ISl OUUIIICHHS BOJIU BiJT
PO3YMHHUX coJiel. ['0JIOBHOIO MepeBaror Mpolecy eIeKTpoiaaizy 3 10HITOBUMHU
MeMOpaHamMHu € Te, 10 BCl 10HHU, SIKI BUJAJCHI 3 KaMep 3HECOJICHHS, MOXYTh
30MpaTUCs B KaMepy KOHIICHTPYBAHHS, SIKI MEXYIOTh 3 HACTYITHUMH KaMepamu
3HecoseHHs [1, 2].

B manuii gac Bi1oMO KilbKa COTeHh MEMOpPAHHUX MaTepialliB, 3 HUX OJU3BKO
50 TumiB HajekaTh M0 10HOOOMIHHMX MeMOpaH. 3apskeHi MeMOpaHu ao0pe
MPOBOJIATH ENEKTPUYHUIN CTPYM 1 MAIOTh BJIACTUBICTh BUOIPKOBO MPOIMYCKATH 10HU
MEBHOIO 3HAaKy. 3a 3HAKOM 3apsily MaTpull MeMOpaHu TMOAUISIIOTECS Ha
KaTIOHOOOMIHHI, = aHIOHOOOMiHHI ~Ta  OimojsipHi.  [geanpbHO  CeleKTHBHA
KaTioHooOMiHHa MeMOpaHa Mae miporyckatu Ha 100% murie kaTioHH, ajie MOBUHHA
CILy’KMTH Oap'epoM sl HIOTOKY aHIOHIB [2].

3a (ikcoBaHi 10HU I KaTIOHOOOMIHHMX MeMOpaH BHUKOPHCTOBYIOTH TaKi
rpyniu: — SOz, — COO, - PO3;, — HPO,, — AsO3, — SeO3;. HeratuBHuii 3apsia mux
rpyl KOMIIEHCYETHCS MMO3UTUBHUMU MpoTHioHaMHu. [Ipupona gpikcoBaHuX 3apsiB 1
MPOTUIOHIB ICTOTHO BIUIMBAE€ HA CEJIEKTHUBHICTH 1 €JIEKTPOMPOBIIHICTH MEMOpaH.
BinblIicTe TPOMUCIOBUX KaTIOHOOOMIHHUX MEMOpaH MICTATh CYyJb(GOTPYIIH.
EnexTpomianizHi MeMOpaHu HaidacTillieé BUTOTOBJISTFOTh HA OCHOBI 10HOOOMIHHUX
CMOJI 3 TOJICTUPOY, IO 3MMUTHA TuBIHUIOGH30/0M. [li MaTepiasm SABISIOTH
co00K0 TMOJIMEpPHI KOMMO3MIlli TIeTepOreHHOro THIY, IO CKJIAJalThCS 3
po3meneHoi B myapy cmosm (60— 65 mac.%) 1 iHepTHUX MOJIiMeEpPiB (TIOJIETUIICHY,
MOIBIHUIXJIOPUTY Ta 1HIIUX J00aBOK), 1 4aCTO MICTSATh apMyrO4l BOJIOKHA JIJIst
HaJIlaHHsI MeMOpaH1 MEXaH14HOI MIITHOCTI.
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Ha puc. 1 cxemaTtn4Ho 300pakeHO KaTIOHOOOMIHHY MeMOpaHy siK (hparMeHT

eJeKTpoMeMOpaHHOi cuctemu [2].

KarioHooOmiHHa MeMOpaHa

PO34HH eIeKTPOIITY

R — ¢ikcosani ionu; K, A — npoTuioHH 1 KOI0OHK B MEMOpaHi 1 pO34HHI
EJIEKTPOITY; | — JIaHIIOTH MOJIMEPHOT MaTPHIIi, 1110 YTBOPIOIOTH KapKac; 2 —
MICTKH MOJIIMEPHOT0 KPOC-areHTa, 1110 3UIMBa0Th OCHOBHI MOJIMEPHI JIAHLIOTH; 3
— BKJIFOUEHHS IHEPTHOTO TIOJIIMEPY, 110 J0JA€ KOMIO3UIIT TEPMIUHY 1 MEXaHIYHY
MILHICTh

Puc. 1. CxemaTuune 300pakeHHs1 (PparMeHTa eJIeKTPOMEMOPAHHOT CUCTEMHU

MewmbOpaHna siBJisie CO000 MOTIEIEKTPOIIT, TOOTO IJIIBKY, 110 100pe Habyxae,
1 Mae Ha moJiMepHid Marpull (iKCoBaHI HETaTUBHI 3apsau. Bucoka IIIIBHICTB
UX 3apsAJIiB BCEPEANHI MAKPOMOJIEKYJIM CTBOPIOE TaK 3BaHUN IPOCTOPOBHI 3apsi,
KU KOMIICHCYETHCSl €KBIBAJICHTHUM YHCJIOM 3apsiiiB MPOTHJIEKHOTO 3HAKA —
npotuioHamMu. OCTaHHI B OKOJHII NPUIIUTHX, (DIKCOBAHUX 3apsAiB CTBOPIOIOTh
10HHY atMocdepy 1 3a0e3MeuyIoTh €JIeKTPOHEUTPaIbHICTh NoJliMepy. Y MeMOpaHi

MICTUTBCS TAKOX HEBEJIMKA KUIbKICTh PYXJIMBUX 10HIB, 1110 MAOTh OJTHAKOBHM 3HAK
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3apsny 3 (DIKCOBaHMMHM 10HAMHM, SIKI HAa3WMBAIOThCS KoioHamu. [lim 9ac KOHTakTy
MeMOpaHH 3 po30aBICHUM PO3YMHOM EJEKTPOIITY KOIOHU MPAKTUYHO IMOBHICTIO
BUKITIOYAIOTHCSA 3 (ha3u MeMOpaHu 1 He OepyTh ydacTi B IepeHeceHH1 cTpyMmy. Lleit
eeKT Ha3MBAIOTh «IOHHAHIBCHBKUM BHHATKOM». HaknajgeHHs Ha MeMOpaHy
MOCTIHOTO €NEeKTPUYHOrO TMOJs CHPUYUHSE COPSIMOBAHUI pyX MPOTHUIOHOB, a0
eJeKTpoMirpariito. Tomy KaxyTh, IO i7ieaibHa MEMOpaHa, sika Ha0yxJja y BoJii abo
PO3UHHI EJEKTPOIITY, € TOJICICKTPOJITOM 3 YHIMOJSAPHOK TPOBITHICTIO (Ha
BIJIMIHY BIJI PO3YMHIB €JIEKTPOJITIB, A€ CTPYM NEPEHOCATH 1 KATIOHU 1 aHIOHH).
[luToma eneKTpONnpoBIAHICT MeMOpaH TOpIBHSHHA 3 €JIEKTPONPOBIIHICTIO
PO3YUHIB €JIEKTPOIITIB. Y CyXOMy CTaHl IIi MeMOpaHU Mail’ke He MPOBOJIATH
CTPYM, 1 iX BIAHOCSITh J0 JI1€JIEKTPUKIB.

Bucoka enexTpomnpoBiIHICTh 1 17ieaidbHa CEJIEKTUBHICTh MeMOpaH — Ie iX
OCHOBHI TPAHCIIOPTHI BJIACTMBOCTi, M0 3a0€3MEUYyI0Th BUCOKY POTYKTHUBHICTh
€JIEKTPOMEMOPAHHOTO  Tpollecy MoAuTy. 30UTbIIEHHS  EJIEKTPONPOBIAHOCTI
MOB'A3aHO 3 POCTOM KIJBKOCTI BIIPOBAKEHUX B 0OCST MeMOpaHU MEPEHOCHUKIB
3apsimy. MK €JIeKTPONpPOBIAHICTIO 1  CEJIGKTUBHICTIO  ICHYE  TEBHUU
(GyHKLI0OHATBHUH 3B'SI30K [2].

Mera po0GOoTH — OIIIHUTH BOJIbT-aMIIEPHY XapaKTEPUCTUKY HOBUX
LEII0JI03HUX  KaTIOHOOOMIHHUX  MeMOpaH; TOpIBHATM 1i 3  cepiliiHOIO
KaTioHOOOMiIHHOIO MemMOpanoto MK-41.

KaTtionooOMiHHI 11€JI0JI03HI MeMOpaHM BUTOTOBJSUIMCS B Jlabopartopii 3a
Metoaukoro [2, 3]. OnHa yacTuHa MeMOpaH OyJia BUTOTOBJIEHA 3 MOAM(IKOBAHOT
aHIOHHUM pPEareHToM CyJb(aTHOi XBOHHOI BUOUIEHOT LIETIOI03H, Apyra yacTUHA
Oyma oTpuMaHa NUITXOM MPOCOYCHHS 3pa3ka 3 HeMOAU(]IKOBaHOI IENOJI03H
PO3UHMHOM TOTO X aHIOHHOT'O PEareHTy.

Jlnsi BU3HAUEHHS BOJBT-aMIIEPHOI XapaKTEPUCTUKU MEMOpaH 1 MOJEIBHOTO
pPO3YMHY  €JEKTPOJITY BHUKOPHUCTOBYBAJIM JBOKAaMEpPHY KOMIpPKY, CXema
IiKTIOYCHHS sIKo1 HaBeneHa y [2]. Po3unHoM cynbdary HATpir0 KOHIICHTPAITIEO

3 .
20 r / am® 3anoBHIOBAJIM OOWIBI KaMepu. BHKOpUCTOBYBaIM €IEKTPOIU 3
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Hepkasirouoi ctam 12X18H10T 1 3minHuMil ctpym. Hampyry BcTraHoBmioBanu B
nianasoHi Big 1 1o 10 B. 3 kpokom B 1 B dikcyBanu 3HaueHHs CUIIU CTPYMY.

BusHauanu nuToOMuil €IEKTPUIHUMA OMIp 1 €MEKTPONPOBIIHICTD LETIOIO3HUX
MeMOpaH Ta cepiitHoi kKaTioHooOMiHHOT MeMOpanu MK-41, o BUTOTOBISIETHCS Ha
O0CHOBI (hOC(POPHOKHUCIIOTHOTO KaTIOHOOOMIHHHUKA.

OTpuMaHi pe3ynbTaTy MOKa3alu, 10 3aJeKHOCTI CHJIM CTPYMY BiJl HAallpyTH
e nmiHiiHuMH. [IpocodyeHl aHIOHHMM pPEareHTOM IICNIOJIO03HI MEMOpaHH MaloTh
MUTOMY €JIEKTPONPOBIIHICTh HA PIBHI CEpIHOI KaTioOHOOOMiHHOI MemOpanu MK-
41. [luromMa eIeKTPONPOBITHICTE MeMOpaH 3 MOAM(IKOBAHOI 11eT0I031 Ha 18-22
% wnwxkya. [lomanpmn gocniykeHHs OyAyTh CHpPSMOBaHI Ha BHU3HAUEHHS 4HCEN

MEePEHOCY NPOTUIOHIB Ta CEJIEKTUBHOCTI HOBUX MEMOpaH.

IlepeJiik mocujIanb:

I. Moguantok O.M., Tomens M.J[. ['ereporeHHble HOHOOOMEHHBIE
[EJUTIOJIO3HBIE  MEMOpaHbl Il dJEKTpoauanuia // DHEProTexHOJOTUH U
pecypcocoepexenue. 2016. Ne 4. C. 51 — 60.

2. lopsiunii H.B. DnektpoMeMOpaHHbie poLiecchl: yueOHoe mocodue. — M.:
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izdat.ru/books/?id_b=14 ([lata 3BepHenns: 30.04.2020).
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YK 676.166
MMOKA3HUKHA MIITHOCTI OKUCHO-OPTAHOCOJIBBEHTHOI
COJIOM'STHOI LIEJIIOJI03U
crynent aiimypos O.C., k. T. H., no11. TpemOyc 1.B.
HauionajbHuUil TeXHIYHUA YHIBepCcUTET YKpaiHu

“KuiBcbkuii nmositexHiyauii incturyT imMeni Irops Cikopcbkoro”

Anomauia. Pozenanymo npoyec 00epicanHs NUEeHUYHOI CONOMU 8 CUCmeMi
oymosa KUCIOMA-NEPOKCUO  BOOHIO-eMUN0BUU  cnupm. J{ocniodxiceHo 6nius
mpueaﬂocmi 6apiHH}l HA NOKA3HUKU Mib;HOCWli COIOM SIHUX — BOJIOKHUCIUX
Hanigghabpuxamis.

Knrouoei cnoea: nwenuuna cojioma, OKUCHO-OP2caAHOCOIbBEHNIHE 8apiHH}l,
NOKA3HUKU MIYHOCMII.

Abstract. The process of obtaining wheat straw in the system of acetic acid-
hydrogen peroxide-ethyl alcohol is considered. The influence of cooking duration
on the strength indicators of straw fibrous semi-finished products has been studied.

Key words: wheat straw, oxidative-organosolvent cooking, strength

indicators.

ExcrieppuMeHTH 3 €KCTpakilli JITHIHY 13 JIEPEBUHU BOJHUMH PO3UMHAMHU
COUPTIB 3 gBWIMCS B JiitepaTypi me y 1893 poui, ane OUIBIIICTE 3 HUX
HajpykoBaHa y 30-X pokax MHHYJOTO CTOJITTA. BoaHO-CIMpPTOBI BapiHHSA
LEJI0JIO3N OyJIM cepell TepIIuX OPraHOCOJIBBEHTHUX CHocOo0iB onepkaHHs BHO®
3aBIsIKM  psAy mareHTiB  KielHepTra, SAKWUW  3alpoONOHYBaB  MPOBOIUTH
nenirnigikamito aepeBuHu 50 % po3uyMHOM €TaHOJay abo METaHody y Boji. BuOip
€TaHOJTy 1 METaHOJY TIOB’SI3aHUM 3 THM, 1110 X BUPOOHUIITBO € 0AaraTOTOHHAXKHUM.
BoaHo-ciupToBe BapiHHS 1ETIONO3W TMOYMHAETHCS 3a pH Omuspkoro 1o
HEUTpaJbHOTO, a 3aKiHuyeThes 3a pH = 2,8 — 3,8.

3 JiTepaTypHUX JpKepes Bimomo [1], 1o IpoBeJeHHS OpraHOCOJBBEHTHHX

BapiHb 3a pH < 7 crpusie onaepkaHHIO IETI0JI03U 3 BUXOJA0M Ha 3 — 5 % BuuM
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HiK 3a pH > 7. Tomy nmpoBeaeHHSI OKHCHO-OPTaHOCOJIbBEHTHOTO BapiHHA CIYKU
neHnyHoi cosiomu B cucteMi CH3COOH : H,0, : C,HsOH cnpusie Habm>xeHHIO
3a MOKAa3HUKaMU SIKOCTI OJIEp>KaHUX COJIOM SIHUX BOJIOKHHCTHUX HariB(aOpHKaTiB
(BH®) nmo BH® onepxkanux 3a syxnHoro pH, nHanpukmax ASAE Bapinas
POCIIMHHOI CHPOBHUHH.

Bapinas mmeHnYHOI COJOMHM TPOBOAWIN BAapUIBHUM PO3YMHOM, SKHMA
roTyBaju 3MIlIyBaHHIM Jb0JAsiHOI ouroBoi kuciotu (CH3COOH) 3 po3unHoM
nepokcuny Bojanio (H,0,) konnentpartiero 30 % y cmiBBigHomieHnHi 70 @ 30 06. %.
JlaHUM PO3YHMHOM TPOBOJIMIIM MPOILIEC MPOCOUYCHHS COJIOMU 3a TpuBajocTi 120 xB,
temmepatypu 50 °C. Jlani npoBommin Binbip 40 % BinmpampOBaHOI MEpPOITOBOL
KHCIIOTM 1 JO0JaBajld JO0 PO3YMHY BIANOBIAHY KUIBKICTh €THUJIOBOTO CHHUPTY
(C,HsOH). TpuBanicts BapinHs BapbtoBasiack Bia 60 1o 180 xB, Temneparypa 90 +
2 °C. B pesymbrari mpomecy aemirmidikamii BIanocs OTPHMATH LEIIONO03Y 3
BUXxoqoM 51 — 65 % 1 BMicTOM 3ayMIKoBOrO Jirdiny 2,1 — 5,8 % Bix macu alc.
CYX. CHPOBHHH.

B xom BukoHaHHS poOoTM Oyno BHU3HA4Y€HO  (HI3UKO-MEXaHIvHI
XapaKTEPUCTUKU COJIOM STHOI LIENIIOJIO3U OJepKaHoi. Peynbratu mNpoBeAeHHUX

JIOCIIIIKEHb HaBeIEeHO B TA0II. 1.

Tabmuus 1 — [Toka3HUKK MIITHOCTI OJIepKaHUX OKHCHO-OPTaHOCOJIbBEHTHUX

COJIOMSTHUX BOJIOKHUCTUX HamiB(})aOpUKaTiB

. Tpusanicts Onmip Omip
Tpusamcte PospusHa
. IIPOCOYECHHS PO3IMPAHHIO, | IIPOJABIIOBAHHIO,
BapIHHS, XB JIOBXKWHA, M
XB. MH klla
60 2480 222 60
90 7110 235 150
120 120 8690 261 170
150 6590 248 160
180 5440 237 140

[3 HaBegeHux B TaOiu. 1 maHUX BUAHO, IO 31 30UIBIIEHHS TPUBAJIOCTI
BapiHHA 10 120 xB, (i3UKO-MEXaHIYHI TMOKA3HUKU OJIEPKAHUX BOJOKHUCTUX
HamiB(aOpuKaTiB 3pOCTalOTh, IO TMOSICHIOETHCS KpallMMU ManepOTBOPHUMHU
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BJIACTUBOCTSIMU COJIOM STHOT IIEJIFOJIO3M 3@ PAaXyHOK YTBOPEHHS JOJAaTKOBHMX

BOJITHEBHUX 3B’SI3KIB MK IMOJIicaxapuaaMy 1 BACOKMM BMICTOM B HUX T€MIIIEII0N03,
Kl CIOPHUSIOTH TOKpALICHHI0 MeXaHI4HOi MinHocTi. Ciig  3ayBaXuTH, IO
noJiajbiie 30UIbIICHHS TPUBAJIOCTI BapiHHS MPU3BOAUTH A0 3MEHIICHHS (i3UKO-
MEXaHIYHMX MOKa3HUKIB ofepkannx BH®, 3a paxyHOK JecTpyKIiii ByIJIeBOHEBOT
YaCTUHU COJIOM SIHOI LIEITFOJIO3H.

Bimomo [2, 3], mo ¢di3uko-MeXaHiyHi IMOKa3HHUKH OPraHOCOJbBEHTHHX
LE0JI03 TakoX 3anexars Bl pH opraHiuHux po3uuHiB. Tak, BOJOKHHUCTI
HamiBpaOpUKaTH, OJEp>KaHI B KHUCIOMY CEpEIOBUIII, SIK MPAaBHIIO, HWXYl, HIXK
oJIepKaHl y JIy’KHOMY cepeioBuiill. OcoOIMBO 1I€ CTOCYETHCS ONOPY PO3AUPAHHIO,
Ha 3HAYEHHs SKOro BIUIMBA€ BMICT reminentono3 y BH®, crpykrypa onep:xanux
BH®, BnacTuBOCTI MOBEPXHI BOJOKOH. 3 €KCIEPUMEHTAILHUX JaHUX, BUIHO, IO
COJIOM'sSiHa IIeJI0JI03a OJiepKaHa JIOCHIPKEHUM crocoboM pAemirHidikamii 3a
MOKA3HUKOM PO3PUBHOI JOBKUHHM HAONMMKAETHCSA JO BIJAMOBIAHUX TMOKA3HUKIB
LENI0NI03U oiepkaHuX 3a JyxHoro pH. IlokasHuk onopy po3aupaHHIO y /iBa pa3u

MEHIIIUM, 1110 TTOTOKY€EThCS 3 JITepaTypHUMU JTAHUMH.

Ilepesiik mocujianb:

2. By Kyok bao Ilomyuenue OeneHON MEIUTIOI03bI M3 JIPEBECHHU OCUHBI B
CUCTEME NEPYKCYCHasl KUCIO0Ta — U300yTHIIOBBIM CUPT — Boja: aBTOped. ...
kaH1. TexH. HaykK: / By Kyok bao «Caukrt-IletepOyprckas ecoTexHuueckast
akagemus».- Cankt-IlerepOypr, 1995. — 45c.

3. Fernandez E. O. Properties of cellulose pulps from acidic and basic processes
/ E. O. Fernandez, R. A. Young // Cellulose. — 1996. — Ne 3. — P. 21-44,

4, bapbam B. A. OpraHocOJbBEHTHBIE METOJbI TIOJYUYCHUS BOJOKHUCTHIX
noryhadpukaTtoB u3 nieHnIHou coioMbl / B. A. bap6am, 1. B. TpemOyc, B.
M. IlleBuenko // DHeprorexHonoruu u pecypcozoepexenue. — 2009. — Ne 1. —

C. 37-41.

175



36ipuuk Te3 nonosigeit XVIII mixkHapoaHoi HAyKOBO-IPaAaKTHYHOI KOH(pepeHIlii CTy1eHTiB,
acmipaHTiB i MoJioauX BUeHUX ’PecypcoeHepro3oepirarodi TexHoJorii Ta odJiagHaHHA”

YK 676.252
M'AKICTD, AK OAUH 3 OCHOBHUX ITOKA3HUKIB BUPOBIB
CAHITAPHO-TTTIEHIYHOI'O ITPU3HAYEHH
marictpantu Anuyk [.B., I'pumenxo T.A., [Toaropuos €.A.,
K.T.H., no1l. TpemOyc [.B.
HauionanbHuil TexHiYHMi yHIBepcuTeT YKpaiHu

“KuiBcbKkuil noJiiTexHiyHuii iHcTutyT iMeHi Iropsa Cikopebkoro”

Anomauia. Pozenanymo eumocu 00 NOKA3HUKIE AKOCMI CAHIMAPHO-
eieieniunoco nanepy. Onucano 0coOIUBOCMI GU3HAYEHHS NOKASHUKA M'SKOCMI
opzaHoienmuirum Memoo OL;iHIOGClHH}l.

Knwuoei cnosa: canimapHno-cicieHivHull nanip, MAKiCmb, Op2aHoaenmuyHi
61aCMUBOCMI, AHAI3AMOP M 'AKOCMI muc 'o.

Abstract. The requirements to the quality indicators of sanitary paper are
considered. The peculiarities of determining the softness index by organoleptic
evaluation method are described.

Keywords: sanitary paper, softness, organoleptic properties, tissue softness
analyzer.

BupoOHuITBO manepy ocHOBU il caHiTapHO-TirieHiyHoi (CI') mpoaykuii y
B1JICOTKOBOMY CITIBBIHOIIICHHI PETYJISIPHO MOCIAa€ MPOBITHE MICIE cepell 1HIIMUX
BupoOiB acomiarii "Ykpllamip". Taki maHi MOSCHIOIOTHCS BUCOKHM IOITMTOM Ha
JAHUM BUJ IPOJIYKIIii, 110 BUPOOIseThes 3 manepy ocHoBu CI” mpu3HaueHHS.

Jlo manepy CI' mpu3HaueHHS BHUCYBAIOThCS CIEIialdbHI BUMOTH, TaKl SK
MiJBUIIEHA M'SIKICTh, BHCOKA TMOTJMHAIOYA 3JaTHICTh, MyXKICTh TMPH BIJHOCHO
HEBHCOKIN MEXaHIYHOI MIITHOCTI, HU3bKa Maca M2,

M'skicte CI' BuaiB mamnepy, mopsj 3 MiABUIIEHOI BOMPHOIO 3JaTHICTIO, €
OJHMM 3 OCHOBHMX 11 CIOKMBYMX BlacTUBOCTEH. Ha kanb, i1 He MOKHA BU3HAYUTH
OJHO3HAYHO, 1 B 3arajbHOMy BHUMNAJAKYy TIOHATTS M'SKOCTI mamepy o0'eaHye
KOMIUIEKC TMPY>XKHOTUIACTUYHUX 1 OPraHOJICNTUYHUX BJIACTUBOCTEH. M'sKIiCTh

XapaKTepu3ylTh MNpyxHOAChOpPMAlIMHI TMOKA3HUKH, Taki, SK MPYXHICTb,
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IUTACTUYHICTD, €JACTHYHICTh, THYYKICTb, a TaKOX IYXKICTb 1 CTaH MOBEpPXHI
ManepoBOro Jucra, ToOTO ii penbed, MOPCTKICTh, KoedimieHT TepTsa. IleBHe
CHIBBIJIHOIIEHHSI IUX MapaMeTpIB XapaKTEepU3ye MOKA3HUK HAMBUIIOI M'SIKOCTI.
M'skicTp mamnepy BHU3HAYAIOTh SIK PYXJMBICTh HOTO CTPYKTYpPHHUX €JIEMEHTIB
(BOJIOKOH), iX BiIacTUBOCTI. UMM BHILE PYXJUBICTh BOJOKOH MPHU IHIIMX PIBHUX
yMOBax, TUM BHUIIE M'SKICTb Manepy 1 BHUIIE 3HAYEHHA MOro IJIACTHYHOCTI.
[Tapanensno CI' BuaM namnepy MOBHHHI XapaKTepU3yBaTUCs MEBHUMH 3HAYCHHIMHU
MPYXKHOCTI, TOOTO TMOBEpPTATUCS B MOYATKOBUN cTaH (HEeAOPOpPMOBAHUMN) TiCIH
3HSTTS 30BHIIIHBOTO HABAHTAKEHHS, 30€pIratouu CBOIO MyXKICTb.

Ilin yac OIIHIOBaHHS  BJIACTUBOCTEH  BOJIOKHHCTHX  MaTepiajiB
OpPraHOJIENITUYHUMHM METOJaMHU MOTpIOHA SKOMOIa TOYHIIIA KOHKpETHU3alis y
dbopMyINIIOBaHHI  BCIX  MOXJIMBUX  TAKTWIBHHUX  BITYYTTIB, OCOOJMBOCTEH
30BHIIIHBOTO BUIJISAY, (DOPMU, KOJIBOPY Ta 1HIIMX MOKA3HUKIB, XapaKTEPHUX IS
BOJIOKHUCTHX MaTepiaiB.

JUis BU3HA4YEHHSI M'SKOCTI 3aCTOCOBYIOTH METO[, IO JIO3BOJISIE OLIIHUTHU
MPYKHI BJIACTUBOCTI BOJIOKHHUCTOTO Marepiajly 13 3acTOCYBaHHSIM NPTy
"Amnanizatop m'skocti tuc'to" (TSA) (Tissue Softness Analyzer) sikuii, 30kpema,
7A€ MOKJIUBICTh OIIHUTH XapaKTEPUCTUKH MaTepialliB, a TaKOX OJIHOYACHO
BPaxOBY€ 1X BIUIMB HA M’ SIKICTb.

[Ipunuun i#oro nii 0a3yeThbCs HA BU3HAUYEHHI CUJIM, SIKa TEPENAETHCA
JOCITIKYBaHUM 3pa3KOM Ha CEHCOP PeeECTpaliifHOro ejeMeHTa Mpujaay i dac
3THHAHHS Ta JJIS OI[IHIOBAHHS CIIOKMBUMX BJIACTUBOCTEH MaTepiaiiB, a TaKOXK ix
JUHAMIYHOTO PO3TATYBAHHS, M SKOCT1 Ta 1HIIMX HOTUYHUX mapameTpi. [IpuHiun
Iii mpuiaay TIPYHTYEThCS Ha BUMIPIOBaHHI BIOpallii JOCIIHKYBAaHOTO 3pa3ka 1
NOJAJIbIIOT TOOYIOBU YaCTOTHOTO CHEKTpa 1yMiB. BogHouac 3MiHHI (akTOpH, BiJ
SKUX 3aJIeKaTh KUIBKICHI 3HAYeHHS OTPUMAaHUX ITOKA3HMKIB, MOIUISIOTH Ha JBI
Tpynu:

— TIOKa3HMKH, [0 BHU3HAYAIOTh SKICTh BHUXIJHOTO BOJIOKHHUCTOIO
Marepiainy;

— TMOKa3HUKH, 1[I0  BHU3HAYAIOTHCS  TEXHOJOTIYHUM  MPOIIECOM
BUTOTOBJICHHS MaTepialy (Isi mamepy CaHiTapHO-TEXHIYHOTO
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MpPU3HAYEHHS — CTYIIHb MJIMBA, PEXUM MPECyBaHHS, MPOIIEC
BiJITMBaHHSI, CYIIIHHA Ta MOJANBIIOTO 0OpOOICHHS).

B 3anexHOCTI Bij] 3arajJpHOTO BHITAJKy KOJH TOBOPATH PO M'SIKICTh, TO 1€
O3Haua€e TAKTWIbHE BIMYYTTSA MpPH TOTHKY JO0 Marepially, HampuKiIaa, THUC'TO.
BimuyTtTtss M'skocTi € KOMOIHAIis TPhOX CKJIQJAOBHX —  ICTHHHA M'SIKICTb,
TJIaJIKICTh/IIOPCTKICTD, )KOPCTKICTb.

Tpu mapamerpu — iCTHHHA M'SIKICTh [S7, TIaakicTh/mopcetkictb TS750,
XKOpCTKICT, D pa3zom 3 TOBHIMHOIO 1 YKCIOM IIapiB KOMOIHYIOTHCS y (hopmyii

pPO3paxyHKy MOKa3HHKA M'SIKOCTI [0 TOMY a00 IHIIOMY aJrOpUTMY PO3PaxyHKY:
HF =f (TS7, TS750, D, ToBuuHa mapy, Maca, 4Yiciio mapiB)

[Ipu po3paxyHKy MOKa3HHKa M'SIKOCTI 3pa3KiB THUC'IO JOCTYIMHUN BUOIp
PI3HHX aJITOPHUTMIB, SIKI BUKOPHCTOBYIOTH B 3aJIEKHOCTI BIJl XapaKTEPUCTHK abo
BiJl 3aCTOCYBaHHSI MaTepiaiy 3paska. [Ipy mpoMy piBHAHHSA B LUX alTOPUTMAax
J03BOJISIIOTH BUPaXyBaTH TMOKAa3HUK M'SIKOCTI PI3HUMHU METOJaMH.

MoskHa 3poOUTH BHCHOBOK, ILIO0 OPTaHOJIENITUYHUA METOJ OLIHIOBAaHHS
MOKAa3HUKA M'SAKOCTI € Jyxke CyO0'€KTUBHUM 1 0arato B 4YOMY 3aJICKHUTh BiJl
EMOIIIITHOT XapaKTePUCTUKU OCOOMCTOCTI EKCIIepTa.

Anamnizarop (TSA) 103BoJisie 00paxyBaTH MOKa3HUK M'SKOCTI 3a JOIOMOTOFO
PI3HHUX aJTOPUTMIB, 5IKI BUKOPUCTOBYIOTHCSI TOJIOBHUM YMHOM JIJISI OLIHKH SIKOCTI
MiJ] 4ac BXIJHOTO Ta BUXIAHOTO KOHTPOJIIO, ONTUMI3alli MpOIecy, pO3poOKHU 1
CTaHJapTHU3Aallil IPOAYKTY, PO3TISAY PEKIaMHU.

Ilepeiik mocujanb:
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UDC 676.038.2
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Student O. Ivanova, E. Kolesnykova, senior lecturer A. Ostapenko
The National Technical University of Ukraine

“Igor Sikorsky Kyiv Polytechnic Institute

It is known the paper production huge negative impact effects on the
environment. There are many technologies that can mitigate the negative impacts
on the environment and they also give a positive economical effect [1]. One of
these processes is the recycling, which is not only the subsequent use of waste, but
and a double decrease of the environment loading, known as an environmental
impact reducing [1].

From the first view point, the natural resources conserves at side of the
manufacturing process inputs, from the second view point, the number of
hazardous components amount leaking to the environment is reduced in terms of
productivity of the production process. Recycled paper production requires less
energy, conserves the natural resources viz. wood and decreases the environmental
pollution [2]. At the repeat use of the secondary fibres, it need deliberate the paper
properties alter due to the fiber deterioration during the recycling, when many
alteration are irreversible. The alteration depth depends on the cycle’s number and
way to the fibres use.

This decrease is an effect of many alterations, which can but need not arise
in the secondary pulp during the recycling process. The recycling causes the
hornification of the cell walls that result in the decline of some pulp properties. It is
due to the irreversible alterations in the cells structure during the drying. The
main problem is the decrease of the secondary pulp mechanical properties with the
continuing recycling, mainly the paper strength. One of the effective ways to
increase the strength of paper products from secondary fibres is the addition of
chemical additives [3]. Environmentally friendly synthetic products, amphoteric
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polymer resins, which are characterized by compatibility with the surface of the
fibers due to the energy and the number of bonds formed [4], are functionally
suitable for use in paper production. It is known that in highly polluted
environments in the paper production of from recycled fibers, synthetic-based
hardeners are effective, having a low molecular weight and including reactive
fragments of the cationic type. Depending on the functional affiliation of the
components, amphoteric polymer resins are introduced into the system to form
new waterproof compositions by implementing the appropriate mechanism.
Strength characteristics of paper with resins have been studied in a number of
works [4,5].

To a large extent, the effectiveness of amphoteric polymer resins is
determined by the content of azetidine groups that provide cellulose
macromolecules with cationic charge, and substantially increase their reactivity
with cellulose macromolecules. That is, the flocculating ability of these polymers,
and their ability of chemical binding with cellulose fibers, depends on the content
of azetidine groups. Despite a wide range of these reagents on the market, there is
no a detailed comparison of their characteristics, and the content of azetidine
groups in the studied resins is unknown. Therefore, in order to select the most
effective reagents, we have conducted a study on the content of these functional
groups in resins of various types using the methods of 'H and *C NMR
spectroscopy [4].

It is shown that the use of "H NMR spectra is useful only for qualitative
assessment of amphoteric polymer resins azetidine groups and it is expedient to
use *C NMR spectroscopy to studying the structural and functional features of
resin macromolecules. Using *C NMR spectroscopy, the relative content of
azetidine groups in amphoteric polymer resins various types was calculated and the
mechanism of interaction of amphoteric polymer resins with cellulose
macromolecules of auxiliary fibrous intermediates was studied. The regularities of
the influence of amphoteric polymer resins azetidine groups on the physical and
mechanical properties of paper and cardboard were determined, taking into account
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various conditions for the formation of paper and cardboard. It is shown that,
depending on the amphoteric polymer resins type, the content of these groups from
theoretically possible varies within a wide range from 7% to 81% [5].

The confirmation for the formation of chemical bonds due to the
transformation of azetidinic groups with the formation of covalent chemical bonds
with macromolecules of cellulose resulted in the interaction of amphoteric polymer
resins with methylolinium compounds [5].
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JOCJIIKEHHS ® YHKIII TAMIIbTOHA HA IIPUKJIAJL PYXY
MATEMATHYHOI'O MAATHHKA.

ctyneHt IanoB J1.B., k.1.H., nonent [lredan H. I

HauionanbHuil TeXHiYHMI YHiBepCUTET Y KpaiHU

«KuiBcbKuil moirtexHivuui iHcTutyT iMmeHi Irops Cikopcbkoro»

3naitnemo dyHkiio ['amMiIbTOHA Ta CKIaJeMO KaHOHIYHI PIBHSIHHS PyXY
MaTEMaTUYHOTO MasTHUKA.
JUist 1bOTO 3a y3arajibHeHy KOOPJMHATY MPUUMEMO KYT BIIXUJICHHS

MasiTHUKA BiJ] BEPTHKAJI ¢, TOA1 (GyHKIIIO ["'aMiIbTOHA 3aMUIIIEMO Y BUTJISIIL:
H=p-L, (1)

ne P, - y3aranpHenunit iMmyIibc, 1110 BiAMOBia€ y3araibHEHIH KOOPIUHATI

L- dynkuis Jlarpanxa.

BuxopucTtoByroun BizoMy QyHkiito Jlarpanxka MaTeMaTH4YHOrO0 MasiTHUKA

L :%mlng2 —mgl(1-cosg)

3HAUJEMO, 1110

o,
P¢—8—¢— "9 2)

Tomi :

) 1 ]
H — pq)gp—§m|2§02 +mgl(@—cose)  (3)
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Ockinbku  y  dopmyny (1), sika € mnume o3Ha4eHHSM (yHKIIIT

["amiapTOHA, OJHOYACHO BXOMSThH 1 JIarpaHXeBi, 1 TaMIJBTOHOBI 3MIHHI, TO B
TaKOMY BHTJISIAI 11 BUKOPHUCTOBYIOTH, SIK MPABUJIO, TIPU 3arajibHUX TCOPETUIHHUX
nochimkenusax. lIlpu po3s’szyBanHi 3amad  ¢yHkmito H  Bupaxkawots Yy
raMiJIbTOHOBUX 3MiHHHX. Tomy B dopmymi (3), Ha mifcTaBi CIIBBIIHOIIEHHS (2),
CIILJ IepeTy 10 3MIHHUX P Ta P, .

3 BUpa3y (2) BU3HAYAEMO y3arajibHEHY IIBUJIKICTh

1
ml?

p=—=0,

1 miacTaBisgemo ii B (3).
PoGunsiun Bimomi anreOpaidni omeparlii Ta NEPEeTBOPEHHS 3HAWIEMO BUpa3

dbynkuii 'aMiTpTOHAa MATEMATHYHOTO MAasITHUKA

1
E p, +mgll—cosp).  (4)

H y =
(@, p,) -

BukopucroByrouu criBBiAHOIICHHS (4), CKJIaIeMO KaHOHIYH1 PIBHSIHHS HOTO

PYXY, 9Kl MATUMYTh TaMUIBTOHOBY (pOpMY :

¢ — ﬁ p e ﬁ (5)
op, v Gl
3HaigeM0 YaCTUHHI ITOX1/IHI:
M _5. ﬁ—mglsin
op, m? g v ©®)

OTxe, OTpUMY€EMO SIBHUM BUTJISA KAHOHIYHUX PIBHSIHB PyXy

MaTeMaTUIHOTO MasiTHUKA IMICJIS P1ACTaHOBKH (6) y mpaBy yacTuHy (5):
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Py

Q=

Takum uYmHOM, BHW3HA4arouu (I3UYHUN CTaH MATEMAaTHYHOTO MasTHUKA
KaHOHIYHUMH 3MiHHUMH @ 1 [P, 3aMicTh OIHOTO IU(EPEHIIaTBHOIO PiBHIHHS

Japyroro nopsaky y ¢opwmi Jlarpanka BiJHOCHO OJIHI€I 3MIHHOI — y3arajbHEHOL

KOOpJIMHATH (P TPUXOJUMO O CUCTEMH JBOX PIBHSAHb INepmioro nopsiaky (7) B

raMiJIbTOHOBI# (hOpMi BIZTHOCHO TBOX KaHOHIYHMX 3MiHHHX : P 1 P, .
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3ACTOCYBAHHA METOAY OCTPOI'PAACBKOI'O-TAMUUIBTOHA-
AKOBI JIA JOCIIIKEHHA PYXY COEPUYHOTI'O MAATHUKA

cryneraTka Mysuka C.M., k.1.H., goreHt tedan H.I.

HauionanbHuil TeXHiYHUI YHIBEpCUTET YKpaiHU

«KuiBcbKuil moiTtexHivnuui iHcTutyT iMeHi Irops Cikopcbko»

JlocaiiuMo THUTAaHHA MPO PyX CPEepUYHOro MasiTHUKA, 3aCTOCOBYIOUU IPH
upomy wmeton Octporpaacekoro-I'aminbTona-Ako6i, TOOTO 3HaieMO WHOTO
MOBHUM 1HTErpaJl Ta IHTETPAJ PYXY.

Sk BUIUTMBAaE 3 TEOPETHUUHUX AOCTIPKEHb, TBIpHY (GYHKIIIO IJis JAaHOTO
BUMAJKY (BUKJIIOYAEMO 3 IHTErpaja €Heprii LUKIIYHY MIBHJKICTh Ha MiJCTaBi

LUUKJIIYHOTO 1HTErpaty) 3HaX0AUMO Y BUTIISAIL:

V'=-ht+b,y+ 1, (6), (1)

ne Vo (6) — noBHU iHTErpas piBHIHHS

vy
H(8,b,, 7)) =h, 2)

TYT b, — CTana IHTErpyBaHHs, AKa BIANOBLAE HUKIIYHOMY 1HTErpairy
P, =Db, = const.

3anuieMo BIJOMUN 1HTErpaj €Heprii, MOTIM PO3B’SHKEMO OTpPUMaHe

PIBHSIHHS BITHOCHO TOX1/THOT 1 OTPUMAEMO:
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avy
B_E:}: W2m Jh + mglcos® —

z
by
sinZ 8 '

3 SIKOTO IHTErPyBaHHIM 3HAXOAUMO:

sin? &

Vo = I 2meh—|—mgImsB— b _ qo,

Tenep Ha ocHOBI cHiBBIgHOmIEHHS (1) oTpuMyeMO TBipHY (QYHKIIIO

ITYKaHOTI'O KaHOHIYHOT'O IICPCTBOPCHHA:

V' =-ht+b,y+2m| Jh + mglcos® — ,bfe doe.
sin
Tom Tteopema Octporpaacekoro-I'amineToHa-AKk001 B TakoMy BHIAAKY

BUPAKAETHCS CIIBBIIHONICHHSIMU:

aVH aVH al[n?H av&
—— =-ay —T— = -4, —=P, =
dh by aw a8

1€ a1, a,, — HOB1 IOBLIBHI CTaIl.
OTxe, 3aMUCyEMO OTPUMAaHI IHTETPAJIA B KBaJIpaTypax, sKi Tal0Th BiJIMOBIIb

Ha MUTaHHS PO PyX CHEPUUHOr0 MASITHUKA!

de
t—a =1 = :
2 y)
biy

|h+mglcﬂsfa—smzﬂ

|.
..,J

B by d8 _

1//+ay,—f | 5

by
2

sin~ @

sin? 8 I!h+mgicose—
R
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| %
Po=+2m |[h+mglcos® — ——.
\| sin® @
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JOCJIILIZKEHHA PYXY MATEMATHYHOI'O MASTHHUKA 3A
METO/JIOM OCTPOI'PAACBKOT'O-'AMIVIBTOHA-AKOBI

cryneHTka 3abonotHa H. B., k.1.1., nouent [ltedan H. 1.

HaunionanbHuil TeXHiYHMN YHiBepCUTET Y KpaiHU

«KuiBcbKuil moJiTexHivHuid iIHcTUTYT iMeHi Irops Cikopcbkoro»

JlochikeHHsT 3a7adl Ipo pyX MaTeMaTHYHOTO MasTHHKAa 3a JTOIOMOIOIO
metoxy Octporpaacbkoro-I"aminberoHa-1ko001 3BOAUTHCA 10 3HAXOKEHHSI TBIPHOT
GyHKLIIT KaHOHIYHOrO TEPETBOPEHHS AK TMOBHOTO IHTErpaja pIBHAHHSA

OcTtporpancbkoro-I'amineroHa- ko061 y Gopmi:

av

- +H(t9.5)=0. 0

VY naHoMy NUTaHHI BUBYAETHCA CHUCTEMa 3 OJIHIEID CTEMIHHIO BUIBHOCTI ,
K1 BIJIMOBIA€ y3arajJbHEHA KOOpAMHATa . 3aCTOCYEMO METOJ BIIIIJICHHS
3MiHHUX. Tak sk B’S3b CTaIllOHApHA W Mae Miclie 1HTEerpaj eHeprii, To 3ajaya

3BOJUTHLCS [0 BU3HAYEHHs TBipHOT QyHKuii V™ y Burmsi:
V" =—ht +V"(op,h), (2)

ne Vg (@, h) — nosuuii inTerpan piBHAHHA

H (cp, aaf) = h.
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BuxopucTtaemo BiAMOBIIHI KAHOHIYHI PIBHSAHHS PyXY Y FaMUIbTOHOBIH

dbopmi Ta OTpUMAEMO TBIpHY (DYHKI[IF0 KAHOHIYHOTO IMEPETBOPEHHS y BUTIISII:

V* = —ht + W2m [ \/h —mgl(1— cos@)de. (3)

BinmosigHo 10 TEOPEMHU Octporpaacbkoro-I"aminerona-Ako0i

nudepeHIiroeMo MOBHUM 1HTErpal (3) 1 OTpUMyEMO PO3B’A30K 3aj1a4i:

av-
Fe
—t+1|=f o =—a (4)
2 .\,-"h—mg.!{l—coscp:] L

a00 B KIHIIEBOMY BUTJISIIIL:

A de
t—a = IJ:fﬂ,-"h—mgI{l—coscpj’

Jie (11 — HOBa JOBLJIbHA CTaJIa.

Takum ynMHOM,

P, = Ij2m[h—mgl(1— cos@)]. (5)
CuiBBiaHomienns (4) ta (5) garoTh y KBajpaTypax po3B’sS30K 3a/1a4i Ipo pyx

MaTeMaTHYHOIro MasTHuKa. Ctai 1, Ta h BHU3HAYAKOTHCA 3 IIOYAaTKOBHUX YMOB.
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KOE®ILIEHT BUKOPUCTAHHA KIHETUYHOI
EHEPI'II ITPU YJIAPI JJIS1 BUITAJIKY 3ABUBKHU ITAJIb

ctyneHT ®ypman A.B., k.1.H., gorent Ilredan H.I.
HauionanbHUil TeXHIYHUI YHiBepCHUTET YKpaiHH

«KuiBcbKuil moJirtexHiyHui iHcTUTyT iMeHi Irops Cikopcebkoro

PosrisiHeMo muTaHHS MpPO KOE(IIEHT BUKOPUCTAHHS KIHETHMYHOI €Heprii
JUIsL PO3MOBCIO/IKEHOT0 IMPAKTUYHOIO BUMAAKY, a came, JUIsl BHUIAJIKy 3a0MBKU

naiab. BizoMo, mo B 1[bOMY BHUIIQJIKy KOPHUCHOI BBa)XAalOTh €HEPril0 Hail MICIs
yaapy
T,=muZ/2.
[Tpu 1bOMy BUX1JHA €HEPTIA MOJIOTa
T,=mV; /2.
KK/ nporiecy 3abuBaHHs maiii

m=T,1T,.
3a yMOBH, 1110 IMIBHUJKICTh MaJli 10 yAapy JAOPIBHIOBaja HYJIEBI (Vz =0), 3
BIJIOMHX CITIBBIIHOIIEHb, $KI BH3HAYAIOTh IMBUAKOCTI T MICIAA TIPIMOTO
HEHTPAJIBLHOTO yAapy, BU3HAUYMMO MIBUJKICTb MaJll MICHs yaapy:
_ m(@A+K)v,
2 m+m,
Tomi st KKJI maemo
m,m,

— 2
= (ml+m2)2 (1+K) _ (1)

m
IHo3raunmo :
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m /m, =X,
toxi 3 (1) 3naxoaumo, mo KKJ
X 2
=—1+K
T 1+ X)2 : (2)

Axmo npuitasaty K = const, To 77, = 771(36) . 3rigHo (2), 7,=0 npux =
0: a TakOX
N — 0nopux— .

Tomy poOMMO BHCHOBOK IIPO iICHYBaHHS MakCMMyMma. Bu3HaumMmo ioro 3a
BIJIOMMMH MaTeMAaTHYHUMHU II1JIX0JIaMH, a caMe Bi3bMEMO IMOXIHY Bia QyHKIII 3a

BIJIIOBIJTHUM [1apaMeTPOM:

AHanizyoud OTpUMaHy MaTE€MaTU4YHy 3aJIeKHICTh, MPUXOJUMO [0

BHCHOBKY, IO MAKCHMYM J0CATAETHCA IIPU X = 1.

3anexHicTh 77, =17); (x) TpeacTaBlieHA HAa PUCYHKaX, sIKi PO3TallOBaHi

HHWXYCEC.
m Mimax 4
(1+K)’ 1
4
0.25
0 1 X 0 0.5 1

a o
Axwmo x=1, To oTpuMyemMO

1+ K
T1imax _T
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Pimenns

XVIII mixxHapoaHOT HAYKOBO-TIPAKTHYHOI KOH(BEpeHIIii
CTYJICHTIB, aCIpaHTIB 1 MOJIOJINX BUCHHX.
«Pecypcoeneprosbepirarodi TEXHOJIOTII 1 00JIaTHAHHS

Ha 3akmouHoMy IuUleHapHOMY 3acijaHHI KOHQepeHIli Oyno NpUitHATO
HACTYITHE PIllICHHS:

1. PoGoty Pagu monoaux BueHux IHcTuTyTy TexHiuHoi Teriopizuku [TTO
HAH Vkpaian, Opranizamiiinoro komiteTy HarioHanbHOTO  TEXHIYHOTO
yHiBepcuteTy Ykpainu «KuiBCbKkui TOMITEXHIYHUN 1HCTUTYT imeH1 Irops
Cikopcbkoro», Ta [IporpamMHuil KOMITET 3 MIATOTOBKH Ta MPOBEAEHHS 3aXOJIB Y
paMKax MDKHApoAHOi HaykoBo-mipakTuuHOi kKoH(pepenuii «PECYPCOEHEPI'O-
3BEPIICAIOUI TEXHOJIOTTI TA OBJIAJHAHHS» cxBamuTH.

2. 3a pe3yabTaraMu OOTrOBOPEHHS NPEJCTABICHUX Ha KOH(epeHuil
JIOTIOBIJIEHI ~ BU3HATH MEPCIEKTUBHICTh BUKOHAHUX JAOCHIIKEHb Ta CXBaJIUTU
JOLUUIBHICTh TMOAAQJIBUIOTO0 PO3BUTKY Ta MOIVIMOJIEHHS HAYKOBHX pO3pPOOOK Yy
BIJIMOBITHUX HAYKOBUX HAIMpPsMKaXx, 1[0 BU3HAYEH] B TPOOIeMaTHIl KOHDEPEHIIi.

3. 3 METol CTBOPEHHS HAyKOBO-METOJOJOIIYHUX OCHOB BHBUYEHHS
OCHOBHHUX PECYCOCHEPro30epirarounx 3axojiB, 00JIalHAHHS TEIJIOTEXHOJIOTIN Ta
XIMIYHUX TEXHOJOrid B YKpaiHI pPEKOMEHIYETbCS 3alydydTH MaTepiau
KOH(QepeHIli 10  JUCHUMILIIH «OCHOBHI mporiecu  Ta  OOJaJHaHHS
pecypcoeHeprosoepirarounx TexHoJoriy» Ta «CywyacHe oOJagHaHHS XIMIYHHUX
TEXHOJIOT1i» 3 pO3pOOKOIO BIJMOBIIHOIO METOIMYHOTO 3a0€3MCUCHHS.

4. TlinBUILIMTH piBEHb 3aJTy4YEHHS CTYJEHTIB, acCIIpaHTIB J0 HAyKOBHUX
JOCITIIKEHb Y KpaiHU B TaJIy31 pecypco- Ta €eHepro30epe:KeHHH.

5. Bunartu 30ipHuK npaiib KoH(epeHiii.

6. PexomenmyBatu myOiKaIlil0 TUICHAPHUX JOMOBIJAEH B IKypHalax «
XiMi4Ha 1HXEHEPIsl, EKOJIOTIS Ta pecypco30epekeHHs», « XiMidYHa TPOMUCIIOBICTh
VYkpainn» Tta «lIpomucnoBa temorexHikay. [Ipocutu romis cexiiii koHpepeHIIi
BU3HAYUTH JIOMOBIZI BiJl CeKIiM i onmyOJmiKyBaHHS B «YKpaiHCBKOMY
AHTAPKTUYHOMY KYpHAITIY. Y4acHukam KoHpepeHIii MPECTAaBUTH
PEKOMEHJIOBaH1 JIOMOBIAl y BUIVISAL MyOdiKamiil 3rigHO MpaBWI IMyOJiKaIini
BIJIOBIJTHUX >KYpHAJIB.

7. Bu3HauuTH 3a AOUIIBHE MOLIMPEHHsS 1H(OpMalli npo KOH(PEPEHIo B
3acobax MacoBoi 1H@OpMalli Ta 3aJlyd4eHHS [0 HACTYNHUX KOH(EpEeHIIii
HIMPOKOTO KOJIa BITYU3HIHUX 1 IHO3EMHUX HAYKOBIIIB.

8. Opranizatopu KoH(EpeHIli BUCIOBIIOIOTh BASYHICTH BCIM YYaCHHKaM
KoH(pepeHiii.

3aBigyBau kadeapor0 MAIlIUH Ta anapartiB

XIMIYHHX 1 HaTOnEepepoOHUX BUPOOHUX
BUPOOHUIITBA %‘ 7 S1.M.Kopnienko
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