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TESTING OF THE COMPLEX FOR GRAVITATIONAL WASHING OF SAND

Purpose. Performing full-scale pilot testing of a complex of equipment on the basis of an experimental-industrial installation
for the gravitational processing of granular minerals with the organization of a closed cycle of water supply.

Methodology. Standard methods of experimentation with experimental and industrial washing of sand of different granulomet-
ric composition with different settings of equipment complex are applied.

Findings. A description of the complex of equipment within the experimental-industrial installation for gravitational process-
ing of granular materials, structures of decanters with pumping and pipeline equipment for the closed water supply cycle is carried
out. A description of the processes that accompany the gravitational washing of the original granular raw materials with the speci-
fied non-standard innovative equipment is carried out. The list of standard testing and measuring equipment is given. A descrip-
tion of the methodology for industrial testing of the complex, which involves washing of different types and compositions of
granular materials, using different settings of the equipment, in order to determine the rational technological and mode parameters
of the washing equipment is given. At the initial stage of the research, a trial run of the elements of the complex was performed in
order to determine the possibility of uninterrupted and safe operation of the systems, to check the tightness of the hydraulic system,
to adjust the mode parameters when supplying the input granular material. Experimental-industrial tests of the complex were car-
ried out in four stages, while washing construction sands of different compositions from Buriakivske and Veliunske fields.

Originality. Innovative technology of gravitational processing of granular materials was developed and tested for the first time,
it provides for the possibility of changing the settings when feeding raw materials of different composition to obtain quality con-
struction sand.

Practical value. The experimental and industrial tests of the complex of sand processing equipment allowed testing the system
of circulating water supply and substantiating the technological rationality of its application both for water cleaning and for its

supply.
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Introduction. Natural non-metallic sands extracted from
sedimentary fields and used in construction, production of
building materials and structures, metallurgical and glass in-
dustries according to a set of basic physical and mechanical
properties (modulus of size, number of clay and dust impuri-
ties) rarely meet the current quality standards. Therefore, the
problem of choosing economically and technologically expe-
dient means and technologies that allow obtaining high-qual-
ity commercial sand with the possibility of placing such equip-
ment at processing sites within the mining enterprise is rele-
vant. Attention should be paid to washing sand technologies
that allow obtaining high efficiency of the deslamation of raw
materials [1]. Important here is the complex solution of the
sludge illumination issue and the organization of the circulat-
ing water supply of the technological process, especially if in-
dustrial waste procession is required [2].

Analysis of the recent research and publications. The re-
moval of clay and dust particles from the raw minerals is usu-
ally accompanied by the use of washing technologies, which
include centrifugal and gravity classification processes, with
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subsequent dehydration and storage of deslamed sands [3].
Often, more energy-consuming centrifugal hydraulic classifi-
cation technology is used to wash the sands and screenings,
the advantage of which is the compactness of the main pro-
cessing unit. Gravitational hydraulic classification technolo-
gies that do not require significant specific energy consump-
tion are commonly used in the ore dressing with extraction of
valuable components from waste rocks. However, it is known
that, by the criteria of minimizing the operational costs of raw
sand processing, which is produced by a hydromechanized
method [4, 5], the gravitational method of deslamation in the
horizontal slurry stream is acceptable. Theoretical foundations
of the process of slurry suction as the first stage of the process
of classification of granular raw minerals are presented in the
work [6].

Unsolved aspects of the problem. According to the results of
theoretical study on the process of gravitational deposition of
solid particles moving in the accelerated carrier flow within the
sloping surfaces of the flowing part of the classifier, a method
for calculating the design parameters of the horizontal classi-
fier is substantiated. The method involves the construction of
a trajectory of motion of solid particles with the determination
of their coordinates along the length of the flowing part. The
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validity of the obtained mathematical models and analytical
dependencies is confirmed with the use of laboratory equip-
ment: hydraulic horizontal classifier, classifier of horizontal
multi-section, jet feeder. The manufacture of an industrial
plant with the possibility of its use in the conditions of the
open processing sites requires the execution of preliminary
pilot-industrial tests of the developed complex of the techno-
logical equipment. Thus, it is rational to wash the natural or
technogenic raw materials from the mining deposits of sand or
waste, which are operated by existing enterprises [7].

Purpose. The purpose of this work is to perform full-scale
experimental testing of a complex of equipment on the basis of
an experimental-industrial installation for the gravitational
processing of granular raw materials with the organization of a
closed cycle of water supply.

Methods. In order to achieve this goal, in the course of
full-scale experimental testing of the equipment for washing
the natural raw sand, standard methods for setting up an ex-
periment with experimental-industrial washing of different
granulometric composition sand, using different settings of the
equipment complex were applied.

Results. Experimental-industrial tests of the complex for
granular materials washing were performed at the industrial
base of Kaolin Azov LLC, located in Orikhiv, Zaporizhzhia
region, in the South of Ukraine. To perform the tests, the test
equipment in the following composition was used: installation
for washing of granular materials Turbo-washer TM-3 1, sys-
tem of technological water supply 2, sludge discharge system
3, storehouse of raw sand 4, stockpile of marketable product
5, sludge pond, decanter water system (Fig. 1). The general
technological scheme of raw material processing is shown in
Fig. 2.

Installation for washing of granular materials Turbo-wash-
er TM-3 is intended for classification of granular materials
(sand and screenings, and others) in streams of slurry with re-
ception of the commodity product of a given size, effective
removal of clay and fine particles, dehydrating and storehous-
ing of the marketable product (Fig. 1). The following compo-
nents are included in the TM-3 installation: the KGG-3 clas-
sifier, the ZhK-3 feeder, the pump jet HC17-3, the support
frame, the high-frequency dewatering screen, the automatic
sand unloading system. One of the main elements of the TM-3
installation is the KGG-3 horizontal classifier. The technical
and technological solutions put into the design of this hydrau-
lic gravitational classifier are grounded as a result of studying
the theoretical foundations of the process of gravitational sedi-
mentation of solid particles under the action of the slurry

Fig. 1. Experimental-industrial TM-3 installation at the ex-
perimental washing site of Kaolin Azov LLC, Orikhiv:
1 — turbo-washer TM-3; 2 — system of technological water supply;
3 — sludge discharge system; 4 — stockpile of raw sand; 5 — stock-
pile of marketable product

i Raw sand
‘Water
Turbomyyka TM-3
Tailings
Dehydration
Tailings
‘Water
supply LN
Marketable
product
Tailings pond
Water clarification

‘Water addition
Fig. 2. Technological scheme of sand washing

movement with the input raw material, which is accelerated
and decelerated within differently inclined surfaces. The de-
sign parameters of the KGG-3 classifier are substantiated by
the results of the construction of the trajectory of solid parti-
cles motion with the determination of their coordinates along
the length of the flowing part [3].

In general, the implementation of the raw sand washing
process by the TM-3 installation is to prepare the slurry and
remove fine and clay impurities from it. When applying the
specified installation the following can be processed as a granu-
lar raw material: sand natural, loams and sandy loams, rock
crushing screenings [8, 9], sludge of different origin. The wash-
ing process occurs in the vertical and horizontal slurry flows
during gravity sedimentation of heavy classes. Installation of
TM-3 is distinguished by the use of a jet pump by means of
which there also occurs hydraulic activation of the mixture,
non-aggressive disintegration of cemented particles, and puri-
fication of particles from mineral salts. It should be noted that
the movement of the concentrated slurry is activated with min-
imal quantitative contact of the moving solid particles with the
flowing surfaces of the jet pump. As a result of the use of the jet
pump, the surface of the particles is cleaned and polished, ce-
mented splices and weathered minerals with low strength are
destroyed, while no destruction of solid particles occurs, and
the mixture is minimally saturated with man-made additives
from the abrasive destruction of the flowing part of the pump.

According to the technical requirements, the plant for
washing of granular materials Turbo-washer can be used at
open processing sites, also located on the territory of existing
quarries [10, 11], has high reliability due to the lack of rotary
actuators and friction units. Due to its ease of operation and
maintenance, it does not require high qualification of service
personnel.

At the final stage of the gravitational washing of granular
raw minerals, it is subjected to high-frequency dehydration as
a result of which the residual moisture in the pores of com-
mercial sand does not exceed 12—15 %. This allows the further
use of dump belt conveyors for warehousing of the product to
open warehouses, with subsequent shipment to transport ves-
sels [12]. Unloading of sand from classifier on a screen is car-
ried out in a portion-distributed stream using the automatic
sand unloading system.

The system of supply of technologically pure water in-
cludes: water pump K65-50-160, shut-off valves (shut-off
valves coupling Dy 50 mm, valves ball brass coupling Dy
15 mm), measuring devices (pressure gauge DM 05-MP-3U),
metal and rubber pipelines (Fig. 3).

The technological water supply system is designed to feed
the process of washing the granular minerals with technically
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Fig. 3. The pumping station of the washing site of Kaolin Azov
LLC, Orikhiv

clean water with defined parameters of pressure, productivity,
cleanness.

The sludge drainage system is designed for self-flowing re-
moval of sludge from the washing process and transportation
of it to the sludge pond. Precast collectors and drainage pipes
made of PVC SDR 51 SN2 outer diameter of 50 and 110 mm
according to DSTU B B.2.5-32: 2007 are used for this pur-
pose. The pipelines of the sludge drainage system are calcu-
lated taking into account the calculated critical velocity values
for the transport of fine sludge [13, 14].

The storehouse of the raw sand is located in close proxim-
ity to the installation to provide the desired productivity of the
washing process. The input raw sand was previously cleaned of
gravel particles larger than 5 mm in size using a manual sieve.

After dehydration, deslamed sand was unloaded into the
output sand warehouse [15]. The surface of the warehouse is
made with a slope for drainage and pre-covered with polyeth-
ylene to maintain the clearness of the sand for further study on
its physical and mechanical properties.

For clarification of sludge water and organization of the
circulating water supply system as a part of the washing com-
plex, a decanter is used, which consists of two compartments:
the coarse cleaning department and the sump (Fig. 4). The
coarse cleaning compartment / is designed for draining the
waste of the washing process in the form of liquid sludge and
the accumulation of solid sludge. After illumination by gravi-
tational sedimentation of solid particles, the clarified water is
poured into a sump 2 from which by the pumping station 3 it is
fed to feed the process of washing the granular minerals. To
minimize water losses due to its seepage into the soil, the bot-
tom and walls of the decanter were lined with polyethylene.

The loss of water for evaporation from the decanter and in
the pores of the washed granular mineral was compensated by
the feed system of decanter water system [16]. For this pur-
pose, a rubber pipeline was laid and water was supplied from a
nearby source.

In general, the following standard equipment was also
used to carry out industrial testing and further processing of

Fig. 4. Decanter of the experimental washing site of Kaolin Azov
LLC, Orikhiv

experimental data: a galvanized household bucket of 12
1 GOST 20558-82; a plastic barrel for water of 100 I; plastic
bags for sampling DSTU 7275:2012; manual sampling shovel
DSTU 4096-2002; a 1 liter laboratory cylinder with a discre-
tion of 2 ml; a 0.2 liter laboratory cylinder with a discretion of
0.5 ml; stopwatch “Agate” with a discretion of 0.5 s; scales VL-
600 with a discretion of 0.01 g, scales with a discretion of 2 g,
scales with a discretion of 5 g GOST 7327-55; a laboratory
sieve of metal woven fabric SL-200 TUU 28.7-2210200135-
002:2007 with hole sizes of 0.05, 0.1, 0.16, 0.2, 0.25, 0.28,
0.315, 0.4, 0.5, 0.63, 1.0, 1.8, 2.5, 5.0 mm; the laboratory fun-
nel GOST 25336-82; a laboratory vibrating sieve shaker ACB-
200; a drying cabinet.

Methodology of experimental-industrial testing of the com-
plex for raw grained minerals washing. Experimental and in-
dustrial tests of the complex on the basis of the TM-3 installa-
tion provided washing of various types and compositions of
granular minerals. Various equipment settings were also used
to determine the rational technological and operating param-
eters of the washing equipment.

At the initial stage of the research, a trial run of elements of
the complex was performed in order to determine the possibil-
ity of uninterrupted and safe operation of the systems, check
the tightness of the hydraulic system, and ensure the possibil-
ity of adjusting the mode parameters when supplying the input
granular mineral. The trial run was performed as follows. After
pouring the flowing part and the suction pipe, the pump K65-
50-160 was put into operation (Fig. 3) and water was supplied
to the water supply system, with the help of valves a stable
mode of water supply to the feeder and pump jet was set, the
operation of the jet pump was visually observed and the flow of
water to the classifier KGG-3 was controlled, the drain from
the drain pipes of the feeder ZhK-3 and the classifier KGG-3
to the system of sludge draining and then to the sludge pond
was visually observed. The operation of the water pump,
valves, pressure gauges, tightness of pipelines supplying tech-
nologically clean water, process apparatuses, sludge discharge
system, decanter water system was checked. After the trial
start-up of the complex and the verification of its technologi-
cal and electrical systems [17], experimental and industrial
tests were performed with the feed of the granular mineral.

Experimental-industrial testing of the complex for raw
sand washing based on the installation TM-3 was performed in
four stages:

1. Raw sand washing of the Buriakivske deposit (Orikhiv
district, Ukraine).

2. Raw sand washing of the Veliunske deposit (Rivne re-
gion, Ukraine) with determination of washing modes.

3. Raw sand washing of the Veliunske deposit (Rivne re-
gion, Ukraine) at a productivity of raw material of 1.84 m3/h
with a boundary particle size of 0.16 mm.

4. Raw sand washing of the Veliunske deposit (Rivne re-
gion, Ukraine) at a productivity of raw material of 1.84 m3/h
with a boundary particle size of 0.3 mm.

In general, the industrial-scale washing of sand by a com-
plex based on the Turbo-washer TM-3 installation was per-
formed in the following sequence. The complex was started
and the correctness of all its systems was controlled. With the
help of the control valve of the water supply system, water was
supplied to the ZhK-3 feeder and the HC17-3 jet pump. Pres-
sure in the water supply system was monitored by pressure
gauges. The cavities of the KGG-3 classifier and connecting
pipes by water were filled up. Complete filling was controlled
by the presence of water draining from the classifier. A portion
of the control granular mineral (sand) with a metal bucket was
poured into the receiving hopper of the ZhK-3 feeder with a
distributed stream. Feeding process was controlled by a stop-
watch. The prepared slurry was fed to the receiving pipe of the
KGG-3 classifier by the jet pump HC17-3. Visually were ob-
served the processes: classification of sand in horizontal flow;
operation of the automatic sand unloading system and unload-
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ing of the washed granular mineral to the dehydrating high-
frequency screen and further to the storehouse of deslamed
marketable sand (Fig. 5); drainage of sludge from drainage
pipes of the ZhK-3 feeder and the KGG-3 classifier, drainage
of sludge to the sludge pond.

In the course of the research studies, the productivity on
the raw mineral, the amount of raw sand, and the washed
commodity sand was recorded; sampling of sand and sludges
was carried out. The sludge flow to the decanter was controlled
by the volumetric measurement method. The obtained values
were recorded in the research journal. The classification pro-
cess was stopped after completion of the sand supply to the
feeder ZhK-3 receiving hopper. Water supply to the ZhK-3
feeder and jet pump HC17-3 was stopped. The experiment
cycle was completed after removal of granular mineral from
the sand hopper of the classifier KGG-3.

The obtained samples of input raw sand, washed sand and
sludge were transported to the laboratory. After drying in the
drying cabinet, a sieve analysis was performed. The obtained
data were recorded in the research journal. During the pilot-in-
dustrial testing of the complex on the basis of the Turbo-washer
TM-3 installation, 4 cycles of experiments were performed, 40
samples of processed granular mineral were obtained. In total,
about 9 m* of sand of different granulometric composition and
physical and mechanical properties were processed.

Samples of sand of the Veliunske deposit in accordance
with current mining and processing rules [18, 19] were pre-
selected from a depth of about 2 m, packed to big bags and
delivered by road transport from Rivne region to the site of
industrial testing, located at the production site of Kaolin
Azov LLC in Orikhiv, Zaporizhzhia region.

The following are the characteristics of the sand of the Ve-
liunske deposit. The main indicators of the physical and
chemical properties of the sands are shown in Table 1.

The table shows that the content of particles passing
through a sieve of 0.14 mm sand does not meet the require-
ments of GOST 8736-77 (field average value of 14.7 % against
requirements — 10 %).

According to the size modulus, the sands belong to the group
of small and very small sands. The weighted average granulomet-
ric composition of sand in the deposit is shown in Table 2.

The weighted average granulometric composition of sand
in the Veliunske deposit meets the requirements of GOST
8736-77.

Fig. 5. The stockpile of deslamed marketable sand

Table 1

Basic indicators of physical and chemical properties of sands
by wells, counting blocks and average by whole deposit

By
Name of By wells counting | Average
Ne indicators blocks | by whole
deposit

from | to |from| to

1 | Total residue on a 24 159 38 | 39 3.9
0.63 mm sieve as a
percentage of the mass

2 | The content of particles | 7.1 [20.8| 13.7 | 15.4 14.7
passing through a sieve
of 0.14 mmasa

percentage of the mass

3 | Size module L1 | 14] - 1.2 1.2
4 | Content of dusty, silt 03 261 06 | 0.7 0.7
and clay particles, %
Table 2
Weighted average granulometric composition of sand
in the deposit
Weighted average granulometric 8
composition, % dimensions of control sieves, E| 2
= | g E
mm 25138 ¢g
S| T8 x| 2
o | v s =
S5 33| 8
Bigger Dol 52
than 1o | 5 | 25| 125|063 [ 0315|014 | = 2| 8 2 8
< @ C = N
A | Oz nn
1 21 3 4 5 6 7 8 9 10
2 —| — [ 01 ] 38 284|530 147 07 |12

The average bulk density of the sand is:

- in loose condition — 1500 kg/m?;

- in a compacted state — 1.8 kg/m?.

The characteristics of the sands by chemical composition
are shown in Table 3.

The purpose of preliminary washing of the Veliunske de-
posit sand was to determine the mode parameters of the TM-3
installation that correspond to the maximum efficiency of the
raw material washing process and its purification from fine par-
ticles (deslamation). The washing of the raw sand was carried
out in accordance with the above method. In doing so, they
changed the feed performance of the raw sand according to the
series 1.2; 1.84; 3.6 m’/h. According to the test results, averaged
samples of granular mineral and sludge were selected. The pa-
rameters of the sampling process are shown in Table 4.

Based on the previously obtained studies on the rational
value of feeding productivity in order to determine the param-
eters of technological regulations necessary to substantiate the
rational technological and structural parameters of the equip-
ment of the complex for washing granular minerals, further
studies were performed with feeding productivity of 1.84 m3/h.
Sand processing was performed in 2 steps of 45 min each. Av-
eraging samples of washed sand and sludge were selected after
washing process.

At the final stage of the pilot-industrial tests of the TM-3
complex, in order to determine the possibility of increasing the
value of the boundary particle size and, thus, reducing the
output of finely dispersed classes to the product, the mode pa-
rameters of the TM-3 installation were changed; at the same
time, the value of feeding productivity was retained of 1.8 m?/h.
Sand processing with this mode setting was performed for
30 min. Averaging samples of granular mineral and sludge
were selected after washing process.
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Table 3
The characteristics of the sands by chemical composition

Composition
Number, %
SiO, | ALO; | Fe,O5 | TiO, | CaO | MgO
From 97.33 0.51 0.43 0.04 | <0.05 | <0.05
To 98.24 | 0.68 0.80 0.06 0.09 | <0.05
Composition
Number, %
P,O4 K,O | Na,0O | SO; | P.P.P. | H,0
From <0.01 | 0.26 0.10 |<0.02 | 0.10 n.d.
To <0.01 | 0.37 0.29 0.02 0.32 0.06

Table 4
Grain material sampling technology
Raw material feed productivity, m*/h
Parameter

1.2 1.84 3.6
The total amount of washed 0.5 1 1.5
raw material, m3
Total washing time, min 30 30 16
Sampling time, min 10, 10, 5,

20, 20, 10,

30 30 15

To determine the rational mode of the feeding of washing
process of construction sand with using a complex based on
the installation Turbo-washer TM-3, an analysis of the classi-
fication parameters was performed and the value of the extrac-
tion by size classes — 0.1, — 0.16, — 0.2 mm was determined, in
accordance with the feeding productivity of 1.2, 1.84, 3.6 m?/h.
The main parameters that qualify the process of washing raw
materials in quantitative terms are extraction, coarsening,
shredding, and efficiency. To determine the rational value of
the feed productivity of the classification process by raw mate-
rial, it is sufficient to know the maximum value of extraction of
the useful component in the washing process. The extraction is
calculated by the formula

g_g((g:g))mo,

where o is the content of the useful component in the raw
product; B is the content of the useful component in the con-
centrate; 0 is the content of the useful component in the tails.
As a useful component, in the case of washing or deslama-
tion of construction sand, granular material larger than 0.1,
0.16, 0.2 mm is accepted. According to the results of the ex-
traction value calculations, the graph is shown in Fig. 6.

€, %
8000

1.2 1.84 36

Q, m¥h

Fig. 6. The extraction value of the grain classes:
1——=0.1mm; 2——-0.16 mm; 3 ——0.2mm

The graph shows that the extraction of certain classes of
—-0.1, —=0.16 and —0.2 mm retains an almost constant value
when changing the feeding productivity from 1.2 to 1.84 m?/h.
But with an increase in feeding productivity up to 3.6 m?/h,
the extraction figures deteriorate significantly. Based on this
fact, a collegial decision was made to carry out the following
stages of pilot testing at feeding productivity of raw material of
about 1.84 m?/h.

It is known that the boundary size in hydraulic classifica-
tion is the size of the granular material, the value of the extrac-
tion of which is equal to 50 %. According to the graph (Fig. 6),
this size is about 0.16 mm at a productivity that may slightly
exceed 1.84 m3/h. It is known that in accordance with the cur-
rent national standards governing the quality of construction
sands, such as DSTU B B.2.7-32-95, the content of dust and
clay particles in commercial sand is limited to 5 %. To deter-
mine the correspondence of the physical and mechanical
properties of the raw sand, as well as the commercial sand ob-
tained by the results of pilot testing of the TM-3 installation,
the size of the raw and washed sand and sludge of the washing
process were analyzed. The sieve analysis of the granular ma-
terial is given in Table 5.

Graphic analysis of the granulometric composition of the
granular material before, after washing on the TM-3 installa-
tion, as well as the sludge is shown in Figs. 7, 8.

On the results, it is apparent (Table 5) that after classifica-
tion and washing on the TM-3 installation, the product sand
was obtained, which according to the size indexes fully corre-
sponds to DSTU B B.2.7-32-95. For example, if the content

Table 5
Sieve analysis according to feeding productivity 1.84 m*/h

Raw sand Washed sand Sludge
Size, mm Fyiog [ x| Yield, | =, | Yield, | 3,
% % % % % %
1.8 0.0 0.0 0.0 0.0 | 00 | 00

1.8—1.0 0.2 0.2 0.5 0.5 0.0 0.0
1.0-0.63 3.0 3.2 5.6 6.1 0.3 0.3
0.63—0.5 3.5 6.6 6.3 12.4 0.5 0.7
0.5-0.4 5.8 12.4 8.1 20.5 1.1 1.8
0.4-0.315 17.4 29.8 22.2 42.7 5.0 6.8
0.315-0.28 9.5 39.3 9.1 51.8 4.3 11.1
0.28—0.25 0.8 40.1 0.7 52.5 0.5 11.5
0.25-0.20 277 67.9 25.9 78.4 | 21.0 325
0.2—-0.16 17.3 85.2 13.7 92.1 254 | 58.0
0.16—0.100 8.7 93.9 6.0 98.1 21.6 79.6

<0.1 6.1 100.0 1.9 100.0 | 20.4 100.0
Total: 100.0 — 100.0 — 100.0 —

Yield, %

35.0

/
300
3
</

PG

b A1/
/N 1/ \
SN

0.0

N

~N

1.80 1.00 0.63 0.50 0.40 0.32 0.28 0.25 0.20 0.16 0.10 0.05
mm

Fig. 7. Yield of the raw sand (1), washed sand (2), sludge (3)
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Fig. 8. Granulometric composition of the raw sand (1), washed
sand (2), sludge (3)

of fine particles with a particle size of less than 0.1 mm in the
raw sand was 6.1 %, then after washing the content of such
particles is not more than 2 %.

Thus, it is technologically feasible to use the Turbo-
washer installation to obtain a high-quality sand composi-
tion whose properties meet the requirements of DSTU
B B.2.7-32-95.

Conclusions. As a result of the performed research stud-
ies, a full-scale testing of a complex of equipment [20] on the
basis of an experimental-industrial installation for gravita-
tional processing of granular minerals Turbo-washer TM-3
was carried out with the organization of a closed cycle of wa-
ter supply. Developed and tested for the first time, innovative
washing sand technology that provides the ability to change
settings when feeding raw materials of different composition
and obtaining quality construction sand. The results of pilot-
industrial tests indicate the possibility of applying the devel-
oped technology to obtain high-quality commercial sand
with the possibility of placing a complex of equipment at pro-
cessing sites within the mining enterprise, as well as a com-
prehensive solution to the issue of sludge water clarification
with the organization of circulating water supply of a techno-
logical process.

The name and number of the project under which the pre-
sented results are obtained. The work is associated with the
scientific direction of the Department of Engineering and
Design in Machinery Industry of National TU Dnipro
Polytechnic and is based on the results of the development
of “Scientific research report on industrial testing of the
plant Turbomyyka TM-3 for the washing of granular mi-
nerals”.
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JocaigHe TeCTyBaHHS KOMILIEKCY
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Meta. HatypHe nociigHe TecTyBaHHS KOMILIEKCY 00J1a-
HaHHS$ Ha 0a3i JOCIiAHO-MPOMUCIIOBOI YCTAHOBKM JIJIsI TpaBi-
TaliiiHOT MepepoOKU 3epHUCTUX MaTepialliB 3 OpraHizauielo
3aMKHYTOTO IIMKJIY BOAOMOCTaYaHHSI.

Metomuka. 3acTOCOBaHi CTAaHAAPTHI METOIU MMOCTAHOBKH
€KCIEepUMEHTY 3 JOCHiAHO-MPOMUCIOBUM MPOMUBAHHSIM
MICKiB Pi3HOTO TPaHYJOMETPUUYHOIO CKJIaay i3 3aCTOCYBaH-
HSIM Pi3HUX HaJIAIlITyBaHb KOMILIEKCY OOJIalHAHHSI.

PesympraT. BukoHaHo onuc KoMIuiekcy o0JagHaHHS y
CKJIalli TOC/iTHO-TTPOMMCIIOBOI YCTAHOBKM JUISI TpaBiTalliii-
HOI ITepepoOKM 3epPHUCTUX MaTepiajliB, CIIOPY/L IeKaHTAaTOPiB
3 HAaCOCHMM i TPYOOITPOBITHUM 3a0e3MeyeHHsIM peaizallii
3aMKHYTOTO LMKy BOAOIMOCTayaHHs. Bukonano omnuc npo-
1IeCiB, 1110 CYMPOBOXYIOTh I'paBiTalliliHe MPOMUBAHHS BU-
XiIHOI 3epPHUCTOI CUPOBMHM 3a3HAYEHUM HECTaHIAPTHUM
iHHOBaLlitHUM oOsanHaHHSAM. [lpuBeneHO Tepenik craH-
JApTHOTO JOCTITHOTO I BUMipPIOBAJIBHOIO YCTAaTKyBaHHSI.
IlpuBeneHo omuc METOAMKM OCTiTHO-TIPOMUCIOBUX BU-
npoOyBaHb KOMILIEKCY, 1110 Tiepeadavae MpOMUBAaHHS Pi3HUX
TUMIB i CKJIaAy 3€pHUCTUX MaTepialliB, i3 BUKOPUCTAHHSIM
Pi3HMX HaJIALITYBaHb 00JIAHAHHSI, 3 METOIO BU3HAUECHHS pa-
LIOHAJIbHUX TEXHOJIOTIYHUX 1 PEXUMHUX MapameTpiB Mpo-
MUBHOTIO ycTaTKyBaHHs. Ha moyatkoBoMmy eramni JOCTiIKeHb
OyB BUKOHAHWI MPOOHMIA ITyCK eJIeMEeHTiB KOMIUIEKCY 3aIIst
BU3HAUYECHHSI MOXJIMBOCTI Oe3mnepediitHoi i1 6e3neyHoi podo-
TA CUCTEM, MEPEBIPKU F€PMETUYHOCTI TiIpaBIiyHOI cCUCTe-
MM, DEryJIOBaHHS PEXMMHMX MapaMeTpiB MpU MOAABAHHI
BUXIJIHOTO 3€pPHUCTOrO Matepiany. [ociimHo-mpoMUCIOBi
BUNPOOYBaHHS KOMIUIEKCY OyJi MPOBeIeHi B YOTUPH €TaIlu,
Mpu LbOMY TTPOMMBAIUCS OyAiBeIbHI MiCKU BypsiKiBCbKOTO
Ta BeltoHChKOro pooBHUILL PiI3HOTO CKIIAMTY.

Haykosa HoBu3HA. Yriepiie po3pobieHa i BunpoOyBaHa
iHHOBALIiliHA TEXHOJIOTIsI rpaBiTalliiiHOI epepoOKU 3epHUC-
TUX MaTepiajiB, 1110 Iependayae MOXIMUBICTb 3MiHU Halla-
IITYBaHb MPU ToAavi BUXiAHOI CUPOBUHM Pi3HOIO CKJIALy
IS OTPUMAaHHS SIKICHOTO OYIiBeJIbHOTO ITICKY.

IIpakTuyna 3HayumicTh. BKOHaHI 10CTiTHO-TTPOMUCIIOBI
BUIIPOOYBAHHS KOMILJIEKCY OOJlaHAHHS 7151 TIEPePOOKU TTic-
Ky JO3BOJIWJIM TECTYBaTU CUCTEMY OOOPOTHOIO BOAOIOCTA-
YaHHS Ta OOIPYHTYBAaTH TEXHOJOTIYHY pallioOHAJbHICTD ii 3a-
CTOCYBAHHS SIK JUTSI OCBITJIEHHS BOIM, TaK i 7SI 11 HOCTaYaHHSI.

KumouoBi cioBa: 3eprucmi mamepiaiu, npomusanms, epasi-
maujitina kaacugixkayis, 060pomue 6000NOCMA4AHHS
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ems. HatypHoe ucciaenoBaTebckoe TeCTUPOBAHUE KOM-
IIeKca 000pyI0oBaHMsI Ha 6a3e OIMBITHO-ITPOMBIIIJICHHOM ycTa-
HOBKM ISl TPaBUTAILIMOHHOM MepepadbOTKU 3epHUCTHIX MaTePH-
aJIOB C OpraHM3alneil 3aMKHYTOTO IIMKJIa BOMOCHAOKEHUS.

Metoauka. [IpuMeHeHbl CTaHIApTHbIE METOIbI IMOCTa-
HOBKM 3KCTIEPUMEHTA C OIBITHO-TIPOMBIIIJICHHBIM TTPOMBI-
BaHWEM IECKOB Pa3HOIo TPaHyJIOMETPUUYECKOTO COCTaBa C
YCTaHOBKOM pa3HBIX HACTPOEK KOMILIEKca 000pyIOBaHUS.

PesynbTaTbl. BolnonHeHO onrcaHre KOMILIEKca 000pyno-
BaHMSI B COCTaBE OITBITHO-TIPOMBIIIJICHHON YCTAHOBKM JIJIST
IPaBUTALMOHHON MepepabOTKN 3¢PHUCTHIX MaTepUaioB, COO-
PYXEHUII JDEKaHTaTOPOB C HACOCHBIM M TPYOOIIPOBOIHBIM
obecreyeHreM peain3aly 3aMKHYTOTO 1IMKJIa BOTOCHA0Xe-
HMS. BBITTOJIHEHO OMMCaHUe IMPOIIECCOB, COMPOBOXKIAIOIINX
IPaBUTAIIMOHHOE TTPOMbBIBAHKE MCXOTHOTO 36PHUCTOTO ChIPhST
yKa3aHHBIM HECTaHAAPTHBIM MHHOBAIMOHHBIM 00OpYIOBa-
HueM. [TpuBenieH repeueHb CTAHIAPTHOTO UCCIIEIOBATEIbCKO-
TO ¥ U3MEpUTEJIbHOTO 000opynoBaHus. [IpuBeneHo onucaHue
METOIVKU OIBITHO-ITPOMBIIIICHHBIX HCITBITAHWIA KOMITJIEKCa,
MpenTHa3HAaYeHHOTO TSl MPOMBIBAHUST pa3HBIX TUTIOB U COCTa-
Ba 3¢PHUCTBIX MaTEPUaJiOB, C MCIOJIb30BAaHUEM pa3HBIX Ha-
CTPOEK 00OPYIOBaHUSI, C LIEIbIO OMPeNeICHNUS palliOHATBHBIX
TEXHOJIOTMIECKUX M PEXKUMHBIX TTapaMeTPOB IPOMBIBHOTO
obopynoBaHus. Ha HayaJlbHOM 3Tarie uccienoBaHuii ObL Bbl-
TTOJTHEH TIPOOHBIN ITyCK 3JIEMEHTOB KOMILIEKCa JIJIS OTpeesic-
HUSI BO3MOXHOCTH OecriepeboiiHOi 1 0e30ImacHoi paboThl
CHCTEM, TIPOBEPKU T€PMETUYHOCTU THAPABINYECKON CHUCTe-
MBI, PEryJMPOBAHUS PEKUMHBIX TTapaMETPOB IMPU TMojaue 1uc-
XOIHOTO 3epPHUCTOro Matepuayna. OIbITHO-IIPOMBIIIJICHHOE
HCIIbITAHUE KOMILJIEKCa ObLIO IIPOBEICHO B YEThIPE 3Tara, npu
5TOM TIPOMBIBAJIUCH CTPOUTEIbHBIC TTeCKU BypsKoBcKoro u
BentoHCKOro MecTopoKIeHUi pa3IMyHOro COCTaBa.

Hayunas noBusna. BriepBbie pazpaboTraHa U onpoOoBaHa
MHHOBAIIMOHHASI TEXHOJIOTUSI TPAaBUTALIMOHHON TepepabdoT-
KU 3¢PHUCTBIX MaTepUajioB, TIpeIyCMaTpUBaroIiast BO3MOXK-
HOCTb U3MEHEHUSI HaCTPOEK IMpHU IoAaye MCXOAHOTO ChIPhs
Pa3JIMYHOTO COCTaBa JJIsI MMOJYYeHUsI KaueCTBEHHOTO CTPOM -
TEJLHOTO TecKa.

IIpakTHyeckass 3HAYMMOCTh. BBITOJTHEHHBIE OITBITHO-
TPOMBIIIEHHbIE UCITBITAHUST KOMILJIEKCa 000pYI0BaHUS IJIsT
repepaboOTKH TiecKa MO3BOJIMIM TeCTUPOBATh CUCTEMY 000-
POTHOTO BOAOCHAOXEHUSI U 0OOCHOBATh TEXHOJIOIMYECKYIO
PaLMOHATBHOCTH €€ MPUMEHEHUS KaK JIJII OCBETJICHUS BOIBI,
TaK W VIS ee Tolaun.

KioueBble clioBa: 3eprucmoie mamepuanst, npomvléanue,
2pasumayuoHHas Kaaccugurkayus, 000pomHoe 6000CHAbICeHUe
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