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LEACHING OF CALCINED PHOSPHATE ORE PARTICLES WITH PHOSPHORIC AND ACETIC ACID SOLUTIONS AT 25 • C: KINETIC CURVES AND RELATED TEXTURAL CHANGES
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The reactivity of calcined Tunisian phosphate ore was studied in both phosphoric and acetic solutions. Phase analysis from X-ray diffraction and IR absorption data indicate that carbonate apatite, or francolite, and fluorapatite are the main phases. However, it was observed that the calcium oxide phase, evident at the most intense peak (d=2.401 Å;2θ= 37.42 • ) and at the adsorbant band at around 700 cm -1 disappeared or were weakly defined for the solid leached in acetic medium. Nitrogen adsorption-desorption analysis shows a rising of mesopores at the surface of the leached particles and then an increase of their specific surface area, SBET . The scanning electron microscope micrographs of the particles and their size distribution show a constancy of their outer dimensions during attack.

INTRODUCTION

With regard to the increasing demand of phosphate and fertilizers, certain producer countries have begun to exploit low-grade phosphate reserves such as calcareous, dolomitic, or siliceous ores. This requires some enrichment methods. The heat treatment or calcination, flotation, selective extraction, and leaching using acidulated solutions are the main methods.

There are some investigations of enrichment of sed imentary and calcareous phosphate ore using selective extraction of calcite with HCl and NH 4 Cl [START_REF] Tsailas | Study on the possibilities of beneficiating epirus unaltered phosphate rocks[END_REF], dilute H 3 P O 4 [START_REF] Economou | A Contribution in the Beneficiation of the Phosphate Limestones Study on the Epirus Phosphate Rocks[END_REF]Sdoukos, 1985aSdoukos, , 1985b)), and dilute acetic acid solutions [START_REF] Sadeddin | Minimization of free calcium carbonates in hard and medium hard phosphate rocks using dilute acetic acid solutions[END_REF]Abu-Eishah et al., 1991;[START_REF] Economou | Beneficiation of Greek calcareous phosphate ore using acetic acid[END_REF]. These selective extraction methods were based on the relatively higher rate of dissolution of the calcite compared with that of the carbonated apatite or francolite. These two minerals are mainly present in sedimentary phosphate ores such as the Tunisian ore from the Gafsa mining area [START_REF] Mgaidi | Chemical and structural changes of raw phosphate during heat treatment[END_REF] or the phosphorite Greek deposits [START_REF] Economou | Kinetics of dissolution of the carbonate minerals of phosphate ores using dilute acetic acid solutions[END_REF]. It was reported by the latter authors that the francolite minerals have the empirical formula Ca 9.51 Na 0.35 Mg 0.14 (PO 4 ) 4.47 (CO 3 ) 1.26 F 2.50 , which is generally accompanied by the calcite (CaCO 3 ) and dolomite (MgCO 3 ) minerals. The same authors indicated that the selective dissolution of carbonates with dilute acetic acid was used as an enrichment method of lowgrade phosphate ores from the Epirus area. Accordingly, this process leads to a phosphate concentration of about 31% P 2 O 5 from only 13.92% for the starting material.

In the same way, we have previously studied the leaching process of Tunisian phosphate ore in diluted phosphoric acid solutions [START_REF] Ben Brahim | Exploration of mesoporous structure of tunisian raw and acid-leached phosphate ore particles[END_REF][START_REF] Ben Brahim | Kinetics of leaching of tunisian phosphate ore particles in dilute phosphoric acid solutions[END_REF][START_REF] Mgaidi | Change in the surface area and dissolution rate during acid leaching of phosphate particles at 25 • C[END_REF]. We have investigated the change in porosity of the raw material [START_REF] Ben Brahim | Exploration of mesoporous structure of tunisian raw and acid-leached phosphate ore particles[END_REF][START_REF] Mgaidi | Change in the surface area and dissolution rate during acid leaching of phosphate particles at 25 • C[END_REF], and we have particularly pointed out the effect of the mesoporous structure on the kinetic rates [START_REF] Ben Brahim | Kinetics of leaching of tunisian phosphate ore particles in dilute phosphoric acid solutions[END_REF].

On the other hand, some previous contribution studies dealing the enrichment method of phosphate rocks by calcination have been published. Some of them have been applied at different scales (Abouzied et al., 1980;[START_REF] Kumar | Calcination of phosphate rocks[END_REF][START_REF] Lehr | Beneficiation of High Carbonate Ores[END_REF][START_REF] Fava | Procédé d'enrichissement d'un minerai à gangue carbonatée notamment d'un minerai de phosphate[END_REF][START_REF] Becker | Phosphate and Phosphoric Acid[END_REF][START_REF] Kaljuvee | Enrichment of carbonate-phosphate ores by calcinations and air separation[END_REF][START_REF] Zafar | Optimization of thermal enegiciation of a low grade dolomitic phosphate rock[END_REF][START_REF] Blazy | Décarbonation des phosphates sédimentaires par calcination dynamique[END_REF][START_REF] Mgaidi | Chemical and structural changes of raw phosphate during heat treatment[END_REF]. Dealing with Moroccan deposits, [START_REF] Arafan | Traitement thermique d'un phosphate très riche en matière organique et valorisation du phosphate calciné Y2, internal report[END_REF] applied a new calcination process that consists of two-stage thermal processing under a controlled atmosphere. This process leads to a calcined phosphate rock having high P 2 O 5 content (>32.25%) and very low impurity levels (CO 2 < 1%, organic C < 250 ppm, sulfur compounds < 60 ppm). In a more recent work, Özer et al. (2002) studied a flue gas deuslfuration with phosphate rock in a fluidized bed. Raw and calcined phosphate ore samples were considered. They have pointed out that according to [START_REF] Lodha | Characterization of low grade rock phosphates and their beneficiation for fertilization industry[END_REF], the presence of carbonates in rocks is undesirable from a H 3 PO 4 manufacturing point of view. First, carbonates consume additional H 2 SO 4 during the manufacture of phosphoric acid and superphosphates. Second, carbon dioxide produced during the reaction causes foaming, and this leads to the formation of smaller gypsum crystals. These blind the downstream phosphogypsum filters, and a low-quality phosphoric acid may be produced.

In spite of all theses studies dealing with the heat treatment of natural phosphate ores, neither the evolution of the textural parameters nor the kinetic behavior in acidic media of calcined phosphate ore particles have yet been investigated. As early as 1972, [START_REF] Levenspiel | Chemical Reactions Engineering[END_REF] pointed out that heat and mass transfer may play important roles in determining the rates of the solid-liquid reactions. In that case, the problem is to find out which parameters, related to the solid, affect the rate of dissolution and to what degree. According to [START_REF] Becker | Phosphate and Phosphoric Acid: Process Review[END_REF], the major factor that controls the reaction rates is the specific surface area of the phosphate rock. So if the rock was coarse and nonporous, the reaction rate would be low. Previous studies in our laboratory have shown the importance of mesoporosity in the dissolution of phosphate ore in dilute aqueous phosphoric acid solutions [START_REF] Ben Brahim | Exploration of mesoporous structure of tunisian raw and acid-leached phosphate ore particles[END_REF][START_REF] Ben Brahim | Kinetics of leaching of tunisian phosphate ore particles in dilute phosphoric acid solutions[END_REF][START_REF] Mgaidi | Change in the surface area and dissolution rate during acid leaching of phosphate particles at 25 • C[END_REF].

The present work consists of a contribution to the investigation, at laboratory scale, of the behavior of heattreated natural phosphate during an acid attack. It concerns the dissolution of a sample of one size fraction particles in two acidic media, phosphoric and acetic. In this study, both the structural and textural changes of the remaining solids as well as the evolution of the chemical compositions of the leach solutions were investigated.

EXPERIMENTAL SECTION

The material used was natural phosphate ore from the Gafsa mining area in southwest Tunisia. A certain quantity of phosphate was sieved, and the 63-250 µm fraction was collected. The heat treatment of the obtained sample was performed in an electric furnace at 780 • C for 1 hour under air atmosphere. The rise of temperature was 10 • C min -1 . We have noted that the sintering process did not induce any collage on the side of the crucible. The dissolution was carried out in 100 mL jacked glass maintained at constant temperature with circulating water kept at 25 • C. For each experiment, 50 mL of a 1.4 M acid solution (phosphoric or acetic) was transferred into the reactor. Phosphoric and acetic acids used are reagent grade. The reaction was initiated by adding 5 g of calcined phosphate at time t = 0; the particle residence time in the reactor was varied between 0 and 30 min. At the end of each experiment, the unreacted remaining solid was separated by filtration as quickly as possible and then washed, dried, and weighed. In addition, the solid and the liquid phases were kept for further investigation and analysis. In a separate experiment, we have recorded in situ the pH variation versus time using a glass electrode.

X-ray powder diffractometry was used to identify the mineralogical constituents of the phosphate ore samples. The phases present were determined by comparing the patterns with JCPDS standards. Measurements were made on a PHILIPS diffractometer apparatus using CuKα radiation. Scans were performed over the 2θ range from 20 • to 60 • . The phosphate samples were further investigated by IR spectroscopy analysis on a PERKIN ELMER instrument using the KBr pastille technique.

The P 2 O 5 and CaO contents of each filtrate were determined. P 2 O 5 was analyzed using a colorometric method