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Abstract
Introduction. The article highlights a new procedure of choosing special methods of
disintegration and schemes for complex refractory ore and develops an integrated approach
and criteria to comparing different types of crushers and screens, namely, reduction ratio,
grinding degree, slime formation degree, and a new selectivity criterion.
Research aims to study a new method and derive an equation to determine the crushing in the
layer force and a new selectivity criterion.
Research methods. The new methods were tested by comparing Otboynoye deposit tantalum
ore, Vishnevogorsky deposit niobium ore, and Zashihinsky deposit tantalum-niobium ore
crushing in cone inertial and centrifugal impact crushers and a roller press. The process of
crushing in machines was studied in the laboratory and semi-industrial conditions. Different
operation modes of crushers and screens were also checked.
Object of research is tantalum and niobium ore of different deposits.
Research results. The crushing selectivity criterion and reduction ratio comparison
demonstrated that centrifugal impact crusher and roller press indexes are lower than the
cone inertial crusher (KID) indexes. The reduction ratio for different crushing machines is
10.1 for the centrifugal impact crusher, 10.8 for the roller press, and 14.2 for the cone inertial
crusher. The selectivity criterion for the crushing machines is 0.632 units for the centrifugal
impact crusher, 0.730 units for the roller press, and 0.848 units for the KID. The KID-300A4
crusher performed the best for Otboynoye deposit tantalum ore and Vishnevogorsky deposit
niobium ore. The KID-300A4 crusher also has the best slime formation degree criterion.
The new method has been tested and approved.
Summary. The paper analyses different methods and criteria of selective crushing. A new
crushing selectivity criterion was proposed based on optical and electron microscopy data.
It describes the ratio of liberation in the crushed product and feed.

Keywords: ore preparation; reduction ratio; slime formation degree; selectivity criterion;
cone inertial crusher, centrifugal impact crusher, roller press.

Introduction. Technological schemes for the beneficiation of rare metal ores are
complex, energy-intensive and costly. The reasons for this include the multimetal nature
of the ores, their volatile material composition and low grade. That is why careful selection
of ore preparation circuits is of great importance for minimizing the energy inputs and
maximizing the liberation of the valuable minerals. Modern researchers [1] have found
out that the most efficient method available to the mineral processing industry are selective
disintegration, crushing and grinding, allowing liberation of the mineral particles along the
cleavage in the comminution process. These methods are indispensable for the processing
of finely disseminated refractory ores prone to slime formation. Many rare metal and
nonmetallic ores found in Russia are of this type.
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A priori [2] impact crushing, crushing in the layer with choked cone crushers, vibro-
inertial crushing, and crushing in roller press are classified as special selective ore
disintegration methods of 3—4 stages [3]. These processes can be modeled using software
such as JkSimMet or Rocky [4]. However, this ignores the selectivity of crushing, since no
effective and simple selectivity criterion has been proposed. It is known from the scientific
works [5] that it was proposed to assess the selectivity of disintegration on the basis of
the subsequent concentration performance with the determination of the concentration
grade, and also as the ratio of the effective intergrowth surface of the mineral particles
in the feed to the sum of the intergrowth surfaces in the disintegration products [6].
The proposed selectivity criteria have never been widely used because of the impossibility
and complexity of reliable estimation of the proposed indicators.
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Figure 1. Relationship between the compressive force applied to the material
disintegrated of single pieces with the lining and in the layer:
1 —zone of disintegration of single pieces; 2 — same — zone of compression; 3 — breakage
in the layer, (matrix) — force 20 tons; 4 — same — force 40 tons
Pucynok 1. 3aBUCHMOCTH YCWIIMS CXATHS Marepuaia OT OTHOCHUTEIBHOM
nedopmanyy npu pa3pymeHNH METOIaMH «KyCOK O OPOHIO» U «B CIIOE»:
1 —30Ha pa3pyLIeHHs IPHU JPOOICHNH KKYCOK O OPOHIO»; 2 — TO K€ — 30Ha [IPECCOBAHMS;
3 — paspyuenue «B cinoe» (Marpuina) — ycunue 20 T; 4 — 1o xe — yeuiue 40 T

The goal of this study was to develop a modern method for selecting special
disintegration methods for finely disseminated refractory rare metal (and nonmetallic
ores, such as niobium, tantalum ore, using the new effective selectivity criterion of the
disintegration process and to experimentally verify the proposed method.

The research task was to study the processes of crushing in the layer defining its
effectiveness, and to create a new criterion for the disintegration selectivity based on the
use of technological mineralogy data.

Materials and methods. Tantalum ore of Otboynoye deposit (Siberia), tantalum-
niobium ore of the Zashihinsky deposit (Central Siberia), niobium ore of Vishnevogorsky
deposit (South Ural) were the objects of the experimental research.

The studies were conducted in laboratory and semi-industrial conditions at JSC
Uralmekhanobr (Russia). The following theoretical, analytical, and experimental methods
and equipment were used:

— theoretical and experimental analysis of forces acting on the ore under disintegration
in a cylindrical matrix measuring 75 x 75 mm,
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— experimental studies on the liberation of the valuable minerals in the ore feed and
crushed products, applying process mineralogy methods with the use of the optical
microscope Axio Imager (Carl Zeiss, Germany), the software product Mineral C-7
(Russia), the electronic scanning microscope EVA-MA 15 (Carl Zeiss, Germany), and
the software suites INCA and AZtec (UK). Substantiation and selection of an effective
criterion measuring the selectivity of disintegration,

— experimental verification of the various special selective crushing processes under
different operating conditions. Comparing the slime formation degree of the ore (50.5 um)
in a selective crushing circuit using the laser granulometer Helos (Germany).

Figure 2. Forces acting on the feed under disintegration in the layer
Pucynox 2. Cuipl, AelcTByompe Ha KyCcOK Marepuana Ipu
JPOOJICHUHU «B CIIOE

Experiments to test various methods of selective crushing were carried out on
semi-industrial and industrial equipment — the cone inertial crusher KID-300A
(NPK Mekhanobr-Tekhnika, St. Petersburg) and the centrifugal impact crusher DC-05
(NPO Center, Belarus) and with the help of physical modeling of the grinding process in
roller press (LABWAL). The study sequence was as follows: the particle size distribution
by size class of the initial ore sample was determined using 25 to 0.050 mm sieves.
The liberation of the valuable mineral in the initial sample was found for each size class;
experiments were conducted to find the operating parameters of the crusher KID-300A:
eccentric mass position (change of the angle of rotation by 0, 60, and 120 degrees and
peripheral rotational speed of the cone (1,136 and 1,420 r/min). Specific power input was
measured directly by connecting an electric meter to the power mains of the crusher drive;
experiments were conducted by varying the rotational speed of the accelerator of the
crusher DC-05 using the integrated frequency converter. The speeds [6] were 1,000 and
1,400 r/min. Specific power input was measured directly in each experiment; experiments
were conducted in roller press (LABWAL), using following operating parameters
(as recommended by the vendor): roller speed is 12.5 r/min; peripheral speed is 0.16 m/s,
the power consumption was measured; the selective crushing products after all experiments
were divided by size classes to find the liberation of the valuable mineral; based on the
experimental data, the proposed crushing selectivity criterion, the reduction ratio of
the ore, and the slime formation degree degree of the crushing product were determined to
select the optimal selective crushing process and the optimal operating parameters of the
crusher. Specific energy input values were compared between the selected methods.

Results. Theoretical and experimental studies of in the layer disintegration processes.
In 1977, Prof. C. Schonert at Clausthal University (Germany) [7] patented the principle
of selective crushing in roller press. The same principle is used in choked cone crushers
and in inertial crushers. It is the most effective principle, both in terms of minimizing
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the energy costs and in terms of maximizing the liberation of the valuable minerals.
Figure 1 shows the relationship between the compressive force applied to the material and
the relative strain for tantalum ore.
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Figure 3. Breakage performance of the size class 7, crushing in the layer
Pucynok 3. D¢ dexTuBHOCTS pa3pyIIeHus] KyCKOB Pyl IPU IPOOJICHUH «B CIOE»

The study compared two methods — the conventional uniaxial crushing of single
pieces of ore and crushing in the layer (matrix). Experiments have shown that, under
disintegration of single pieces, the piece of ore is gradually exposed to a load of up

0.5
0.4

0.3

0.2

0.1

Relative strain, unit fractions

O 1 1 1 J
0 5 10 15 20
Determination forces, tons

—&—d, =17.1mm —8— d, =10.6mm ——d;=77mm —M—d;=51mm

Figure 4. Determination of the relative strain from forces acting for the different size of mineral
particles. Tantalum-niobium ore of the Zashihinsky deposit
Prcynok 4. 3aBHCHMOCTE OTHOCUTENBHOM Ae(OpMalliK OT YCHIIHS Pa3pyLISHHs JUTS Pa3IHIHbIX
CPEJHUX AUAMETPOB CMECH

to 15 tons. The relative strain varies from 0.05 to 0.76. Under disintegration in the layer, to
obtain a much finer product, the loading force has to be increased to 40 tons at a limiting
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relative strain of 0.53. In the case of uniaxial static compression under disintegration of
single pieces, the required crushing force is equal to the product of the cross-sectional area
of the piece of ore by the compressive strength and by the strain ratio, and the sectional
area of the piece of ore is equal to its thickness to the power of 1.5.
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Figure 5. Size class distribution of the crushed product
PucyHok 5. 'paHyIOMETpHYECKUE XapAKTEPUCTHKH 110 + IPOIyKTOB APOOICHNUs

Forces acting on the piece of ore crushed in the layer, are shown in Figure 2.
Figure 2 shows that, in addition to the specific compressive force applied by the
crushing member b, under crushing in the layer, multiple specific compressive forces of

Table 1. Content of free mineral grains and intergrown mineral grains in
the initial sample of the niobium ore of Vishnevogorsky deposit
Ta6auna 1. Conep:kanue cBOOOAHBIX 3epeH MHHEPAJIOB U 3epeH MHHEPAJIOB,
HaxXoAsIMXCcsi B  CPOCTKAaX, B MCXOAHOW mpode HUOOMEBOW  pyAbI
BuineBoropckoro MecTopokIeHust

Size cl Pyrochlore Other minerals
ize class, - :
mm Free orains. % Intergrowth with Free orains. % Intergrowth with
EraIS, 701 other minerals, % rams, 7ol hyrochlore, %

—0.050 100 - 100 -

+0.05-0.2 90 10 100 <1

+0.2-0.8 82 18 100 <1

+0.8-2.0 42 58 100 <1

the contacting pieces b, and the respective strains are added. Thus, the required resultant
crushing in the layer force P, can be found from equation:

n oom

P=P+ c"S-J j(bicosajabéa)(ei /)b €]

i=l aj

where P, is uniaxial compressive force; b, is specific pressure exerted by a single contacting
piece in the layer on the given piece (with i from 1 to n); o, is the elementary angle at
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Table 2. Content of free mineral grains and intergrown mineral grains in
the crushed samples of the niobium ore of Vishnevogorsky deposit
Ta6nuua 2. Conep:kaHue cBOOOJHBIX 3€peH MHHEPAJOB U 3e€peH MHMHEPAaJoB,
HAXOJSIMXCS B CPOCTKAX, B Npo0ax ApoOJeHbIX NPOAYKTOB HHOOMEBOH Ppyabl
BuiHeBOropckoro MecToposKaeHust

Pyrochlore Other minerals
Sample Slzilcl:lllass, Free é%ains, I‘I;{tiiig(r;t)}ﬁt rh r;;ee o InteivgiiﬁWth
minerals, % | 8™ 7° | pyrochlore, %

Centrifugal, ~0.050 100 - 100 -
1400 r/min +0.05-0.2 100 <1 100 <1
+0.2-0.8 94 6 100 <1

+0.8-2.0 72 28 100 <1

Centrifugal, ~0.050 100 - 100 -
1000 r/min +0.05-0.2 100 <1 100 <1
+0.2-0.8 92 8 100 <1

+0.8-2.0 69 31 100 <1

LABWAL, ~0.050 100 - 100 -
Mode 4 +0.05-0.2 100 <1 100 <1
+0.2-0.8 95 5 100 <1

+0.8-2.0 79 21 100 <1

KID, ~0.050 100 - 100 -
Mode 3 +0.05-0.2 100 <1 100 <1
+0.2-0.8 94 6 100 <1

+0.8-2.0 74 26 100 <1

KID, ~0.050 100 - 100 -
Mode 5 +0.05-0.2 100 <1 100 <1
+0.2-0.8 97 3 100 <1

+0.8-2.0 71 29 100 <1

KID, ~0.050 100 - 100 -
Mode 6 +0.05-0.2 100 <1 100 <1
+0.2-0.8 95 5 100 <1

+0.8-2.0 66 34 100 <1

KID, ~0.050 100 - 100 -
Mode 7 +0.05-0.2 100 <1 100 <1
+0.2-0.8 95 5 100 <1

+0.8-2.0 77 23 100 <1

KID, ~0.050 100 - 100 -
Mode 8 +0.05-0.2 100 <1 100 <1
+0.2-0.8 97 3 100 <1

+0.8-2.0 81 19 100 <1
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which the contacting piece acts on the given piece; ¢, is relative strain in the layer at the
current time of compression; /| is specific resistance in the layer, c is thickness of the piece
of ore. From Figure 2, P, is 15 tons, the second term of equation (1) is 40-15 = 25 tons.
In addition, an analysis of equation (1) and Figure 1 shows that, for the ore under study,

Table 3. Crushing performance of the niobium ore of Vishnevogorsky deposit
in the crushers DC, KID and LABWAL
Tabmuma 3. PesyabTaThl omnpejeieHHsl NMoKa3aTesdell Apo0jaeHHsi HHOOMEBOIl pyabl
BumneBoropckoro mecropoxaenus B gpoouikax I, KW/ u UBB/{

Mode DC, 1 LABWAL KID, Mode 3 KID, Mode 8
Criterion L, 0.874 1.709 1.73 1.755
Disintegration
degree 6.5 9.2 10.0 10.2
Slime formation
degree 11.20; 2.69 29.20; 8.70 28.00; 7.50 27.30; 7.20

the crushing force in the layer is 2.67 times greater than the uniaxial compressive force
in crushing single pieces. To assess the process of crushing in the layer, the disintegration
performance E, was assessed of the size class i:

Y feedi

where y, . 1s the yield of the size class i in the feed, %; y_. is the yield of the size class i in
the crushed product, %. Figure 3 presents a graphical analysis of the breakage performance

of different size classes under crushing in the layer. The relative grain size of the class is
defined as:

_ de.ff

relative — >

max

where d  — effective diameter; d _— maximum diameter.

With single pieces disintegration, the disintegration performance of the size class does
not depend on the share of other size classes in the feed. With disintegration in the layer, the
disintegration performance of a single particle depends on the share of other size classes
and strain in the layer. At a strain close to the limit value, 0.85-0.9 ¢, the breakage
performance of all size classes in the feed is virtually identical at 0.9. As the relative strain
of the layer decreases, the disintegration performance of the size classes decreases and,
at a strain of 0.4-0.5 of the limit value, it is 0.7 for finer classes and 0.4 for coarser ones.
At low strain, 0.1-0.15 of the limit value, coarse size classes are not disintegrated and
act as grinding media. Based on the analysis of the presented experimental results, the
mechanism of crushing in the layer becomes clear, involving not only compression of the
ore piece by the active crushing members, but also compression by contacting pieces of
ore and larger pieces acting as grinding media.

It was found out that the mixture size has a grade influence on forces acting in selective
disintegration (Figure 4). The research results indicate that with an increase in the size of
the initial product, the force required to disintegrate the mixture of particles to a certain
value of the relative deformation decreases. As the layer of material passes through the
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crushing chamber, the average diameter of the mixture decreases, and the smaller the
average diameter of the mixture becomes, the more energy is required for its disintegration.

Criterion of selectivity. Based on examination of rare metal ore studies by process
mineralogy methods, a simple and effective criterion was proposed for assessing the
selectivity of the disintegration process, applicable to any crushing and grinding process
and any equipment, according to the formula given below [8]:

N

Lo :YiN_ik’ (2)

i0

where N, is the content of free grains of the valuable mineral in the given size class
of the feed; N, is the content of free grains of the valuable mineral in the given size
class of the crushed or ground product; i is the given size class (-2(3) + 0 mm); Y is
the yield of the size class i in the crushed product. If necessary, the size classes are
summed. This formula is meant to find the change in the specific mineral intergrowth
surface based on an estimate of the change in the content of free mineral grains in the
respective size classes.

Table 4. Crushing performance of Otboynoye and Zashihinsky ore
in crushers DC (MD-7), KID, and LABWAL
Ta6auna 4. Pe3yabTaTsl onpeejieHus nokasarelieii 1podJaenust pya Otoéoiinoro u
3ammxuHCcKOro Mecropoxaenuii B apodunkax 1 (MD-7), KU u UBB/{

Mode DC,1 | LABWAL | MD-7 | KID

Otboynoye

Criterion L, 0.632 0.730 - 0.848

Disintegration degree 10.1 10.8 14.2

Slime formation degree 15.2;9.5 22.3;12.3 - 20.1;10.2
Zashihinsky

Criterion L, — 1.3 1.15 1.42

Disintegration degree - 6.5 7.5 8.3

Slime formation degree — 15.3;7.0 9.0; 2.0 13.7;6.7

Pilot tests. Figure 5 presents the size class distributions of the crushed products of
KID, DC, and LABWAL under different operating modes when processing the niobium
ore of Vishnevogorsky deposit. Tables 1 and 2 show the liberation of pyrochlore, the
principal mineral in these products. The crushing selectivity criterion (L, ) was calculated
by formula (2) for the combined size class finer than 2.0 mm. The input data for the
calculation were taken from Table 1 and 2 (N, and N,) and Figure 5 (Y). The results for
the optimal operating parameters are given in Table 3.

Table 3 also compares the reduction ratio and slime formation degree degree of the
products.

A comparison of the selectivity criterion of the different crushers examined — KID,
DC, and LABWAL — demonstrated that DC has a lower selectivity criterion than KID
and roller press. For DC, the criterion L  is 0.874, while for KID, it is 1.73-1.755, and
for LABWAL, it is 1.709. The highest disintegration degree, 10.2, was observed in KID
under following operating conditions: eccentric mass angle is 120°, circumferential
rotation speed of the cone is 1420 r/min. Selectivity, reduction ratio, and slime formation
degree parameters for tantalum ore of Otboynoye deposit and tantalum-niobium ore of the
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Zashihinsky deposit are presented in Table 4. The data confirmed the conclusions drawn
from the studies of Vishnevogorsky ore.

Table 5 compares the energy efficiency of the studied equipment under the optimal
crushing modes of Vishnevogorsky and Otboynoye ores.

Estimation of screening procedure on screens Kroosh and GIL. The objects of
experimental research were niobium ore of Vishnevogorsky deposit.

Effectiveness of screening were estimate on cycle experiments scheme with Kroosh,
GIL and selective centrifugal mill - ZOM. Screening was dry and stable [9-11].

Table S. Specific energy inputs when using selective crushing in KID,
DC, LABWAL compared to Bond index, (kW - h)/ton
Tabauna 5. VYjaeabHble  pacxoAbl  3J1eKTPOIHEPrUH  NPH
HCIOJb30BAHUU cejleKTUBHOro apoduaenus B KW/, AL, UBBJ

B cpaBHeHuH ¢ uHAekcoMm ®@. bonaa, (kBT * v)/T

DC | KID | LABWAL | IW crushing

Vishnevogorsky niobium deposit
8.02 | 6.99 | 5.15 | 19.6

Otboynoye tantalum deposit
7.40 | 499 | 4.50 | 9.8

Procedure of screening is: for Kroosh:

— specific productivity for row material (g = 4 t/(h - m?);
— sieves size (b = 0.2 mm);

— acceleration of screen surface (a_ = 360 m/s’);

— slope angle surface of screen (¢ = 5 degrees).

Table 6. Procedure of screening for GIL

Tabauna 6. TexHnyeckas XapaKTepHCTHKA HAKJIOHHOI'0 HHEPLHOHHOI0 FPOX0Ta JIErKoro
Tuna 'NJI

Size of surface of screen:

WIEALH, INITL et e e e et e e et e e e eate e e eae e e eeareeeenneeas

Length, mm..............
Quantity of SIEVES, PCS...eevververreenririenienne
Max particle size in row material, mm ...
Slope angle surface of SCreen, rad. ......c.cooieveriiriiiiieeeeee e 10-25
Vibrating motor shaft speed, IOIT ettt e e et ne e 900; 1000
Productivity, ton/h.........ccccovveveeniennens

Electric motor power, kW

Procedure of screening for GIL are given in Table 6.
Effectiveness of screening was estimated by the following formula [12—15]

E=g,,—8,,, %)

where ¢, , is recovery size class +0.2 mm in the screen throughs; € , is recovery size
class —0.2 mm in the screen throughs.

Particle size distribution of screen throughs are shown in Table 7.

A comparison of the effectiveness of screening, screen throughs sizing of different
screens and the slime formation degree shows that the Kroosh is better than GIL. Kroosh

effectiveness of screening is 80% opposite 78% of GIL.
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Table 8 presents the effectiveness of screening and particle size distribution of
underground products in screen tape Derrik after rod mill. Sieves size was 0.2 mm.

A comparison of the effectiveness of screening, screen throughs sizing of different
screens and the slime formation degree shows the Kroosh is better then Derrik.

Table 7. Result of screening on GIL and Kroosh
Ta6auua 7. Pe3yabraTsl rpoxouenus Ha rpoxorax I'NMJI u Kroosh

Kroosh GIL
Particle size, mm ] S ] S
Part yield, % y‘;gllgj%;)y Part yield, % y‘;gllgj%;)y
—0.200+0.160 15.58 15.58 11.64 11.64
—0.160+0.125 22.26 37.85 13.98 25.61
—0.125+0.100 10.66 48.50 18.24 43.85
—0.100+0.071 18.52 67.03 11.15 55.00
-0.071+0.050 13.00 80.02 19.78 74.78
—-0.050+0.000 19.98 100.00 2522 100.00
100 100
g, ton/m’, h 3200 620
Effecti.veness of 80% 78%
screening

Kroosh effectiveness of screening is 80% opposite 78% of Derrik.
Proposed technological scheme of disintegration of tantalum ore of the Otboynoe
deposit and niobium ores of the Vishnevogorsky deposit is given below (Figure 6).

Table 8. Particle size distribution of screen throughs in Derrik

Ta6uuuna 8. 'panynoMeTpuyeckasi XapaKTepHCTHKA MOAPEIIeTHOr0
npoaykra rpoxora Derrik

. . Derrik
Particle size, mm - -
Part yield, % Summary yield, %
—-0.200+0.160 25.5 25.5
-0.160+0.125 20.3 45.8
—-0.125+0.100 10.6 56.4
-0.100+0.071 8.5 64.9
—0.071+0.050 10.0 74.9
—0.050+0.000 25.1 100.00
100
Effectiveness of screening 78%

Discussion. The proposed criterion of selectivity is simple and accurate for comparison
and selection of equipment for selective disintegration without significant energy losses.
Its definition is based on the generally accepted mineralogical analysis to determine the
liberation of useful minerals. However, it should be noted that this criterion should be
applied only together with such criteria as the degree of crushing and the slime formation
degree.

It should be noted that in the case of selective crushing, Bond index exceeds the specific
energy input by 2-3 times. Based on the experimental data, roller press like KID are
the most energy-efficient technology for the crushing of the examined ores.
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It should be noted that both crushers, roller press, and KID, belong to equipment
operating on the principle of destruction in a layer, and as theoretical studies have shown,
they work effectively in a mode when large pieces of the mixture act as crushing bodies.

A prerequisite for choosing an effective
selective crushing scheme is the choice of a fine Row material
screening apparatus from the point of view of its
efficiency and the slime formation degree of the
crushed product. The slime formation degree is
determined by two size classes — 50 and 5 microns.

Crushing in cone, I st

Conclusions. The  development  of Crushing in cone, IT st
concentration circuits for rare-metal refractory
ores requires the use of special selective Crushing in CIC, TII st
disintegration methods, of which the most |
efficient is disintegration in the layer in roller 1 Y

. . Grinding in ZOM

press and choked inertial cone crushers.

A theoretical analysis of the forces acting on ¢
a piece of ore in the process of disintegration Screening in Kroosh, 0.2 mm
in the layer showed that, in this case, uniaxial ‘J + - ¢

compression is complemented by the specific
compressive forces of the contacting ore
pieces resulting in corresponding changes ~ Figure 6. Proposed technological scheme

. . . of disintegration

in strain, as described by the proposed PrcyHok 6. [Ipe/uiaraemas
formula. Analysis of the disintegration  TexHomormueckas cxema Ae3HHTETpaLUM
performance of different size classes under

crushing in the layer showed that, at low strain, 0.1-0.15 of the limit value, the
coarse size classes remain intact acting as grinding media. This mechanism ensures
the selectivity of crushing in the layer.

The paper contains an analysis of different methods and criteria of crushing selectivity.
A new criterion L of crushing selectivity was proposed based on optical and electron
microscopy data, describing the ratio of liberation in the crushed product and feed.

A comparison of the selectivity criterion L under various crushing modes in the
examined crushers, namely inertial cone crusher (KID), centrifugal crusher (DC), and
roller press (LABWAL), in a pilot test on the niobium ore of Vishnevogorsky deposit,
tantalum ore of Otboynoye deposit, and tantalium-niobium ore of the Zashihinskoy
deposit in Russia showed that DC has the lowest selectivity criterion, which is much lower
than that of KID and LABWAL.

A comparison of the specific energy inputs of the examined rare metal ore crushing
processes revealed that the most energy-efficient is selective crushing in the layer in roller
press, and that the widely used Bond index is an improper performance indicator for
selective crushing, since it increases the energy inputs by a factor of 2-3.

A comparison of the effectiveness of screening, screen throughs sizing of different
screens and slime formation degree shows the Kroosh is better than Derrik and GIL.
Kroosh effectiveness of screening is 80% opposite 78% of Derrik and GIL.

The developed methodology has been approved by the Ministry of Natural Resources
of the Russian Federation.

ready class
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Br100p criennaJbHBIX METOAO0B JIe3NHTErPAIMH U CXeM IS KOMILJIeKCHBIX
TPYAHOO0OTaTUMBIX PYA

I'azaneesa I. .., Byaaros K. B.!
' Hay4HO-HcCIIe10BaTeIbCKUI U IPOCKTHBIN HHCTHTYT «YpanmexanoOp», ExarepunOypr, Poccus.

Pecpepam
Beeoenue. Cmamus nocesawiena Ho8oMy HOOX00Y K 8b100pY CNEYUATbHBIX MemMO008 0e3UHMeSpayuu
u cxem 011 MPYOHOODO2AMUMBIX KOMIAEKCHLIX pyo. IlIpednazaemcsi KOMNWIEKCHbIL NOOX00 U
Kpumepuu 075t CPAGHEHUS PATUYHBIX MUN08 OPOOULOK U 2poxomos. Kpumepuu credyrowue: cmenets
OpobNeHUs, CIeneHb UMETbYeHUsl, CIeneHb OUIAMOBAHUS U HOBbLUL KPUMEPULL CeNeKMUSHOCIII.
Lenvto uccnedosanuii asnsemcsa uzyyeHue HO8020 Memood U 6bl800 YPAGHEHUs OnpedeneHus
yeunus OpobneHUs «8 cioey» U Kpumepust CeneKmueHOCU.
Memoowl uccnedosanuii. [Ipogepka NPeoOHCEHHO2O HOB020 MEMOOA OCYWeCMmEIANACs Npu
cpasnenuu Opobienus mawmanogvix pyo OmoOouH020 MeCmopoNCOeHUs, HUOOUESbIX pYO
Buwinesozopcrozo mecmopooicoenus u manmano-nuobuesvix pyo 3auuxuHcKo20 MecmopodicOeHus
8 KOHYCHOU UHEPYUOHHOU, YeHMPOoDeXsCcHO-yoapHol Opoburkax u poniep-npecce. HMccnedosanus
Opobnenust 6 annapamax nPoBoOUIUCH 8 1aDOPAMOPHBIX U NOTYNPOMbIULTIEHHBIX Yenosusix. Takoice
NPOBEPANUCH PA3HbIE PEACUMbL PADOMbL OPOOUNIOK U SPOXOTNOS.
O0veKkmom ucciedo8anuil A6NANUCy MAHMAIOBbLE U HUODUEbIe PYObl PASHBIX MECOPONCOCHUIL.
Pesynomamol uccnedosanuii. Cpagnenue Kpumepus CeleKmMUGHOCMU U Cmenenu OpooieHus.
NOKA3aU, YMo YeHmpoOedlcHas yoapHas OpoOuiKa u poriep-npecc umeiom 6o0lee HusKue
nokasamenu no CPAGHEeHUI ¢ KOHYCHOU unepyuorHoul opoounxou KHJ[. Cmenenv Opodnenus ons
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Opobunok cnedyrowasn: 01a yeHmpobedxcrou yoapHoti opoounxu — 10, 1; onsa pornep-npecca — 10,8;
0J151 KOHYCHOU UHEpYUOHHOU Opobunku — 14,2. Kpumepuil cenexmusnocmu 0iist YeHmMpoOeNCcHOU
yoaprou Opoounku cocmasnsem 0,632 eo0., ons ponnep-npecca — 0,730 eod., 0 Opobunku
KUJ[— 0,848 eo. [pobounka KHJ]-3004 nokasana naunyyuiue pe3yismamaol 015 MAHMAL080U pyObl
Omobotino2o mecmopodcoenusi u Huobuesou pyovl Buwunesocopckoeo mecmopodcoenus. Kpome
moeo, Kpumepuii CMeneHu OulamMosanusi makxice Hauryuwui y opoounku KH-300A4. Hosvuii
Memoo nposeper u anpooUposaH.

Bu1600wvi. Cmamusa codepocum ananus pasiuiHblx MEMoouK U Kpumepues oyeHKu cenekmueHo20
Opobnenus. Ilpednodcen HOBbIUL Kpumepuii OYeHKU CeLeKMUGHOCU OpOoOieHUs, KOMOopblil
bazupyemcs Ha OAHHBIX, NOTYUEHHBIX ¢ NOMOWBIO ONIMUYECKO20 U IEKMPOHHO20 MUKPOCKONO8, U
onucvleaem omHouleHue cmeneHu packpolmus MUHEPAios 8 OpodIeHoM NPOOYKMe K UCXOOHOMY.

Knioueswie cnosa: pyoonoozomosxa, cmenens Opodienus; cmenetb OUIAMO8aHus, Kpumepuil
CeNeKMU8HOCMU, KOHYCHASL UHEPYUOHHAS OpOOUIKA, YEeHMPOOeNCHO-y0apHas OpoOunKa;
poanep-npecc.
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