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a b s t r a c t

In the last decade, the phosphate reserves have started to decrease. In this study, both phosphate of Oum
El Khacheb’s (O.E.K) region (South of Tunisia) and its big rejections were characterized mineralogically
and chemically by several analysis methods such as the binocular magnifying glass, X-rays diffraction
technique, Technicon auto-analyzer, atomic absorption spectroscopy, and carbon sulfur analyzer. Then,
this work focuses on the coarse rejections of O.E.K’s phosphorites which can be valorized by the wet
grinding method. Therefore, we have used the methodology of experimental research to determine the
optimal grinding conditions. Results found by Doelhert matrix are: a duration at about 4 min, a pulp
on solid concentration of 45.00%, a number of cycles equals to 60 rpm and 3.87 as the jar’s loading.
The enhancement of the weight yields of phosphate recuperation increased significantly by 46.39% from
big rejections with 24.60% of P2O5 concentration.

� 2016 Published by Elsevier B.V. on behalf of China University of Mining & Technology.

1. Introduction

Since the beginning of the 20th century, the phosphate of
Tunisia has aroused a considerable interest on behalf of the whole
world researchers. Its agronomic qualities and advantages are
universally recognized and it is highly recommended for various
types of culture like phosphates’ fertilizer in direct application
and other industries such as medical applications [1,2].

For Tunisia, the phosphates have a paramount importance for
both the local transformation and its export. In fact, it ranks 5th
when it comes to phosphate producing-countries in the world
[3]. Tunisia may find the benefits by developing and exploiting
the smallest amount reserve on the ground. This concerns particu-
larly big discharges of phosphates waste of Oum El Khacheb’s
(O.E.K) deposits (basin Gafsa Metlaoui, South west of Tunisia), as
noted in Fig. 1. Tragically, these big rejections of phosphate are
causing pollution problems in the area of Metlaoui and embrace
a considerable content of P2O5 [4–8]. Actually, there are many
enrichment methods of phosphates in the world.

In Morocco, the phosphate calcination is due to the presence of
the organic matter which requires often a supplementary addition
of the sulphuric acid during the phosphoric acid’s manufacture
[9–11].

The Abbotabad phosphates ores, in Pakistan, contain high con-
centrations of carbonates and silicates. The shape of the particle
tested is between 74 and 208 lm. This phosphorite’s type is
enriched by acid leaching like HCl in order to increase the P2O5

concentration giving the best quality of phosphates in the world
[12].

In South Africa, the Phalaborwa’s igneous phosphate is a layer
with mixed ores of Cu–Fe–P associated with carbonates whose
copper constitutes the principal ore of this layer.

The process of enrichment consists in floating the copper ore,
the remaining magnetic product will be attracted by the electro-
magnet and the non-magnetic ore (of igneous phosphates) that
remains is valorized by direct flotation to recover phosphate’s con-
centrate [13].

The AbouTartour sedimentary phosphate ore, in Egypt, consists
of a matrix of pyrites dolomites minerals. Valorization is done
through a highly intensive magnetic separation [14,15].

However, the calcination requires two engines with high tem-
perature treatment; the cost of such treatment remains too expen-
sive to valorize O.E.K’s phosphate rejections.

The acid leaching treatment is like the lixiviation but it is
applied only in case of fine phosphate particles. Over a diameter
of 210 lm, the fraction will be out of the recovery zone. This study
aims the phosphates’ big rejection that is why such a treatment is
inconvenient.
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The valorization by magnetic separation is based on two separa-
tion process which is characteristic of particular igneous or slightly
magnetic phosphate types. This is not our case. Then these four
techniques aren’t suitable either for the economic or for the charac-
teristic of O.E.K’s phosphates’ wastes. Therefore, this work focuses
on the grinding technique which is convenient to both mineralogi-
cal and economical characteristics of Tunisian phosphate.

2. Materials and methods

2.1. Reagents

Our reagents for grinding are O.E.K phosphate and its big dis-
charges. In the following paragraphs, we intend to show the proce-
dures and precautions to be taken since the sampling of the ore till
the completion of the mineralurgic tests of the phosphorite
elements.

Only very few ores’ layers prove to be homogeneous. Those
taken in various places of the layer do not show a certain variation
in their response to processing techniques of phosphate ores [16].
Then, it is ensured of the right choice of representative samples for
analysis. It is essential that the geologist has a clear vision of the
mineralurgic implications entrained by various characteristics of
the ore. These features include the mineral species and their asso-
ciations, the dissemination degree and the deterioration one of the
oxidation due to the bad weather [17,18]. No doubt that the gath-
ered information will guide the mineralogist in his program of test-
ing. In fact, sufficient number of samples in various places of the
layer must be taken. The sampling must sweep all the deposit of
O.E.K. Therefore, the results of the tests should mirror what the
processing plants would really receive. For the same reason, the
samples are sufficiently significant and hence complete analysis
can be carried out on only one sample without having to remake
sampling.

Location in O.E.K distinct exits: from the east trench 17 (T17),
the center (T9) and the west (T1).

Quantity: one ton of each trench.
These samples were collected during November 2011.

2.2. Materials

The grinding is a step of dividing a solid, to increase its specific
surface and consequently its reactivity. In mineral processing,
grinding is done until the mesh’s liberation.

The release of an inorganic mesh is the size below which an
inorganic particle is completely released, that is to say, consisting
solely of mineral species to develop [19].

In the enrichment process, grinding constitutes an important
stage to increase the levels of P2O5 for the phosphate’s treatment
especially for the big evacuations. In phosphate industry, there
are two types of grinding methods, the dry and the wet ones. We
have chosen wet one using a grinder with rod mills and balls for
this spot.

In fact, the particularity of this grinding process is that particles
spread and the limit layer’s phenomena are widely dependent on
viscosity of prepared pulp [20]. In addition, grinding isn’t the last
treatment before expedition. There are other treatments like
desliming and flotation which demand humid pulp as reagent.
Finally, the recovery rate of wet grinding is far away important
than the dry one and the process has a benefit of 30% of energy
at list.

Conditions to apply wet grinding using rod mills and balls are as
follows: discontinuous grinding time is between 30 min and 20 h;
rate of filling must be between 20% and 40% of the grinder’s total
volume; and rotation’s speed that must be calculated hence
remains in 50–85% of the critical engine failure speed [20,21].

For a grinder within internal diameter D (m), its critical engine
failure speed VCr (r/min) is calculated from Eq. (1)

VCr ¼ 42:3ffiffiffiffi
D

p ð1Þ

There are two stages of grinding. In the first stage, the matter
will be crushed according to two operations: percussion and tritu-
ration. The second stage of grinding is the completion.

Trenches T1, T9 and T17
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Fig. 1. Oum El Khacheb’s geological site (South of Tunisia).
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