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Purpose. Characterization of mining wastes for the valorization of waste rocks from the Boukhadra iron ore mine
which is located near the Algerian-Tunisian border in the city of Tebessa (Algeria).

Methodology. Analyses by X-Ray Diffraction, petrographic studies on thin sections and polished sections, particle
size analysis, analysis by X-ray Fluorescence of the raw sample including those for the different particle size of waste
rocks of the Boukhadra mine were carried out to identify their mineralogical and chemical composition. Based on the
physical properties of these mining wastes, magnetic susceptibility was taken into account for possible enrichment of
the weakly magnetic iron minerals by high intensity magnetic separation on dry way (DHIMS). During the separation
of wastes, we took into account the particle size distribution and the intensity of the electrical current.

Findings. The studies realized have enabled us to deduce that the Boukhadra waste rocks, which are generally ex-
tracted from the open-pit mine, mainly consist of limestone, hematite, gray and yellow marls, with an average grade
in Fe,0;5 of 19.97 %. The particle size analysis carried out on a representative sample of the waste rocks from the
Boukhadra mine weights 500 g and crushed to 4 mm reveals that the iron-rich class (27.67 % Fe,0;) is located be-
tween -0.5 + 0.25 mm. Tests by dry high-intensity magnetic separation on different classes: (-1 + 0.5 mm), (-0.5 +
0.25 mm), (-0.25 + 0.125 mm) and (-1 + 0.125 mm) with alternatives amperages (3—12 A) show that the experiment
carried out in the class (-0.5 + 0.25 mm) at 12 A offers a concentrate of iron (40 % Fe,05) against a reject of limestone
and marls (43 % CaO, 15 % SiO,, 8 % Al,O3, 2 % Fe,0;).

Originality. This is a topical issue in the Algerian mining industry, which causes serious problems for the mining
environment and local residents following the increase in volumes of mining wastes and their pollution in the
Boukhadra region. So, the management of waste rocks represents a major preoccupation for protecting the environ-
ment and contributes to the sustainable development. It represents a model for the valorization and the management
of waste rocks from this mine or any other iron mine.

Practical value. The installation of mining wastes enrichment equipment allows, on the one hand, the recovery of
a marketable product and, on the other hand, the rejects resulting from magnetic separation (DHIMS) can be used
in various fields, namely: cement plants, ceramic, construction materials (economic interest), it will also contribute
to the rehabilitation of the mining site and the protection of the environment.

Keywords: Boukhadra, magnetic separation, mining wastes, sustainable development, valorization

Introduction. Compared to all the activities of the na-
tional economy, the mining sector is the driving force
for the sustainable development; technological fields are
consumers of metal pieces (construction, automotive in-
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dustry, various tools, agriculture, etc.) which are in turn
based on iron ore. On the other hand, our environment,
for a long time, has been affected by dangerous and very
complicated problems, which results in the fallouts of vol-
umes of mining wastes on the ecosystem. These wastes
are deposited or stockpiled within the mine site and con-
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stitute a potential source of pollution because of their
chemical characteristics and grain size [1].

The Boukhadra iron ore deposit situated in the north-
east of Algeria is an excellent pole for supplying the iron
and steel industry and a vital source of the employment and
the development in the region. The deposit is mined using
a combined method, underground and open pit. The ex-
tracted iron ore is characterized by a sufficiently high con-
tent; it is subsequently transported to the Annaba iron and
steel complex for the elaboration of the cast iron and steel.

Waste rocks are defined as non-economic grades of
rocks excavated to gain access to economic ore deposits
[2]. It is known that, for a ton of iron ore, at least ten tons
of mining wastes are extracted and they are put in-situ or
in piles. These wastes hinder the exploitation process and
local residents by their harmful effects on the environ-
ment (dust, landslides, water contamination, occupation
of natural land, etc.); for example, six workers were killed
on December 9™, 2006 when iron ore mining waste dumps
collapsed in the Tollem mines in Goa, India [3].

Therefore, the valorization of these wastes is strictly
necessary for the proper management of the waste rocks
from the Boukhadra iron ore mine.

Overview on the Boukhadra mine. The Jebel Boukhadra
is located in the east of Algeria, 45 km north of Tebessa
City, 13 km from the Algerian-Tunisian border (Fig. 1).
The iron deposit of Boukhadra is located in the moun-
tainous area of Jebel Boukhadra, which belongs to the
Atlas Saharan series and is characterized by a simple an-
ticline structure of NE-SW [4].

The Boukhadra iron Deposit is operated by two meth-
ods: Open pit (by half-trench) and Underground (by
slaughtered sub-levels). The transport of the iron from
the mine to the gyratory crusher is carried out by trucks.
After that, the crushed ore is transported through the
belt conveyor to the homogenization station.

General information on mining wastes. Mining wastes
include all solids, liquids, or gaseous substances rejected
by the extraction, the preparation, the enrichment and
the separation of the ore [5], these wastes can affect the
environment through one or more of the following crite-
ria [6]:

- chemical and mineralogical composition;

- physical properties;

- volume and surface occupied;

- waste disposal method.

The mining wastes from the Boukhadra mine consist
of the waste rocks, the tailings (poor iron ore) besides the
tailings resulting from crushing, transporting ore by belt
conveyor or truck, homogenization, etc. The experts esti-
mate that Boukhadra mining wastes have a total volume
of about 30 million tons; these wastes are spread over an
area of approximately 10 hectares.

Some examples of mining wastes and their reuse in
addition to their recycling option are given in Table 1.

Presentation of the main research and methods. The
characterization of Boukhadra’s waste rocks represents
a crucial phase which allows us to identify the mineral-
ogical composition as well as their physical and chemi-
cal properties. It offers a forecast of its future influence
on the environment.

In this study, samples of waste rocks were collected
from various points of the waste rocks storage area of the
Boukhadra mine. It should also be noted that these wastes
originate mainly from the open pit mine. The mineral-
ogical composition of the waste rocks in question is com-
posed of limestone, iron ore, yellow and gray marls.

Mineralogical study of waste rocks. Petrographic Analy-
sis. The petrographic analysis carried out on samples
(thin sections and polished sections) allow us to iden-
tify the mineral phases of the Boukhadra mine waste
rocks.

Table 1

Examples of reuse and recycling options for mining wastes [ 7]

Waste type Examples of reuse and recycling option
Resource of minerals and metals, feedstock for cement and
Waste rocks Concrete.
Aggregate in embankment, road, pavement, foundation and
building construction
Mining wastes Mine waters Recovery of metals from AMD waters.
Generation of electricity using fuel cell technology
Mine drainage Extraction of hydrous ferric oxides for paint pigments.
sludges Extraction of Mn for pottery glaze
Reprocessing to extract minerals and metals.
Processing wastes Tailings Fe-rich tailings mixed with fly ash and sewage sludge as
lightweight ceramics
Bauxite red mud Raw material for glass, tiles, cements, ceramics, aggregate and bricks.
Treatment of AMD waters
Metallurgical wastes Historical base metal | Production of concrete and cement.
smelting slags Extraction of metals (e.g. Cu, Pb, Zn, Ag, Au)
Phosphogvpsum Soil amendment.
PROEYP Building and construction material
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Gray limestone. Gray limestone with secondary cal-
cite strands. The sample is intersected by filling of cal-
v : : cite (Fig. 2).

44, & 2 Iron ore. Iron ore partially altered into iron hydrox-

Open|pit.mi . . .
i - > ide. The sample shows numerous traces of alteration in
v

g R uodetoround mie the form of limonite veinlets as well as corrosion vacu-
: oles filled with calcite (Fig. 3).
Gray marls. Gray marl, massive, with millimetric en-
i tanglements of acicular calcite. Some samples present
o leaching vacuoles (Fig. 4).

Yellow marl. Massive yellow marl with rare traces of
iron hydroxides (limonite). The rock shows a lot of trac-
i Tt es of oxidation and alteration (Fig. 5).

Qualitative analysis of waste rocks by X-rays diffrac-
tion. The analysis by X-rays diffraction of Boukhadra waste
rocks down in the Office of Geologic and Mining Re-
search (OGMR) — Boumerdes revealed the following
el minerals phases: Calcite, Quartz, Goethite and Hema-

tite (Fig. 6).

Fig. 1. Presentation of the study area

Fig. 2. Petrographic analysis of gray limestone:
a — gray limestone with secondary calcite strands; b — polished section of gray limestone; ¢ — microphotography in polarized light
analyzed from gray limestone with traces of iron oxides and hydroxides; Cc — Calcite; He — Hematite; Li — Limonite

Fig. 3. Petrographic analysis of iron ore:
a — iron ore partially altered into iron hydroxide; b — the polished section shows many traces of alteration; Cc — Calcite; He —
Hematite; Li — Limonite
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a

Fig. 4. Petrographic analysis of gray marl:

a — photo of gray marl samples; b — polished section of gray marl showing leaching vacuoles and veinlets of filling calcite; ¢ — mi-
crophotography in polarized-light analyzed from gray marl with traces of acicular calcite; Cc — Calcite

Fig. 5. Petrographic analysis of yellow marl:
a — massive yellow marl with rare traces of iron hydroxides; b — polished section with many traces of iron oxides and hydroxides;
¢ — microphotography in polarized-light analyzed from gray marl with microscopic traces of iron oxides and hydroxides;, He — He-
matite; Li — Limonite
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Fig. 6. XRD analysis of Boukhadra waste rocks
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Physical and chemical characterization of waste rocks.
Particle size analysis. The particle size analysis carried
out on a sample of waste rocks of the Boukhadra mine
crushed to 4 mm shows a high yield of 24.6 %; this was
recorded in the class -4 + 2 mm. The results obtained
are given in Table 2.

Particle size chemical analysis. The chemical compo-
sition of the waste rocks was carried out by the XRF
analyzer in the Center of Study and Technological Ser-
vices of Construction Materials Industry (CSTSCMI) —
Boumerdes (Table 3). From the particle size analysis data,
it seems that the waste rocks of the Boukhadra mine is
rich in CaO (>34 %), especially the particle size classes
-4 + 0.5 mm. The iron content exceeded 25 % in the
classes -1+ 0.125 mm. The content of SiO, and Al,O4
varies in the particle size fraction not exceeding 21.21 %
for SiO, and 6.51 % for Al,O;.
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The purpose of the particle size chemical analysis is
to obtain information on the hardness of the rock as well
as the liberation size of the ore. For the Boukhadra waste
rocks we estimate that the iron ore liberation size in rela-
tion to the rest is between the classes: -1+ 0.125 mm.

Fig. 7 shows the evolution of the contents of the main
chemical elements constituting the Boukhadra waste rocks
as a function of the particle size.

Valorization of the Boukhadra waste rocks by magnetic
separation. Many processes have been used in the frame of
the management and the valorization of mining wastes:
magnetic separation, gravimetric separation, flotation,
leaching, etc. (Idres, Abdelmalek, Bouhedja, Benselhoub
and Bounouala, 2017) proposed a method for valoriza-
tion of mining wastes of Ouenza mine (Algeria) by using
radiometric separation [8].

Magnetic separation is one of the most common tech-
niques used for concentration of diamagnetic and para-
magnetic minerals; this process is used now for extract-
ing minerals and metals from mining wastes. During the
magnetic separation, the magnetic force developed in-
side of the magnetic separator could be expressed by the
following formula, [9]

Fm=V-M(H)-d—H,
dx

(1)
where V'is the volume of the magnetic particle, M(H) is
the magnetization of the magnetic particle in a magnetic
intensity (H) and dH/dx is the magnetic gradients.

In view of the extraction of iron ore from all waste rocks
of the Boukhadra mine, the high-intensity magnetic sepa-

are, respectively, the yields of concentrate and of reject
(%); ¢, and ¢, are, respectively, the recovery of iron in
the concentrate and the reject (%).

The results of the chemical analysis of two fractions
(magnetic and non-magnetic) obtained after a test on the
particle size class: -0.5 + 0.25 mm of the waste rocks from
the Boukhadra mine with a variation in the intensity of the
electric current of (DHIMS) of 12 A are given in Table 5.

The influence of the variation of the intensity of the
electric current on the iron content (Fig. 8) and the re-
covery of the iron (Fig. 9) from the waste rocks of the
Boukhadra mine is clear.

For grain classes: -1 + 0.5 mm, -0.5 + 0.25 mm and
-1 + 0.125 mm, the recovery of iron increases when we
increase the intensity of the electric current, the maximum
value was obtained for the class: -0.5 + 0.25 mm tested at
12 A with; g, = 97.64 % in addition to Fe,O; = 39.91 %.

A decrease in iron recovery was recorded for the class:
-0.25 + 0.125 mm (Max: ¢, = 49.28 % and Fe,0; =
32.62 % at 1 = 12 A). For this effect, a flow-sheet was
proposed for the management and the valorization of
the Boukhadra waste rocks (Fig. 10).

Conclusion. The volumes of mining wastes stored on
the tile of the Boukhadra mine represent considerable
reserves in mining wastes. These later cause air, water and
soil pollution, which requires urgent solutions for the en-
vironmental management.

Table 2
Results of particle analysis of Boukhadra waste rocks

rator (HIMS) by dry method of the Valorization of Mining Particle size Mass Mass Cumulated
Resources and Environment Laboratory — Badji Mokhtar (mm) (2) (%) Refusals (%)
University — Annaba was used; this separator offers a mag- >4 60.3 12.06 12.06
netic flux density.varyir‘lg from 1.2 t.o 2 Tesla.‘ 442 123.0 24.6 36.66
Results.and dlSCuSS.IOIl. Magnetic separation tes{ results. +1 9.6 18.52 5518
The chem1f:al analygls of the conceptrate obtained by 1405 712 1424 69.42
the magnetic separation tests was carried out at OGMR— 054025 69.7 13.94 23.36
Boumerdes, the values of Table 4 were calculated taking: : : : : :
0,=125g. -0.25+0.125 42.2 8.44 91.8
With Q,, O, and Q, being, respectively, the masses of -0.125+0.063 21.2 4.24 96.04
feed product, of concentrate and of rejects (g); o is iron -0.063+0.045 13.60 2.72 98.76
content in feed (%); B, and B, are, respectively, the iron <0.045 6.2 1.24 100
content in the concentrate and the reject (%); y. and v, Total 500 100 -
Table 3
Particle size chemical analysis of the Boukhadra waste rocks
F g‘rfrtr‘l‘)’“ CaO | Fe,0,| SiO, | ALO; | MgO | K,O0 | MnO | SO, | TiO, | Na,0| P,O; | BaO | LOI
Initial 345611997 | 1581 | 6.12 | 1.25 | 0.81 | 0.57 | 0.02 | 0.34 | 0.01 | 0.11 | 0.01 | 17.59
>4 32.03 | 16.58 | 10.53 | 3.52 | 0.50 | 0.30 | 0.30 | 0.01 | 0.00 | 0.01 | 0.07 | 0.03 |29.24
-4+2 37.58 | 21.01 | 12.80 | 3.75 | 0.95 | 0.43 | 0.51 | 0.10 | 0.01 | 0.01 | 0.03 | 0.01 | 19.56
-2+1 35.63|19.87 | 11.75 | 3.26 | 0.39 | 0.54 | 0.00 | 0.03 | 0.18 | 0.07 | 0.06 | 0.00 | 23.35
-1+0.5 36.95(26.55|16.07 | 5.08 | 0.46 | 0.84 | 0.00 | 0.10 | 0.24 | 0.10 | 0.08 | 0.02 | 11.29
-0.5+0.25 2513 | 27.67 | 14.36 | 4.62 | 0.49 | 0.91 | 0.00 | 0.02 | 0.26 | 0.11 | 0.09 | 0.00 | 19.76
-0.25+0.125 | 2749|2741 |21.21| 514 | 0.59 | 1.21 | 0.84 | 0.05 | 0.36 | 0.01 | 0.09 | 0.01 | 13.48
-0.125+0.063 | 21.31 | 16.94 | 20.94 | 6.51 | 0.62 | 1.09 | 0.86 | 0.01 | 0.42 | 0.01 | 0.10 | 0.00 | 26.82
-0.063+0.045| 16.48 | 17.25 | 19.17 | 593 | 0.50 | 1.03 | 0.00 | 0.02 | 0.33 | 0.11 | 0.10 | 0.00 | 34.13
<0.045 11.07 | 10.63 | 20.77 | 6.26 | 0.61 | 0.91 | 1.06 | 0.04 | 0.31 | 0.01 | 0.11 | 0.01 | 39.98

64

ISSN 2071-2227, HaykoBun BicHuk HI'Y, 2017, N2 6



®I3BNKA TBEPAOTO TINA, 3BATAYEHHA KOPUCHUX KONAJNWNH

mCaO

mFe,0,

= Si0,
HALO,

Content (%)

0.5

0.25  0.125 0.063 0.045 <0.045
Particle size (mm)

Fig. 7. Evolution of the contents of the major constituents
according to the different particle size of the Boukhadra
waste rocks

For further information, most of the waste rocks orig-
inate mainly from the open pit mine; they are consti-
tuted mainly by limestone, gray and yellow marls and he-
matite.

Physical and chemical characterization conducted
on a representative sample shows that the waste rocks of
Boukhadra have a medium grade of 19.97 % in Fe,O;

The particle size analysis of a sample of the waste rocks
from the Boukhadra mine weights 500 g crushed to 4 mm
reveals that the iron-rich class (27.67 % Fe,0;) is situ-
ated between -0.5 + 0.25 mm.

Preliminary tests carried out by DHIMS on the same
class at a variety of electrical intensities (3—12 A) show
that the experiment conducted at 12 A offers a concen-
trate of iron (40 % Fe,0;) against a reject of limestone
and marls (43 % CaO; 15 % SiO,; 8 % Al,05; 2 % Fe,0;).
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Table 4
Tests by high-intensity magnetic separation of Boukhadra waste rocks
Magnetic fraction Non-magnetic fraction Intensity
Class (mm)
0. (& | B.(%) | v(%) | & (%) 0 (g B (%) | v.(%) | & (%) (A)
45.02 28.74 36.01 38.98 79.98 25.31 63.99 61.02 3
1405 42.7 30.56 34.16 39.31 82.3 24.47 65.84 60.69 6
47.93 31.10 38.34 4491 77.07 23.72 61.66 55.09 9
46.08 33.69 36.86 46.77 78.92 22.38 63.14 53.23 12
90.38 33.71 72.30 88.08 34.62 11.90 27.7 11.92 3
0.5+ 025 82.88 37.98 66.30 91.00 42.12 7.38 33.7 9 6
84.73 39.84 67.78 97.59 40.27 2.06 32.22 2.41 9
84.63 39.91 67.70 97.64 40.37 2.02 32.3 2.36 12
34.35 28.17 27.48 28.24 90.65 27.12 72.52 71.76 3
0.5+ 0.125 30.62 28.79 24.49 25.72 94.38 26.96 75.51 74.28 6
’ ’ 30.53 30.46 24.42 27.13 94.47 26.42 75.58 72.87 9
51.77 32.62 41.41 49.28 73.23 23.72 58.59 50.72 12
48.12 29.03 38.49 41.88 76.88 25.20 61.51 58.12 3
140125 49.73 30.98 39.78 46.19 75.27 20.74 69.22 53.81 6
52.32 31.54 41.85 49.47 72.68 23.18 58.15 50.53 9
54.18 34.04 43.34 55.32 70.82 21.03 56.66 44.68 12
Table 5
Chemical analysis of the rich class (-0.5 + 0.25 mm) tested at 12 A
Fraction CaO |Fe,04]| SiO, [Al,O;| MgO | K,O | MnO | SO; | TiO, | Na,O | P,Os | BaO | PAF
Magnetic (%) 397 |39.91| 4.05 | 2.57 | 0.21 | 0.46 | 0.76 | 0.04 | 0.26 | 0.05 | 0.01 | 0.02 |39.91
Non Magnetic (%) | 43.86 | 2.02 | 15.12 | 7.69 | 0.57 | 0.68 | 0.38 | 0.02 | 0.13 | 0.04 | 0.03 | 0.01 |27.37
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Screen with fixed bars
(1000 mm)

Primary Crusher
(giratory)

\2

Screen (300 mm) I

L

Secondary Crusher
(giratory)

i Screen (60 mm) |

Tertiary Crusher
(giratory)

Vibrating screen
(10 mm)

Sieve (0.25 mm) |

Dry High Intensity Mag-
netic Separator (DHIMS)

Reject of limestone and marls (43 %
CaO0; 15 % SiO,; 8 % ALO;.2 %
Fe,05)

Concentrate of iron
(40 % Fe,03)

Fig. 10. Flow-sheet of valorization of waste rocks from the Boukhadra iron mine
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Mera. 36araueHHs BiIXO/iB TipHUYOI IPOMUCIOBOCTI
ponoBuIIA 3a1i3HOI pyau byxanpa, 1110 po3TailoBy€EThb-
s TOOJIM3Y AIDKMPO-TYHICBKOTO KOPAOHY B MicTi Tebec-
ca (Amxup).

Metoauka. bynu BukoHaHi peHTreHorpadis, neTpo-
rpadivHi tocnipKeHHS TOHKUX 3pi3iB i aHuLTida, aHasi3
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®I3BNKA TBEPAOTO TINA, 3BATAYEHHA KOPUCHUX KONAJNWNH

pPO3Mipy YaCTKM, JIOMIHECLIEHTHUI aHali3 mpobd cupo-
BUHU # Pi3HUX KJaciB KPYITHOCTI ropia maxtu byxagpa
JIJIsI BA3HAYEHHS 1X MiHEpaJIOTiYHOTO I XiMiUHOIO CKJla-
niB. BuBueHHsT (Di3MUHUX BAACTUBOCTEM LIMX MOPI H0-
3BOJIMJIO BUKOPUCTATU MAarHiTHY CIIPUMHSTIIMBICTD IJIsT
BUIIJIEHHST CJ1a0OMarHiTHUX 3ai30BMIiCHMX MiHepaliB
LLJISIXOM CYXOi BUCOKOTPaJiEHTHOI MarHiTHOI cenapartii
(BI'MC). I'1ig yac nofiny BimxomiB MU BpaxoByBaJiu rpa-
HYJIOMETPUYHUI CKJIAJ i CUTY €JIEKTPUYHOIO CTPYMY.

PesyabraTu. [TpoBeneHi 1ocaimkeHHS ToKa3aiu, 1o
BMIilIIyI04i NOpOIU, BUTYYEHi i3 11axtu byxanpa, B ocHO-
BHOMY CKJIAIalOThCS 3 BAITHSIKY, TeMaTUTY, CipyX i KOB-
THUX BaITHSTHUX TJIVH, i3 cepeiHiM BMicToM Fe,05 19.97 %.
AHani3 po3Mipy YaCTMHOK, BAKOHAHUI Ha TUTIOBIi ITpo0i
BMilllyroumnx Topifa maxtyi byxanpa, Baroto 500 T i mo-
IpiOHEeHO1 10 4 MM, TIOKa3ye, 110 30arayeHuil 3a1i3oM
matepiai (Fe,05 27.67 %) po3TallloBYEThCS Y KJ1aci Kpyri-
HocTi (-0.5 + 0.25 Mm). JlocaimkeHHs CyX0l0 BUCOKOiH-
TEHCUBHOIO MarHiTHOIO Cemnapalli€lo pisHUX K1aciB KpyIi-
HocTi: (-1+ 0.5 MMm), (-0.5+ 0.25 Mm), (-0.25 + 0.125 Mmm)
i(-1+0.125 mm) 3a pizHoi cunu ctpymy (3—12 A), noka-
3aJT, 1110 €KCIIEPUMEHT, BUKOHAHUI Ha KJIACi KPYITHOCTI
(-0.5 + 0.25 mm) nipu ctpymi 12 A, n103BoJISIE OTpUMATH
MarHiTHU# 3ajizoBMicHuii ipoaykt (40 % Fe,0;) npu
BU/IUIEHH] BallHsIKy 1 BanHsIHUX IiuH (43 % CaO, 15 %
SiO,, 8 % Al,O4, 2 % Fe,05).

HaykoBa noBusna. lle akTyanbHe NUTaHHS 1JI8 Tip-
HUYOPYAHOI IIPOMUCIIOBOCTI AJLKMPY, 1110 CTBOPIOE CEp-
103Hi MpobseMu 111 HAaBKOJMIITHBOTO CepeaoBUIA i
MiCLIEBOTO HaceJIeHHs Y 3B’SI3KY 31 30iIbIIIEHHSIM 00CsI-
TiB BiIXOMiB TipHUYOPYIHOI TPOMUCIOBOCTI B PETIOHI
byxanpa. ToMy BUKOpUCTaHHSI BMilllyIOUMX MOPiJ € ro-
JIOBHOIO METOIO JUIS1 3aXUCTY HABKOJUIIIHBOTO CEPeNo-
BUIIA Ta CIIPUSIE CTAIOMY PO3BUTKY PETiOHY. ¥ poOOTi
MpeacTaBAeHa MOIE/b Bajlopu3allii Ta BUKOPUCTAHHS
BMIILLYIOUMX TTOPIf i€l 1axTu adbo OyAb-sIKOTo iHILIOTO
3aJ1i30pyAHOI pyIHHUKA.

IIpakTuuna 3Ha4MMicTh. BCTaHOBJIEHHS B TipChKiid
MPOMUCIIOBOCTI 00JIafHAHHS [J1s1 30aradyeHHsl ITOpoau
NO3BOJISIE, 3 OMHOTO OOKY, OTPUMATH JOAATKOBO IIPO-
JIYKT, 110 BiAIIOBiTae pUHKOBUM BMMOTaM, a, 3 iHIIIOTO
00Ky, BUALIUTHU TTic/s MarHiTHoro noniay (BIMC) nipo-
IYKT, 110 MOX€E BUKOPUCTOBYBATUCS B pi3HUX objac-
TSX, a caMe: Ha LIEMEHTHUX 3aBOax, [1JIsi BUTOTOBJIEH-
HSI KepaMiyHMX i OynmiBeJbHUX MaTepiasiB (EKOHOMiY-
HUI iHTepec), 0 TAKOX CIPUSIE PeKYIbTUBALLIL 3eMeJTb
TipHUYONOO0YBHUX MaJaHYUKIB i 3aXUCTY HABKOJIUII-
HBOTO CepeIOBUIIA.

Kimouosi cioBa: byxadpa, maenimue po3dinennsi, 8io-
X00u 2ipHU10000y8HOI NPOMUCA0B0CMI, CIAAUI PO3BUMOK,
eanopuszayis

Ieas. OGoramieHe 0TXOA0B TOPHOI MTPOMBIIIIEH-
HOCTU MECTOPOXACHUSI XKeJe3Hoi pynbl byxanpa, pac-
MOJI0KEHHOTO BOJIU3M aKMPO-TYHUCCKOM IPaHULIBI B
ropone Tebecca (Amxup).

Metoauka. bbuti BBITIOJTHEHBI peHTIeHOrpadus, mne-
TporpaduyecKkre KUCCAeqOBaHUSI TOHKUX CPE30B U aH-
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nndoB, aHATIN3 pa3Mepa YaCTHUIIbI, TIOMUHECIICHTHBIN
aHaJIM3 TIPOO CHIPhS M PA3TMIHBIX KJIIACCOB KPYITHOCTHU
ropox maxTel byxanpa mist onpeneaeHUsT X MUHEpaso-
TMYECKOT0 M XUMIUYECKOTO COCTaBOB. M3yueHune pusnye-
CKUX CBOMCTB 3TUX MOPO/I, ITO3BOJIMJIO MCITOIb30BaTh Mar-
HUTHYIO BOCIIPUMMYUBOCTD JJIsI OTAEJICHUs cllabomar-
HUTHBIX XeJIe30conepKaliix MUHepaIoB MyTeM CyXoi
BBICOKOTpaaeHTHO MarHuTHO# cenapaiuu (BI'MC).
Bo Bpewmst pasnesieHust OTXOMOB Mbl YIYUTHIBAJIM ITPAHYJIO-
METPUYECKUIA COCTAB U CUJTY JIEKTPUIECKOTO TOKA.

Pesynbratnl. [IpoBeneHHbIe UCCIenOBaHUS TTOKa3a-
JIM, 9YTO BMeIAIOIINE TTOPOIBI, N3BJICUCHHBIC M3 IIaX-
THI byxampa, B OCHOBHOM COCTOSIT M3 M3BECTHSIKA, Te-
MaTHTa, CEPBIX U JKEJITHIX U3BECTKOBHIX TJIMH, CO Cpel-
HuM coxepxanueM Fe,O; 19.97 %. AHanu3 pasMepa
YaCTUII, BHITIOJIHEHHBII Ha TUITOBOH Tpobe BMellaio-
mux nmopon maxtel byxampa, Becom 500 r U u3Menb-
YEHHOM 10 4 MM, MOKAa3bIBaeT, UTO O0OTAILIEHHBII XKe-
nezoM Martepuai (Fe,05 27.67 %) pacnioiaraercst B Kjiac-
ce kpynHoctu (-0.5 + 0.25 mm). MccnenoBaHus cyxoit
BBICOKOMHTEHCUBHOI MarHUTHOM cerapanyei pa3ind-
HBIX KJ1acCOB KpYMHOCTU: (-1+ 0.5MMm), (-0.5 + 0.25MM™m),
(-0.25 + 0.125 mm) u (-1 + 0.125 Mm) ipu pa3TUYHON
cune Toka (3—12 A), mokasayiu, 4To SKCIIEPUMEHT, BbI-
IMOJTHeHHBIN Ha Kiacce KpymHocta (-0.5 + 0.25 mm)
Ipu ToKe 12 A, TT03BOJISIET TTOJYIUTh MAaTHUTHBINA Xe-
ne3oconepxaiunii npoaykrt (40 % Fe,0;) npu Boiaese-
HUU U3BECTHSKA U U3BECTKOBBIX IMH (43 % CaO, 15 %
Si0,, 8 % Al,O5, 2 % Fe,0;).

Hayynasg HoBu3HA. DTO aKTyaJbHbII BOIIPOC [T TOP-
HOPYIHOU MPOMBIIIIEHHOCTU AJXKMpPa, KOTOPBIA CO3-
JIAeT CEPhe3HbIe MPOOJIEMBI LIS OKPYXKAIOIIEi Cpelbl U
MECTHOT'O HaceJIEeHUs B CBSI3U C YBEJIMYEHUEM O0BEMOB
OTXOJIOB TOPHOPYIHOU TTPOMBIIIJICHHOCTH B PErMOHE
Byxanpa. [ToaToMy KCcOIB30BaHUE BMEIIAIOIIMX TOPOT
SIBJIIETCS TJIABHOM IIEJIBIO TSI 3aIMTBI OKPYKAIOIIEH
CpeIbl M CIIOCOOCTBYET YCTOMUMBOMY Pa3BUTHIO PETHO-
Ha. B pabote mipencrasieHa Mozenb BaTOPU3aliY 1 UC-
TTOJI30BaHMST BMEIIAFOIIMX ITOPOJT STOM ITAXThI W JII0-
60ro Ipyroro XeJye30pyIHOro pyaHUKA.

IIpakTiyeckas 3HAYMMOCTD. Y CTAHOBKA B TOPHOI IPO-
MBIIIUIEHHOCTH O0OpYIOBaHUS ISl OOOTAIlEHUs TTOPO-
TIbI TO3BOJISIET, C OMHOM CTOPOHBI, MOJYYMUTh TOMOTHU-
TEJIHO TPOIYKT, COOTBETCTBYIOIIMI PHIHOYHBIM TPeOO-
BaHMSIM, U, C JIPYTOil CTOPOHBI, BBIAEIUTH ITOC/IE Mar-
HuTtHoro pazaeneHus (BITMC) mponykT, KOTOpblii MO-
JKeT MCITOJTb30BaThCsI B PA3IMYHBIX 00JIACTSIX, a UMEH-
HO: Ha IIEMEHTHBIX 3aBOJaX, IJIS U3TOTOBJICHUS Kepa-
MHMYECKUX 1 CTPOUTEIIHFHBIX MATEPHAIOB (3KOHOMMIYIEC-
CKMWIi1 MHTEpeC), YTO TaKKe CIIOCOOCTBYET PEKYIbTHUBA-
1IN 3eMeJIb TOPHOMOOBIBAIOIINX TUIOIIAI0K 1 3aIIUTe
OKPYXaloLel Cpeibl.

KmoueBble cioBa: byxadpa, maenummoe pazdenerue,
0mx00bl 20pHOJ00bIBAIOWEH NPOMBIULIEHHOCMU, YCMOL-
yugoe paseumue, 6ar0puU3auUs

Perxomendosano do nyobaikauii A33ye Mecayo. Jlama
Haoxodxcenrs pykonucy 18.11.16.
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