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ANALYSIS OF THE INFLUENCE OF THE SIZE OF PARTICLES ON THE CHOICE
OF DESIGN AND MODE PARAMETERS OF THE VIBRO-IMPACT SCREEN DURING
DEHYDRATION AND SEPARATION OF TECHNOGENIC RAW MATERIALS
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Abstract. The article is aimed at the development of new methods of separation by size and dehydration of
technogenic raw materials during vibro-impact screening.

About 1 billion tons of coal enrichment waste with high coal content (25-70%) with up to 45% humidity have been
accumulated in ash dumps and sludge settlers of Ukraine. A useful component can be removed from such waste. But
traditional methods allow you to effectively separate only materials with particle sizes greater than 1 mm, and reduce the
humidity of the finished product to 18-22% depending on the size

The reasons for the decrease in the efficiency of these processes with a decrease in the particle size of the raw
materials are analyzed. The conditions for increasing the intensification of these processes for raw materials of various
sizes have been determined.

The author analyzes the effect of particle size on the choice of mode and design parameters of a vibroimpact
screen, which make it possible to intensify the loosening of raw materials and thereby increase the efficiency of
separation by size and dehydration.

Research data on dehydration and separation of materials with a size of + 0.4-1.0 mm are presented; + 0-0.4 mm
and + 0-10.0 mm, where the average values of the results of five experiments in each mode are given.

The proposed new method of vibroimpact screening is especially useful in the processing of technogenic raw
materials of a wide range of sizes, when it is necessary to separate thin classes (as a rule, substandard product) and to
dehydrate the finished (oversize) product as much as possible. The use of this method will increase the yield undersize
product (-0.1 mm) to 75-80%, and reduce the humidity of the positive product to 4-7%

As a result of the analysis for different classes of size the conditions provided are determined under which the
maximum decrease in humidity and increase of minus product output is provided.

The results obtained will be used to improve the process of separation by size and dehydration of technogenic raw
materials, as well as to create a new vibro-impact screen.

Keywords: vibrating screen, vibroimpact mode, separation by size, dehydration, technogenic raw materials.

Topicality. As a result of the activity of industrial enterprises on the territory of
Ukraine, a huge amount of flooded fine-grained waste has been accumulated,
consisting mainly of particles smaller than 1 mm, and which due to a significant
amount of useful component are essentially man-made deposits.
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These deposits usually have a unique mineral composition and are a potential
source of various minerals, including ores, energy raw materials, building materials,
as well as non-ferrous, rare and precious metals. About 1 billion tons of coal
enrichment waste with high coal content (25-70%) have been accumulated in ash
dumps and sludge settlers of Ukraine.

The difficulty of solving the problem of their processing is exacerbated by the fact
that the waste after storage in the collector and long-term storage, due to the presence
of a certain number of clay particles are a colloidal mixture with up to 45% humidity.
Such high humidity is due to the presence of capillary moisture.

The water in the sludge is in a bound state, difficult to separate by gravity. The
problem of processing is also complicated by the presence of a useful component in
different classes of size, increasing the ash share towards the smallest classes, lack of
equipment and technology for additional enrichment of raw materials of this size and
the requirements of rail transport to transport raw materials with limited humidity not
more than 10-12% solutions in this area [1-6].

The objective of the paper. To achieve this goal, the analysis of the results of
experimental studies of the design and mode parameters on the efficiency of
dehydration and separation of raw materials of different sizes.

Statement of basic materials. One of the ways to extract a useful component
from wet man-made raw materials is their separation by size on the sifting surface, by
using vibration, which intensifies the processes of segregation and separation.
However, in most cases, with decreasing particle size, these processes become more
complicated. The greatest difficulty is the separation of fine and thin particles,
because the products formed from them retain a significant amount of water due to
the highly developed surface of the particles, which actively interacts with water, and
the active capillary forces.

The porosity and permeability of these media are usually low. As the particle size
decreases, the binding energy of the liquid and solid surface increases, i.e. the
resistance to water flow in the pore space. The more is this energy, the harder it 1s to
separate the liquid. Therefore, the most difficult is to remove to remove water bound
by capillary forces (surface tension forces) and located in capillary-joint bridges
between particles [7-9].

Results of previous studies. Traditional methods, as practice has shown, allow
you to effectively separate only materials with particle sizes greater than 1 mm, and
reduce the humidity of the finished product to 18-22% depending on the size.
Screening of materials with a size of 0.5-1 mm by traditional methods does not give
high results, and with a particle size of less than 0.2 mm it is almost impossible [7-9].

Therefore, to overcome the influence of capillary forces requires special methods
of impact on both raw materials and the surface that sifts, for example, combined
excitation, a combination of vibrational and pulsed dynamic effects. The use of the
combined effect on raw materials and sifting surface allows to increase the efficiency
of processing of man-made raw materials and reduce the amount of production waste
[7-9].
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Sequence of studies. The choice of rational technology and equipment for
dehydration and processing of man-made waste stored in storage (tailings) should be
made with taking into account the properties of raw materials: particle size
distribution, humidity, amount of useful component and waste (for example, in coal
sludge - carbon and ash in classes ), etc. [3-6].

A large variety of raw materials processed with different physical and mechanical
properties and particle size distribution requires an individual approach in each case.
In one case, to obtain a marketable product, it is necessary to separate the thinnest
classes, in another - to make a sample of the most promising classes (for example, in
coal sludge with the maximum content of useful product and minimum content of
substandard). In both cases, it is necessary to establish a minimum maximum size of
the separation, which ensures compliance with these conditions. Therefore, effective
dehydration and size separation should be provided for both narrow and wide size
classes [3-6].

All this must be taken into account when choosing technology and equipment for
separation by size and dehydration of man-made raw materials. Therefore, the aim of
the work is to analyze the impact of the particle size of raw materials on the choice of
equipment and modes of operation for its dehydration to 10% (according to the
requirements of rail transport for raw materials) and below and effective separation.

Among the factors influencing the efficiency of the process, the following
should be noted:

— dehydration of raw materials occurs as a result of the passage of liquid through
its layer and cells of the sieving surface. When divided into a class smaller than the
capillary constant, this process is hindered by surface tension forces (capillary forces)
acting at the phase boundary and which can be overcome by dynamic influence;

— the material that is on the sieving surface also reduces the effectiveness of the
impact on the particles and water that are in its cells.

Means to increase the efficiency of dehydration and separation by size:

— expansion of the spectrum of action on the screening surface and the raw
material being processed. A wide range provides excitation of natural oscillations of
particles, liquids and surfaces. For these purposes, as a rule, one uses a blow directly
on the screening surface, or through the intermediate element;

— expansion of the spectrum of action on the surface when the raw material does
not come into contact with it, i.e. at the stage of its flight as a result of impact;

— when designing or adapting equipment for a particular type of raw material, it is
necessary to be able to choose and calculate its rational design and mode parameters;

— expanding the possibilities of operational control, increasing the stability of
work, automatic control and simplicity of design.

Analysis of technical solutions for dehydration of beneficiation products on
vibrating screens and areas of their use showed that to further improve efficiency it is
necessary to intensify the loosening of raw materials and sieving surface during the
flight of raw materials inducing of additional accelerations without additional power
supply. This will destroy the aqueous film in the surface cells due to the surface
tension and viscosity of the liquid and the capillary-joint bridges between particles
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between the particles, which will facilitate the free passage of fine solid particles
through the surface with the liquid and ensure high efficiency of fine particle
separation and dehydration.

Determination of the expedient direction. The analysis in this area showed that
to overcome the forces of surface tension and increase the efficiency of dehydration
and separation by size, the most promising is vibration impact directly on the sieving
surface or through the intermediate element.

The M. S. Poliakov Institute for Geotechnical Mechanics of the National
Academy of Sciences of Ukraine developed new methods of vibratory impact
screening [10 - 15], in which, in order to increase the efficiency of dehydration and
separation by size, it is proposed to excite the sieving surface with «double» blows

(Fig. 1).
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1 — beam; 2 — elastic element; 3 — drummer 1; 4 — sieving surface;
5 — elastic gasket; 6 — rods; 7 — the base; 8 — layer of raw materials;
9 — disintegrating elements; 10 — drummer 2

Figure 1 — Model of screen with two drums

To create a vibro-impact effect on the screen model (see Fig. 1), beam 1 with
elastic element 2 and drummer 3 are installed, and rods 6 are mounted on the elastic
gaskets 5 under the sieving surface 4. When the base 7 is harmonically excited, a
variable force of inertia acts on the drummer variable force of inertia, which leads to
periodic ruptures of the contact of the drummer 2 with the rods 6. As a result, shock
pulses are generated, which are transmitted through the rods 6 to the sieving surface
4, the material being processed 8, disintegrating elements 9. When using "double
blows" an additional drummer 10 was installed on the model of the screen with
stiffness with a stiffness of the elastic element different from the stiffness of the
elastic element of the drummer 3 [12 - 15].

First, the first blow is applied, which contributes to the separation of raw
materials from the surface and its loosening, then during the flight, a second blow is
applied, which induces additional acceleration of the surface, It is important to note
that when applying the second blow, the processed raw material does not prevent the
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removal of particles and liquid from the holes. To intensify the loosening of the
material, the disintegrating elements (DE) were used , presented by coarse particles
of material were used, as well as by spherical, ellipsoidal bodies made of different
materials.

Additionally, an activator was used to intensify the loosening of the material. In
fig. 2, a model of a screen with two drums and an activator is shown.
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1 — screen box; 2 — beam; 3 — elastic element; 4 — the main drummer; 5 — additional
drummer; 6 — elastic gasket; 7 — rods; 8 — surface, sifting (metal mesh); 9 — vibrator table; 10 —
layer of raw materials; 11 — activator; 12 — disintegrating elements

Figure 2 — Screen model with two drums and activator

According to the set goal for different classes of size the influence on the
humidity W of the positive product (on the sieving surface) and extraction ¢ of the
negative product (under the sifting surface) from the vibration excitation parameters
@ and amplitude 4 (used modes with «single» and «double blowsy», the amplitude
varied from 1 mm to 9 mm, the frequency varied from 5 Hz to 60 Hz, the duration of
dehydration was up to 180 s, the specific load was 12.5 kg/m?, the humidity of the
initial product was 30%).

Research data on dehydration and separation of materials with a size of + 0.4-1.0
mm are presented; + 0-0.4 mm and + 0-10.0 mm, where the average values of the
results of five experiments in each mode are given.

In experiments, it was found that the increase in screening indicators (humidity of
the positive product decreases to 4-6%, the yield of the negative product increases to
75-80%) are achieved at a frequency w more than 30 Hz and an amplitude 4 more
than 7 mm. However, there are overloads of more than 15 g (acceleration of vibration
excitation to acceleration of free fall). Such accelerations are not typical for serial
screens. Ensuring such regimes requires the creation of particularly strong structures.
It is necessary to find such conditions under which effective dehydration and
separation of material at smaller accelerations (at an overload of 6-8 g) is provided.
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Therefore, further experiments were performed at amplitudes 4 = 2 and 4 mm, and
various disintegrating elements (DE) and an activator installed above the sieving
surface were used to intensify the loosening of raw materials, destroy capillary
bridges and increase the efficiency of dehydration and separation [10, 11] .

The fig. 3 shows the patterns of changes in humidity /' and extraction of € minus
class for raw materials with a size of + 0.4-1.0 mm from the frequency w of vibration
excitation (modes with «single blowsy, amplitude 4 = 2 mm, dehydration time 300 s,
specific load 12,5 kg/m?, humidity of the initial product 30%) on the sieving surface,
with a cell of 0.63 mm, mesh wire diameter of 0.2 mm by using DE (coarse material
with particle sizes + 5.0-10.0 mm, which was used in different proportions to the
shares of raw materials («small» — shares of raw materials, «coarse» particles — DE).
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Figure 3 — Change in humidity # and extraction of ¢ negative class for raw materials with a size of
+ 0.4-1.0 mm from the frequency w of vibration excitation
(modes with «single blowsy», amplitude 4 = 2 mm, dehydration time 300 s)

From fig. 3 it follows that at w = 30 Hz and 4 = 2 mm the use of coarse particles
in the ratio of «fine-coarse» 1/3 when sifting raw materials with a size of + 0.4-1.0
mm can increase the yield of undersize product (-0.63 mm) up to 95-97%, and reduce
the humidity of the positive product to 2-3%.

Figure 4 shows the patterns of changes in humidity W and extraction ¢ minus class
for raw materials with a size of + 0-0.2 mm from the frequency w of vibration
excitation (modes with «double blowsy, amplitude 4 = 4 mm, dehydration time 180
s, specific load 12,5 kg / m?, humidity of the initial product 30%) on the sieving
surface, with a cell of 0.1 mm, mesh wire diameter of 0.1 mm with DE. In fig. 4
shows that at w = 30 Hz and 4 = 4 mm the use of modes with «double blows» and
DE in the form of coarse particles in the ratio of «fine-coarse» 1/3 allows to increase
the yield of the undersize product (-0.1 mm) to 84-85%, and reduce the humidity of
the positive product to 3-4%.

In fig. 5 presents the patterns of changes in humidity W and extraction & minus
class for raw materials with a size of + 0-10.0 mm from the frequency @ vibration
excitation (modes with «double blowsy», amplitude 4 = 2 mm, dehydration time 180
s, specific load 12.5 kg/m?, humidity of the initial product 30%) on the sieving
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surface, with a cell of 0.1 mm, wire diameter of 0.1 mm mesh with DE in the form of
ellipsoids of rotation, metal layers and coarse particles). When dehydrating raw

materials with a wide range of sizes with a particle size of + 0-10 mm, an activator
was used together with the use of DE.
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Figure 4 — Change in humidity # and extraction of ¢ negative class for raw materials with a size of
+ 0-0.4 mm from the frequency w of vibration excitation
(modes with «double blowsy», amplitude 4 = 4 mm, dehydration time 180 s)
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Figure 5 — Change in humidity # and extraction of ¢ minus class for raw materials with a size of +
0-10.0 mm from the frequency w of vibration excitation
(modes with «double blowsy», amplitude 4 =2 mm, dehydration time 180 s)

It is established that when screening raw materials with a size of + 0-10.0 mm at
o = 35 Hz and A = 2 mm, the use of modes with «double blowsy, activator and DE
(metal layers and coarse particles in the ratio of «fine-coarse» 1 / 3) allowed to

increase the yield undersize product (-0.1 mm) to 75-80%, and reduce the humidity of
the positive product to 4-7% (Fig. 5).
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Conclusions. Thus, as a result of the analysis for different classes of size the
conditions provided are determined under which the maximum decrease in humidity
and increase of minus product output is provided. The influence of design and mode
parameters on the intensity of dehydration and size separation was studied. The
results of these studies will be taken into account when improving existing screens
and creating a new vibratory blows screen.
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AHoTauif. CraTrs cnpsMoBaHa Ha po3pobKy HOBMX METOAIB PO3AINEHHS 3@ KPYMHICTIO Ta 3HEBOAHEHHS
TEXHOTEHHOI CUPOBUHI NPU BiOPOYAAPHOMY rPOXOUEHHI.

MokasaHo, WO B 30M0BiABanax i LUNAMOBIACTOMHMKAX YKpaiHW HakonmuyeHo Onu3bko 1 mnpa. T. Bigxoais
ByrnesbarayeHHs 3 BUCOKMM BMicTOM Byrinns (25-70%) i sonoricTio 45 % i Ginblue. 13 Takux Bigxogis mMoxe OyTu
BUSTYYEHO KOPUCHWUIA KOMMOHEHT. Ane TpaguuinHi MeToan [03BONATb eeKTUBHO PO3AINATK TiNbKM MaTepianu 3
pO3Mipamn YacTUHOK BinbLue 1 MM, @ BOMOFiCTb FOTOBOTO NPOAYKTY 3HN3WUTM [0 18-22% B 3aneHOCTi Big KPYNHOCTI, L0
HeedheKTUBHO NS BULLE3rafaHoi TEXHOTEHHOI CUPOBUHN.

[MpoaHanisoBaHO MPUYMHW 3HWXEHHS EeMEKTUBHOCTI UMX NpOLECB Y pasi 3MEHLUEHHSt KPYMHOCTI Y4aCTMHOK
CUPOBMHM. BU3HAYEHO YMOBM MiABULLEHHS IHTEHCMAiKaLLiT LMX NPOLECIB ANSt CUPOBMHM Pi3HOT KPYMHOCTI.

Y cTaTTi npoaHanisoBaHo BMMMB PO3MIPY YaCTMHOK Ha BMGID PEXUMHMX Ta KOHCTPYKTMBHWX MapameTpiB
BibpOyZapHOro rpoxoTy, Siki 403BONSAOTL IHTEHCUCIKYBATU PO3NYLLYBAHHS CUPOBMHUA 1 3@ paxyHOK LibOro MiABULLYBaTK
e(DEKTUBHICTb PO3AINEHHS 3a KPYMHICTIO Ta 3HEBOAHEHHS.

lMpencTaBneHo AaHi ekcrepuMeHTanbHUX AOCTIDKEHb i3 3HEBOQHEHHS i po3dineHHs maTepianis kpynHicTo +0,4-
1,0 mm; +0-0,4 mm Ta +0-10,0 MM, e HaBefeHi CepedHi 3HaYeHHS 3a pesynbTaTamu N'ATU JOCTILIB NPU KOXHOMY
PEXMMI.


http://scicenter.online/gornoe-delo-scicenter/issledovanie-fizicheskih-svoystv-143282.html
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3anponoHoBaHO HOBWIA CMOCIO BIOPOYAAPHOro rPOXOYEHHS OCOBAMBO KOPWUCHMIA Npu nepepobui TeXHOreHHOT
CMPOBWHW LUMPOKOrO CMEKTPY KPYMHOCTI, KOMWM HEobXigHO BiAOKPEMMUTM TOHKI Krmacu (iKk MpaBuUro, HEKOHAWLAHWIA
NPOAYKT) i MakCUManbHO 3HEBOAUTW FOTOBWW NMPOAYKT. 3aCTOCyBaHHS Takoro cnocoby 403BONUTbL NIABULLMTY BUXiS
nigpeLuitHoro npogykty (-0,1 Mm) oo 75-80 %, a BonoricTb NKOCOBOrO NpoayKTa 3HU3UTK 80 4-7 %

B pesynbTarti aHanisy ans pisHuX knaciB KPYMHOCTi BM3HAYEHO YMOBM, MpuW sKUX 3abe3neuyeTbCsl MakCUManbHe
3HKEHHSA BOMOrOCTI i MiABULLEHHS BUXOLY MiHYCOBOTO NPOAYKTY.

OtpumaHi pesynbtat OyayTb BMKOPWUCTaHI MpU BAOCKOHANEHHI MPOLECY PO3GiNeHHs 3a KPYMHICTIO Ta
3HEBOZHEHHS! TEXHOTEHHOI CMPOBMHM, @ TAKOX NPU CTBOPEHHI HOBOTO BibpOYaapHOrO rpoxoTy.

KntoyoBi cnoga: BibpaLiiiHuii rpoxoT, BibpoyaapHuin pexuM, po3aineHHs 3a KPYMHICTHO, 3HEBOOHEHHS, TEXHOrEHHa
CUpOBMHA.

AnHoTauus. CtaTtbs HanpaBneHa Ha pa3paboTKy HOBbIX METOAOB pasfenieHust No KpynHoCcTU U 0Be3BOXMBaHUS
TEXHOTEHHOTO Cbipbsi NPY BUOPOYZApHOM rpoXoTe.

lMokasaHo, YTO B 30M00TBaNax M LINAMOOTCTOMHMKAX YKpauHbl HakonmneHo okofmo 1 mnp4 T OTXOdoB
yrneo6oralleHns ¢ BbICOKUM cogepxanuem yrns (25-70%) n BnaxHocTbio 45% 1 6onee. /13 Takux 0Txog0B MOXET ObiTh
W3BMNEYEH MOME3HbI KOMNOHEHT. HO TpaanLMoHHbIE METOAbI N03BONSIOT 3CH(PEKTUBHO PA3AEnsTb TONMbKO MaTepuanb! C
pasmepamn Yactuy bonee 1 MM, a BNaXHOCTb rOTOBOTO NPOAyKTa CHU3UTL A0 18-22% B 3aBUCMMOCTM OT KPYNHOCTH,
YTO He3((EKTUBHO ANS BbILLEYNOMSHYTOrO TEXHOTEHHOTO ChIPbA.

lMpoaHanuanpoBaHbl NPUYKUHBI CHUKEHUS AQEEKTUBHOCTM 3TUX NPOLECCOB MPU YMEHBLUEHWN KPYMHOCTU YacTuy
cbipbsi. OnpegeneHbl YCoBUs NOBbILEHNS MHTEHCU(MKALMM 3TUX NPOLECCOB ANS Cbipbs Pa3HON KPYMHOCTMW.

B cratbe npoaHanu3upoBaHO BIMSHWE pas3Mepa YacTuL Ha BbIBOp PEXWMHbLIX U KOHCTPYKTWUBHBLIX NapameTpoB
BMOPOYAApHOro rpoxoTa, MO3BOMAOWMX MHTEHCU(ULMPOBATb paspbiXfeHne Cbipbsi W 3a CYET 3TOr0 NOBbIWATb
3 eKTMBHOCTb pa3aeneHns no KPYMHOCTM N 06e3BOXNBAHNIO.

MpeacTaBneHbl AaHHbIE AKCMEPUMEHTANbHBIX WCCMEAO0BaHMIA N0 0DE3BOXVMBAHMIO U pa3feneHno matepuanos
kpynHocTtbto +0,4-1,0 mm; +0-0,4 mm 1 +0-10,0 MM, NpuBeAEHbI CpeaHNE 3HAYEHUS NO pe3ynbTaTam NATY OMbITOB Npy
KaXXdoM pexume.

MpeanoxeH HOBbIM cnoco® BMOPOYZApPHOrO rPOXOYEHWS, KOTOpPbIA 0COBEHHO noneseH npu nepepaboTke
TEXHOTEHHOrO CbIpbsi LUMPOKOrO CMEKTPa KPYMHOCTM, Korda HeobX0oauMmo OTAEnUTb TOHKME Knacchbl (0Bbl4YHO
HEKOHAMLIMOHHBIA NPOJYKT) M MakcumanbHO 06e3BOAMTb rOTOBbIM NPodykT. [puMeHeHue Takoro cnocoba no3sonuT
MoBbICUTL BbIX0 nogpeLueTHoro npoaykTta (-0,1 Mm) go 75-80%, a BNaxHOCTb NAKCOBOTO NPOAYKTa CHU3UTbL 0 4-7%.

B pesynbrate aHanusa Ans pasHbIX KMaccoB KPYMHOCTW OMpedeneHbl YCroBus, Npu KOTOpbIX obecneunsaetcs
MaKCUMaribHOE MOHVXKEHUE BNAXHOCTM W MOBbILLIEHNE BbIXOA4a MUHYCOBOTO NPOAYKTa.

MonyyeHHble pesynbTaTbl ByAyT NCNONB30BaHbI NPY COBEPLLEHCTBOBAHWM NPOLECCa Pa3aeneHuns no KpynHoCcTU 1
06€e3BOXMBaHMM TEXHOTEHHOIO ChIPbS, a TakKe NpW CO3AaHUM HOBOTO BUOPOYAApPHOro rpoxoTa.

KntoueBble cnoBa: BuOPaLMOHHbIN rPOXOT, BUOPOYAAPHbIN PEXWM, pasgenieHre no KpynHocTH, 06e3BOXVBaHNE,
TEXHOTEHHOE Cbipbe.

The manuscript was submitted 14.08.2021
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