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Abstract

Purpose. Theoretical and experimental studies of chemical and mineral composition and the structure peculiarities of phos-
phorites from Ukrainian deposits to define the degree of their suitability for other industries.

Methods. The ore chemical composition was determined by conventional (wet) analysis using standard certified chemical
reagents. The mineral composition was studied on the scanning electron microscope equipped with the attachment for the ener-
gy-dispersive electron microprobe analysis (EMPA) with the software for calculating the chemical composition of the studied
sample microvolume. The petrographic analysis was carried out by the traditional methods of microscopic section preparation
with subsequent identification and description of the minerals. The microscopic study of the original ore samples aimed at their
mineral composition determination was conducted on the Nu optical microscope (Germany) both in transmitted and reflected
light. The thin and polished sections prepared using the standard technology were used as samples. In the laboratory environ-
ment, the phosphorites were subjected to magnetic dressing in magnetic fields with different intensity. The experiments in the
weak field were modelled with the help of the magnetic analyzer while the experiments in the strong magnetic field were mod-
elled on the rotor separator. The flotation dressing method was studied on the laboratory mechanical flotation machine.

Findings. It was found that phosphate nodules are rounded mineral formations of irregular shape; they consist of sand
bound with the yellow-brown phosphate cement. Ore useful substance is a phosphorus-bearing mineral that by the element
chemical composition corresponds to fluorocarbon-hydroxyl-apatite with the dominant content of Ca (45.23%), P (15.67%),
and B (27.87%). The results of the integrated petrographic study of the phosphorite samples from the ore body of “Peremo-
ha” area are presented.

Originality. The study has revealed that phosphorus-containing substance in the phosphorite samples is the mass that
cements barren minerals (mainly quartz, glauconite, calcite and plagioclase).

Practical implications. According to the phosphate content level, the phosphorites from Malokamyshevatske, Iziumske and
Sinichino-Yaremovske deposits can be treated as minerals for ferrophosphorus smelting.
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1. Introduction to 0.20% wt) on the strength-ductility balance in steels cast
on continuous casting machines.

Phosphorus is also widely used in the production of cast
iron. Phosphorus addition in amounts of 0.5, 1.0, 1.5, 2.0 and
2.5% wt shows that phosphorus content rise in grey cast iron
from 0.45 to 2.58% increases the amount of eutectic phos-
phide from 4.7 to 17.81%, and weakens mechanical proper-
ties (the tensile strength decreases from 297.5 to 184.1 MPa,
the impact strength decreases from 4.3 to 2.7 J, the hardness
increases from 215.43 to 249.38 and the eutectic temperature
decreases from 1139.7 to 1102.5°C) [6].

Cast iron FC250 with phosphorus is used as an electrode
connector during aluminium electrolysis [7]. Besides, the
effect of phosphorus on the mechanical properties of nodular
cast iron [8], [9] is also known.

As is commonly known, phosphorus and sulphur are ge-
nerally considered to be harmful elements, and their content
in steel must be as low as possible. However, phosphorus,
along with alloying elements, can be useful. Therefore,
phosphorus appears to be among alloying elements, and its
positive effect as an alloying element in low carbon steel has
been known for a long time. For instance, phosphorus con-
tent of 0.025% in 14 Cr-15 Ni steel contributes to a signifi-
cant increase in the creep strength of the alloy [1].

It has been shown that in ULC-BH steel, with the addi-
tion of phosphorus, the segregation of phosphorus along the
grain boundaries can be both beneficial and harmful, which
depends mainly on the annealing temperature [2]. The stu-
dies [3]-[5] proved a positive effect of phosphorus (from 0.01
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1.1. Problem statement

Agriculture is known to be the main consumer of phos-
phorus-bearing minerals. The experience of highly developed
countries shows that in order to obtain stable crop yields, it is
necessary to apply 250-300 kg/ha of mineral fertilizers to the
soil on primary nutrient basis [10]. To establish this level of
fertilization, it is necessary to solve the problem of providing
Ukrainian factories with mineral raw materials. Moreover, it
should be noted that phosphorus is one of the most important
components of any complex mineral fertilizer. Therefore,
providing enterprises producing complex fertilizers with
phosphorus raw materials is an important and urgent task.
Until recently, there have been three sources of providing
phosphate raw materials for the country. These have been the
phosphorite and apatite deposits in the CIS countries, the
Arabian-African phosphorite deposits and the Ukrainian
phosphorite and apatite deposits. The analysis of the first
source indicates that the production of fertilizers was based
on these particular raw materials. Thus, all 7 plants produ-
cing phosphate fertilizers with a total capacity of 1.6 million
tons were designed to process Khibiny apatite (Russia).
Therefore, due to a sharp decrease in the Khibiny apatite
production and a series of political reasons, Ukraine faced
the problem of providing its plants producing fertilizers and
ferrophosphorus with its own phosphorites and apatites. At
present, the demand of Ukrainian steelmaking industry for
ferrophosphorus used in metal alloying is satisfied by import.

The average mass content of phosphorus in the earth’s
crust (clarke) is 9.3:102. The most important of them are
apatite and phosphorite [11].

Apatite 3(Caz(PO4)2)-Ca(F, Cl), is a mineral from the
grou F and CI-, apatite contains (OH)", O%, CO3%, therefore
it is classified into fluor- and chlorine-hydroxides, carbonate
hydroxyapatites, as well as manganapatite, etc. Fluorapatite
contains 43.3% P,0s, and chlorapatite contains 41.1% P,0s.
The melting point of fluoroapatite is 1660°C, and that of
chloroapatite is 1530°C. Apatites are used in the production
of orthophosphoric acid by the sulphuric acid method, but
they are not used in the production of phosphorite.

Phosphorite is a Cas(PO.). mineral of the apatite group,
which is a part of natural mineral formations called phospho-
rites. Thus, apatites and phosphorites represent two groups of
natural formations. Apatite deposits are referred to endoge-
nous formations of magmatic origin. Phosphorite deposits
have exogenous (sedimentary) character.

Ore formation of phosphorites is related to the accumula-
tion of chemical and biochemical sediments in the areas of
ancient shelves.

Over the past 30 years, the average volume of the mined
ore has increased from 513 million tons at 14.3% P,Os in
1983 to 661 million tons at 17.5% P»0s in 2013 [12]. The ore
processing scheme is standard: it starts with exploration,
continues with mining and processing [13], [14].

The quality and reserves of phosphorite ore (phosphate
rock) deposits explored in Ukraine are evaluated in conform-
ance with the current quality requirements for phosphorite as
a raw material for mineral fertilizers [15]. Phosphorite from
the Malokamyshevatske group of deposits (Kharkiv oblast) is
among the known and additionally explored phosphorite de-
posits prepared for booking of their reserves, which, according
to preliminary estimates, can be suitable for ferrophosphorus
smelting [16], [17]. For this reason, the theoretical and exper-

97

imental studies of the phosphate rock mineral composition and
metallurgical properties allow to analyse the potential sources
of raw materials for the production of phosphorus-bearing
ferroalloys and determine the degree of suitability of phospho-
rites from Ukrainian deposits for their production.

1.2. The purpose and objectives of the study

The purpose is to study the microstructure of the phos-
phorite ore representative samples from “Peremoha” area
using the X-ray spectroscopy; to identify the chemical com-
position of the phosphorites cemented with waste ore mineral
formations; to determine the element chemical composition
of the ore substance and carry out complex studies of the
mineral composition of the phosphate substance and waste
rock of phosphorite ore from the ore bed of “Peremoha” area
in order to develop the dressing flow sheet.

2. Methods

The ore chemical composition was determined by way of
conventional (wet) analysis with the use of standard certified
chemical reagents.

The mineral composition was studied on the scanning
electron microscope equipped with the attachment
for the energy-dispersive X-ray spectroscopy with the
software for calculating the chemical composition of the
studied sample microvolume. The petrographic analysis
was carried out by the traditional methods of the micro-
scopic section preparation with subsequent identification
and description of the minerals [16].

The microscopic study of the original ore samples aimed
at their mineral composition determination was conducted on
the Nu optical microscope (Germany) in transmitted and in
reflected light. The thin and polished sections prepared ac-
cording to the standard technology were used as samples.

Granulometry of the discovered and studied mineral for-
mations was carried out using the standard technique by the
following calculating formula:

_ (Xmax _Xmin)

1+3.322IgN

@

where:

Ximax, Xmin — the maximum and the minimum sizes of min-
eral fragments (sections) respectively;

N — the total number of determinations;

h — the breakdown interval width of statistical sampling.

Availability of carbonate minerals (calcite) was estimated by
the phosphorite ore sample treatment with hydrochloric acid
followed by the reaction: CaCO; + 2HCI = CaCl, + H,0 + CO..

In the laboratory conditions, the phosphorite magnetic
dressing method was studied in magnetic fields of different
intensity. The experiments in the weak field were modelled
on the magnetic analyzer for magnetic dressing, and in the
strong magnetic field — on the rotor separator. Material con-
taining 70% of -0.074 mm class with 30% of the solid mass
fraction was delivered in the operating area of the separator
made of 200 mm high tread plates. The matrix loading was
0.2 g/cm®. In the separator, the scalp rotor with the induction
three times lower than in axial rotors was applied. The scalp
rotor was removing magnetic product particles from the
plates of the main rotors, which allowed to facilitate the iron-
bearing particles extraction into the magnetic product. The
magnetic field induction changed from 0.6 to 1.2 T.
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The flotation dressing method was studied on the labora-
tory mechanical flotation machine with cell volume of 0.5,
1.0 and 1.5 L and with air capacity of 1.0 L/m? of suspension.
The impeller rotational speed was 26.7-28.3 s, and the sam-
ple weights constituted 200, 400 and 600 g, while in the
closed-cycle experiments they were 150, 350 and 500 g. The
reagents and the reagent scheme were selected according to
the phosphorite ore flotation data and the previously con-
ducted experiments. The study was carried out with the anion
collectors; sodium silicate was used as a depressing agent.
The solid mass fraction in suspension through agitation was
26%, the mixing time — 3-10 min. The pH value was measured
within the range from 6 to 11 and was regulated with sodium
carbonate. Experiments on the reagent scheme selection were
modelled with the help of mathematical design of experiments
using the Latin square. The factor levels were varied within the
following limits: 500-1000 g/t of soda Na,COs; 100-800 g/t of
sodium silicate solute NasSiO4-10H,0; 200-1000 g/t of flota-
tion reagent — raw tall oil soap.

3. Results and discussion

3.1. General mineralogical character
of phosphorite ore; varieties of phosphate
layers, phosphate nodules and fraction sizes

In Kharkiv oblast (Izium district), three phosphate rock
deposits with reserves of more than 5 million tons of ore (in
terms of the equivalent amount of P,Os) have been explored.
The group of Malokamyshevatske, Iziumske and Sinichino-
Yaremovske deposits is the most promising one in terms of
phosphate mineral resources use as a raw material for elec-
trothermal ferrophosphorus production. In Malokamyshe-
vatske and Sinichino-Yaremovske deposits, there are three
types of a phosphorite bed: a phosphorite plate represented
by the nodules of dark grey phosphorites of different shapes
and sizes bound with the sand-and-marl cement (very strong
in some areas) (Fig.1); phosphorous nodules of predomi-
nantly irregular and rounded shape, ranging from some mil-
limetres up to 3-5 cm in size occuring in the light grey and
white sandy chalk and marl; phosphate nodules of various
sizes (mainly irregular-shaped), and infrequently — rounded
ones, found in the marly glauconitic sandstone.

Figure 1. Phosphate formation from the ore body of Maloka-
myshevatske deposit (“Peremoha” area) (actual size)

According to the fraction size, phosphate rock from Malo-
kamyshevatske and Sinichino-Yaremovske deposits falls into
nodular fractions (+2 mm), grain fractions (-2 + 0.04 mm) and
slimes (-0.04 mm). Most phosphorus (represented by phos-
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phate nodules, concretions and aggregates) has a fraction size
of more than +2 mm. Phosphate rock of +2 mm fraction sizes
is totally formed by the nodules and phosphate aggregates
and contains from 16.30 to 20.47% P;Os. In addition to
phosphate, it includes medium and weak carbonate sand
inclusions. Occasionally there occur inclusions of clayey
material and red iron oxides.

Phosphate nodules are rounded hard formations of irregu-
lar shape (from light-yellow to dark-brown and brown
colour) consisting of sand material bound with yellow-brown
phosphate cement. In big fraction sizes there may be phos-
phate pseudomorphs from organic residues. The sizes of
some nodules reach 20x30, 40x40 mm, sometimes -
50x60 mm. Apart from nodular fractions, the granular part of
ore with increased concentration of P2Os can be of practical
interest. Grain phosphate classes are represented by the mi-
cronodules and fragments, shapeless spalls and aggregates.
There can occur a small amount of phosphate grains that are
peculiar for granular phosphorites — pseudomorphs from
organic residues — fecal concretions, teeth and shells.

There are four main areas in terms of the phosphate rock
occurrence conditions in Malokamyshevatske deposit. One
of them is “Peremoha” area (situated 4.5 km to the south of
Kamenka village) with the reserves of P,Os > 170000 t.

3.2. Experimental studies of phosphate and accessory
mineral types of waste phosphorite ore by the electron
microprobe analysis (EMPA) and petrography

The samples extracted from the open pit of “Peremoha”
area were used as the object of the phosphorite ore mineral
composition research. The microstructure of the studied
phosphorite sample is represented by the conglomerate of the
phosphorus-containing substance of sedimentary origin with
inclusions of mineral containing insignificant quantities of
phosphorus: quartz, feldspar etc.

The results of the chemical composition analysis at the
points of the phosphorite ore sample from Malokamyshe-
vatske deposit are shown in Figure 2 and in Table 1.
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Figure 2. Results of the quantitative analysis of mineral for-
mations chemical composition at the points of the phos-
phorite ore according to EMPA data

Sections of the phase microprobes in the areas are marked in
Figure 2 as frames, while the points of local composition deter-
mination — as crosses; the corresponding data on the chemical
composition of minerals are also presented. The mineral sub-
stance of white colour (frame 009) is a phosphorus-containing
mineral — apparently, fluorocarbon-hydroxyl-apatite containing
45.23% Ca; 15.67% P; 27.87% O; 3.77% F, and 4.05% Si.
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Table 1. Chemical composition of mineral phases at the studied points (Fig. 2) of phosphorite ore

Chemical composition of mineral phases, % wt

Sample No. —7 F Na Mg Al Si P s K Ca Ti Fe
009 2787 377 071 047 121 405 1567 061 041 4523  — -
010 37.04 - - - 015 5754 140 - - 2.96 - -
011 3202  0.65 - 279 712 3166  1.36 - 832  3.33 - 127
012 2801 238 068 023 111 468 1171 046 070 3100 1331 575

The dark-grey sections of the metallographic specimen
(frame 010) are almost pure quartz represented by grain
fragments of various shapes. The light-grey sections of the
metallographic specimen (frame 011) have complex chemi-
cal composition and are considered as aluminosilicates with a
small concentration of phosphorus. They also contain oxides,
hydroxides and ferric oxyhydroxides, potassium oxides,
sodium oxides, magnesium oxides etc. The bright point in-
clusion (frame 012) is a mineral, apparently containing

ilmenite which, during the ferrophosphorus reduction melt-
ing, is mainly concentrated in slag.

3.3. Integrated petrographic studies of phosphorite
from Malokamyshevatske deposit

The representative samples from the ore body of Malo-
kamyshevatske deposit in “Peremoha” area were exposed to
the integrated study of phosphorite ore mineral composi-
tion. The bulk composition (% wt) of the samples is pre-
sented in Table 2.

Table 2. Chemical (bulk) composition of the phosphorite ore sample from Malokamyshevatske deposit (% wt)

P20s Fe203 FeO SiO2 Ca0 MgO

Al203 MnO Na20 K20 F LOI

17.00 5.05 0.65 31.30  30.91 2.45

1.72 0.30 0.42 0.69 1.50 6.80

The phosphorus-bearing substance in the phosphorite sam-
ples is represented by the mass cementing barren minerals
(mainly quartz, glauconite (K, Na, Ca)«, (Al, Fe¥, Fe?,
Mg)2 [(OH)2 | AloasSizesO10], calcite and plagioclase). This
peculiarity of the studied samples structure is shown in Figure 3.

Figure 3. Poorly rounded quartz fragments (1) in phosphorite ce-
ment (2); transmitted light, x30: (a) nicols 11; (b) nicols X

Both the energy-dispersive analysis and the X-ray phase
analysis of the phosphate rock phase composition from
“Peremoha” area were carried out. It was identified that the
phosphate cement is represented by francolite from the apa-
tite group [18].

According to the “Dictionary of Mineralogy” by G. Strubel
and S.H. Zimmer [19], francolite is a synonym for carbon-
apatite, and the latter is synonymous to carbonate-fluor-apatite
and carbonate-hydroxyl-apatite. The dictionary also states that
these minerals refer to the apatite group and are described by
the most general formula Cas[(F, OH)|(PO4)s]. In the “Ency-
clopedia of Mineralogy” edited by K. Frey, francolite (car-
bonate-fluor-apatite) is also referred to the apatite group.

There is also such mineral as dahllite Caz(PO.-CO3)3(OH)
(carbonate-hydroxyl-apatite) that results from phosphorite
recrystallization and, similar to apatite, belongs to hexagonal
syngony. Since our research focuses on the development of
the rational process flow diagram for phosphorite dressing, it
is important to note that francolite has a hardness of 5 on the
Mohs scale, it is brittle with density of 3.18 g/cmq. In sedi-
mentary rock, francolite occurs in rounded grains.
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Francolite cement (Fig. 3) is represented in phosphorites
by crypto-crystalline mass (aggregate) whose particles are
indiscernible under the optical microscope. The formation of
free phosphorite aggregate fragments is determined by other
minerals’ particle release, mainly quartz and glauconite.

Waste ore minerals (Fig. 4). Quartz is represented by the
poorly rounded fragments without the intergrowth with other
minerals. Quartz is known to exist in two modifications: a-
guartz and p-quartz. When heated to 574°C, a-quartz trans-
forms into g-quartz with volume AV increase by 80%. Quartz
modification in phosphorite requires further investigation.
The quartz grains granulometry revealed that section dimen-
sions of quartz fragments in the microscopic section plane are
measured from 0.13 to 0.52 mm (Fig. 5). The most frequent
quartz particle size ranges from 0.086 to 0.157 mm. When
selecting the process flow diagram parameters for phospho-
rous dressing, one should consider the necessity of the ore
disintegration with respect to the fragment sizes of the waste
ore minerals, mainly quartzous and glauconitic ones.

Glauconite is a complex hydroxylaluminosilicate
(of the mica group) of the following composition:
4[(K, Na)(Al, Fe**, Mg)2(Al, Si)4010(OH),]. The peculiarity
of the mineral is the possibility for substitution of sodium atoms
with calcium, and magnesium atoms with ferrous iron Fe?*.

Glauconite is classified as an intermediate member
of the isomorphous series: aluminium-rich skolite
K (Mg, Fe?, Ca)(Al, Fe**)sHsSigO2 — aluminium-free cela-
donite K(Mg, Fe?*)(Al, Fe*")SisO10-(OH)10 (layered silicates).
The mineral crystallizes in monoclinic crystal system. The
hardness of the mineral on the Mohs scale is 2.0 and the
density is 2.4-3.0 g/cm® depending on the iron and water
content. At that, the following substitutions can occur: Fe®*
and AI** may be substituted with Mg?* and Fe?*. Potassium
can be substituted with Ca and Na, and Si with aluminium.

Glauconite is often associated with apatite (phospho-
rite), pyrite, various clayey minerals and calcite. In phos-
phorous ore, glauconite is represented by the dark-green
and brown-green agglomerations of spherolithic type. The
size interval of isolated glauconites is 0.026-0.260 mm, and
the preferential size is 0.044-0.119 mm, which is less than
for quartz (Fig. 5).
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(k)

Figure 4. Petrography of accessory minerals and mineral impurities in the studied phosphorites: (a) assemblage of rounded glauconite
formations (1) with quartz fragments (2) and ilmenite fragments (3) in phosphorite cement (4), transmitted light, nicols I1, x30;
(b) plagioclase fragment (1), transmitted light, nicols I, x50; (c) plagioclase fragment (1), transmitted light, nicols X, x60;
(d) paleontological remains (1) in phosphorite cement (reddish brown) including quartz fragments (white) and glauconitic
spherulites (green), transmitted light, nicols II, x30; (e) paleontological remains (1) in phosphorite cement (reddish brown) in-
cluding quartz fragments (white) and glauconitic spherulites (green), transmitted light, nicols II, x30; (f) accessory minerals in
phosphoritic sandstone, transmitted light: apatite fragment (1), x60; a “flake” of chlorite (2), x60; (g) accessory minerals in
phosphoritic sandstone, transmitted light: fine flaky hydrobiotite aggregate (1), x30; (h) ilmenite fragments, reflected light: sec-
tion of skew tilted fragment (1), x30; (i) ilmenite fragments, reflected light: section of horizontally-oriented fragment (1), clear
polygonal outlines and inclusions of barren mineral (2), x30; (j) hydrogoethite fringes (1) around quartz fragments (2), reflec-
ted light, x70; (k) occurrence of ore accessories in phosphorites, reflected light: pyrite (1), x50 complex fragment of magnetite
(2) and hematite (3), x75

Plagioclases are mixed crystals of sodium feldspar and
potassium feldspar of ternary system K[AISi;Os]—
Na[AlSizOg]-Ca[Al,Si,Og]. Depending on the chemical
composition, aluminosilicates form solid solutions. In the
phosphorous ore, microstructure plagioclases were disco-
vered as free fragments with poor rounding.
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Pure calcite CaCOs is white, but, depending on the impurity
elements, it may be of various colours. Calcite has a hardness
rating of 3 on the Mohs scale, and its density is 2.6-2.8 g/cmq,

In the studied phosphorite samples, calcite is represented
by the components of paleontological remains with the pres-
ence of phosphorous.
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Figure 5. Distribution of quartz section dimensions in the micro-
scopic section plane

Among the other mineral formations in the studied samples
of phosphorite, the presence of individual hydrobiotite grains
was detected (K, H.0)(Mg, Fe**, Mn);3[(OH, H20),AlSi3O10].
The latter is formed by way of biotite K(Mg, Fe**, Mn)s[(OH,
F)2|(Al, Fe*)Sis010] and chlorite weathering. Chlorite is a
mineral of a group of aluminosilicates Mg, Fe and Al of bed-
ded structure with the general formula (Mg, Fe)en(Al,
Fe?*)n(OH)sAlnSin4O10, Where n=0.6-2.0. Chlorites have a
hardness of 2-2.5 on the Mohs scale, the density being 2.5-3.3.

When studying the non-transparent microscopic sections
of phosphorite ore samples in reflected light, the following
minerals were discovered: ilmenite FeO-TiO,, hydrogoe-
thite FeOOH-nH,0, pyrite FeS,, magnetite Fe;O4 and hem-
atite Fe,O3, among which ilmenite is the most frequent. As
a rule, ilmenite is represented by free elongated fragments
ranging from 0.013x0.039 to 0.065x0.091 mm, averagely
0.026x0.065 mm.

Hydrogoethite is marked as the local sections in phospho-
rite cement that develop in the cracks; there are also hy-
drogoethite fringes around quartz fragments. Pyrite was
discovered as individual free fragments of 0.065-0.091 mm.
Magnetite and hematite are found in the form of individual
complex fragments (signed quantity).

The statistical processing of the data received from deter-
mination of the volume content of various mineral formations
in the phosphorite ore samples allowed to build the following
hierarchy of minerals by their occurence frequency (vol. %):
quartz — 46.4; francolite — 27.9; glauconite — 17.6; calcite —
5.1; plagioclase — 1.4; ilmenite — 0.9; hydrogoethite — 0.3. The
content of the other discovered minerals (hydrobiotite, chlo-
rite, magnetite, hematite, pyrite) is not more than 0.1 % vol.

4. Conclusions

In the paper, the geological exploration data on the cha-
racteristics of the group of phosphorites from Malokamyshe-
vatske, lziumske and Sinichino-Yaremovske deposits
(Kharkiv oblast) have been generalized and analysed. It has
been stated, that, according to the phosphate level content,
these phosphorites, apart from fertilizer production, can be
considered as minerals for ferrophosphorus smelting. De-
pending on the conditions of phosphate occurrence, there are
4 main areas in Malokamyshevatske deposit, among which
there is “Peremoha” area with the reserves of P,Os of more
than 170000 t.

When exploring “Peremoha” area, it has been revealed
that phosphate nodules are rounded mineral formations of
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irregular shape; they consist of sand bound with the yellow-
brown phosphate cement. The sizes of some nodules may
reach 20x30, 40x40 and 50x60 mm. Grain phosphate classes
are represented by micronodules, fragments and aggregates.

The electron microscopic investigation of the microstruc-
ture of the phosphorite ore representative samples from
“Peremoha” area has been conducted and the quantitative
research has been carried out by electron microprobe analy-
sis. The chemical composition of the phosphorites cemented
with waste ore mineral formations has been determined. It
has been discovered that the ore grade substance is a phos-
phorus-bearing mineral which, by the element chemical
composition, corresponds to fluorocarbon-hydroxyl-apatite
with the following content (% wt): 45.23% Ca; 15.67% P;
27.87% O; 3.77% F and 4.05% Si.

The results of the integrated petrographic study of the phos-
phorite samples from the “Peremoha” ore body are as follows:
17.0% P,0s, 30.91% CaO, 31.30% SiO,, 5.05% Fe;03, 2.45%
MgO, 1.72% Al;03, 1.5% F, 0.69% Na,0, 6.8% LOI.

The findings of the complex research into the mineral
composition of phosphate substance and waste phosphorite
ore from the ore body of “Peremoha” area indicate that the
main components are represented by oxides P,Os, CaO, and
SiO,. This necessitates a certain flow chart for dressing,
possibly by means of the ore heat treatment and the subse-
quent increase in the phosphorus oxide content.
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HocaixxeHHs: MiHepaiabHOro ckiaaay ¢pocgaTHoi pe4yoBHHH i MOPOKHBOI Mopoau ¢ocopuToBoi pyan

A. Tlpo#igak, M. I'acuk, 1O. ITpoiigak

Merta. TeopeTnuHi i eKCIIEpIMEHTAIbHI TOCTIHKEHHS XiMI9YHOTO, MiHEPAILHOTO CKJIaay, 0COOIMBOCTEH CTPYKTYpH (OChOPHTIB yKpa-
THCHKHX POJIOBHII JUIS HAJIAHHS OLIHKH CTYIEHS 1X MPUAATHOCTI B IHIIUX Taly3sX.

MeToanka. XiMIi9HUH CKJIag pyAN BU3HAYAIN TPaJULIHHAM XIMIYHUM (MOKPHM) aHATi30M 3 BUKOPHCTaHHIM CTaHIApTHUX CePTURIKO-
BaHMX XiMpeakTHBiB. MiHepalbHUI CKJIaJl JOCIILKYBaIN Ha PaCTPOBOMY €JIEKTPOHHOMY MIKPOCKOIII, OCHAIIIEHOMY HMPHCTaBKOIO AJIS IIPO-
BEJICHHSI €HEProJIMCIIEPCiifHOrO peHTreHocneKkTpansHoro Mikpoananizy (PCMA). Ilerporpadiunuii aHaniz npoBOJWIN TpaJULifHUIMU METO-
JIaMH MIATOTOBKH IITida 1 HACTYMHOO ineHTH(IKaLier0 MiHEpaiB Ta iX omucoM. MiKpOCKOIIUHI JOCTKEHHSI BUXITHUX MPo0 pyAU MPOBO-
UM Ha onTUyHOMY Mikpockori ¢ipmu “Nu” (HimeyunHa) B mpoXigHOMY 1 BiZOUTOMY CBITIi. SIK 3pa3skyl BUKOPHCTOBYBAJIM NMPHUIOTOBAHI
mpo3opi i nomipoBani nutipu. Meron MarHiTHOro 36aradeHHst HOcOPHTIB y TaOOPaTOPHUX yMOBAX BUKOHYBAJIH B MOJISAX Pi3HOI iHTCHCHB-
HocTi. ExciepiMeHTH B crtabKoOMy II0JIi MOJETIOBAJIMCS Ha MarHITHOMY aHalli3aToOpi; B CHJIBHOMY IIOJIi — HA CemapaTopi POTOPHOTO THUILY.
JocnimkeHHs QIOTAiifHOT0 MeToIy 30araueHHs 3A1HCHIOBAIIN B JTA0OPaTOPHii (IOTOMAIINHI MEXaHIYHOTO THUITY.

Pe3yabsTaTn. BeranosneHo, mo ¢ocdarna pedoBruHa (pocdaTHi KOBHA) MPEACTABISIIOTH COO0I0 OKPYTIIi HEMPaBHIBHOI (hOPMH MiHepa-
JIBHI YTBOPEHHS, 10 CKJIAAIOTHCA 3 MIIAHOTO MaTepiaiy, 0B s3aHOTO )KOBTYBaTO-0ypuM (ocaTHUM eMEeHTOM. PyiHa KOpHcHa pedoBH-
Ha sIBJIsIE C00010 (hochopoBMiCHUI MiHEpaJl, 3a elIEMEHTHHM XIMCKJIaZ0M BiINOBIIHUH cKi1any GTOpKapOOHTiIPOKCIIAaTUTY, e 32 BMICTOM
nepeBakae Ca (45.23%); P (15.67%); O (27.87%). HaBeneHo pe3ysibTaTi KOMIUIEKCHOTO METporpadiqHOro JOCTiKeHHS npodu dpocdopura
3 pyAHoro 1uiacta aAuUIstHKY “Tlepemora”.

HaykoBa nHoBu3Ha. BusiBieHo, mo ¢ocdopoBmicHa pedoBrHa B ipobax (hochopHuTy mpencTaBiIeHa Macor, IEMEHTYIOUO0 HepyIHI Mi-
HepauH (MepeBaXHO KBAPII, MIAYKOHIT KaJbIHT 1 IUIAriokias).

IpakTnyna 3HaynMicTh. 3a piBHeM BMmicTy QoctaTHOi pedoBuHE Gocdoputn ManokamumieBaTchkoro, I3tomcekoro ta CHHHUYMHE-
SIpeMOBCHKOTO POJIOBHI MOXKYTh PO3IIISIIATUCS SIK MiHEpaJIbHa CHPOBHHA JUTS BHILIAaBKH (pepodocdopy.

Knrwwuosi cnosa: pepogocgop, pynana peuosuna, pocgpopum, MiHepanbHi pizHosuou, nempozpagis, anamum

HccnenoBanusi MUHEPAJIBLHOI0 cocTaBa (POC(PATHOIO BeleCTBA U IYCTOMH NOPoabl (pochopuTOBOIM PyABI

A. Tlpo#igak, M. T"acuk, 1O. ITpoiigak

Leas. TeopeTnueckue u SKCIEPHMEHTAIBHBIE NCCIEIOBAHUS XUMHYECKOTO, MUHEPAIBHOTO COCTaBa, OCOOCHHOCTEN CTPYKTYpHI hocdo-
PHUTOB YKPaWHCKHX MECTOPOKACHHUN IS AUl OLIEHKHU CTETIEH! WX MPUTOTHOCTH B IPYTUX OTPACIISX.

Metoauka. XuMHYeCKHI COCTaB PYABl ONpPEACISIIA TPAJUIHOHHBIM XUMHIECKAM (MOKPBIM) aHAIM30M C HCIIOJIb30BAHUEM CTaHIApT-
HBIX CEpTU(PHUIUPOBAHHBIX XAMPEAKTHBOB. MHUHEPAIBLHBI COCTAB HCCIIEAOBAIN HA PACTPOBOM JJIEKTPOHHOM MHKPOCKOIIE, OCHAIICHHOM
MPUCTABKOH JUIS TIPOBEJICHUS SHEPTOIUCIIEPCHOHHOTO PEHTIeHOCTIEKTpaibHOro Mukpoanainuza (PCMA). Tlerporpaduueckuii anamus mpo-
BOJIMJIM TPAJUIMOHHBIMH METOJJAMH MOATOTOBKY HIIH(a M NOCIeayIomel NIeHTH(UKAIeH MUHEepaIoB, U X OIMcaHueM. MUKpOCKoHYe-
CKHE HCCJIEA0BAHHS BBIXOIHBIX MPOO PYZbl MPOBOAMIM Ha ONTHYECKOM MHKpockorne ¢pupmbl “Nu” (I'epmaHus) B IPOXOISIIEM H OTPaXKeH-
HOM cBeTe. B kauecTBe 00pa3IoB HCIIOJIB30BANIM TPUTOTOBICHHBIE TIPO3payHbIe U MOJHPOBaHHbBIC HITH(BI. MeToq MarHUTHOTO 00OTalCHUS
¢docthopuToB B 1a00PATOPHBIX YCIOBUSAX BBITOIHSIIM B MOJSAX PA3IMYHON HHTEHCUBHOCTH. DKCIEPHUMEHTHI B CJ1a00M II0JIe MOJETHPOBAIUCH
Ha MarHUTHOM aHAJHM3aTOpPE; B CHJIBHOM II0JIe — Ha CemapaTope poTopHoro tuma. McciaenoBanue GroTainoHHOTO MeTo1a 00OTaIIeH s OCY-
MIECTBISLIH B TA00OpaTOpHOH (pIoTOMAITNHE MEXaHUIECKOTO THIIA.

Pe3yabTaThl. YcTaHoBieHo, 9To docdaTHOE BemecTBO ((hochaTHbIC XKEIBAKH) MPEICTABISIOT cO00H OKPYTIIbIe HEMPaBUIBHON (HOPMBI
MHUHEpaJIbHbIE 00pa30BaHMs, COCTOSIINE M3 MECYaHOTO MaTepHalla, CBI3aHHOTO XKEITOBAaTO-OyphsIM (ocdaTHEIM nemMeHTOM. PynHoe moies-
HOE BEIIEeCTBO NMpPEACTABISIET co00i (ocdopcomep amuil MUHEpaJI, IO IEMEHTHOMY XHMHUYECKOMY COCTaBy COOTBETCTBYIOLIHMI COCTaBY
(TOpKapOOHIUAPOKCHUITATIATHTY, T/Ie 10 coaepxaHuio npeobnanaer Ca (45.23%); P (15.67%); B (27.87%). IlpuBeneHsl pe3yabTaThl KOM-
IUIEKCHOTO MeTporpadgpuyeckoro uccienoBanus npobst Gpochoputa u3 pyaHoro miacta yyactka “Tlobena”.

Hayunas HoBu3HA. BrisBieHo, uto dochopcoaepkamue BemecTsa B mpodax ¢GocdopnToB mpencTaBieHbl Maccoil, IeMEHTHPYOUIeH
HepyIHBIE MUHEPaJBI (TPEUMYIIECTBEHHO KBapLl, [NIAYKOHHUT KAJbIUT U TUIATHOKIIA3).

IpakTnyeckas 3HaYAMOCTD. [1o ypoBHIO conepkanus GocharHoro Bemectsa Gochoputs ManokaMsimeBarckoro, M3romckoro n Cu-
HUYHHO-SIpeMOBCKOT0 MECTOPOKACHHI MOTYT pacCMaTpPUBAThCSI KaK MHHEPAIIbHOE CHIPhE JUIS BEIILIABKH (eppodocdopa.

Knrwuesvie cnosa: peppopocgop, pyoroe sewgecmeo, pocghopum, munepanivHvie pazHOSUOHOCMU, NEMPOSPaPus, anamum
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