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CHARACTERIZATION AND HOMOGENIZATION OF BLED EL-HADBA
PHOSPHATE ORE, CASE OF DJEBEL ONK (ALGERIA)

Purpose. The aim of this study is the characterization and the development of an efficient and profitable technol-
ogy for the production of one or several types of concentrates with a minimum of penalizing elements which must be

competitive at the national and international levels.

Methodology. The completion of this study required the use of several methods of chemical analysis, advanced
ICP-MS, SEM and XRD for defining phosphate mesh elements and gangue minerals present in the raw material,
basic chemical composition and microelements (trace elements), as well as their distribution by fractions.

Findings. These studies have revealed that phosphate elements play a significant role within the main sub-layer
(ML) which is situated between two other sub-layers (upper (UL) and lower (LL)). We obtained significant differ-
ences in the particle shapes and sizes, especially in the two sub-layers (UL and LL). A close relation between trace
elements and various minerals (apatite, dolomite and silicates is evidenced through operations of substitution.

Originality. The research data has testified that phosphate elements play a significant role within main sub-layer
(ML) which is situated between two other sub-layers (upper (UL) and lower (LL)). We obtained significant differ-
ences in the particle shapes and size, especially in the two sub-layers (UL and LL).

Practical value. The homogenization of raw materials (UL, ML and LL) developed in the laboratory has led to
satisfactory results, because it presents a very wide range of variants while the poor ores of the UL and LL layers can
be exploited in the amount up to 20 % each minimizing the rates of mining wastes.
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Introduction. Algeria is a country rich in various use-
ful substances the majority of which is not developed
yet. Algerian basement contains mineral resources and
useful substances such as iron, lead, zinc, copper, sul-
phates and phosphates.

Djebel Onk is the largest phosphate deposit in Alge-
ria, with about 2 billion tons of phosphates; its district
belongs to the Gafsa-Metlaoui-Onk basin, [1] and
phosphorite mineralization is distributed into five sec-
tors: Kef Essennoun, Djemi Djema, Bled El Hadba,
Northern Djebel Onk and Oued Betita.

Bled El-Hadba is taken as an example and was sam-
pled for this study. The lithologies of Djebel Onk region
are composed of a succession of about 500 m thick sedi-
mentary layers that were deposited during the Upper
Cretaceous (Maastrichtian) to Middle Eocene (Lute-
tian). The latter is partly covered by Quaternary conti-
nental clastic sediments (sandstones and clays). The
geological and gitological contexts of the Bled El-Had-
ba deposit are similar to those of the area of Djemi Dje-
ma and Kef Es Sennoun, which are on the opposite side
of the synclinal megastructure [1]. It is characterized by
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a thick layer (~30 m) of Upper Thanetian phosphorites
which is, itself, divided into 3 sub-layers known in all
Djebel Onk district based on the P,Os5 and MgO con-
tents [2], and tends to thicken even more towards the
western limits of the deposit. However, this configura-
tion is slightly disturbed in places, where the power of
the series is relatively small.

The three sub-layers of upper Thanetian include the
Upper and lower sub-layers, which are thicknesses that
vary respectively between 2.30 to 18.00 m and 2.40 to
18.00 m rich in calcaro-dolomitic cement; they have low
levels of P,Os5 and a very high content of MgO.

The main layer (ML) is the largest in thickness (20 to
25 m) and in ore quality, characterized by very high lev-
els of P,O5 and poor in MgO.

The overall geological reserves of the deposit are
estimated at about 889,171,946.99 tons divided into
3 sub-layers: the Upper Ilayer (UL) contains
102 858 948.61 tons, while the lower layer (LL) has re-
serves of 115 478 700.76 tons. The main (ML) layer con-
tains 367 401 446.55 tons.

The present study was first proposed by Ferphos, the
national Algerian company, to improve the develop-
ment of a new process in this potential deposit for fur-
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ther exploitation purposes and for the evaluation of eco-
nomical extraction.

Phosphate ore deposits containing a high amount of
carbonates and important chemical substitutions, re-
spectively in the gangue and throughout the ore, can
hardly be concentrated in phosphate elements [2].

In general, phosphor is found to be deficient in acid
and calcareous soils due to the presence of high concen-
tration of iron (Fe) or aluminium (Al) and calcium (Ca),
respectively [3]. Knowing that the phosphate fertilizer
industry and phosphoric acid which absorbs more than
90 % of the production of concentrated phosphate im-
poses quality requirements of the raw material. These
requirements are related to the nature of the impurities
[4] in the ore and the importance of their impact on the
manufacturing process of fertilizers [5, 6]. The main
quality parameters of these minerals are defined mainly
by the major (P,05, MgO, ...) and trace (Cr, Sr, U,...)
element contents of the ore [2]. Indeed, exceeding the
normal threshold, these elements become toxic and ad-
versely affect the quality of phosphates [4]. These can
then persist in the phosphate fertilizers and, thus, agri-
cultural food production.

The main required aim in this article is to evaluate
qualitatively and quantitatively the existing major and
trace elements according to granulometry, mineralogy
with their repercussions on the various sub-layers to im-
prove the quality of its products for exploitation and
valorisation of the phosphate layers which depends to a
large degree on the close association of minerals, on
their textures, their nature and their reserves.

Materials and Methods. Characterisation studies. Six
phosphorite samples were collected from the three sub-
layers deposit of Bled El-Hadba.

Three Samples were taken from the different phos-
phorite layers as well. It is noted that the sampling was
done systematically from top to bottom in order to fol-
low the vertical evolution and cover the different types of
facies encountered (clay, carbonate and siliceous) [1].
The petrography was studied by the examination of thin
sections under a microscope using both transmitted and
reflected lights.

The other three samples were taken from two upper
bed trenches from each sub-layers of deposit (UL, ML
and LL). These were provided by the operating compa-
ny of iron and phosphate (FERPHOS).

The sampled phosphate beds from Bled El-Hadba
were clearly identifiable based on the following observa-
tions (DMT):

1. The upper phosphate bed (UL, 5 m) is beige in
color, very hard, with relatively coarse grains and colored.

2. The intermediate phosphate bed (ML, 11 m) is
brown, fine-grained and friable.

3. The lower phosphate bed (LL, 2.5 m) is beige and
hard. It had intercalations of white marl with a thickness
of up to 20 cm.

The samples from each bed were dumped on the flat
ground above the open pit and crushed to some extent
by the shovel of the loader. The dumped piles were sub-
jected to a mechanical treatment which consisted of ho-
mogenization, crushing and quartering operations in
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order to obtain a better representatively and to reduce
the dimensions of the grains.

This samples prepared in the same way were the sub-
ject of an X-ray diffraction analysis in the laboratory ma-
terial technologies and process engineering (LTMGP) at
the University of Bejaia (Algeria) using a powder diffrac-
tometer branded “X’ Pert Prof Type Panalytical MPD/
vertical system 0/0 PDS pass 4 x Accelerator (detector)
platforms (Bracket) (sample-stage)” with Cu radiation
with a wavelength A = 1.5405980 A at 26 values between
10 and 100°.

The SEM scanning electron microscope used in our
case is of S440 type from LEICA with tungsten filament
composed of an electron column, a vacuum circuit and
the electronic part.

500 g of a representative sample was subjected to
sieve analysis using a sieving device of FRITSCH AS
200 type. It was equipped with a series of SAULAS
sieves (0—4mm). The sieving time was set at 30 minutes.

Grinding (< 90 um) was carried out on a FRITSCH,
RM?200 jaw crusher, grinding time was 10 to 15 minutes.

The analyses of elements major were carried out by
the Algerian phosphate company (FERPHOS) using
the following analytical methods: spectrophotometri-
cally by TECHNICONAUTO ANALYZER, flame
spectrophotometer, atomic absorption spectrometry
(AAS) and calcimetry.

The analysis of trace elements was carried out at the
Institute of Chemical Sciences of the University of
Rennes 1, France using a mass spectrometer coupled to
an argon plasma [CP-MS.

Preparation of samples. The thin sections were made
by the first three samples, at the level of the thin section
workshop of the Department of Geology, Annaba Uni-
versity for observation in microscope.

Sampling and analyses were carried out on the three
sub-layers (upper (UL), main (ML) and lower (LL)),
where 20 kg of raw phosphate was collected from each
sub-layer. The mechanical preparation consisted of a se-
ries of operations: homogenization, crushing and quarter-
ing. The final representative sample weights varied be-
tween 2 to 1.5 kg. Thus, four samples representing the
fractions: 0—2000; <100; 100—315; 315—1000 and > 1000
were obtained respectively. Each grain size fraction was
then finely ground using a mortar (< 90 % passing through
an 80 um sieve) for chemical and Mineralogical analysis.

Experimental procedure. In this work, we used sev-
eral methods of preconditioned analyses to define the
optimal meshes of release of the phosphatic elements
and gangue minerals, identify the raw material mineral-
ogical phases, the major elements chemical composi-
tion, their distribution into particle-size classes for each
layer before exploitation and valorisation of this type of
phosphate deposit ore.

Results and Discussion. Chemical analysis and X-ray
Diffraction analysis. The mineralogical study carried out
by the XRD revealed that apatite is a strongly substituted
francolite, in OH (hydroxyapatite) and in ions F (fluo-
rapatite).

Except in the dolomite, the presence of quartz, cal-
cite and gypsum is not significant. All in all, the inten-
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sity of the peaks is characteristic of the phosphatic ele-
ments and those of the gangue.

The results are reported in Fig. 1. They show the
presence of fluorapatite, hydroxylapatite and dolomite
as principal minerals. Quartz, calcite and gypsum are,
however, in small amounts.

These results reveal significant differences for the three
phosphate sub-layers. Indeed, the ore of the main layer is
the richest in fluoroapatite, Hydroxylapatite (1) and the
poorest in calcite (a) compared to the other two layers.
However, the lower layer is the poorest in phosphate min-
erals and richest in dolomite (b) compared to the upper
and main layers. Marked gypsum (d) occurrence is in the
upper and lower layers. Quartz (c¢) is more abundant in the
upper layer compared to the main and lower layers. Iden-
tification of the mineralogical composition and amount of
each mineral in the different phosphate layers may suggest
the most appropriate ore treatment.

Petrography compositions. The ores of Djebel Onk are
grained sandy phosphates, on petrographic basis; the
ores are classified as phospharenite; the phosphatic fa-
cies are homogenous, with fine grains (200 to 300 um),
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rarely heterogeneous with both fine grains and coarse
grains (up to 3 mm). Phosphate particles involve pellets,
coprolites and bioclasts (bones, teeth of fishes and cel-
lular bone fragments). The phosphorite particles are ce-
mented by either argillaceous (soft phosphorites) or car-
bonaceous (hard phosphorites) matrix [7].

The microscopic SEM and microscopic optical ob-
servations (Figs. 2, 3 and 4) highlight the presence of the
principal minerals identified by XRD (Fig. 1).

The phosphate of the upper sub-layer (UL) in Fig. 2,
B is characterized by the heterogeneity of the grains:
glouconite (G), bone debris (D), with the abundance of
coprolite (CO), thes grains are bound by cement (60 %)
dolomitic and clacitique (hard ore). This layer (UL) is
very rich in glauconite and some quartz (Q) grain com-
pared to the tow sub-layers (ML and LL); it can be con-
sistent with sedimentary levels of Maastrichtian [8].

The phosphatic facies of the main sub-layer (ML)
are homogenous compared to the two sub-layers, the
upper (UL) and lower (LL).

The phosphate of the main layer is generally com-
posed of oolites (O) and pellets with the presence of
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Fig. 1. XRDs of the series of raw samples from the three sub-layers (upper, main and lower)
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Fig. 2. Petrographic analysis of phosphate sample from
the upper layer (UL):

A — SEM microphotographs of phosphate sample from the
upper layer (UL); B — microphotography in polarized-light
analyzed of phosphate sample from the upper layer (UL);
a — mixture of phosphate crystals; b — silica; ¢ — phosphate
elements

Fig. 3. Petrographic analysis of phosphate sample from
the main layer (ML):

A — SEM microphotographs of phosphate sample from the
main layer (ML); B — microphotography in polarized-light
analyzed of phosphate sample from the main layer (ML);
a — mixture of phosphate crystals; b — potassium feldspar;
¢ — clay mineral

the lower layer (LL):

A — SEM microphotographs of phosphate sample from the
lower layer (LL); B — microphotography in polarized-light
analyzed of phosphate sample from the lower layer (LL);
a — phosphate elements; b — dolomite; ¢ — silica d — phos-
phate elements associated with quartz

some small coprolites (CO), bone debris (DO), glauco-
nite (G) and quartz (Q). This grains are bound by a mi-
critic cement (15 %) of clay natural (friable soft ore);
however, it can also be carbonated, Fig. 3, B.

The phosphate of the sub-law layer shown in Fig. 4, A
is characterized by the abundance of cement (75 %) dolo-
mitic and sometimes calcitic, with the presence of some
heterogeneous grains: big size coprolites (CO), bone de-
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bris (D), glauconite (G), pellets (P) and quartz (Q) small
grains. This difference between the three sub-layers may
be due to their distinct sedimentary and paleogeographic
parameters which condition the quality of the ore [9].

The microscopic observations made on these three
types of ore showed the presence of the principal miner-
als: fluorapatite, hydroxylapatite, carbonate, dolomite,
calcite, quartz, feldspar and clays.

Chemical compositions. Chemical analyses of major
elements (P,0s5, MgO, CaO, SiO,, Al,0;, Fe,03, TiO,,
Na,0, K,O0; loss on ignition, and others) were carried
out on whole rock samples and the results are shown in
Table 1. The contents of these elements (in weight per
cent) are distributed on the major mineral phases of
the rock. The principal quality parameters of these
ores are mainly based on the contents of major ele-
ments (P,O5, MgO,...) and existing trace elements
(Cr, Sr, U,...) [2].

The chemical element contents show differences be-
tween the three phosphates sub-layers considered in this
study.

1. The main sub-layer (ML) ore is richer in CaO and
P,Os than the other two sub-layers.

2. The upper (UL) and lower (LL) sub-layers show
slightly higher contents of MgO, loss on ignition (LOI),
and CO, than those in the main sub-layer (ML).

3. The lower sub-layer (LL) ore is richer in silica
(Si0,), iron oxide (Fe,0;) and lower in soda (Na,O)
compared to the other two layers.

Djebel Onk phosphate rock has a high substitution of
CO; (Ca0O/P,05 = 1.75—1.90) and generally is low in
silica and in iron [10]. The CaO/P,05 (2.04 and 2.09 %)
ratio is higher in the case of the UL and LL; this reflects
the importance of well-developed dolomitic carbonate
cement [2]. The results show that the main sub-layer is
indeed richer in P,O5 and poorer in MgO, SiO,, and
CO, than the upper and lower sub-layers.

The variation observed for the (UL, ML and LL)
sub-layers is, primarily related to the size, shape and
structure of the grain, the mineralogical and chemical
composition.

Table 1

Major element analyses of the different phosphate
sub-layers (UL, ML and LL)

Contents, %
Major elements
UL ML LL
P,0s 21.68 27.07 20.03
CaO 44.30 48.50 42.06
LOI 16.10 13.30 18.07
Co, 14.48 10.20 15.78
SiO, 08.10 05.90 06.70
MgO 03.51 02.72 04.91
Na,O 00.57 00.93 00.83
Fe,0, 00.52 00.49 00.46
K,0 00.02 00.01 00.02
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The principal quality parameters of these ores are
mainly based on the contents of major elements (P,0s,
MgO,...) and existing trace elements (Cr, Sr, U, ...) [2].

The chemical analyses of trace elements were carried
out for the three samples (UL, ML and LL) in a finely
crushed state (<80 um). The results of the analyses ob-
tained for the three samples (Table 2) highlight the pres-
ence of about fifteen trace elements made up in majority
of transition metals (vanadium, chrome, cobalt, copper,
nickel, zinc, lead and ytterbium) and some elements of
promethium (lanthanum, cerium, neodymium and er-
bium). However, one element of the alkaline-carth met-
als (strontium), alkaline metals (cesium) and actinides
family (uranium) are also identified.

The results show the presence of fifteen trace ele-
ments that are divided into 5 categories:

1. Transition metals: vanadium, chromium, copper,
nickel and zinc.

2. Rare earths: lanthanum, yttrium, cerium, neo-
dymium and erbium.

3. Alkaline earth metals: strontium.

4. Alkaline: cesium.

5. Actinide: uranium.

According to the chemical composition of such ele-
ments, we distinguish three main groups:

Group 1, comprising average contents of trace ele-
ments (10 to 50 ppm), and composed of actinides, met-
als of transition and lanthanides: lead (Pb), uranium
(U), copper (Cu) vanadium (V), chromium (Cr), cad-
mium (Cd) and nickel (Ni) of the upper sub-layer (UL)
but the main sub-layer (ML) contains all these elements
with lanthanum (La) except for vanadium (V) and the
lower sub-layer (LL) contains all the elements of (ML)
with cesium (Cs) except for cadmium (Cd).

Table 2

Chemical analysis of trace elements in the raw ore
of the three sub layers (UL, ML and LL)

Contents, ppm
Trace elements

UL ML LL

Pb 10 20 13
Cu 25 30 60
Ni 20 25 18
U 35 40 30
v 41 63 55
Cd 35 10 75
Cr 15 12 17
Cs 71 55 38
Zn 49 88 79
Sr 150 357 288
La 59 41 38
Y 78 67 69
Ce 58 76 87
Nd 99 55 58
Er 63 69 74
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Group 2, comprising average contents of trace ele-
ments (50 to 100 ppm), and composed of transition
metals and lanthanides: chromium (Cr), zinc (Zn), yt-
trium (Y), lanthanum (La), cerium (Ce), erbium (Er),
cesium (Cs) and neodymium (Nd) of the upper sub-
layer (UL) but the main sub-layer (ML) contains all
these elements with vanadium (V) except for lanthanum
(La) and the sub-layer (LL) contains all the elements of
(ML) with cesium (Cs) except for cadmium (Cd) and
the lower sub-layer (LL) contains all the elements of
(ML) with cadmium (Cd) except for cesium (Cs).

Group 3, comprising strong contents of trace ele-
ments (>100 ppm), and composed also cerium (Ce) of
the three sub-layer (UL, ML and LL).

The trace element contents, such as Cd, U, As and
Sr, observed in whole-rocks of Bled El Hadba, are gen-
erally low and meet the standards required by the phos-
phate industry. Unlike cadmium, the evolution of ura-
nium and strontium depends on the phosphate content.
The binding of these elements in the apatitic structure is
of diverse origin [11]. Cadmium is bound much more to
the clay phase (thin slice) than to apatite. The substitu-
tion of uranium in the apatitic structure is highly prob-
able because of the very close ionic of Ca** and U* ions.
On the other hand, the substitution of strontium in apa-
tite is adverse due to the difference of the ionic rays of
Ca?" and Sr?*. Thus, the origin of this element is attrib-
uted in part to its adsorption on the surface of apatite
crystals. The variation observed for the UL, ML and LL
series is, primarily related to the smoothness of the
grains, the chemical and mineralogical composition.

Bled el Hadba phosphate ore rich in rare earth espe-
cially cerium may be due to the abundance of Glauco-
nite where, in the two deposits (Kef Essenoun and
Djebel El Kouif), the glauconite grains are richer in
ETR than the other coexisting particles (pellets, copro-
lites, enamel and dentine of marine fish teeth) [12].

Grinding process and particle-size analysis. The
Grain-size classification of the raw phosphate obtained
after mechanical treatment and sieving for the three
samples (upper (UL), main (ML) and lower (LL) lay-
ers) are reported in Fig. 5 and Table 3, which show ma-
jor element (P,Os5, CO, and MgO) contents versus
phosphate grain-size for the three sub-layers. The phos-
phate grain size is represented mainly in the size frac-
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Fig. 5. Sample weight (%) versus size particle size classes
of the three samples (UL, ML and LL)
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Table 3
Major element (P,05, CO, and MgO) contents versus sample size classes (LL, ML and LL)
Fraction Yield, % P,0s, % MgO, % CO,, %

(mm) UL ML LL UL ML LL UL ML LL UL ML LL
Overall 100 100 100 21.68 | 27.07 | 20.03 2.99 2.10 3.65 12.36 | 09.64 13.23
>1 11.99 | 03.64 15.08 13,62 19.49 12.34 5.01 4.24 6.54 22.68 17.43 22.03
0.315—1 22.48 | 08.86 21,72 20.12 23.84 | 20.10 3.55 2.62 3.59 12.88 12.66 13.48
0.1-0.315 | 52.84 | 73.77 | 47.83 | 27.30 | 30.48 | 27.12 | 1.38 1.00 1.69 | 07.40 | 06.58 | 07.56
<0.1 12.69 13.72 15.37 10.10 12.80 10.20 6.8 7.13 7.00 22.36 | 22.03 21.87

tions between (0.1—0.315 mm) and (0.315—1 mm), with
respective percentages of 75.32, 82.61 and 69.55 % for
the upper (UL, ML and LL).

Fine fractions (<0.1 mm) are gangue elements re-
corded at 12.69, 13.72 and 15.37 % for the UL, ML and
LL sub-layers, respectively.

The fine fractions are rich in siliceous, dolomitic and
argillaceous materials. Coarse fractions (>1 mm) are
also predominantly gangue elements with 11.99, 03.67
and 15.08 % for the UL, ML and LL sub-layers, respec-
tively.

It is worth noting that the weight is higher in the in-
termediate fraction (0.1—0.315 mm) for the main layer
(ML) compared to that of the upper (UL) and lower lay-
ers (LL). This is attributed to the abundance of phos-
phate elements in the fine fraction of top, 0.1 mm. How-
ever, the weight (A) is higher in the two sub-layers be-
cause it contains finer (siliceous) particles than the main
sub-layer (ML).

From a chemical point of view, the best contents in
phosphate (P,0s) and in elements of the gangue (MgO
and CO,) are located within the beneficiation range of
100 to 315 um, where the mesh of release of the phos-
phatic elements is also located.

The reduction in the frequency in these elements re-
sults in strong contents of MgO and CO, which are re-
flected on P,O5 outputs [2].

Homogenization collective and selective. The different
analysis techniques applied to these types of minerals
have shown a close relationship between the petro-
graphic and mineralogical phases and between the par-
ticle size distribution and evolution of chemical contents
and, on the other hand, developed a method for homog-
enization of the three sub-layers which offers a wide va-

riety of mixes that can meet the exploitability criteria. It
allows a new approach in the exploitation and the valo-
rization of the ore aiming to provide a phosphate con-
centrate of better quality; optimal management of raw
materials and minimization of the rate of sterile releases.
In this study, we preposition a collective homogeniza-
tion (TL) according to the percentage of reserves repre-
senting all the deposit and selective homogenization
(ML and UL with LL (LU)) according to the quality
from each sub-layer. Grain-size classification of the raw
phosphate obtained after homogenization and treat-
ment and sieving for the three samples (TL, ML and
LU) are reported in Table 4 and Fig. 6, respectively
showing the major element (P,05, CO, and MgO) con-
tents versus phosphate grain-size for the three news
qualities.

304

V7 TL
=ML

i LU

251

[353
S
L

12.36

Contents (%)
O

—_
(=]
L

CO,
Majors elements (P,05, MgO and CO,) of TL, ML and LU

P,05 MgO

Fig. 6. Major element (P,0s5, CO, and MgQO) contents
versus samples (TL, ML and LU)

Table 4
Major element (P,05, CO, and MgO) contents versus sample size classes (TL, ML and LU)
Fraction Yield, % P,0s, % MgO, % CO,, %
(mm) TL ML LU TL ML LU TL ML LU TL ML LU
Overall 100 100 100 24.60 | 27.07 | 20.86 2.58 2.10 3.32 12.36 | 09.64 12.79
>1 07.57 | 03.64 13.52 16.90 19.49 12.98 4.85 4.24 5.77 22.68 17.43 22.36
0.315 -1 14.13 08.86 | 22.10 | 22.35 | 23.84 | 20.11 2.99 2.62 3.57 12.88 12.66 13.18
0.1-0.315 | 64.45 | 73.77 | 50.35 | 29.18 | 30.48 | 27.21 | 1.21 1.00 1.53 | 07.40 | 06.58 | 7.48
<0.1 13.84 13.72 14.02 11.74 12.80 10.15 7.04 7.13 6.89 22.36 | 22.03 22.12
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After the homogenization collective of the three sub-
layers, we obtain a product (TL) which represents all the
deposit with a top quality 53TPL. Than the selective ho-
mogenization produced two qualities: ML, higher than
59TPL and LU, higher than 45TPL.

Conclusion. The characterization work carried out on
Bled El Hadba raw phosphate allowed us to define the
optimal meshes for the release of the phosphate ele-
ments: the microscopic observations made on these
three types of ore showed the presence of the principal
minerals: fluorapatite, hydroxylapatite, carbonate, do-
lomite, calcite, quartz, feldspar and clays.

1. The variation observed for the (UL, ML and LL)
series is primarily related to the size, shape and structure
of the grain, the mineralogical and chemical composi-
tion.

2. The mineralogical study carried out by the XRD
revealed that apatite is a strongly substituted in OH (hy-
droxyapatite) and in ions F (fluorapatite). Except for the
dolomite in samples raw, the presence of quartz, calcite
and gypsum is not significant.

3. From granulometric point of view, the size classi-
fication carried out by sieving revealed that the bulk of
the total mass of the raw ores is represented by the size
range 0.100 —0.315 mm and constitutes the mesh of op-
timal release of the separation of the phosphatic (52.48,
73.77 and 47.83 %); recorded weights yield very impor-
tant for the three sub-layer (UL, ML and LL) rich in
phosphates P,Os (27.12, 30.48 and 27.12 % respectively).

4. From a chemical point of view, the ML layer dif-
fers from the UL and LL only through the high frequen-
cy of (P,Os) and a clear decrease in the amount of
(MgO) and (CO,).

5. The chemical analyses carried out on the raw ore
highlighted the presence of two groups of quite distinct
elements by their intensities: major elements (phospho-
rus, calcium, magnesium and silicon) and trace ele-
ments (vanadium, chrome, cobalt, copper, nickel, zinc,
lead, ytterbium, lanthanum, cerium, neodymium, erbi-
um, strontium, cesium, uranium).

Therefore, we propose a selective and collective ex-
ploitation and treatment method for the three sub-layers
(UL ML and LL) for the production of one or several
types of concentrates with minimum disadvantageous
elements that must be competitive on the national and
international level.
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MeTta. Po3pobka epeKTUBHOI Ta MpHUOYTKOBOI TEX-
HOJIOTis 111 BUPOOHMIITBA OAHOTO a00 IEeKiIbKOX MPO-
JYKTiB 30arayeHHs pyIu 3 HAWMEHIIOIO KUIBKICTIO eJie-
MEHTIB, 1110 BUKJIMKAKOTh Opak, sIKi HOBUHHIi OyTH KOH-
KYPEHTOCIIPOMOXHMMHM Ha HalliOHAJIbHOMY I MiXHa-
POIHOMY PiBHSIX.

MeTtomuka. BukoHaHHSI TaHOTO AOCIHIIXKEHHS BU-
Marajio 3acTOCyBaHHSI AEKiJIbKOX METOMiB XiMiYHOTO
aHasizy, YJIOCKOHaJeHO1 Mac-CIeKTpOMEeTpil 3 iHayK-
nitHoto 1mnasmoto (MCIM), ckaHy04Oi €1eKTPOHHOL
mikpockorii (CEM) i nudpakiiiiiHOro peHTreHiBChbKO-
ro ananizy (IAPA) nns BUSBICHHS MeI-€JIEMEHTIB
docdary it MopoKHBOI TOPOIAH, TIPUCYTHIX Y CUPOBHHI,
OCHOBHOTO XiMIi9HOTO CKJIaIy i MiKpOEJIeMEHTIB (CITi-
IliB €JIEMEHTIB), a TAKOX iX PO3IMOILTY MixX (ppaKIlisiMu.

PesyabraTu. JlaHi qocaiiKeHHs moKa3aju, 110 eJie-
MeHTH ocdaTy BilirparoTh 3HaYHY pOJb B OCHOBHOMY
nimmapi (OI), skuii po3TalioBaHUI MiX IBOMa iH-
My migmapamu (BepxHiM (BIL) i Huskuim (HI)).
Mu oTpuManu 3HaYHE PO3XOIKEHHS MiX dopMamu i
po3MipaMM YacTUHOK, OCOOJMBO y ABOX MiAllapax
(B i HII). JoBeneHo TicHUIA 3B’SI30K MiX MiKpoeJie-
MEHTaMM Ta Pi3HUMU MiHepasiamu (alaTuTU, 10JIOMi-
TaMu i cujlikaTaMu) LIJISIXOM 3[IiMCHEHHS 3aMillleHHSI.

HaykoBa HoBu3Ha. JlaHi mOCimKEHHS TOKas3aju,
o eneMeHTu ¢ocdaTy BidirpaloTb 3HAYHY pOJib B
ocHoBHOMY minmapi (OILl), skuii po3TaoBaHuil MixX
JnBoMa iHmuMu mingmapamu — BT i HII.

IIpakTuna 3HaumMicTh. ['OMOTreHi3allisa CUpOBUHU
(BILI, OILI i HIIT), po3po6yeHoi B 1abOpaTOpHUX YMO-
Bax, Jaja 3aJ0BiJbHI pe3yabTaTH, OCKIJIbKH MPOIIOHYE
IIMPOKUI Psii BapiaHTiB, a HU3bKOCOPTHI PYAU BEpX-
HBOTO I HUXKHBOTO 1IAPiB MOXYTh OYTU BUKOPUCTaHI B
KinbKocTi 10 20 % KOXeH, MiHiMi3yloun MOKa3HUKU
TMOPOKHBOI TOPOJIU.

Kmouosi cioBa: gocpamu, esekmponna mikpocko-
nis, peHmeeHOCKOnis, eomoeeHizayis pyou, podosuule
Incebens Onk
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enn. PazpadoTka 3(hHeKTUBHON W MIPHOBLILHOMN
TEXHOJIOTHSI [IJIs1 TIPOU3BONICTBA OMHOTO MJIU HECKOJb-
KUX MPOIYKTOB 00O0TaIleHUST PY/Ibl C HAMMEHBIIIUM KO-
JINYECTBOM 3JIEMEHTOB, BBI3bIBAIOLINX OpaK, KOTOPHIE
JIOJKHBI ObITh KOHKYPEHTOCITIOCOOHBIMM Ha HalMo-
HaJIbHOM U MEXIYHAPOJHOM YPOBHSIX.

Mertonuka. BblTioNHEHWE TaHHOTO MCCIEAOBAHUS
MOTpeOOBaIO MPUMEHEHUsI HECKOJbKUX METOIOB XH-
MMUYECKOTO aHaJlu3a, YCOBEPIICHCTBOBAHHOW Macc-
CMEKTPOMETPUHU C UHAYKIIMOHHOU tuiazmoit (MCUM),
CKaHUpYIolllel 21eKTpoHHOI MuKpockonuu (COM) u
IU(PaKIIMOHHOTO peHTreHoBckoro aHanuza (JIPA)
JUTST BBISIBJICHUSI MEI-3JIeMEHTOB hocdara u mycToit
TOPOJIbI, TIPUCYTCTBYIONINX B ChIPbE, OCHOBHOTO XU-
MUYECKOTO COCTaBa M MUKPOIIIEMEHTOB (CIIeNOBbIX
BJIEMEHTOB), a TaKXKe WX paclpelesieHus To (pak-
LIMSIM.

Pe3yabraTel. JlaHHbBIE MCClIenOBaHUs TOKa3aju,
YTO 3JIEMEHTHI (hocdaTa urparoT 3HAYUTEIBHYIO POJIb
B ocHOBHOM mnojacioe (OC), KOTOpbIii pacoyioXeH
MeXIy AByMs Apyrumu noaciossMu (BepxHum (BC)
u HuxHuM (HC)). MBI nmoaydymsiv 3HaYUTEIbHOE
pacxoxaeHue Mexmny ¢dbopMamMud M pa3zMepaMu 4a-
ctull, ocodbeHHo B nByx noaciosx (BC u HC). [do-
KazaHa TeCHas CBSI3b MEXIYy MUKPORJIEMEHTAMU U
pa3IMYHBIMU MUHEpanaMu (armaTuTaMmu, JOJOMUTA-
MU U CUJIMKATAMU) MYTEM OCYIIECTBICHUS 3aMelle-
HUSI.

Hayunas HoBu3Ha. JlaHHbIe MCCiIe10BaHUS MOKa-
3aJiM, YTO 3JEeMEHTHI (ocdaTa UrparoT 3HAUYUTENIb-
HY10 pojib B ocHoBHOM Moacioe (OC), KoTopwlii pac-
MOJIOXKEH MEXIY AByMSI ApyTUuMU moaciosaMu — BC u
HC.

IIpakTHYecKas 3HAYMMOCTb. [ OMOTEHU3AIUS ChI-
pbs (BC, OC u HC), pa3zpaboTtaHHOTrO B 1ab0opaTop-
HBIX YCIIOBUSIX, 1ajia YIOBJIETBOPUTEIbHBIC PE3yJIbTa-
ThI, TIOCKOJIbKY TIpeIaraeT MIUPOKUA psii BapuaH-
TOB, 2 HU3KOCOPTHBIE PyIbl BEPXHETO W HUXHETO
CJI0OEB MOTYT OBITh MCITOJb30BaHbl B KOJIUYECTBE 10
20 % xaxnplii, MUHUMM3HUPYS ITOKa3aTelld IIyCTOi
TOPO/IbL.

KiroueBble ciioBa: gocgpameot, s1eKmpoHHas MUKPO-
CKONUsl, PEHM2eHOCKONUsl, 20MOEHU3AUUs PYObl, MECHOo-
pooicoernue Jncebenv OHK
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