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ABSTRACT

Purpose. The target is to study in a centrifugal field the features of recovery of heavy minerals (pyrochlore, zircon)
from rare-metal ore which contains minerals of intermediate density.

Methods. Laboratory and bench research.

Finding. The article is devoted to the problem of dressing of finely disseminated

rare-metal ore in free-flow

centrifugal concentrators. It is shown low efficiency of the dressing of the ores containing mineral of intermediate
density in addition to the light and heavy minerals. To raise the contrast of separated mineral grains we proposed
preliminary magnetic separation of minerals extraction intermediate density - aegerine, biotite, etc. before the
separation of heavy and light minerals in the centrifugal field. But the complete absence of the intermediate density
grains in the concentrating milling ore is also negative.

Originality. We investigated the patterns of the recovering heavy minerals from rare-metal ore of domestic
deposits with different content intermediate mineral density in the centrifugal field. It is shown that for this type of
ore the optimal intermediate density mineral content is 4,8-5,2%.

Practical implication. The study of the magnetic properties of the minerals helps to determine the technical
parameters of the magnetic field, which is provided for the required content in the ore minerals of intermediate

density.

Keywords: rare-metal ore, centrifugal concentration, magnetic separation, recovery

1. INTRODUCTION

The general trend of poor rare-metal raw materials
processing and reducing the size of the disseminative
components requires to solve the problem of the
processing of finely disseminative ores and dump
dressing products accumulated over a long period of
dressing plants preparation.

Rare-metal ores are often poor and fine-
disseminative. Traditional gravity dressing methods for
such ores do not provide a sufficiently high metal
recovery into concentrates. Thus, long-term research of
the dressing of rare-metal ore of Mazurovskoe deposit,
which is unique in Ukraine, carried out by different
research organizations with the purpose to develop
effective dressing technology have not lead to positive
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results. The recovering of most valuable mineral -
pyrochlore - at best did is not more than 35-40% [1-2].
These days at some foreign dressing plants for
tantalum-niobium raw materials processing there is the
usage of dressing devices of new generation - non-
pressure centrifugal concentrators. In such devices
different specific gravity acceleration is provided to the
grains of minerals, as a result the minerals with a high
specific weight are concentrated at the wall conical
bowl, and lighter grains are pressed out. The last ones are
falling into the tails spout of centrifugal concentrator.
The crushed finely disseminative ore and products of
their dressing as well as sand of alluvial deposits that
have not processed natural hydraulic classification are
the most suitable material for the dressing of centrifugal
machines. Such devices have proven themselves in the
dressing of gold the specific weight of which is several
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times more than the specific gravity of the rock.
Differences in the density of mineral grains of valuable
components and rock for rare-metal ores are less
significant than the gold-containing ore. Given this into
account it is appropriate for dressing of rare-metal ore to
process a preliminary extraction of minerals of
intermediate density - aegerine, biotite, goethite /
ferrohydride and others - using one of the known
methods of dressing. Based on the general laws of
gravity separation it would lead to an increase in the
degree of contrast mineral grains separated.

The problem of the separation efficiency of mineral
grains in the centrifugal field of gold —containing
materials have been considered and largely solved [3-5].
It is known that the efficiency of extracting valuable
components from ore particle size is determined by grain
light and heavy minerals (their ratio), their density and
content of heavy minerals. Heavy grains are removed in
centrifugal concentrator with a higher efficiency than
grains of smaller grain density [6].

In [7-9] studied the effect of rotational speed of the

rotor hub, pulp density and water flow onto the recovery
of fine gold.
Rare metal ores contain significant proportion of
intermediate density heavy grains. In [10] observed that
dressing of these materials is low efficiency. In [11-12]
states that the complete absence of red beans
benefication intermediate density is also unfavorable. So,
for each type of ore beneficating fine-grains rare-metals
regime should be reasonable technological parameters of
centrifugal concentrator.

The target is to study in a centrifugal field the
features of recovery of heavy minerals (pyrochlore,
zircon) from rare-metal ore which contains minerals of
intermediate density.

2. MAIN PART

For the research the technological sample was
prepared. The sample is the complex of niobium-
zirconium ore of nepheline syenites from Mazurivskiy
deposit, composed of some core samples taken from
three specifically made the for this purpose wellings,
crossed the first and the second ore deposits. Fragments
of cores are composed of small- and medium-nepheline
syenite, a small amount of fragments are composed of
aegerine nepheline-pegmatites. Preparation of the sample
before technological research consisted in crushing and
grinding stages and flashy selection of the material for
the chemical, mineralogical studies and experiments on
dressing.

For doing research of material composition were
used known methods for determining the chemical
composition of the X-ray fluorescence and chemical
analysis, optical microscopy study in heavy liquids
fractionation (bromoform), quantitative mineralogical
analyzes, magnetic and electromagnetic
separation.Technological sample consisted mainly of
nepheline, microcline and albite small amount,
lepidomelane (biotite) and aegerine. For mineral
composition the sample corresponds to nepheline syenite.

Table 1.The physical characteristics of the material

Mineral Chemical composition Specific gravity, g/ sm3 Specific magnetic
susceptibility, m3 /
kg * 10-8
Pertyt / microcline ('Na, K)Si3Og 2,55 -2,65 Non-magnetic
Albite Na,Al,Si;Oq 2,6 Non-magnetic
-Nepheline Na,Al,SiO, 2,45 -2,55 Non-magnetic
Sodalite 2,13-2,29 Non-magnetic
Kankrynit 2,3-25 Non-magnetic
Calcite 2,72 0,4-0,6
Egiryn (pyroxene) Na,Fe(SiOg), 3,4-3,5 3-11
Lepidomelan (Fe- biotite) Ky(Mg,Fe),(OH),Al,Siz04 3,1 4-12
Iron hydroxides (goethite / FeO,0OH 3,8 20-30
ferohidryt)
Apatite 3,1-3,2 0,1-0,4
Fluorite 3,15 0,10-0,36
Zircon ZrSiO, 4.6 0,15
Pyrochlore Nb/Ta/Fe/Ca Complex 5,27 0,6-0,7
Magnetite 51 25-50
lImenite 4,6 30-120
Pyrite 51 0,5-1,0
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Mineral composition of the technological sample (%):

light minerals (<2.9 g / cm3): nepheline - 18.5;
microcline - 36.8; albite - 30.2; sodalite - 0.3; kankrynit -
0.6; carbonate - 1.33;

minerals of intermediate density (2,9-3,6 g / cm3):
lepidomelane

(biotite) - 4.8; aegerine - 4.2; apatite - 0.1; fluorite
- 0.1; goethite / ferohidryt - 2.2;

heavy minerals (> 3.6 g / cm3): zircon - 0.38;
pyrochlore - 0.13; magnetite - 0.15; ilmenite - 0.11;
sulphides (pyrite) - 0.10.

Some physical properties of the  minerals of
Mazurivskoe deposit are shown in the Table. 1.

The multiple mineralogical studies of the material
show that during the grinding to —1 mm zircon can be
sufficiently recovered and can be removed effectively by
existing gravity separation methods. Pyrochlore, by
contrast, opening only partially and mainly in the smaller
size than 0,063 mm.

That is why for technological research on dressing the
sample was crushed to —0.2 mm (Table. 2). But with
such a small majority of grinding material (66.0%)

remained in classes larger than 0.063 mm. It is still
almost 60% of the total number of Nb,Os and 72% of
ZrO,. The content of Nb,Os in these classes is at the level
of its original content in the ore or little lower, and kept
mainly as inclusions in the rock-forming minerals
pyrochlore. The size yield smaller than 0,063 mm is
34%, including 11.98% of slime. They considerably
enriched with Nb,Os and they concentrated about 43% of
the total amount. Zirconium oxide is evenly graded to all
classes both when grinding to —1 mm, and to —0.2 mm.
Unlike when pyrochlore zircon are sufficiently released
in the class —1+0.5 mm.

The physical properties analysis of the minerals of
the ore of Mazurivske deposit showed that the
preliminary extraction of intermediate density minerals
by magnetic separation is promising method.

Certainly the magnetic properties of minerals from
different deposits are substantially different. From the
preliminary studies [13] it is known that the pyrochlore
of Mazurivskij deposit is characterized with magnetic
properties due to thick black ore "shirt" on the surface of
the grains.

Table 2. The content of components in class size of ground technological sample

Class size. mm Yield, Content, % Distribution, %
: % Nb,Os | Zr0, Nb,Os | ZrO,
Grinding to —1,0 mm
-1+0,5 39,56 0,10 0,55 35,74 33,73
-0,5+0,25 19,32 0,10 0,82 17,60 25,50
-0,25+0,125 14,53 0,11 0,82 13,99 18,42
-0,125+0,063 11,41 0,11 0,72 11,55 12,57
-0,063+0,032 6,15 0,13 0,64 7,22 6,06
-0,032 9,03 0,17 0,34 13,90 4,72
Base ore 100,00 0,11 0,65 100,00 100,00
Grinding to 0,2 mm
+0,2 0,72 0,08 0,47 0,53 0,51
-0,2+0,125 30,81 0,10 0,70 27,01 35,03
—-0,125+0,063 34,45 0,10 0,65 30,18 36,44
—0,063+0,032 15,55 0,13 0,70 17,75 17,52
-0,032 6,49 0,17 0,50 9,65 5,25
ToOTAL: sand 88,02 0,117 0,71 85,12 94,75
Slime 11,98 0,15 0,27 14,88 5,25
Base ore 100,0 0,12 0,62 100,0 100,0

The determining factor for magnetic separation of
rebellious ore of rare metals is release level of raw
materials and components, which in turn depends on the
size of crushing ore.

As we have shown in [14], the release of pyrochlore
grains - the most valuable component of the ore - occurs
mainly during the grinding of ore to 0,1-0,09 mm (60-
70% of the class content of -0.074 mm). But while the

38

significant amount of slime, efficient recovery of
valuable components of which is impossible.

That is why magnetic separation of such raw
materials is proposed to be start not from the specified
optimal size, and that which is already characterized by a
sufficient number of pyrochlore grains released.

Thus, the raw material for the magnetic separation
was a highly classified material from the particle size
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from 0 to 0.2 mm, which has about 60% released
pyrochlore grains. Identifying the initial and final size of
magnetic  separation was carried out on the
recommendations [15].

Most of rare-metals ores refers to low magnetic. The
mineral composition of the ore of Mazurivskiy deposit is
complex mineral raw. It found about 20 minerals, which
necessitates obtaining a wide range of products. It is
possible to get concentrates of main components:
niobium and tantalum (pirohloroviy), zirconium and

advisable to obtain concentrates (products) with the
associated minerals - feldspar, magnetite, ilmenite,
ehirynovoho, biotite, and others.

In this regard, was done the detailed study of
magnetic properties of all minerals that make up the
rebellious rare-metal ore. The research was conducted in
the laboratory of NSU on Faraday installation (limit of
detection of the magnetic susceptibility of 10-12 m3 /
kg). The monomineral fractions of ore components
obtained by classification in heavy solutions were served

hafnium (Zirconium)from the ore. In addition, it is as the material for the study.
Table 3. The results of magnetic fractionation of original ore —0.2 mm, deslimed in class —0.032 mm
Content of minerals . 0
of intermediate density, % Content of heavy minerals, %
Outcome,
Product 0 )
% ) o ) _ magnetite,
aegerine | biotite | goethite | pyrochlore zircon . )
ilmenite
Magnetic fraction 1
H=3,0 kB 1,45 - - - - - 27,58
Non-magnetic fraction 1 98,55 4,26 4,87 2,23 0,132 0,36 -
Magnetic fraction 2
H=4.5 KE 4,92 23,57 19,72 35,16 - - -
Non-magnetic fraction 2 95,08 3,1 3,9 0,5 0,138 0,377 -
Magnetic fraction 3
H=6.0 kE 12,56 21,97 22,85 16,16 - - -
Non-magnetic fraction 3 87,44 15 2,0 0,2 0,150 0,41
Magnetic fraction 4
H=7.5 kE 25,18 16,12 18,55 8,64 - - -
Non-magnetic fraction 4 74,82 0,2 0,2 - 0,176 0,48
Magnetic fraction 5
27,8 15,32 17,52 - 0,023 - -
H=9,0 xE
Non-magnetic fraction 5
72,2 - - - 0,174 0,50 -
H=9,0 kE
Original ore —0,2 MM 100,0 4,2 4,8 2,2 0,13 0,38 0,4

The ranges of the values of variations of the ore
minerals magnetic susceptibility are higher in the table.
2. As you can see, intermediate density minerals such as
aegerine, biotite, goethite — which content in the ore is
high enough - have a significant magnetic susceptibility
and belong to the class of weakly magnetic materials. In
the relevant industrial magnetic field separator they can
be removed from the ore.
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Other intermediate density minerals - apatite and
fluorite - is nonmagnetic. But their content in the ore is
quite small, and therefore a large effect on the separation
of the minerals in the centrifugal field will be shown.

Heavy minerals - magnetite and ilmenite - have high
magnetic susceptibility and can be removed in the
magnetic fraction. Their content in the ore is also low;
these minerals before extraction separation in the
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centrifugal field not affect substantially to the results of
the separation of heavy and light minerals.

Magnetic fractionation of the products was
conducted in magnetic separation with increasing
magnetic field to obtain magnetic and non-magnetic
fractions, which were subjected to X-ray fluorescence
analysis.

The experiments were performed on a dry roller
separator SE-138 with the lower feed material and a
maximum value of the magnetic field of 16.4 kE.
Preliminary the original ore was crushed to -0.2 mm
and deslimed in -0.032 mm class when subjected to

magnetic separation in magnetic field of 3.0 kE to
extract magnetite and ilmenite.

From the non-magnetic product at magnetic field of
4.5 kE, 6.0 KE, 7.5 kE and 9.0 kE four sample material
(non-magnetic fraction) were obtained, which then were
investigated for dressing in the centrifugal field.

The results of magnetic fractionation ore output are
in Table. 3.

Fig. 1 shows the dependence of content of
intermediate density minerals in nonmagnetic fraction
from the value of the magnetic field.
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Fig. 1. Characteristic curve of intermediate density mineral content in the nonmagnetic fraction (aegirine, biotite,

goethite) and the magnitude of the magnetic field

Established that the pyrochlore goes to the magnetic
fraction when the magnetic field is 8,0 + 8,5 kE.

For the research of the ore was used a centrifugal
concentrator KNELSON KC-MD3, which provides the
same efficiency dressing in a laboratory as more
productive  machines in  industrial  conditions.
Productivity separator for solid - 45 kg / hr., by liquid -
up to 660 I/ h. Pulp density power - up to 25% of solid.
Water consumption for washing - 660 + 900 1/ h.

The material in the form of slurry from the mixer is
fed through a central tube to the inner cone (bowl) with a
diameter of 3 inches.

Thus the vertical (from top to bottom) pulp flows are
created using water supplied through the holes in the
cone.

The heavy fraction accumulates due to centrifugal
force in the grooves of the cone and periodically while
stopping device, unloaded by removing the cone and its
washing.
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The light fraction is discharged through the upper
edge of the bowl into the draining. Water pressure is
supported to bestable within 276 - 690 kPa.

The frequency of the rotor is supported to be stable -
1460 rev / min.

The adjustment of dressing modes is carried out by
changes in water pressure, which is going into the bowl.

The water pressure for each sample was chosen
experimentally.

We studied four samples of the material with
different content of minerals of intermediate density that
were obtained by magnetic separation of the sample of
original ore.

Each sample (about 20 kg) was passed through the
concentrator of Nelson getting heavy and light fractions.
After drying and weighing out the release dressing
products was determined.
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Fig. 3. Characteristic curve of the mass content of zirconium and niobium oxides and outcome of heavy fraction
(pyrochlore + zircon) and the intermediate density mineral content in the ore

From each product was selected the sample of 50-100 Fig. 2 shows the characteristic curve of the extraction
g for chemical and mineralogical analyzes. We level of Nb,Os and ZrO, in heavy fraction; Fig. 3 - mass
determined the content of pyrochlore, zircon, and Nb,Os fraction of ZrO, + Nb,Os in heavy fraction and heavy
and ZrO,. Evaluation of the dressing of the ore samples fraction release (zircon + pyrochlore) depending on the
carried out in the concentrator of Nelson was done content of intermediate density minerals in the ore.
according to the chemical and mineralogical analyzes.
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3. CONCLUSIONS

The most appropriate indicators of the dressing of the
ore of Mazurivskiy deposit in free-flow centrifugal
concentrator (withdrawal Nb,Os and ZrO,, mass fraction
(ZrO, + Nb,Os, achieved when the content of
intermediate density minerals (biotite, aegerine, goethite)
in the ore is at 4,8-5,2 %.

The content of intermediate density minerals (biotite,
aegerine, goethite) at 4,8-52% is provided by the
preliminary magnetic separation of ore, grinded to a
particle size less than 0,2 mm, in the magnetic field 5,4-
5,5 kE.

The magnetic fractionation of finely disseminative
ore is a promising technological operation, which
improves the efficiency of recovery of heavy minerals -
pyrochlore and zirconium - in centrifugal field.
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Merta. MeToi0 poOOTH € BUBYCHHS OCOOJMBOCTEH 30aradeHHs y BIAIIEHTPOBOMY IOJI PiIKICHOMETAIEBOI PyIH, IO
MICTUTh BOXKI MiHepanu (IpoxJiop, HUPKOH), Ta MiHEpAJIM MPOMIXKHOT I'YCTHHH (eTipuH, O10THT).

MeTtoau. JITabopaTtopHi Ta CTEHIOBI TOCIiIKSHHS.

PesyabTaTn. CTarTio MpUCBIYeHO Mpobaemi 30aradyeHHs IpiOHOAUCIIEPCHOT PiKICHOMETANIEBOT PYIH Y BiIIECHTPOBUX
KOHIleHTpaTopax. Iloka3zaHa HU3bKa €()EKTHBHICTH 30aradeHHs pyJ 3 BHCOKHM BMICTOM MiHEpaliB MPOMIKHOI
mrinsHOCTI. [l MiABHUINIEHHS KOHTPACTY MiHEPaJIbHHUX 3€PEH, IO PO3AIIIOTECS, HAMH 3alIPOIIOHOBAHO /10 PO3IIIECHHS
Ba)XKMX 1 JIETKUX MIHEpaliB y BiJIEHTPOBOMY IIOJIi, NPOBOJMTH IIONEPEAHE BHIYYEHHS MAarHiTHOIO Celapariero
c11a0OMarHiTHUX MiHEpaliB MPOMIXKHOI IIUIBHOCTI - eripuHy, OI0TUTY i T.A. AJle IOBHA BiICYTHICTh 3€pEH NMPOMIKHOT
IIIJIBHOCTI B 30aradyBaibHii py/ii TAKOK HEraTHBHO MO3HAYAETHCS HA Pe3yJibTaTax 30aradeHHs.

HaykoBa HoBHM3HaA. BcTaHOBNIEGHI 3aKOHOMIPHOCTI BWJIYYEHHS Y BiJIEHTPOBOMY IIONI BaXKKMX MiHEpaliB 3
PiAKICHOMETaJICBOT Py BITYN3HSIHOTO POIOBHUINA 3 BHCOKHM BMICTOM MiHepailiB mpoMixHOI minbpHocTi. [TokaszaHo, mo
JUISl IIBOTO THITY Py ONTUMAaBHHUI BMICT MiHEpalbHUX PEYOBHH NPOMDKHOI IMITBHOCTI cTaHoBUTH 4,8-5,2 %.
IIpakTHyHe 3HaYeHHsl. BUBUEHHS MAarHiTHUX BJIACTHBOCTEH MiHEpaNiB JOIOMAara€ BU3HAYWUTH TEXHIUHI MapaMeTpH
MAarHiTHOTO HOJI, 33 SKHX 3a0€3MedyeThCcsd ONTUMAIBHUI BMICT B PyAl MiHEpaJiB MPOMIDKHOI MIITBHOCTI, IPH IKOMY

J0CATACTHCA MAKCUMAJIbHE BUITYUCHHS BAXXKUX MiHepa.]'IiB.

Knrwuoei cnosa: pioxicnomemanesa pyoa, 8i0yeHmposa KOHYeHmpayis, masHimue noe, po30iieHHs.
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ABSTRACT (IN RUSSIAN)

Hean. Llenbio siBisieTcss M3yueHHe OCOOEHHOCTEH 00OTraIieHuss B LEHTPOOEKHOM I10JIE PEJKOMETAIIIMIECKOW py/Ibl,
collepKalleil TsKesble MUHepanbl (MUPOXJIOp, LUPKOH), a TaKXKe MHUHEpadbl MPOMEXYTOUHOW IIOTHOCTHU (ATUPHUH,
ouorur).

Mertoasl. JIJabopaTopHbIe U CTEHAOBBIE HCCIIEIOBAHNUS.

Pesyabrarel. CraThss mocBslleHa TmpoOieMe OOOTaIIEeHHUsT MENKOANUCIIEPCHONH pPEAKOMETaJUINYeCKOH pyAbl B
HEHTPOOESKHBIX KOHIIEHTpaTOopax cBoOomHOTo wmcTedeHus. [lokasana Hm3Kas >(PQPEKTHBHOCTH OOOTALICHHUS PV,
COJIeprKaIX MUHEPAIBI IIPOMEKYTOTHON IIIOTHOCTH. [l MOBBILIEHHSI KOHTpacTa pa3esieMbIX MUHEPAIbHBIX 3€PeH
MBI IIPEATIOKIIN [0 Pa3[eICHUS TSKEIBIX U JIETKMX MUHEPAJIOB B IEHTPOOEKHOM I10JI€, IPOBOIUTH MIPEABAPUTEIHHOE
BBIJICTICHNS] B MArHUTHOM TI0JI€ CJIA00OMarHUTHBIX MHHEPAJIOB NMPOMEXYTOUYHOH MIJIOTHOCTH — €repHHA, OMOTHUTA U T.J.
Ho monHOE oTCyTCTBHE 3€peH MPOMEKYTOYHON IUIOTHOCTH B 000TalaeMoi pyzie TakKe OTPHUIATEIbHO OTPAKAETCs Ha
pe3yabTatax oborameHus.

Hay4ynasi HOBM3HA. YCTaHOBJICHBI 3aKOHOMEPHOCTH HM3BJICYECHHS B IEHTPOOCIKHOM IOJIE TSDKEJIBIX MHHEPAJIOB M3
PEIKOMETAITMYECKOI Pyl 0TEYECTBEHHOTO MECTOPOXKICHHUS C BUCOKHM COJAEPIKAHUEM MHHEPAJIOB MPOMEXYTOUHOMN
IIJIOTHOCTH. HOKa3aHO, 4TO [JIA 9TOTO TUIla PYAbl ONITUMAJIBHOC COACPIKAHNEC MUHCPAJIbHBIX BCIICCTB HpOMe)KyTO'-IHOﬁ
IJIOTHOCTH cocTaBiseT 4,8-5,2%.

IIpakTuyeckoe 3HaueHue. lI3yuyeHHe MarHUTHBIX CBOMCTB MMHEpAJIOB [OMOIraeT ONPENEIUTh TEXHUYECKUE
rapaMeTpsl MAarHUTHOTO TOJIs, OOecTeunBaroNIe ONTHMAIbHOE COAEPKaHWE B pyJe MHHEPAIOB MPOMEXYTOYHOH
IUIOTHOCTH, TIPH KOTOPOM JOCTUTAETCSl MAKCUMAIbHOE M3BJICUCHUE TSDKEIBIX MUHEPAJIOB.

Knrouegvie cnoga: peoxosemenvnas pyoa, yeHmpooelcHas KOHYeHMpayus, MacHUmHoe noie, pasoeieHue.
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