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The inevitable depletion of mineral resources, the constant deterioration of the geological and mining
conditions for the development of mineral deposits and the restoration of raw materials from mining
waste by recycling are all urgent problems we faced today. The solution to this problem may ensure: a
considerable extension of raw material source; decrease of investments in opening new deposits; cost
savings for dumping and handling of tailing dumps, disturbed land remediation; obtaining social and
economic effect due to a considerable reduction in pollution of the environment. This article deals with
the study of iron-containing tailings dumped at the tailing dumps of ore-refinery and processing facilities
located in Kursk Magnetic Anomaly (KMA GOKSs), where samples were taken for this study. The article
contains the results of the materials composition study, namely: chemical composition, the mineral-
petrographic study of thin and polished sections, grain size distribution and physical-mechanical
properties of tailing samples. Regularities were revealed for the change of the useful component content
due to gravity differentiation. It was also noted that the sulphur content increased near the pulp discharge
outlet due to pyrite accumulation. The ratio of ore minerals in tailings and the fineness ratio of the sand
fraction were measured. The examination with a focused beam microscope with x90 to x600
maghnification showed a variety of grain sizes and shapes that facilitate using tailing materials after
additional processing in the construction industry as sand.

doi: 10.5829/1je.2020.33.07a.31

1. INTRODUCTION

[11-15]. Big interest in elaboration technogenic
formations started to manifest at the same time with new

Processing of wastes from ore-refining facilities that
accumulate at tailing dumps is among the major issues in
complex treatment of mineral resources, environmental
protection and remediation [1-3].

The idea of processing tailing was first conceived at
the beginning of the 20th century in the 80s [4]. This idea
is still being developed till date. Its main tasks comprise
of the disposal of mining and metallurgical waste,
development and implementation of measures toward
considerable loss decrease and increase of the mineral
recovery quality during ore mining and processing [5-
10]. Despite the available vast technical potential and
scientific-methodological background, efficient
flowcharts for valuable component recovery from
mineral processing waste have not been substantiated yet

*Corresponding Author Institutional Email: diamond-arg@mail.ru
(K. R. Argimbaev)

recycling technologies emergesing and partial depletion
of large field.

Many investigators [9-15] have searched on process
to systemize subsoil explorations and rationally resourse
using potential techniques. The best scholars in this area
were Trubetskoy et al. [11] and Trubetskoy [13]
academician of russian science academy. They were the
first who systemized and categorized the technological
fields and process formations. The results of systems
approaching to the questions about systemised subsoil
explorations are:

e The intelligent method of subsoil explorations at the
non-ferrous and ferrous metallurgy enterprises was
generalized.
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e The features of the internally structure and spatial
variabillity of wuseful components content were
identifieded.

e The recommended intelligent methodogy for
evaluation of technological fields were designed. Also it
includes the forecasting method spatial variabillity of
useful components content in tailings, which is based on
information about aprobaration.

e The economical feasibility of using perspective
metalic and nonmetalic minerals was studied.

e The economic and mathematical model and softwere
were developed. It helped us to optimize the volume of
using different metalic and nonmetalic technological raw
materials, to determine minimal industrial content which
are useful components in balance stocks. Besides, to
make a choise more effective directions to use
technological raw materials and technological circuits of
the process development.

Complex aggregate circuit of complex development
technological mineral recourses which covers all stages:
from intelligent till finished product. That is used to
devide to connected cybsystems [8-15]:

e Geo-technological scrutiny.

e Techno-economical assessment and grounding the
conditions.

e Designing the technological fields.

e Recycling of the raw minerals.

e Targeted formation of technological field with
adjusted parametrs and specifications.

e Ground recultivating which were destroyed by
technological fields.

Two independent directions were made by virtue of
analysis of this subsystems:

o Familiarization of two technological formations.

¢ Making technological fields with adjusted parametrs
and in view of this issue we have the following
exploration.

Research and calculations which are made by
different laboratories in the world, shows us the principal
possibility to work off and complex rework ferrous
tailings. But we may ascertay that fundamental switching
over principles of transiting to the low-waste
technologies, which can promote developing minerals
fields through technological fields formation, and also
development of current technological formations [14-
29].

In spite of extensive theoretical capacity, effective
technological circuit of extraction useful components
weren't unfounded.

Since the issue of processing man-induced deposits
formed by tailing dumps of ore-dressing facilities is the
nearest future problem. The study of the material
composition of iron-containing tailings formed at ore-
refining and processing facilities of Russian Kursk
Magnetic Anomaly is required a very long duration of
time research. It will provide the ground for further

scientific study dedicated to highly efficient processing
ensuring minimal loss of useful components with waste.

2. NOVELITY RESEARCH AND PRACTICAL VALUE

The novelity of this research work is to establish the
scientific approach to regulate and handling the
enrichment of magnetite-containing tails. It depends on
the content rating -0.044 mm in them, which makes it
thus to tedermine optimal number 15 25% in which
enrichment indicators are maximal.

The practical value of the work reflects that the main
results have been used to design the processing
enrichment tails.

3. METHODS

The objective of this work was to enrich substances of
iron content and to justify the opportunity of using
technological fields which are based on wasting results
from enrichment Kursk Magnetic Anomaly (KMA
GOKS). Such issues were adressesed during the process:
e Due to statistical analysis for the information in
processing about quality and quantity of taillings.

e Recearch conducted on substances enrichment tails.
o Identification of the kind relationship of composition
and enrichment.

To solve the tasks, research was carried out in three
stages: field, laboratory and analytical parts. In the field
period, gross samples were taken weighing 40-50 kg of
waste from the taillings of GOKSs: at Lebedinskiy Ore-
Refinery and Processing Facility (LGOK) - 6 samples, at
Stoilensky  Ore-Refining and Processing Facility
(SGOK) - 4 samples, at Mikhailovsky Ore-Refinery and
Processing Facility (MGOK) - 6 samples. Samples were
taken at different distances from the pulp outlet. That is
due to the formation of spatially isolated sections of large
fractions, as well as fractions with a high iron content in
large taillings especially with unilateral discharge of pulp
and to a lesser extent with contour. Taillings of Kursk
Magnetic Anomaly (KMA GOKs) have all the
prerequisites for the formation of such sites. As a result
of the gravitational differentiation of the solid part of the
pulp, the stored material is redistributed into the taillings
dump and areas near the pulp outlets are formed with an
increased iron content (compared to other taillings
storages dump sections).

Significant influence at the iron lossing and
enrichment tails render: imperfection of the existing
technology for the enrichment of quartzite, which leads
to incomplete extraction of iron in concentrate; such as
emergency equipment shutdowns, especially during
commissioning, accompanied by as a rule, by emergency
discharges of enrichment products with an abnormally
high iron content; imperfection or lack of schemes for the
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disposal and capture of spills and industrial wash
products; insufficient organization production and low
qualification staff.

During the analytical phase, quantitative and
qualitative statistics were collected about enrichment
tails, their use and recommendations were made for
further use in tails, in various industries. The researching
were carried out on certified equipment manufactured in
the USA, Australia, Japan and Russia according to
international standard methods. Chemical analyzes are
performed in accordance with current GOSTSs.
Technological tests were carried out according to
standard enrichment schemes, taking into account
characteristics of the material composition of the
enrichment tails.

4.RESULTS

4. 1. General Information about Deposit and
Tailings of KMA The Kursk Magnetic Anomaly
(KMA) is the most powerful iron ore basin on earth,
where KMA mining and processing plants (GOKSs) are
located. In mineralogical terms, the ores in the deposit are
two-component  or  three-component  formations
consisting the hematite (and its morphological variety -
martite), magnetite (and its morphological variety -
musketovite), goethite, less often hydrohematite and
carbonates. Minor minerals are: berthierin, chamosite,
apatite, quartz, mica. Hematite is often hydrated in red
cystral formation, sometimes brown, iron hydroxides,
often staining ores in red and brown; the content in such
interlayers of various hydroxides is very different.

The prevalence of mushy ores (hematite varieties)
increases in those places where gentle paleoscopes along
quartzites are noted. By genetic characteristic, all the
minerals of weathering zone (oxidation) quartzites are
divided into three groups: 1) relict, metamorphogenic -
hematite, magnetite, quartz; 2) weathering minerals -
martite, goethite, hydrohematite, hematite, berthierin
(chamosite), marshall; 3) infiltration - siderite, calcite,
glandular chlorite, pyrite, marcasite and iron hydroxides.

Among them, ore-forming ones are hematite, martite,
goethite, hydrohematite and magnetite; minor -
carbonates, chamosite (ferrous chlorite and berthierin)
and quartz. A complex structures and equipment for
hydraulic transport and hydraulic tailing of enrichment
tails plants exists for the storage of enrichment waste at
GOK:s.

To store the wasting production of the ore processing
plant, GOKs use large capacities of natural formations -
ravine beams with the construction of dams and
enclosing dams - tailings. Tailings ponds are filled in the
initial period of GOKs operation by gravity hydraulic
transport with subsequent application as production
capacities increase and volumes of taillings pressuring
hydraulic conveyors are increased by gradually

increasing the length of slurry pipelines and dumping
tails around the taillings perimeter.

4. 2. Tailings Chemical Composition Study
The process of the material composition tail's scrutiny for
the gerruginous quartzites enrichment whick were taken
from taillings KMA GOKs which was consisted of two
sequentially carried out operations: taking an average
sample from a certain amount of the mass of the product
being tested; laboratory analysis of the sample substance.
To obtain an average laboratory sample, the initial ore
was crushed, mixed and reduced to the minimum
allowable mass. The prepared chemical samples were
subjected to spectral, chemical analyzes (according to the
content of the main rock-forming oxides (Si0,, Al,03,
Fe,03, Mg0, CaO, Na,0, K,0 and Fepiq1, Feémag)-

The results of the chemical composition of the initial
samples are summarized in Tables 1-3.

Tables 1-3 show that the tailings chemical
composition is caused by the initial rock properties. All
tailings contain silicon dioxide SiO,, iron oxide Fe, 04,
and ferrous iron FeO as basic components.

Silicon dioxide content in Stoilensky and Lebedinsky
tailings varied from 47.50 to 75.08%; mill tailings of
Mikhailovsky GOK featured lower Si0, content. Mostly,
silicon dioxide was bonded with quartz, and only a small
part of constituted silicates. The highest content silicon
dioxide was in SGOK tailings (up to 75.08%), the lowest
—in MGOK tailings (up to 36.13%).

Iron oxides formed ore minerals — magnetite and
hematite. Silicates contained small amounts of iron
oxides. Their ratio in mill tailings was different. The
highest Fe,05 content was typical for MGOK tailings
(39.91 to 38.12%) where hematite prevailed. LGOK
tailings featured high FeO content (6.26 to 10.71%), it

TABLE 1. Chemical composition of mill tailing initial samples
taken at LGOK, %

ChVL ChVL ChVL ChVL ChVL ChVvL

Components 1 2 3 - 5 6

Sio, 67.58 68.02 66.37 54.07 6577 65.47
Al,O4 1.98 2.04 1.77 2.36 3.37 3.60
Fe, 0, 10.18 991 10.75 1824  8.56 8.26
FeO 7.18 6.26 7.35 10.71 7.14 7.30
Mgo 350 396 370 293 461 424
CaO 2.58 3.08 3.37 2.50 2.65 2.86
Na,0 0.67 0.65 0.67 121 111 1.08
K,0 0.44 0.45 0.49 0.70 0.72 0.75
Other 530 470 489 6.05 523 550
Total 99.41 99.07 99.07 9877 99.16 99.06
Feroral 1270 1176 13.09 21.07 1153 11.45
Femag. 3.02 2.18 3.17 8.06 2.10 2.0
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TABLE 2. Chemical composition of tailing initial samples
taken at SGOK, %

Components ChVS-1 ChVvS-2 ChVS-3 ChvS-+4
Sio, 63.89 71.63 47.50 75.08
Al,O4 3.13 1.84 1.92 2.69
Fe,04 16.62 9.85 32.44 6.93
FeO 5.90 4.79 7.03 5.04
MgO 211 2.95 2.10 2.18
CaO 2.07 2.55 2.05 2.18
Na,0 0.58 0.39 0.41 0.54
K,0 0.77 0.53 0.49 0.73
Other 5.05 494 5.59 4.46
Total 100.36 99.92 100.05 100.19
Feyorar 16.20 10.61 28.15 8.76
Fenag. 1.65 1.14 4.02 1.13

TABLE 3. Chemical composition of mill tailing initial samples
taken at MGOK, %

ChvM ChVM ChVM ChVM ChVM ChVM

Components 1 2 -3 a4 5 6

Sio, 4748 5175 36.13 4228 3384 47.46
Al, O, 0.04 0.07 0.07 0.04 0.14 0.04
Fe, 03 4469 3991 56.76 50.21 5812 44.36
FeO 2.90 3.38 291 3.10 3.57 3.20
MgO 0.82 0.82 0.91 0.97 0.97 112
CaO 0.98 0.98 0.68 0.68 0.68 0.68
Na,0 0.50 0.55 0.49 0.55 0.56 0.60
K,0 0.44 0.40 0.33 0.37 0.32 0.38
Other 201 2.40 1.85 1.96 2.0 2.25
Total 99.86 1006 100.3 100.6 100.2 100.9
Feorar 335 305 419 375 434 335
Fepag. 1.78 158 194 219 25 1.74

was somewhat less in SGOK tailings (5.04 to 7.03%).
Aluminium oxide Al,0; as a component of mica,
feldspar, amphiboles was in LGOK and SGOK mill
tailings in approximately equal amounts (1.84 to 3.6%).
Its content is minor in MGOK tailings — hundredths of a
percent. The rest of the components — CaO, Mg0O —
prevailed in LGOK tailings (1.77 to 3.60%). Na,0 and
K, 0 content was approximately the same for all tailing
sites.

The regularities in the component content change
were caused by gravity separation; they were similar for
Lebedinsky and Stoilensky tailing dumps - iron-
containing minerals (magnetite, hematite) accumulate

near the pulp discharge outlet while the content of SiO,
(pure quartz without joints), CaO, MgO, K,0, Na,0
(silicates, amphiboles, carbonates) increases in remote
areas.

Increased sulphur content due to pyrite accumulation
was also noted near the discharge outlet.

4. 3. Tailings Mineralogical-Petrographic Study
Thin and polished sections of tailings were studied in
transmitted and reflected light using EM3900M
microscope.

Visually, LGOK and SGOK mill tailings were dark
grey mineral of varied grain sizes, MGOK tailings were
dark-brown. Grain size varied 5 mm to -0.05mm.

Tailing material composition was caused by mineral
composition of the initial ore, specific features of the
refining process and the nature of the material separation
during the tailing dump filling.

Coarse fractions +5 mm, +2.5 mm were represented
by ferrous quartzite fragments with amphibole-quartz
composition with magnetite impregnations. Fine
fractions were represented by separate minerals. Basic
ore minerals comprised of magnetite, hematite; barren
minerals — quartz, amphiboles, mica, carbonates,
feldspar. Auxiliary minerals were represented by
ilmenite, rutile and apatite.

Quartz was the main mineral that formed tailings; its
content in samples varied from 35.0% (ChVM-3) to
58.4% (ChVL-2). Sample ChVS-3 was the exception, its
quartz content was low — 27.3%. Quartz presented as
sharply-angular irregular fragments with magnetite
impregnations (Figure 1a). In finer fractions, quartz had
round shape and virtually did not contain ore
impregnations. Magnetite was the main ore mineral,
which was presented as impregnations in quartz grains,
in silicates, less often — as separate thin interlayers in
ferrous quartzite fragments. The free magnetite amount
increased with the fraction size decrease. Crystals had
regular isometric shapes (Figure 1b).

Hematite was presented in two varieties: as fine
impregnations in quartz and as small tabular flakes.

The second hematite variety was typical for
Mykhailovsky tailings. Here, hematite contained in all
fractions: as aggregates with irregular shape with
translucent ruby-red edges (Figure 1c) in coarse fractions
and as separate flakes of regular shape in fine ones. Most
often, hematite was found as shots in green mica.
Hematite content in MGOK tailings was 39 to 53.5%.

Mica existed of two minerals. Biotite-phlogopite type
mica was typical for Lebedinsky and Stoilensky deposits.
It formed black aggregates in coarse fractions and
separate round or long tabular brown flakes in fine ones.
Magnetite impregnations were rarely observed in biotite.
Green mica was typical for the tailings of Mikhailovsky
deposit. Fine fractions contained mica as dissipated lath-
like emerald-green flakes; it often contained hematite
impregnations.
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Amphiboles existed as cummingtonite, alkaline
amphibole, riebeckite, actinolite. Crystals had elongated
prismatic or tabular shape with uneven edges at end faces
(Figure 1d). Polysynthetic twins were typical for
cummingtonite.

Carbonates presented as two minerals: yellow-brown
ferrous siderite with ore impregnations and white
dolomite with pearly lustre. Crystal shape was irregular,
most often round. Pyrite had golden-yellow colour with
tarnish, with irregular grains; its content was 0.5 %.
Apatite, ilmenite, rutile were met as single auxillary
minerals.

There was the following specific ratio of ore
minerals: LGOK tailings featured the highest magnetite
and low hematite content; SGOK tailings contained
somewhat less magnetite (2.9 to 5.2%). However,
discharged materials contained significant magnetite
amount (2.1 to 3.3%) and maximum hematite amount (35
to 53.5 %).

Since samples were taken in the tailing dumps at
different distance from discharge outlets, grain size
distribution within one site considerably differed.

Grain size distribution in the initial material had the
following specific features: most fine tailings material
formed fraction -0.14 mm; the rest small portion was
distributed between fractions -0.315+0.14 mm and -
0.630+0.315 mm. The majority was distributed between
fractions -0.315+0.14 mm and -0.63+0.315 mm with the
material prevailing in the first one. As a rule, the main
part of coarse tailings was formed by -0.315+0.14 mm
and -0.63+0.315 mm fractions. LGOK and SGOK
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Magnetite* ]
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tailings were less uniform in terms of grain size, while
MGOK tailings feature more uniform material
distribution by grain structure.

Fineness ratio of the tailing sand fraction (i.e.,
fraction -5+0.14 mm) varied: 1.06 to 2.45 (average value
1.75) for LGOK, 1.12 to 2.57 (average value 1.85) for
SGOK, and 1.69 to 2.79 (average value 2.24) for MGOK.

Sand fraction yield varied within 4.6 to 77.5 % for
LGOK tailing dump, 10.2 to 80.8 % at SGOK dump and
48.5 to 77.1% at MGOK dump.

Thus, sand fraction of tailings was attributed to fine
(fineness modulus < 2), middle (fineness modulus =2.0
to 2.5) and coarse sand (fineness modulus > 2.5) in terms
of fineness ratio, which are suitable for construction
works according to GOST 8736-2014 Sand for
Construction Works. Specifications (Russia).

Tailing examination under the focused beam
microscope has shown the presence of mineral particles
ranging from less than a micron to several hundred
microns (Figure 1e) in size. Quartz grains shape varied,
but isometric sharply-angular particles prevailed.
Elongated prismatic particle shape was less common
(Figure 1f).

Elongated, prismatic, flaky particles were found more
often in MGOK tailings. A detailed study of the mineral
grain surface topography for the mill tailings at KMA
GOKSs showed that it had changed significantly due to
shock loads during ferrous quartzite crashes. Grain
surface is rough, irregular, with numerous defects (Figure
1g). Natural sand has even and smooth surfaces, with rare
pits and cavities (Figure 1h).
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Figure 1. Scanning electron microscopy results: a - quartz grains with magnetite impregnations (Sample ChVM-2, Quartz is grey,
magnetite is black. Transmitted light, x125 magnification); b - magnetite automorphic shape (Sample ChVL-2. Transmitted light,
x125 magnification); ¢ - fine hematite impregnations in green mica (Sample ChVM-6. Transmitted light, x 200 magnification); d -
alkaline amphibole with magnetite impregnations (Sample ChVS-3. Transmitted light, X150 magnification); e - Lebedinsky GOK
tailings (Sample ChVL-5. Transmitted light, X190 magnification); f - topography of quartz grain surface at Mikhailovsky GOK
(Sample ChVM-5. Transmitted light, x190 magnification); g - the surface of the tailing quartz grain (Sample ChVS-1. Transmitted
light, x600 magnification); h - Volsk sand deposit (Sample 1. Transmitted light, x450 magnification)
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Specific features of grain micro-pattern for tailings
caused their increased adhesive ability as compared with
traditional sand. In this connection, using tailings as fine
filler for concrete should ensure an additional increase in
concrete strength due to better adhesive bonds with a
binding agent.

The examination of polished samples of tailings with
Epiquant structural analyser has shown that magnetite
particle linear sizes were 20.0 pum to 42.9 um (average
value 30.1 pm) for LGOK tailings, 21.3 pm to 44.3 um
(average value 39.4 um) for SGOK and 14.4 um to
34.1 pm (average value 22.2 pm) for MGOK. It followed
that the most coarse magnetite was contained in SGOK
tailings while the fine one — in MGOK tailings.

Analysis of the samples taken from well No. 2 at
LGOK has revealed that magnetite particles of 44.5 um
to 45.0 um in size was contained in tailing coarse
fractions (+5 mm, +2.5 mm). Fine fractions (+0.63 mm -
0.14 mm) featured magnetite grains with prevailing size
22.3 pm to 22.8 pm.

4. 4. The Influence of Material Composition of
Tailings on Enrichment The researchings of
tailability tails samples for enrichment were carried out
on samples in which the content ranges from 3.07 to
10.88%, from 13.25 to 20.06%, which makes it possible
to compare the results of the enrichment of samples with
different iron contents in the initial product.

It was established that tails enrichment are
significantly affected by their material composition, in
particular, the iron content in tails (especially magnetite)
and the content of fine particle size fractions. The
maximum indicators of tails enrichment are achieved
with a grade of -0.044 mm in the initial product at the
range of 15-25% (Figures 2 and 3).

This is due to the fact that this class contains the
largest number of discovered magnetite grains, while the
larger fractions contain quartz and aggregates of non-
metallic minerals with magnetite, while the finely
dispersed fractions contain barren sludge and over-
crushed magnetite particles, which are weakly captured

Total iron
extraction, %
oo

0 5 10 15 20 25 30 35 40 50 55

Class content is -0.044 in the original
sample,%

Figure 2. Dependence of the extraction of total iron on the
grade content of -0.044 mm in the initial samples

—
~

Extraction of
magnetite iron, %

0 10 20 30 40 50 60

Class content is -0.044 in the original
sample,%
Figure 3. Dependence of the extraction of magnetite iron on
the grade content of -0.044 mm in the initial samples

during enrichment. Based on the results of studying the
enrichment of enrichment in laboratory conditions, the
possibility of obtaining iron ore concentrate with iron
content for the tailings of KMA GOK was established
(initial tailings content of 5.95%) - 61.47%.

The proposed scheme to have a production of
concentrate from tails according to the summary
indicators of laboratory tests includes the following
operations: screening, desliming, preliminary magnetic
separation, the intermediate product of which has a yield
of 34.8%. The total iron content is 30.6% and the
recovery is 68.7%. After regrinding up to 98% of the
class -0.044 mm and magnetic separation, the final
product has qualitative characteristics: yield - 15%, total
iron content 65.2%, recovery - 62.7%, with the initial
parameters of the tailings: total iron content - 15.5 %,
magnetite iron - 5.2%.

The output of building sands by fractionation the
preliminary magnetic separation is 30.0%, the total iron
content is 8.4%, the recovery is 16.2%. The general
tailings according to this scheme have a yield of 55.1%,
the total iron content in them is 5.9%, and the recovery is
21.1%.

4. 5. Physical and Mechanical Properties of
Tailings The physicomechanical properties of
taillings are based on the results of testing tailings. The
basic laboratory results are shown in Table 4 and in
Figures 4 to 5, which illustrated that the weighted average
diameter d,,, of the studied tailing materials changed
from 0.02mm to 0.21 mm. Within the specified
ranged,,,, the internal friction angle ¢ varied within the
wide range 26° to 38° while adhesion value C changed
from 0.002 to 0.011 MPa. In particular, shearing angle ¢
(at P = 1 MPa) was 32 in the sample with the minimal
angle ¢ and C.

Natural gravimetric humidity W of the studied tailing
samples varied from 15 to 35% with average value 25 %.
Porosity factor E was sufficiently low and changed from
0.67 to 0.81 depending the distance from the pulp
discharge outlet L.
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TABLE 4. Shearing test results for Lebedinsky GOK tailings
d,, mm ¢, rad. C,MPa ,grad. W,% E L,m

0.02 26 00021 32 3 0777 300
0.03 2721 0.003 33 28 0726 250
0.051 2842 00042 33 25 0691 200
0.091 3048  0.005 34 21 0666 150
013 3251 0.007 35 17 0814 100
015 3505  0.009 36 15 0717 40
0.21 37.94 0011 40 - - -
0,012

s 001 -

o

= 0,008

U 0,006 :

S 0,004

8 0,002 -

5

< 0 T T T T T T

25 27 29 31 33 3 37 39
Internal friction angle @, grad.
Figure 4. Adhesion vs. the internal friction angle plot

0,012
0,01 -
0,008
0,006
0,004 ~
0,002 ~

0 T T T T T T T

14 17 20 23 26 29 32 35

Natural weight humidity of mill tailings
W | % grad.
Figure 5. Adhesion vs. natural gravimetric humidity plot

Adhesion, C, MPa

The research results showed that the increase of the
distance from the tailing discharge outlet resulted in the
growth of humidity percentage for iron-containing mill
tailings and, hence, to the decrease of physical and
mechanical properties and the bearing capacity of the
surface tails when mining equipment is located on it.

5. DISCUSSION

The recearching of the material composition to assess the
possibility of using enrichment tailings for KMA GOKs
to obtain iron ore concentrate showed that the selected
samples differ in chemical, mineralogical and
granulometric composition both within the same taillingd
dump and between taillings of different GOKs.

When the tail pulp is stratified, larger and heavier
particles are placed in the pulp duct in the lower part, and

the pulp concentration is higher here than in the upper
part of the stream. As a result, through the first alluvial
outlets from the distribution slurry conduit, larger and
heavier particles enter the beach tail zone dump than
through the subsequent ones (for example, to tailings in
the MGOK).

Further segregation of particles occurs on the alluvial
beach and in the taillings pond under the influence of
changes in the hydrodynamic characteristics of the
carrier flow. On the surface taillings dump during the
alluvial formation, tailings zones with a similar
composition are formed, and the configuration of the
zones depends on the pattern of tails storages dump. The
general regularity of the formation of tachy zones is the
accumulation of heavy iron minerals and large tiles
articles near the outlets, while the light quartz,
micaceous, silicate minerals and the finely dispersed part
of tiles cover a considerable distance, forming another
technogenic mineral association.

Based on these features of tail accumulation, the
process of fractionation by size and density might be
considered as the process of enrichment of certain areas
with any mineral or fraction of particles. The differences
in taillings of ore dressing plants are determined by the
type of quartzite mined and by the specific features of the
dressing technology. The characteristic differences
between the GOK taillings can be attributed to the
following: in taillings of the MGOK enrichment, the
main iron-containing mineral is hematite (39-53.5%),
while for the storages of the GOKK and SGOK it is
magnetite (2.9-10.7%); in terms of particle size
distribution, the wastes of MGOK enrichment are more
finely dispersed (fraction content is -0.044 mm 53%)
than LGOK, SGOK (23.5%).

The moisture content of taillings in the explored
sections of taillings varies widely. Humidity of taillings
increases along the height of the washout with the depth
of sampling. In the near-surface stratum at a depth of 1.0
m, humidity varies from 15 to 20% with an average value
of 17.5%. At great depths, humidity ranges from 21 —
35%. The porosity coefficient of the stocked tails in the
considered area has an average value of 0.74.

During the process of studying the material
composition, the following was established: taillings
might be used in the construction industry as sand or
gravel, to obtain additional products as a main or
associated useful component in mining enterprises of
KMA, and also used in agriculture and forestry (crop
production).

6. CONCLUSIONS

An assessment of the utilization of enrichment waste in
agriculture and forestry requires a preliminary study of
the mineralogical, chemical, and particle size
distribution, agrophysical, physical, and agrochemical
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properties. The main condition for using waste is the
presence of necessary components for the soil.
Recommended doses of waste are established on the
basis of data from agrochemical analyzes, field
experiments, economic and environmental indicators.
The use of waste as fertilizers and substances that
improve the physical and chemical properties of soils
should ensure an increase in the productivity of plants,
the quality of their yield, as well as an economic or
environmental-social effect.

Waste which was introduced into peat bog soils
contributes to the improvement of their hydrothermal
regime. Taillings of processing plants can also have an
increased absorption capacity due to the presence of
residual amounts of clay minerals in them. The factors
limiting waste utilization in crop production are reduced
to three categories: 1) the presence of concomitant
impurities and elements that cause soil pollution and
damage; 2) the possibility of re-processing enrichment
waste in order to extract the main or related substances;
3) the possibility of disposal in other industries with great
economic effect.

Thus, the researching showed that the iron-containing
taillings of the KMA GOKs are promising the
involvement in development with the allocation of the
main and associated useful components, as well as their
using as sand, especially since during the reprocessing of
iron-containin taillings, energy-intensive operations such
as crushing are not necessary and partial grinding [14].
These research results will become a good reserve for
conducting experimental studies of the possibility of
processing iron-containing taillings of enrichment of
KMA GOKs.

The research results will become a good basis for
experimental study of the possibility to process iron-
containing tailings accumulated from ore-refining and
processing facilities in Kursk Magnetic Anomaly
(Russia).

7. REFERENCES

1. Kempton, H., Bloomfield, T.A., Hanson, J.L. and Limerick, P.,
"Policy guidance for identifying and effectively managing
perpetual environmental impacts from new hardrock mines",
Environmental Science & Policy, Vol. 13, No. 6, (2010), 558-
566. doi: 10.1016/j.envsci.2010.06.001

2. Franks, D.M., Davis, R., Bebbington, A.J., Ali, S.H., Kemp, D.,
and Scurrah, M., "Conflict translates environmental and social
risk into business costs". In Proceedings of the National Academy
of Sciences of the United States of America, Vol. 111, (2014),
7576-7581. doi: 10.1073/pnas.1405135111

3. Adiansyah, J.S., Rosano, M., Vink, S., Keir, G., "A framework
for a sustainable approach to mine tailings management: Disposal
strategies”, Journal of Cleaner Production, Vol. 108, (2015),
1050-1062. doi:10.1016/j.jclepro.2015.07.139

4. Hekmat, A., Osanloo, M. and Shirazi, A.M., "New approach for
selection of waste dump sites in open pit mines”, Mining

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Technology. (2008). 117. 24-31. doi:

10.1179/174328608X343768

Bakhtavar, E., Shahriar, K. and Osanloo, M., "OIld tailing
rehabilitation with regard to environmental impacts at the Mooteh
Gold Mine, Iran”, In 6™ International Conference SGEM 2006,
Bulgaria, (2006).

Zhang, JR., Wang, W.Z, Li, FP. and Wang, AD.,
"Comprehensive Utilization and Resources of Metal Mine
Tailings", Metallurgical Industry Press. Beijing, (2002).

Argimbayev, K.R., Bovdui, M.O. and Mironova, K.V., "Prospects
for exploitation of tailing dumps", International Journal of
Ecology and Development, Vol. 31, (2016), 117-124.

Karu V., "European Union Baltic Sea region project; Min-
Novation". Qil Shale, Vol. 28, Ne 3, (2015), 464-465.

Karu V., Valgma I., and Rahe T., "Mining Waste Reduction
Methods”, In 13" International Symposium PARNU 2013
"Topical Problems in the Field of Electrical and Power
Engineering" and "Doctoral School of Energy and Geotechnology
11", Estonia, (2013).

Blight G., "Geotechnical Engineering for Mine Waste Storage
Facilities". CRC Press/Balkema, The Netherlands, (2010), 652.

Trubetskoy K.N., Chanturia V.A., Kaplunov D.R., and Rylnikova
M.V., "Integrated development of deposits and deep processing
of mineral raw materials (monograph)”, Russian Academy of
Sciences, Moscow, (2010). 446.

Trubetskoy K.N., “The main directions and ways of solving the
problems of resource conservation in the integrated development
of mineral resources”, Mine Surveying and Subsoil Use, No. 3,
(2010), 22-29.

Trubetskoy K.N., "Development of science, engineering and
technology in the field of integrated development of deposits in
the open pit", Mining Journal, No. 3, (2009), 4-7.

Trufanov D.V., Leizerovich S.G., and Uskov A.K., "Prospects for
the application of non-waste technology in the development of the
Lebedinsky deposit of ferruginous quartzites”, Mining
Informational and Analytical Bulletin (Scientific and Technical
Journal), No. 8, (2000), 163-166.

Arkhipov A.N. "Complexity and environmental friendliness of
mineral processing technologies”, Mining Informational and
Analytical Bulletin (Scientific and Technical Journal), No. 388,
(2005), 100-106.

Blight, G., Mine Waste: A Brief Overview of Origins, Quantities,
and Methods of Storage, In Waste, Trevor M., Letcher, Daniel A.
Vallero, (2011), Academic Press: USA, 77-88. doi:
10.1016/B978-0-12-381475-3.10005-1

Fomin, S.I, “Foundations for technical solutions in organizing
excavation of open ore pits”, Journal of Mining Institute,
Vol. 221, (2016), 644-650.

Fitzpatrick, P., Fonseca, A. and McAllister, M.L., "From the
Whitehorse Mining Initiative Towards Sustainable Mining:
lessons learned", Journal of Cleaner Production, Vol. 19, No. 4,
(2011), 376-384. doi: 10.1016/j.jclepro.2010.10.013

Rafkatovich, A.K. and Mironova, K.V., "Methods for the
Reduction of Loss and Optimization Processes Open Pit Mining
Operations When Mining Man-Made Deposits Formed by
Sections”, Journal of Engineering and Applied Sciences, Vol.
13, (2018), 1624-1631.

Tayebi-Khorami, M., Edraki, M., Corder, G. and Golev, A., "Re-
Thinking Mining Waste Through an Integrative Approach Led by
Circular Economy Aspirations", Minerals, Vol. 9, (2019), 2-12.
doi: 10.3390/min9050286

Argimbayev, K. R., Mironova, K. V., Bovdui, M. O., and
Podlesnyj, P. V., "Method for forming and developing a
technogenic deposit and device for its implementation”, RU
Patent 2661510, No.d July 17, (2018).


https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.envsci.2010.06.001
https://doi.org/10.1073/pnas.1405135111
https://doi.org/10.1179/174328608X343768
https://doi.org/10.1016/B978-0-12-381475-3.10005-1
https://doi.org/10.1016/j.jclepro.2010.10.013
https://doi.org/10.3390/min9050286

22.

23.

24,

25.

K. R. Argimbaev et al. / [JE TRANSACTIONS A: Basics Vol. 33, No. 7, (July 2020) 1431-1439

Kuskov V.B. and Vasilyev A.M., "Specific features of the
concentration process for fine—grained materials in a short-cone
hydrocyclone", Obogashchenie Rud, Vol. 2, (2018), 30-34. doi:
10.17580/0r.2018.02.06

Guezennec, A.G., Bru, K., Jacob, J. and d’Hugues, P., "Co-
processing of sulfidic mining wastes and metal-rich post-
consumer  wastes by  biohydrometallurgy”,  Minerals
Engineering, Vol.75, (2015), 45-53. doi:
10.1016/j.mineng.2014.12.033

Franks, D.M., Boger, D.V., Cdte, C.M. and Mulligan, D.R.,
"Sustainable development principles for the disposal of mining
and mineral processing wastes", Resources Policy, Vol. 36, No.
2, (2017), 114-122. doi: 10.1016/j.resourpol.2010.12.001

Morenov, V. and Leusheva, E., "Influence of the Solid Phase\'s
Fractional Composition on the Filtration Characteristics of the
Drilling Mud", International Journal of Engineering-
Transactions B: Applications, Vol. 32, No. 5, (2019), 794-798.
doi: 10.5829/ije.2019.32.05h.22

26.

27.

28.

29.

1439

Gorelikov, V.G., Lykov, Y.V., Gorshkov, L.K. and Uspechov,
A.M.,"Investigation of thermal operational regimes for diamond
bit drilling operations (technical note)", International Journal of
Engineering-Transactions B: Applications, Vol. 32, No. 5,
(2019), 790-793. doi: 10.5829/ije.2019.32.05b.21

Argimbaev, K.R. and Kholodjakov, H.A., "Tailings development
and their utilization in the National Economy", International
Journal of Ecology and Development, Vol.31, (2016), 94-100.

Sizyakov, V.M., Kawalla, R. and Brichkin, V.N., "Geochemical
aspects of the mining and processing of the large-tonne mineral
resources of the hibinian alkaline massif", Geochemistry, (2019).
doi: 10.1016/j.chemer.2019.04.002

Louwrens, E., Napier-Munn, T., and Keeney, L.
"Geometallurgical characterisation of a tailings storage
facility - A novel approach”, In Tailings and Mine Waste
Management for the 21% Century, Sydney, NSW, Australia,
Australasian Institute of Mining and Metallurgy, (2015), 125-132.

Persian Abstract

oS>

-

O aes (350 L O sladdls 5l ad sl slse bl 5 e 553 an s Gl Odme 5 ulid e Lol polde by Gdae mbis Sl shbobe by ua

o LJ»._{JQ'&[ACEL;A}‘ b o I8 Gl el el 4l s g ala>Sle IG5 S Wl e (Kl el .Mjﬁ))gﬂlge)';fléwd;m
Ol 53 AS et | Wkajszvf LB als s 4 olasl 5 elasl ol 3 05551 S 4 calbly by 4 Shwy 5 Odes slas 55 sl au e
«esl (KMA GOKS) S ) 58 blinn (g leal 53 &l aJ&é)}T)QLWUJQM&MJQ\JQ =% Gladms s> 5 ol sl S 51593 3 s s dllis

Sl bl 31,55 5 des 3lpe alllan alse el g b oS 5 el Sl ol il (ol i el ek 4 S wllln ol S ol sed 5 0l s

A5 0L bl man ol e adlfo Glgme ond 4 by e Dl sEe (IS il s 4ol ua,géiﬂ;&jg_g}gowj&jm“;w@;,:‘ygj
.méﬁfa,mMusﬁsa!juwj;up,;&wv;w;n}ﬁw.wnwgﬁwwww&mé;;);;;ﬁgnﬂ;ﬁﬁ@gh}gw.«s
j&uwﬁojuu@-uﬁy@o;w&w;1,»«5;1;;;&aud&;\“jway‘nMJ‘XGOOUXQO&L&EMQ;JM):J?__'))gdbgfb_f)ﬁ

il e elizad BB b Ol ye 4 5l



https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.17580%2For.2018.02.06
https://doi.org/10.1016/j.mineng.2014.12.033
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.resourpol.2010.12.001
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.chemer.2019.04.002

