Mining of Mineral Deposits

ISSN 2415-3443 (Online) | ISSN 2415-3435 (Print)

e B Journal homepage http://mining.in.ua
AL Volume 10 (2016), Issue 3, pp. 77-83

UDC 622.278-6 http://dx.doi.org/10.15407/mining10.03.077

THE RESULTS OF MAGNETIC SEPARATION USE IN ORE PROCESSING
OF METALLIFEROUS RAW BASALT OF VOLYN REGION

Ye. Malanchuk?, Z. Malanchuk?, V. Korniienko?, S. Gromachenko?*

!Department of Automation, Electrical Engineering and Computer-Integrated Technologies, National University of Water Manage-
ment and Nature Resources Use, Rivne, Ukraine
2Department of Development of Deposits and Mining, National University of Water Management and Nature Resources Use, Rivne, Ukraine
*Corresponding author: e-mail s.y.gromachenko@nuwm.edu.ua, tel. +380986249656, fax: +380362223511

PE3YJIbTATU TOCJIKEHb BAKOPUCTAHHS
MATHITHOI CEHAPALII ¥ ITPOLECI PYJIOIIITOTOBKH
METAJIOBMICHOI BA3BAJILTOBOI CUPOBUHU BOJIUHI

€. Mananuyk?, 3. Mananuyk?, B. Koprienko?, C. 'pomauenko?”

Kagpeopa asmomamusayii, enexmpomexuiunux ma komn 1omepno-inmezposanux mexnono2ii, Hayionarvnuii yuisepcumem 6001020
eocnooapcmea ma npupoookopucmyeanns, Piene, Vkpaina

2Kagheopa pospobku podosuwy ma 6udobysanns kopucrux xonanun, Hayionanenuii ynisepcumem 6001020 20cnodapcmea ma npupo-
dokopucmyeannsi, Pisne, Yxpaina

*Bionosgioansnuti asmop: e-mail s.y.gromachenko@nuwm.edu.ua, mezr. +380986249656, ¢haxc: +380362223511

ABSTRACT

Purpose. To determine the effectiveness of the electric field use in ore processing for extraction of native copper
concentrate from raw basalt, to identify the most technologically advanced grain-size classes of the feed stock. To
define the nature of the relationship between the amount of recoverable concentrate and the main dominant factors —
separator field density and the coarseness of the prepared raw material.

Methods. We used the substantiated physical and chemical methods of elemental, mineral, fractional, particle size
distribution analysis of the basalt rock mass under processing, methods of laboratory, semi-industrial and industrial
research into crushing, grinding, classification, and electromagnetic separation processes at the stages of ore prepara-
tion of raw materials for the production of metalliferous industrial products. The methods of statistical modeling and
experimental results regression analysis have been applied.

Findings. The preferred grain-size classes in the process of ore preparation and classification of basalt rock compo-
nents for electrostatic separation were determined. The dependences of copper concentrate production from basalt,
tuff and lava-breccia on the electrostatic field density while changing grain-size classes in the initial product were
worked out. The regression dependences of the copper concentrate output on various relationships between grain-size
classes in the initial material and the electric field density were obtained.

Originality. The content of native copper in basalt, lava breccia and tuff was established and the preferred grain-size
classes in the process of ore preparation were identified. It is for the first time that the magnetic susceptibility of all
three components of basalt raw material was determined, and the influence of the magnetic field on the output of
titano-magnetite concentrate was shown as well as the rational grain size of ore preparation was detrmined. The
dependences of the copper concentrate output have been established and the efficiency of the electrical separation in
complex processing of basalt raw material has been proved.

Practical implications. The obtained research results indicate the feasibility of complex processing of basalt raw
material, on the grounds of which the method of its treatment was developed.

Keywords: native copper, titano-magnetite, electrical separation, lava breccia, basalt, tuff

1. INTRODUCTION tuff and lava-breccia are present as moldboard rock mass,
which is stored as man-made deposit with a high content
of native copper, iron, titanium and other valuable metals
(Luca, 2012).

Currently only basalt is used in quarry development,
mainly for the production of crushed stone. Associated
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The research conducted has shown that basalt is a val-
uable mineral raw material that requires complex pro-
cessing to extract useful components in amounts that may
be of industrial interest and technologically extractable.

The presence of such impurities in the basalt body as
lava-breccia and tuff does not devalue the idea of com-
plex basalt processing, as these consistuents contain the
same beneficial components as basalt (Fiore, Scalici, Di
Bella, & Valenza, 2015), the main of those being native
copper and iron (titano-magnetite). Spectral analysis
showed that they contain oxides of copper, rare and valu-
able metals whose recovery requires advanced technolo-
gies (Zhang et al., 2013).

Analysis of the available information about the use of
magnetic separation in the loop processing of non-ferrous
rare metal ores and placer deposits, shows that first non-
ferrous metal is obtained, while iron concentrate is pro-
duced in the second place (Cervi, da Costa, & de Souza
Junior, 2014). The same approach was applied to investi-
gating magnetic separation of copper raw material from
the basalt quarry. The standard methods of ore prepara-
tion for magnetic separation of raw materials were used:
crushing, grinding, and screening. We studied the most
effective size classes for magnetic separation
(+0.63 + 2.5 mm) and (+1.0 + 0.63 mm).

The subject of the research was to determine the
extent of magnetic susceptibility of all the three compo-
nents of raw basalt from Rafalovskyi quarry — basalt, tuff
and lava-breccia. Preliminary studies of basalt deposits
indicated the presence of other metals with magnetic
properties that allow to use magnetic methods and the
corresponding equipment in their processing.

2. THE MAIN PART

2.1. Raw basalt magnetic separation

One of the research objectives was to learn the degree
of magnetic separators’ efficiency for extraction of cop-
per minerals into the tailings of magnetic separation and
to discover what grain-size class of the material corre-
sponds to the maximum copper extraction.

Thus the investigated issue concerned the use of
magnetic separation with the purpose of copper minerals’
concentration in the separation tailings. The problem of
magnetic separation application for its direct purpose —
production of iron concentrate — was not considered,
since it is secondary for our technology.

Preparation of samples for the research consisted in
their preliminary crushing and grinding to the class size
of less than 3 mm, in accordance with recommendations
for the dry magnetic separation of feebly magnetic ores
(Bulat, Nadutyy, & Malanchuk, 2010). The crushed rock
mass was classified into four size classes. Magnetic part
was defined in each class (in two or three levels), and
non-magnetic part was identified by weight and by per-
centage to the sample weight.

The studies were conducted in the laboratory on the
drum magnetic separator PBSU-0.5/0.2 during the pro-
cess of dry magnetic separation. Mineralogical analysis
was performed separately for magnetic and non-magnetic
portion of a sample. The content of native copper in each
subsample was assessed. Initial experimental data are
shown in Table 1.

Table 1. Mineralogical and particle size distribution analysis of Rafalovskyi quarry basalt samples

Grain-size Mass Copper .
Product " Output, % Minerals’ content content,  Output Extraction
class, mm g %
25+1.6 — — — — — — —
Magnetic2 66 75.86 Basalt — 96 — 97%. Native copper — 3 — 4% 3.50 16.620 0.5820
Non- Basalt — 85%. Native copper — 15%
magnetic 21 2114 (10% — exposed and in concretions — 5%) 13.00 5.290 0.6880
Basalt — more than 99%. Native copper
~16+08 Magneticl 19  17.43 in concretions — occasional grains. 0.01 4786 0.0004
Green copper — occasional grains.
Red copper - occasional grains
Basalt — more than 99%. Native copper
Magnetic2 51 46.79 in concretions — occasional grains. 0.60 12.850 0.0770
Green copper — less than 1%
— 0, 1
Magnetic3 17 1560 Basalt - more than 99%. Native copper 010 4282  0.0040
in concretions — less than 1%
Non- Basalt — 75 — 80%. Native copper 10 — 15%,
. 22 20.18 copper in concretions — 5 — 7%. Quartz — 5%. 15.00 5.542 0.8310
magnetic - .
Green copper in concretions 5 — 7%
— 0, _ i
08+025 Magneticl 5 431 Basalt —100%. Green copper — occasional 001 1259  0.0040
grains in concretions
Magnetic2 31 26.72 Basalt — 100% 0.00 7.809 0.0000
- _ _ 0, _ 92 _.130
Non- g9 68.97 Basalt — 94 — 96%. Quartz —2 — 3%. 150 20150  0.3020
magnetic Native copper in concretions — 2 — 3%
-0.25 Magneticl 8 9.41 Basalt — 100% 0.00 2.015 0.0000
Magnetic2 22 25.88 Basalt — 100% 0.00 5.542 0.0000
Non-_ 55 64.71 Basalt — 99 — 100%. Native copper — up to 1% 0.1390
magnetic
Total 397 100.00 Copper content in basalt sample 2.624% 100.000 2.6240
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Thus, the research conducted on basalt, lava-breccia 13% and 15% (the last figure is the minimum condition
and tuff of Rafalovskyi quarry have shown the feasibility of the finished copper concentrate).

of further research into magnetic separation, as these Analysis of copper extraction (from the initial con-
three most typical rocks have high magnetic susceptibil- tent) confirmed that copper is mainly extracted from the
ity: basalt produces 55% of magnetic product, lava- bigger size classes of —2.5 + 0.8 mm. The total recovery
breccia — 33% and tuff — 54% (Bulat, Nadutyy, & from them constitutes 48.4 + 34.8 = 83.2%. The remain-
Malanchuk, 2010). ing percentage of recovery is 11.5 + 5.3 = 16.8%, com-
Basalt dry magnetic separation. Basalt sample was prised by the small class of —-0.8...-0.25 mm.
subjected to crushing and sieving into 4 narrow classes However, it is noteworthy that the biggest class of
within the range of 2.5...-0.25 mm. Basalt has the -2.5+ 1.6 mm is not separated efficiently: the output of
highest density among the three studied materials tailing is small (output into non-magnetic fraction is
2.6-10° kg/m® (breccia — 1.8 kg/m?, tuff — 1.3 kg/md). ~ 5% against 16.62% into magnetic), copper extraction
Basalt crushing was performed so that the output of into the two products differs only slightly (22% into
each of the four classes was approximately the same — magnetic and 26% into non-magnetic product), i.e. cop-
about 20 — 30%. per of the higher bigger size class is divided approxi-

mately equally between the magnetic and nonmagnetic

2.2. Calculation results products (Bulat, Nadutyy, & Malanchuk, 2010).

During magnetic separation of basalt fine grained For all fine grained classes (1.6 mm) there is another
fractions, we have established that for the top two coarse trend: the extraction of copper into non-magnetic product
grained classes there is a higher yield of the non- js consistently higher than into magnetic. That is, during
magnetic fraction. the basalt magnetic separation the feedstock coarseness

At the same time, the content of copper in the  should not exceed 1.6 mm. Average results of basalt
non-magnetic fraction of big-size classes is very high: magnetic separation are presented in Table 2.

Table 2. Basalt magnetic separation indicators

Grain-size  Outputper- .. production Magnetic, % Non-magnetic, %

class, ceptage from of Cu. %  of Cu % o _ ]
mm input, % ) ) utput Content Production Output Content  Production

-25+16 2191 5.79 48.39 16.62 3.5000 22.20 5.29 13.00 26.21
-1.6+0.8 27.46 3.33 34.80 2191 0.3700 3.10 5.54 15.00 31.68
-0.8+0.25 29.22 1.03 11.53 9.07 0.0014 0.00 20.15 1.50 11.52
-0.25 21.41 0.65 5.28 7.56 0.0000 0.00 13.85 1.00 5.28
Total 100.00 10.80 100.00 55.16 3.8714 25.30 44.83 3.05 74.69

Copper extraction analysis (from the initial content) 38.13% and 61.88%, respectively (Table 3). And, for all
confirmed that copper is mainly contained in bigger size fine grained classes, the amount of non-magnetic frac-
classes of —2.5 + 0.8 mm. The total recovery from them tion is consistently higher than that of the magnetic

constitutes 48.4 + 34.8 = 83.2%. product, the copper content in the nonmagnetic fraction
Copper extraction into non-magnetic product, com- being not much higher than in the raw material (1.66%

pared with the magnetic one is steadily higher for fine versus 1.36%).

grained classes (1.6 mm). This indicates that during Both fractions — magnetic and nonmagnetic — were

basalt magnetic separation the feedstock coarseness must very rich in copper (0.87 and 1.66%), which testifies to

be less than 1.6 mm. the need for additional recleaning. This can be explained

Dry magnetic separation of lava-breccia showed the by the presence of concretions.
output of magnetic and non-magnetic fractions at

Table 3. Parameters of lava-breccia dry magnetic separation

Grain-size  Outputper- .. broduction Magnetic, % Non-magnetic, %
class, centage from of Cu%  of Cu % out ) A
mm input, % ) ) put Content  Production ~ Output Content Production
—25+16 31.25 1.37 31.30 12.50 1.16 10.67 18.75 1.50 20.66
-1.6+0.25 52.81 0.89 34.50 20.63 0.24 3.65 32.19 1.30 30.80
-0.25 15.94 2.92 34.20 5.00 2.75 10.10 10.94 3.00 24.10
Total 100.00 5.18 100.00 38.13 4.15 24.42 61.88 5.80 75.56

In the sample of lava-breccia, the copper extraction size classes of 2.5+ 0.1 mm. Classes of -0.1 mm of
into non-magnetic fraction is higher than into magnetic feedstock and non-magnetic fractions have the highest

(75.6% versus 24.4%). Analysis of the results also indi- content of copper — near 0.77%.

cates the appropriateness of feedstock preparation with Crushed tuff is effectively divided by magnetic sepa-

grain size less than 1.6 mm. ration resulting in substandard copper concentrate.
Tuff magnetic separation identified the high content According to chemical analysis, big size tuff classes —

of magneto-susceptible material by weight — 54%. Pa- 2.5+ 0.25 mm — which are in the magnetic product,

rameters of tuff dry magnetic separation are presented in contain 36 — 39% of iron.
Table 4. The magnetic fraction is represented only by big
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Table 4. Parameters of tuff dry magnetic separation

Grain-size  Outputper- .o production Magnetic, % Non-magnetic, %
class, centage from of Cu. % of Cu. % out . .
mm input, % ) ) put Content  Production Output Content  Production
-2.5+0.63 36.1 0.31 21.01 29.94 0.29 16.38 6.14 0.40 4.63
-0.63+0.1 22.7 0.45 19.26 19.09 0.42 15.13 3.65 0.60 4.13
-0.1 41.2 0.77 59.83 0.00 0.00 0.00 41.18 0.77 59.8
Total 100 1.53 100.01 49.03 0.71 3151 50.97 0.71 68.6
The results obtained allowed to determine the The following investigation was aimed at studying the
standard equipment size: for the feedstock size of influence of magnetic field influence on separation of tuff,
-2.5+0.1 mm it is recommended to use magnetic sepa- basalt and lava-breccia which is needed for substantiated
rators of PBS type, and for finer grade — electromagnetic choice of magnetic separators type. Experiments were
separators of EBC type is recommended. conducted for two fine grade classes of each rock. The

magnetic field varied in the range 0.08 — 1.3 T (Table 5).

Table 5. Mass fraction of magnetic separation concentrate (103 kg) at different magnetic field density

Induction Tuff Basalt Lava-breccia
-25+063 -063+01 -25+063 -063+01 -25+063 -0.63+0.1
T mm mm mm mm mm mm
0.08 63.2 30.5 73.6 29.0 51.3 21.0
0.16 59.5 37.0 76.4 355 60.5 26.2
0.30 51.7 37.7 68.0 40.5 64.4 316
0.44 49.7 31.9 63.5 38.5 68.5 36.4
0.58 44.8 325 60.5 30.4 63.1 28.5
1.30 6.2 5.8 10.6 7.6 20.2 12.9
Non-magnetic 56.4 334 294 18.5 36.2 214
Total 3315 208.8 382.0 200.0 364.2 178.0

According to Table 5, the product output in percent ble, based on the conditions of the maximum likelihood
and the total output of concentrate were calculated. With of approximation coefficient R? and the presence of phys-
reliability of 0.95 the mean square error of class output ical content in this dependence.
determination was in the confidence interval 0.5 — 1.2%. Fine grain size was set as the limit value of arithmetic
To determine the relationship between the magnetic average, which is the most widespread approach. Indica-
concentrate output by grade classes, the standard method tors of magnetic concentrate output for relatively big
of pair correlations was used. Using the Microsoft Office 2.5+ 0.63 mm and smaller size classes -0.63 + 0.1 mm
Excel software, approximating dependences were built and graphical interpretation of the output relationships
and one approximating curve was chosen out of 6 possi- versus induction field are shown in Figure 1.

100 ~ 100 R

L~
90 90 3 €-063+0.
]

Basalt
80 & -2.5+0,63 80
Basalt
70 & 70+ ® -0,63 +0,1
X 60 B -2,5+0,63 = 60 Tuff
f:‘ ‘ Tuff =
5 | & 50—
B 0 B = A . A-0,63+0,1
O: 40 A:-2,5+0,63 © 40 Z' T Lava-breccia
Lava-breccia A

10 - . H o

0.0 02 04 0.6 08 1.0 1.2 0,0 0,2 04 0,6 0,8 1,0 1,2

Magnetic flux (B, T) Magnetic flux (B, T)

Figure 1. Magnetic product output distribution versus the magnetic field for basalt (1), tuff (2) and lava-breccia (3):
(a) -2.5 + 0.63 mm; (b) -0.63 + 0.1 mm
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The following correlation equations were worked out:
— for size class — 2.5 + 0.63 mm:

1 - basalt: y =28.6In(B)+93.63, R =0.94;
2 — tuff:  =25.08In(B)+84.59, R? =0.94; (1)

3 - lava-breccia: y =29.95In(B)+89.1, R =0.95;
— for class —0.63 + 0.1 mm:
1 - basalt:  =30.28In(B)+91.75, R =0.94;

2 - tuff: y =27.32In(B)+85.05, R =0.94; )

3 - lava-breccia: y =30.15In(B)+86.16, R =0.95.

It is clear from Figure 1 that with induction increase,
the coarser class, the greater dependencies variation. For
further analysis, the dependencies for two size classes
were built, separately for each rock material (see Fig-
ure 1). The analysis showed that the difference in the
outputs of the two fine classes is not significant, that is
why it is reasonable to analyze a bigger size class of
2.5+ 0.1 mm.

100

For the total class size —2.5 + 0.1 mm the correlation
dependencies of concentrate output versus the induction
field are as follows:

1 - basalt: y =29.8In(B)+92.99, R =0.94 ;
2 —tuff: y =25.94In(B)+84.77, R =0.94; 3)

3 - lava-breccia: y =30.02In(B)+88.13, R> =0.95..

As shown in Figure 2, all three rocks are character-
ized by relatively close dependencies of concentrate
output on induction. Thus, for low values of induction up
to 0.2 T (range of magnetic separators PBM, PBS type)
and for induction of 1.3 T (electromagnetic separators
ERS, EBC type) the average deviation of output is up to
10% of relationships, which is acceptable for practical
processes. This allows to build a generalized statistical
model suitable to describe the function of concentrate
output versus induction for a mixture of all three rocks
with the initial size of —2.5 + 0.1 mm ( Figure 3).

] R K = ¢ « Basalt

s Tuff

o

a Lava-breccia

Output (y, %)
W L
S S

0 M_/'u.

A

0,0 0,1

02 03 04 05 06 0,7 08 09 10 1,1 1,2 13

Magnetic flux (B, T)

Figure 2. Size class -2.5...+0.1 mm output into concentrate versus magnetic field for: 1 — basalt; 2 — tuff; 3 — lava-breccia

With the high probability of approximation the gen-
eralized model of magnetic concentrate output versus
magnetic field has the following character:

where:
y — concentrate output, %;

B — magnetic field (T).

y =28.381g(B)+88.629, R? = 0.947, (4)
100
90 . | .,-—-——""i ¢ Basalt
80 | T @ -
Q - L 8 Tuff
s 70 -
P .
< 60 1 A Lava-breccia
2 ® o ,
Z 7 A * Median
3 40 /
30 /A —
20 +—f
10 =2
0
00 01 02 03 04 05 06 07 08 09 10 11 12 13

Magnetic flux (B, T)

Figure 3. Generalized relationship of magnetic separation concentrate output versus magnetic field for tuff, basalt and lava-breccia
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If all three rocks with grain size —2.5 + 0.1 mm will
be subjected to magnetic separation together, the concen-
trate output can be evaluated via the generalized model
using equation (4). The dependencies (1) — (3), shown in
Figures 1 and 2 can be used for more detailed analysis.

Here the following question arises: how can copper
get into the magnetic fraction (especially in coarse
grained classes), if all the copper minerals are non-
magnetic? There are two reasons for this. The first
explanation suggests that though mineralogy clearly
shows that the deposit field is rich in native and oxi-
dized (not sulfide) copper (Table 1), the basalt raw
material still contains copper sulfide, i.e. chalcopyrite,
and more importantly, typically associated with chalco-
pyrite — pyrite and pyrrhotine. While pyrite and chalco-
pyrite (copper pyrite, CuFeS,) are non-magnetic, pyr-
rhotine FeS; is a strongly magnetic mineral. It is pyr-
rhotine that is extracted during separation, and copper
minerals are extracted with it in the form of concretions
(Tabosa & Rubio, 2010).

The second reason for copper extraction into mag-
netic coarse grained concentrate is that the concretions
of copper are extracted with native iron, magnetite,
titano-magnetite and copper iron sulfides, for example,
bornite CusFeS,. Mineralogical analysis identified the
presence of all these minerals in Rafalovskyi quarry
rocks. Thus the high yield of magnetic fraction with the
separation is linked with them.

The main conclusions on basalt magnetic separation
consist in the following: firstly, if the feedstock size is
—-2.5+0 mm, there is a high yield of the magnetic frac-
tion 55 (16%), and secondly, the amount of copper in
the tailing increases 1.7 times as compared with the ini-
tial copper content (from 2.6 to 4.4%). However, both
obtained products are saleable in terms of copper content,
which testifies to the insufficient copper minerals’ expo-
sure in the input and the need to reduce grain size.

To improve copper extraction into magnetic separa-
tion tailings the achieved rate of copper increment
(1.7 times) can be increased (up to 2 — 3 times). This
can be done if feedstock size is reduced, or at least the
coarse grained class is removed from the input, that is
basalt should be crushed to 1.6 mm size. At the same
time, fine grinding improves the quality of magnetic
product in iron content; since, as we know from ore
mining and dressing plants (OMDP) experience, iron
minerals’ exposure is achieved after very fine grinding —
up to 95% of the class — 0.05 mm.

ABSTRACT (IN UKRAINIAN)

3. CONCLUSIONS

The magnetic susceptibility of all the three compo-
nents of basalt raw material — tuff, basalt and lava-
breccia — was established experimentally. This fact testi-
fies to the appropriateness of including magnetic separa-
tion operation to separate titano-magnetite of the ground
mass into the technological scheme of complex waste-
free processing of basalt raw material.

Dry magnetic classification of basalt, tuff and lava-
breccia by fine grained size classes indicated that, the most
promising in terms of output from the initial amount and
copper extraction in each size class (in %) are the follow-
ing classes: (1.6 +-2.5 mm), (1.6 +0.8 mm)
(0.8 +0.25 mm) and (0.25 + 0.1 mm).

The results of the research into the magnetic suscep-
tibility of the raw material were generalized in the form
of experimental and regression dependences of tuff,
basalt and lava-breccia output versus separator magnetic
field. A generalized regression model of outputs for all
three components was developed.
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Merta. BusHaueHHs e()eKTUBHOCTI BUKOPUCTAHHS €JIEKTPUYHOTO II0JIS1 y MPOIECi pyIONIATOTOBKY /Il BUAIJICHHS
KOHLIEHTPATy CaMOpPOJHOI MiJi 3 0a3a1bTOBOI CHPOBHHM, BCTAHOBJICHHS HaWOUIBII TEXHOJOTIYHUX KJIACIB KPYIHOCTI
nepepoOIIIoBaHOT CUPOBMHM ¥ XapakTepy 3aJieKHOCTI KUIBKOCTI JOOYTOTrO KOHIEHTpATy BiJl OCHOBHHX IOMIHYIOUHMX
(haKkTOpiB — HAIPY>KEHOCTI ITOJISI CeTapaTopa Ta KPYIMHOCTI MiATOTOBJIEHOI CHPOBHHH.

Metoauka. Y po0OoTi BUKOpUCTaHI anpoOoBaHi (i3W4HI Ta XiMiYHI METOIM aHATi3y €JIEeMEHTHOTO, MiHEPaJIbHOTO,
(dpakiitHoro, TPAaHYJIOMETPUIHOTO CKIIATy MepepoOKH 0a3ambTOBOI TipChKOT MacH, METOAM JabOpaTOPHUX, HATIIBIIPO-
MHCIIOBHX 1 IPOMHUCIIOBHUX JOCIIPKEHb IPOLIECIB APOOIICHHS, TOAPiOHEHHS, KiacudiKallii, eTeKTPOMarHiTHOI cemapaii
Ha eTamax pyIOIiIrOTOBKH CHPOBHHH J0 OTPHMAaHHS METAJOBMICHUX ITPOMIPOIYKTIB. 3aCTOCOBaHI METOIN CTaTHUCTH-
YHOT'O0 MOJEIIOBAHHS 1 pErPEeCiHOTO aHaIli3y pe3ybTaTiB €KCIIEPUMEHTAIBHHIX JOCTIKEHb.

Pe3yabTaTn. BcTaHOBIEHO KIacH KPYMHOCTI Y TpOIECi PyIOMATrOTOBKH 1 Kiacudikallii CKiIamoBuX 0a3aibTOBOT
ripchKOl MacH JIo ejeKkTpocernapaii. BusBieHo 3ane:KHOCTI BUXOAY MIZIHOTO KOHLEHTpATy Juis Oa3anbTy, Tyy Ta ja-


http://dx.doi.org/10.1016/j.jappgeo.2014.10.024
http://dx.doi.org/10.1016/j.compositesb.2014.12.034
http://dx.doi.org/10.5772/1912
http://dx.doi.org/10.1016/j.mineng.2010.08.004
http://dx.doi.org/10.1016/j.jseaes.2013.04.043

Ye. Malanchuk, Z. Malanchuk, V. Korniienko, S. Gromachenko. (2016). Mining of Mineral Deposits, 10(3), 77-83

BOOpeKyii Bifi HAIPY>KEHOCTI EJIEKTPUYHOTO IIOJISI IIPU BapiroBaHHI BMICTOM PI3HUX KJIAciB KPYIHOCTI y BUXIZHOMY
npoaykti. OTpUMaHO perpeciiiHi 3aJeKHOCTI BUXOy MIJHOTO KOHIICHTPATY BiJl Pi3HUX CHIBBiTHOIICHh MK KJIacaMu
KPYIHOCTI Y BHX1THOMY IIPOAYKTI Ta BiJ] HANPYKEHOCTI EJIEKTPUYHOTO MOJISL.

HaykoBa HoBH3HA. BCTaHOBNICHO MPOLIEHTHUI BMIiCT caMOpOIHOI Mizi y 6a3anbTi, TaBoOpekdii, Tydi Ta moxaszani
Kpaili KJIacl KpyIHOCTi y TIpoIeci pyAoIiArTOTOBKH. Briepiie BU3HaueHa MarHiTHa CIIPHHHATINBICTh BCIX TPHOX CKJIa-
JOBHX 0a3abTOBOI CUPOBHHY, ITOKA3aHO BILIMB BEJIMYMHHM MarHITHOTO ITOJI HA BUXIJ KOHICHTPATY THTAaHOMAarHEeTHTY
1l BU3HaUeHa palfioHaJIbHA KPYIHICTh PYIOIiATOTOBKH. BIiepiie BCTaHOBJIICHO 3aJIEKHOCTI BUXOY MiZHOTO KOHIICHTpa-
Ty 1 moKa3zaHa e(heKTUBHICTh BUKOPUCTAHHS OIepallil eJIeKTPUIHOI cemapalii Ipu KOMIUIEKCHIN mepepoOrii 6a3anbTo-
BOi CUPOBUHU.

MpakTuuna 3HauuMicTs. OTpUMaHi pe3yabTaTH AOCIIKEHb BKa3yIOTh Ha JOLUUIBHICT KOMIUIEKCHOI MepepoOKu
0a3abTOBOT CUPOBHUHH, 1 Ha 1[Il OCHOBI pO3p00JICHUIT crociO 11 mepepoOKu.

Kunrouosi ciioBa: camopoona mios, mumarnomaznemum, elekmpuina cenapayis, 1a6oopexyis, 6a3anvm, myg

ABSTRACT (IN RUSSIAN)

Henn. Onpenenenue 3pPEKTUBHOCTHA HCIOIH30BAHUS AIEKTPHUUECKOTO MOJIS B POIIECCE PYAOIOATOTOBKH JJIs BBI-
JIeJICHHS] KOHIIEHTpaTa CaMOPOJIHON MeIu u3 0a3albTOBOTO CHIPhs, YCTAHOBJICHHE HANOOJIee TEXHOJOTHIHBIX KIIACCOB
KPYITHOCTH TepepadaThIBAEMOTO CHIPhS U XapaKkTepa 3aBHCHMOCTH KOJHMYECTBA M3BJICKAEMOTO KOHIIEHTPATa OT OCHOB-
HBIX JOMHUHUPYIOMUX (DaKTOPOB — HAIPSHKEHHOCTH TOJIS CerapaTopa U KPYIMHOCTH TOTOTOBICHHOTO CHIPhSI.

MeTtoauka. B pabote HCIoIb30BaHbl alpoOUPOBAHHBIC PU3NICCKUE M XUMUICCKUE METOJIBI aHATIN3a JIEMEHTHOTO,
MHHEPAITLHOTO, (PpaKIMOHHOT'0, TPaHYJIOMETPHUIECKOTO COCTaBa IepepadaThiBacMoi 6a3aabTOBON TOPHOH Macchl, Me-
TOABI J1a00PATOPHBIX, TOJYIPOMBINUICHHBIX W MPOMBIIIJICHHBIX HCCIEIOBAHUN MPOIECCOB APOOICHMSI, U3MEIbUCHUS,
KkiIaccu(pUKaIUK, IEKTPOMArHUTHOM cemapaliyl Ha dTamnax PyJIOMOArOTOBKH ChIPhS K MOJIYYCHHIO METAIOCOACpKa-
[IUX TPOMITPOAYKTOB. [IpUMEHEHBI METOIBI CTATUCTHYCCKOTO MOJICIUPOBAHUS U PEIPECCUOHHOTO aHaJK3a Pe3yJibTa-
TOB OKCIICPUMCHTAJIBHBIX I/ICCHC}IOB&HI/Iﬁ.

Pe3yabTaThl. YCTaHOBICHBI MPEAMOYTHTEIBHBIC KIACCHI KPYITHOCTH B MPOIECCE PYAOINOATOTOBKH M Kiaccupuka-
MU COCTABJISIONUX 0a3aJbTOBOM TOPHOW MacChl K AJICKTPOCENapanud. Y CTAaHOBJICHBI 3aBUCUMOCTH BBIXOJIa MEIHOI'O
KOHIICHTpaTa JJis 0a3anbpTa, Tyda U JaBOOPEKYHH OT HAMPSIKCHHOCTH 3JICKTPUYCCKOTO MOJIS IPU BapbUPOBAHUH CO-
Jiep’)KaHUEM PasHBIX KIACCOB KPYITHOCTH B MCXOJHOM Mpoaykte. [ToydeHbl perpecCHOHHBIE 3aBHCHMOCTH BBIXOJa
MEIHOTO KOHIICHTpPAaTa OT Pa3iMYHBIX COOTHOIICHUN MEXIY KiaccaMi KPYIHOCTH B MCXOJHOM IPOIYKTE W OT HATPS-
YKEHHOCTH 3JIEKTPUICCKOTO TOJIS.

HayuHnasi HoBH3HA. Y CTaHOBIICHO MIPOIICHTHOE COJEpKaHNUE CaMOPOTHON Menu B Oa3aipTe, TaBOOpekunn u Tyde, a
TaK)Ke TOKa3aHbl MPEANOYTUTEIbHBIC KIacChl KPYIMHOCTH B IMPOIECCe PYJAOMOATOTOBKH. BIlepBble yCTaHOBJICHA Mar-
HUTHasg BOCIPHUUMYUBOCTDL BCEX TPEX COCTABJIAIOMIUX 6aSaHLTOBOFO ChIPbs, ITOKa3aHO BJIMAHUC BEJIMYUHBI MArHUTHOT'O
TI0JIA Ha BbIXOJ KOHUEHTpPATa TUTAHOMArHeTUTa U ONPECACICHA pallMOHAJIbHAsA KPYIIHOCTH PyAOIIOATO-TOBKU. BHepBLIe
YCTAaHOBJICHbBI 3aBUCUMOCTH BbIXOJla MCIHOI'0O KOHIEHTpATa W IOKasaHa 3(1)(1)6KTI/IBHOCTI) HCIIOJIb30BaHUA OI€palnuu
ANIEKTPUUECKOIl cernapanuy pu KOMIUIEKCHOI nepepaboTke 0a3aqbTOBOTO ChIPbS.

IIpakTHyeckasi 3HAYUMOCTD. [10JTydeHHBIC PE3yabTaThl HCCICIOBAHUI YKa3bIBAIOT Ha IIEJECO00Pa3HOCTH KOM-
IJIEKCHOM mepepaboTKH 6a3aIbTOBOIO CHIPBS, M HA DTOM OCHOBE pa3paboTaH crocob ero mepepaboTKH.

KaoueBsle c10Ba: camopooHnas meob, MUMAaHoOMAazHemum, 31eKmpuiecKds cenapayus, 1a8oopexyus, bazaivm, myg
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