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ANALYSIS OF THE SETTLING 
PROCESS TO IMPROVE THE QUALITY 
OF PHOSPHATE PRODUCTS OF THE 
DJEBEL ONK DEPOSIT

The object of the study is the phosphates of the Djebel Onk region, which are part of a vast group of phosphate 
deposits formed in the Late Cretaceous-Eocene period on the South and Southeast Mediterranean shores. These 
concentrations of economic interest are operated near the town of Bir El Ater (Tebessa, Algeria). The mining industry 
based on the extraction and processing of different minerals while respecting the environmental framework plays 
an important role in the economy of a country. The economic potential of each country will be determined based 
on the level of production of metals and various mineral substances. In the case of the Djebel Onk phosphate ore, 
the most dominant mineral in addition to P2O5 is calcium carbonate CaCO3 with more than 50 % in the all-mineral 
content. In addition, phosphate concentrate contains harmful elements which reduce the value of the market 
product. Therefore, this study aims to recover the enriched product efficiently and profitably with a minimum of 
deleterious elements. This work aims to develop a treatment technology with a minimum rejection rate, which allows 
for achieving production goals and reducing environmental impacts. For this purpose, we proposed an enrichment of 
these phosphate discharges from the settling process utilizing pneumatic selection (Turbo Separator Ventilate – TSV).  
The results of the chemical analyses confirm the significant difference in useful and major elements (P2O5) and 
the minor and harmful elements (MgO). According to the granulochemical analysis of each slice, it is possible to 
note that the P2O5 content is similar to the various particle-size slices. It is therefore necessary to treat the mass 
of waste if we want to recover as much phosphate as possible. The obtained X-ray diffractograms highlighted 
appreciable differences between the raw phosphates and the concentrates, in fact, the qualitative and quantitative 
variation of the mineralogical species, particularly the calcite, quartz, dolomite, and apatite. TSV is a process used 
to improve the quality and quantity of phosphate and to eliminate the layer below 0.8 mm. Corresponding to the 
analyses it was appeared that the P2O5 content 29.5–30 % of the settled product increases to 30.2–31 % after dust 
removal. Then it is possible to achieve an increase in the quality of phosphate from 63/65 % TPL to 66/68 % TPL.
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1.  Introduction

Phosphate deposits were formed at the end of the Cre-
taceous-Eocene in the region of Djebel Onk. Deposits in 
this region contain a variety of trace elements, including 
lead and chromium, which exceed the requirements of 
the mineral industry  [1]. The formation of these deposits 
is influenced by factors such as structural disturbance, 
tectonic activity, and deposit  [2]. Petrological, geochemi-
cal, and biostratigraphic studies have been carried out to 
understand the factors that influenced the enrichment and 
deposition of its phosphorite deposits [3]. The phosphorite 
deposits in the Djebel Onk region are characterized by their 
stratification, their internal structure, and their deposition 

in a coastal environment  [4]. The deposits are composed 
of phosphate substances such as kuskite, which reflect 
different generations and diagenetic stages of phosphorite 
formation  [5]. These phosphorite deposits constitute im-
portant resources and their formation and characteristics 
have been the subject of extensive study. The economic 
operation near Bir El Ater locality which contains sig-
nificant reserves of phosphate ores aims to improve the 
P2O5 content of phosphate ore tailings and bring economic 
value to the mining district  [6, 7]. The mining industry 
is crucial for the economic development of the country. 
The industry contributes significantly to the national 
Gross Domestic Product (GDP), exports, and job crea
tion, which promotes regional and rural development  [8].  
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Djebel Onk is known for its phosphate deposits, making it 
a leading global phosphate exporter  [1]. However, mining 
activities in Djbel Onk and other regions have negative 
environmental impacts, including changes to the natural 
landscape and severe environmental consequences [9]. De-
spite challenges, the mining sector has the potential to 
benefit the national economy and local communities in 
various ways  [10]. Therefore, management and regulation 
of the mining industry, including waste treatment and 
efficient use of natural resources, are essential for sus-
tainable development and environmental protection  [11].

Mining companies face various technical and scientific 
challenges in the course of their activities. These challenges 
include the need for innovative modernization of mining 
equipment and increased reliability, widespread adoption of 
Industry 4.0 technologies, transition to green mining, and 
improved workplace safety and accident prevention  [12]. 
There are also gaps in board assurance of technical and 
operational risks, particularly with geotechnical risks, re-
quiring a better understanding of the technical complexi
ty and variability of operations mining  [13]. Improving 
ore processing technology involves the development and 
implementation of new technologies and methods aimed 
at improving the efficiency and effectiveness of the ex-
traction and processing of metal ores. This includes the 
combination of traditional and new technologies, such as 
the leaching of metals from ores contained in underground 
blocks and the use of disintegrator-type activators  [14].

The mining industry has recorded progress in ore pro-
cessing through the use of new technologies [14–16]. These 
advancements include the use of advanced machinery and 
equipment, which has made mining operations more ef-
ficient and productive  [17]. Additionally, there is a trend 
toward processing man-made waste accumulated over the 
years as traditional ore deposits become depleted. The 
combination of traditional and new technologies has been 
identified as a priority direction for the extraction and 
beneficiation of metal ores.

The ongoing challenges related to phosphate releases 
require special attention due to the potential environmental 
risks associated with the presence of heavy metals in the 
releases. Various research studies have been carried out to 
develop methods for the recovery of Phosphorus (P) from 
different waste resources including food waste, manure, 
mining waste, and sewage sludge  [18]. Additionally, the 
management of phosphate waste from mining operations 
is crucial to avoid harming the local environment. A new 
approach based on the intrinsic properties of the minerals 
present has been proposed for the recovery of phosphate 
waste, to control impurities and reuse them in the mining 
complex [1]. This study aims to recover the enriched product 
efficiently and the development of a treatment technology 
with a minimum of rejection, which allows for the achieve-
ment of these production objectives and reduces its envi-
ronmental impact. For this purpose, an enrichment of these 
phosphate wastes from the settling process utilizing pneumatic 
selection is proposed (TSV – Turbo Separator Ventilate).

2.  Materials and Methods

2.1.  Study zone description. The phosphates of Djebel 
Onk region located in southeastern Algeria, 100 kilometers 
southwest of Tebessa and 20 km from the Algerian-Tunisian 
border, are part of a vast group of phosphate deposits formed 

in the Late Cretaceous–Eocene period on the South and 
Southeast Mediterranean shores  [1, 19, 20]. The localiza-
tion map of the Djebel Onk region is illustrated in Fig. 1.

 
Fig. 1. Localization map of the study zone (QGIS open-source)

The phosphate deposit geology of the Djebel Onk region 
is relatively simple; and is constituted by the stratifica-
tion of layers that pass from Maastrichtian at the base 
to the Miocene at the top, surmounted by Quaternary 
deposits made up of scree and sandy alluvial formations. 
The phosphate mineralization of the deposit is of an upper 
Thanetian age, represented by layers that can rich more 
than 30  m thick  [21–23].

2.2.  Physicochemical characterization of phosphate ore from 
Djebel Onk. The raw phosphate samples were studied from 
the Djebel Onk (Tebessa, Algeria). The physicochemical and 
mineralogical characterization of these samples was performed 
by various quantitative and qualitative analysis methods to 
define the mineralogical and chemical characteristics. The 
distribution of the chemical contents of major elements of the 
studied raw phosphate ore samples is presented in Table  1.

Table 1

Chemical analyses by granulometric classes of the phosphate sample

Granulometric size 
fractions, mm

% by mass

P2O5 CO2 MgO

<0.1 18.47 6.6 5.89

+0.1–0.5 28.5 7.5 1.26

+0.5–0.8 26.12 8.7 2.08

+0.8–1 23.06 11.8 3.91

>1 21.4 14.13 5.13

Overall 28.1 6.6 1.28

The results of the chemical analyses confirm the sig-
nificant difference in useful and major elements (P2O5) 
and the minor and harmful elements (MgO).

2.3.  X-Ray diffraction analysis (XRD). The analysis was 
conducted on the raw, settled, and dust-removed phosphate 
samples. The diffractograms were performed using an X’Pert 
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PRO diffractometer (made in the UK), an X-ray tube 
with a copper anticathode. The obtained X-ray diffracto-
grams highlighted appreciable differences between the raw 
phosphates and the concentrates, in fact, the qualitative 
and quantitative variation of the mineralogical species, 
particularly the calcite, the quartz, dolomite, and apatite.

A clear reduction in the intensity of the line’s charac-
teristic of carbonates and quartz in phosphate concentrates, 
obtained from dust removal, and its importance in the 
crudes and the settled product, with, however, a  relatively 
important phosphate phase in the concentrates.

2.4.  Microscopic observations. The microscopic obser-
vations carried out on of dust-removed product of phos-
phate samples, previously prepared, were performed using 
a binocular ZEISS STEMI 2000-C magnifying glass (made 
in  Germany). The result is shown in the Fig.  2.

 
Fig. 2. Microscopic observations of dust-removed product of phosphate 

samples with a binocular magnifier [1]

2.5.  Turbo separator ventilate – TSV. TSV is a third 
production classifier for separation in the turbine blade 
channels. The particles are subject to two opposing forces: 
centrifugal force due to the rotation of the turbine and 
drag force due to the centripetal arrival of gases.

The purpose of the installation of the dry track is to 
obtain, through a more efficient pneumatic selection, an 
increase in production as well as an increased quality of 
the finished product, and this is based on the turbine speed 
parameters of the TSV and supply flow, the 
control of these parameters decides on the 
optimization of the quality produced.

The crushed ore is transported to pneu-
matic blade selectors whose operating prin-
ciple is as follows:

–	 The crushed product cascades over a se-
ries of superimposed shutters and a current 
of air passes between the shutters.
–	 For a given airspeed, all particles with 
a dimension greater than 0.08  mm cas-
cade down to the bottom of the selector 
without being carried away by the air 
current.
–	 Particles with a dimension the air cur-
rent carry less than 0.08  mm through 
the blades.
In general, at the level of the selectors, an 

operation is carried out such that the fines 

rise by an ascending air current towards the bag filters, 
and the large particles fall under the effect of their weight.

The granulochemical results of the settling supply ma-
terials are given in Table  2.

Table 2
Granulochemical results of settling supply materials

Products
Particle size 
slices, mm

Weight,  
%

P2O5,  
%

CO2,  
%

MgO,  
%

Supply
TSV: 86 tr/mn

SAS: 600 tr/mn

Overall 99.99 29.45 7.29 1.40

+0.5 4.54 28.90 7.95 /

+0.1 81.80 30.05 6.46 /

+0.09 1.30 25.80 11.26 /

–0.09 12.35 24.95 12.25 /

Overall weighted 29.31 7.30 /

Big
TSV: 86 tr/mn

SAS: 600 tr/mn

Overall 100 30.15 6.30 0.88

+0.5 3.06 28.80 7.95 /

+0.1 95.61 30.28 6.13 /

+0.09 0.89 27.80 8.94 /

–0.09 0.44 26.70 10.60 /

Overall weighted 30.20 6.23 /

Fines TSV
TSV: 86 tr/mn

SAS: 600 tr/mn

Overall 100 25.80 11.26 3.80

+0.5 49.85 26.45 10.60 /

+0.1 50.15 25.20 11.92 /

Overall weighted 25.82 11.26 /

Note: TSV – Turbo Separator Ventilate; SAS – Sieve Analysis System

Following the performance tests relating to the TSV 
and after analyzing the particle size and chemistry of the 
product outgoing the TSV we observed the following:

–	 The 0.09  mm low cutoff portion is 0.5  % which con-
firms its goodness as well as its effectiveness.
–	 Given that the weight yield is an essential element 
to know our weight loss, the machine was able to show 
an encouraging yield of 74  % or 26  % loss.

3.  Results and Discussion

The results of proposed enrichment of phosphate wastes 
from the settling process utilizing pneumatic selection (Turbo 
Separator Ventilate – TSV) are demonstrated in Fig. 3–5.
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Fig. 3. Product supplying TSV
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Fig.  3 shows that the P2O5 content increases when the 
CO2 content decreases. Moreover, the P2O5 content of samples 
with dimensions greater than 0.08 mm and less than 0.1 mm 
was found to be high; on the other hand, the slices greater 
than 0.1  mm and the thin ones (<0.08  mm) were reduced.

Fig.  4 shows that the P2O5 content increases when the 
CO2 content decreases. However, the percentages of P2O5 
in the section (–0.08+1  mm) of outgoing products increase 
by contribution to the supply, and the percentages of CO2 
are reduced.

Fig. 5 shows that the P2O5 content increases when the  
CO2 content decreases.

Nevertheless, the P2O5 content of the fines is reduced 
by contribution to the outgoing product; however, the CO2  
content is increased.

3.1.  Granulochemical analyzes of the settled material.  
In the settling workshop, the screened product with a par-
ticle size <2  mm undergoes classification, which essentially 
consists of eliminating the external silica from the exo-
gangue as well as the clays. In the settled ore, it is below 
100  microns that there is a sudden depletion of phosphate, 
compensated by an increase in silica and dolomite (Table 3).

Under these conditions, a too imprecise particle size 
cut-off during desliming (low cut-off) will lead to a signifi-
cant reduction in the content of the settling. The settled 
ore has an average content of 65  % DWT; the ore un-
dergoes purely physical treatment. The workshop weight 
yield is 72  %, thickeners with a diameter of 50  m for the 

decantation of clayey sludge. The overflows are collected 
in a buffer basin.

Table 3
Granulochemical analyzes of the settled material

Products
Particle size 
slices, mm

Weight,  
%

P2O5,  
%

CO2,  
%

MgO,  
%

Settling 
supply

+1 17.52 21.80 14.00 4.99

+0.8 1.31 24.20 11.50 3.34

+0.5 5.01 27.40 8.30 1.92

+0.1 69.66 28.50 7.30 1.39

–0.1 66.49 19.00 7.00 5.96

Overall 99.99 28.00 7.00 1.51

Settled 
product

+0.5 4.54 27.30 8.70 2.38

+0.1 88.38 30.10 6.70 1.06

–0.1 7.07 20.00 10.70 6.74

Overall 99.99 29.70 7.40 1.13

Fig.  6 shows that the P2O5 content increases when 
the CO2 and MgO content decreases.

Also, the P2O5 content of samples with dimensions greater 
than 0.08  mm and less than 0.1  mm was found to be high; 
on the other hand, the slices greater than 0.1  mm and the 
thin ones (<0.08  mm) were reduced.

Fig.  7 shows that the P2O5 content increases when 
the CO2 content decreases.
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Though the P2O5 content of the fines is reduced 
compared to the outgoing product, the CO2 content  
is increased.

3.2.  Manufacturing of phosphates fertilizers. In the 
settled ore, it is below 100  µm that there is a sudden 
depletion of phosphate, compensated by an increase in 
silica and dolomite. Under these conditions, a too im-
precise particle size cut-off during desliming (low cut-
off) will lead to a significant reduction in the content 
of the settling to eliminate the fines (<0.08  mm) see 
Fig.  8 and Table  4.

The basic raw material for phosphate mineral fertilizers 
is natural calcium phosphate extracted from deposits, the 
largest of which are located in Morocco, the USA, Russia, 
and the Middle East. A second raw material is Sulfur used 
for the manufacture of sulfuric acid which makes the phos-
phate more soluble. One of the manufacturing processes for 
mineral phosphate fertilizers consists of first manufacturing 
sulfuric acid (H2SO4) by combustion of sulfur and absorption 
of the sulfur trioxide (SO3) formed. A second raw material 
is Sulfur used for the manufacture of sulfuric acid which 
makes it possible to make the phosphate more soluble than 
mixing the acid and the finely ground natural phosphate to 

obtain the simple Superphosphate 
which contains 18 to 25  % P2O5.

Another process consists of 
manufacturing phosphoric acid 
(H3PO4) by attacking the natu-
ral phosphate with concentrated 
sulfuric acid, with the elimina-
tion of the calcium sulfate (phos-
phogypsum) then reacting the 
phosphoric acid with the natural 
phosphate to obtain the Triple su-
perphosphate (TSP): it contains  
38 to 45  % P2O5.
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Table 4

Technical data sheet of the 63/65TPL phosphate quality  
of the settled product

Major Elements Content, %

Phosphoric Anhydride (P2O5) 29.50 to 30.00

Carbonic Anhydride (CO2) 7.2 to 6.5

Sulfuric Anhydride (SO3) 3.00 to 2.30

Calcium oxide (CaO) 49.00 to 50.00

Magnesium Oxide (MgO) 1.00 to 0.80

Iron oxide (Fe2O3) 0.40 to 0.35

Aluminum oxide (Al2O3) 0.35 to 0.40

Sodium Oxide (Na2O) 1.10 to 1.20

Potassium Oxide (K2O) 0.10 to 0.09

Silicon Oxide (SiO2) 3.00 to 2.50

Humidity (H2O) 0.90 to 0.70

Loss on ignition (CO2 deducted) 2.80 to 2.75

Fluorine (F) 3.60 to 3.70

Chlorine (Cl) in ppm 400 to 500

C-Org 0.10 to 0.20

P2O5 Soluble in 2 % citric acid 10.50 to 10.00

P2O5 Soluble in 2 % formic acid 20.00 to 18.00

According to the analyses, it appears that the P2O5 
content (29.5 to 30  %) of the settled product increases 
to (30.2 to 31  %) after dust removal. Then it is possible 
to achieve an increase in the quality of phosphate from 
63/65  % TPL to 66/68  % TPL.

3.3.  Limitation and prospective research. Phosphate 
mining can have numerous negative repercussions on the 
environment, including deforestation and destruction of 
natural habitats, alteration of landscapes, soil erosion, air 
and water pollution, degradation of water quality, impact 
on biodiversity, and risks to human health.

Mining activity is increasing in Algeria and is vital to 
the country’s economic development. However, it has many 
challenges to overcome to do so, and must solve important 
technical and scientific questions related to ore processing:

–	 improvement of processing technologies;
–	 recovery and treatment of phosphate waste while 
respecting the environment;
–	 establishment and introduction of the automatic 
control system.
The objective in this case is to develop a treatment 

technology with minimal rejection, which allows mining 
companies to achieve production targets and reduce en-
vironmental impacts. To achieve this, it is necessary to:

–	 recovery of waste from the production chain to extract 
P2O5 and carbonates in the form of CaO and MgO;
–	 use other treatment processes to eliminate heavy 
metals or any other element that could harm the quali
ty of the commercial product.
Indeed, the mining industry continues to make great 

progress when using new technology for ore processing. 
However, despite this industrial revolution, the treatment of 
waste remains a hot topic. These releases are certainly low 
in content but can be recovered by adopting appropriate 

technology for these purposes. They can also contain heavy 
metals which will cause serious environmental problems 
if they are not treated. In addition, these non-renewable 
resources must be recovered in a very profitable way for 
the population that lives them to be able to be part of 
the logic of sustainable development.

4.  Conclusions

The obtained results of the chemical analyses confirm the 
significant difference in useful and major elements (P2O5) 
and the minor and harmful elements (MgO). According 
to the granulochemical analysis of each slice, let’s note 
that the P2O5 content is similar to the various particle 
size slices. It is therefore necessary to treat the mass of 
waste if we want to recover as much phosphate as possible.

The obtained X-ray diffractograms highlighted appre-
ciable differences between the raw phosphates and the 
concentrates, in fact, the qualitative and quantitative varia-
tion of the mineralogical species, particularly the calcite, 
the quartz, dolomite, and apatite.

This work aims to develop a treatment technology with 
a minimum rejection rate, which allows for achieving pro-
duction goals and reducing environmental impacts. For 
this purpose, an enrichment of these phosphate discharges 
from the settling process utilizing pneumatic selection is 
proposed (Turbo Separator Ventilate  – TSV). The TSV 
is a process used to improve the quality and quantity 
of phosphate and to eliminate the layer below 0.8  mm. 
According to the analyses, it was appeared that the P2O5 
content 29.5–30  % of the settled product increases to 
30.2–31 % after dust removal. Then it is possible to achieve 
an increase in the quality of phosphate from 63/65  % 
TPL to 66/68  % TPL.
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