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Abstract. The article studies the mineralogical features of phosphate ores. In
the conditions of declining industrial reserves of apatite-containing ores, issues
of a more comprehensive and in-depth study of the mineral and material
composition, as well as the improvement of existing technologies for the pro-
cessing of this type of raw material, become topical. Using optical methods of
analysis, electron microscopy with automated mineralogical analysis (MLA),
mineral and elemental composition of apatite was obtained. Taking into account
the studied mineralogical and material composition, experiments on grinding
and flotation were carried out. Based on these data, it was concluded that the
optimal scheme for the processing of phosphate ores is a flotation scheme with
preliminary selective disintegration.
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1 Introduction

Phosphates are one of the most important minerals on Earth, as they are used as
fertilizers for agriculture and as a necessary raw material for the chemical industry
(Brylyakov 2004; Abouzeid 2007). In addition, phosphates are the source of rare-earth
elements. They are used in many commercial and industrial products, such as: deter-
gents, toothpastes and fireproof materials. Worldwide consumption of P2O5 in all of the
areas above is projected to grow gradually from 44.5 million tons in 2016 to 48.9
million tons in 2020 (Jasinski 2017).

In the conditions of declining industrial high-quality reserves of phosphorus-
containing ores, issues of a more comprehensive and in-depth study of the mineral and
material composition, as well as improvement of existing technologies for processing
this type of raw material, become urgent. The study of the influence of the mineral raw
materials composition on the features of the beneficiation schemes construction is
given in the works of many authors (Aleksandrova et al. 2012; Evdokimova et al. 2012;
Gerasimova et al. 2018; Litvintsev et al. 2006; Mitrofanova et al. 2017).
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2 Methods and Approaches

The object of the study was apatite-nepheline ore of the Khibiny deposits group
(Russia) and phosphate ore of the Abu-Tartur deposit (Egypt). For the development of
beneficiation schemes and modes, complex studies were carried out on mineral and
elemental composition, including optical methods of analysis, electron microscopy
using automated mineralogical analysis (MLA), etc. As a result of the work, the
mineral composition of apatite-nepheline ore (ANO) and phosphate ore (PO) was
studied taking into account the data of optical and electron microscopic studies, spot X-
ray spectral and chemical analyzes, atomic emission spectrometry, automated miner-
alogical analysis. The chemical composition of ANO and PO is given in the Table 1.

To study the possibility of increasing efficiency of the flotation process, studies
were carried out on the selection of the optimal grinding mode and a series of flotation
experiments.

3 Results and Discussion

According to the mineralogical analysis, the main primary minerals of ANO are apatite
and nepheline, the contents of which are respectively 30.67 and 30.88%; minor
quantities contain pyroxenes, mica, feldspars, as well as natrolite and kaolinite –

secondary minerals formed due to the destruction of the primary mineral phases.

Table 1. The chemical composition of ANO and PO

Apatite-nephelineores
(Russia)

Phosphoriteore (Egypt)

Component Content, % Component Content, %

SiO2 32.50 SiO2 19.4
TiO2 2.20 TiO2 0.06
Al2O3 15.52 Al2O3 2.6
Fe 5.45 Fe 5.3
CaO 18.28 CaO 37.6
MgO 0.92 MgO 0.8
MnO 0.16 MnO 0.05
K2O 4.20 K2O 0.59
Na2O 5.56 Na2O 0.57
P2O5 12.50 P2O5 21.8
SO3 0.04 SO3 1.6
CO2 0.05 CO2 1.2
LOI 2.62 LOI 8.43
Total 100.00 Total 100.00
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Phosphorus-containing minerals of the sample are apatite, eschynite, phosphates of
rare-earth elements and lomonosovite, with a distribution to these minerals of 99.94,
0.01, 0.02 and 0.03% phosphorus respectively. Valuable minerals of the sample are
apatite – the main mineral concentrating phosphorus and nepheline – the main mineral
concentrating aluminum.

Apatite is the main mineral concentrator of phosphorus in the ore; it forms dis-
seminated prismatic crystals, vein clusters of crystals, less often massive clusters of
fractured xenomorphic grains, often included in the grains of other minerals - pyrox-
enes, mica, sphene, nepheline (Fig. 1).

Image: (a) - in reflected light; (b) - in backscattered electrons. Apatite is charac-
terized by a pronounced idiomorphism of grains that have clear crystallographic out-
lines; the shape of apatite grains is columnar, prismatic, acicular, which causes a weak
connection between them in aggregates. The crystalline form of apatite, the natural
brittleness of the mineral will contribute to the primary destruction of the mineral
during ore grinding and the concentration of apatite in smaller grades.

According to MLA data, 32.78% of the mineral in ore is distributed into free
particles, 22.29% into binary and 44.92% into polymineral intergrowth.

Phosphate minerals in PO are represented by carbonate-fluoroapatite, fluoroapatite,
hydroxylapatite, and francolite. The most common clay minerals in the studied sedi-
ments are smectites. The amount of kaolinite and illite in general is insignificant,
although their content is also high enough. Among the non-phosphate components of
the PO, detrital quartz, as well as ankerite and pyrite cement in unaltered phosphates,
are predominant. Pyrite and ankerite in many cases replace partially or completely
phosphate grains. Elements such as Ba, Cr, Ni, Sr, Y, and Zr are found in relatively
high concentrations, while Co, Nb, Pb, Rb, Th, and U are found in relatively low
concentrations (Abdel-Moghny and Zhabin 2011; Baioumy 2013) (Fig. 2).

Fig. 1. Apatite crystals in the aegirine-augite matrix. Spectra in (b): 1, 7 - nepheline; 2, 4 -
aegirine-augit; 3, 8 - apatite; 5, 6 - arfvedsonit

Mineralogical and Technological Aspects of Phosphate Ore Processing 61



To determine the optimal processing scheme for ANO and PO, samples with a
grain size of less than 2 mm and a mass of 550 g were ground in a ball mill in
accordance with the specifications given in Table 2:

The grinding results are shown in Fig. 3.
As a result of the grinding process study, it was found that with an increase in the

grinding time, the particle size sharply decreases, and pulp grinding with a solid content
of 50% gives the best results. Studies have also been conducted for the process of
grinding apatite ore with the addition of tributyl phosphate in amount of 500 and

Fig. 2. Electron microscopic images of PO (Baioumy 2013). (а) – rounded silica inclusions;
(b) – kaolinite plates

Table 2. Mill characteristics and experiment conditions

Mill Inner diameter (D), mm 125
Length, mm 170
Volume, cm3 2085
Critical speed, rpm 120

Media (Balls) Material Alloy steel
d, mm 19 22 25 27 28 29 30
Number 1 2 2 4 4 3 1
d, mm 32 34 35 36 39 40 41
Number 2 1 2 1 1 2 1
Specific gravity 7.8
Mass of balls, g 3388.5

Material Igneous & sedimentary phosphate ore
Specific gravity 3.1 & 2.7
Powder weight, g 550 gm
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1000 ml/ton. Studies have shown that the addition of surface-active substances (tributyl
phosphate) during grinding of ANO and PO does not only increase the efficiency of
grinding, but also partially convert rare-earth metals into soluble form with their
subsequent extraction.

Beneficiation of ANO and PO samples was carried out according to the flowchart
shown in Fig. 4.

Fig. 3. 3D relationship between the rotational speed and grinding time

Fig. 4. Block diagram of phosphate ore beneficiation
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Based on the studies, it was found that this scheme is optimal for both samples
(sedimentary and volcanic).

4 Conclusions

In the conditions of declining quality of industrial reserves of phosphate ores, issues of
a more comprehensive and in-depth study of the mineral and material composition, as
well as the improvement of existing technologies for the processing of this type of raw
material become topical. Achieving this goal is complicated by the constant decline in
the quality of ores involved in processing and requirement of 100% recycled water
supply implementation. Based on the mineralogical, chemical, material composition, as
well as technological research on the possibility of processing phosphate ores, it was
concluded that the optimal scheme for the extraction of apatite is a flotation circuit with
preliminary selective disintegration. At the same time, the possibility of extracting rare
earth metals has been established.
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