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Abstract. An attempt has been made in this investigation to develop a chemical method for
treating molybdenite concentrate from Qattar (Eastern Desert, Egypt). The core of the process
lies in replacement of pyrometallurgical processing with a hydrometallurgical method using
oxygenated nitric acid leaching under atmospheric and oxygen pressure. The effects of
temperature, acid concentration, partial pressure as well as the kinetics of leaching process
were studied.
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1. Introduction

Molybdenite deposits in Egypt are located in four main localities in the northern
part of the Eastern Desert. These localities are Gebel Qattar, Abu Marwa, Abu Harba
and Umm Disi. The Qattar molybdenite deposit is considered the largest (Dardir 1968;
Said, 1990). At Gebel Qattar molybdenite mineralization occurs at the intersection of
27°05' 29" N and 33° 16' 10" E. Molybdenite occurs in quartz veins as disseminations
in the host granite. Total reserve of the area was estimated to be about 4.5 gigagrams
(Gg) (Burgov 1983). Hydrometallurgical processing of molybdenite has received
attention recently by process which involves roasting and pressure leaching with
ammonium sulphate (Janngg, 1963). Oxidation and leaching of molybdenite
concentrate using sodium hypochlorite (Bhappu et al. 1965; lordanov 1962; He et al.,
2007; Peng et al., 2007), acid chlorate or sulphuric acid with added managanese
dioxide were also triad (Reznikov and Necheava 1962; and Zelikman and yashine et
al., 1991). The use of hypochlorite or chlorine solution for leaching was abandoned
due to the corrosive effects of leachants and problems associated with using highly
toxic gases. Other methods were examined using sodium chromate as a leaching agent
(Bartecki and Rycerz,L. 1988; Antonigeric and pacovic 1992) and bacterial leaching
(Ivanov, 1962; Yashine et al., 1991). In India chlorination is used for treatment of low-
grade molybdenite concentrate in fluidized bed reactor (Evans 1988; Nair et al. 1988;
Johnston and Pickles 1990). In Russia, interaction of molybdenite concentrate with
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nitric acid was investigated (Bjarling, G. and Kolta, G.A. 1964; Chursanov et al.,
1987; Peters, 1992; Zhang (2009); Smirnov et al., 2010).

The objective of this investigation is to study nitric acid leaching of
molybdenite concentrate under atmospheric and oxygen pressure as well as the
kinetics of pressure leaching process.

2. Experimental
2.1. Material and Methods

Gebel Qattar molybdenite ore occurs in two forms. The fist form, crystals, are
irregularly distributed in the quartz veinlets. They are well developed showing length
variation between 2 to 3 cm. The second form is massive ore at wall rock confined to
areas between molybdenite crystals bearing quartz veins and the granitic host rock.
The chemical composition of the investigated Gebel Qattar molybdenite concentrate is
given Table 1.

Table 1. Chemical analysis of the investigated Gebel Qattar molybdenite concentrate

composition percentage (by weight)
Mo 30.2
S 243
Ni 0.17
Cu 0.35
Fe 1.62
Si 7.05
Total 99.5

2.2. Apparatus

The pressure leaching experiments were carried out in 2 dm’ laboratory
autoclave. The autoclave had the following features: a maximum working pressure of
20.6 MPa temperatures of 300°C and stirring speed of 1600 rpm. Description of used
apparatus is given ells where (Amer, 1996)

Details on leaching experiments in open vessel and in autoclave are given
elsewhere (Amer, 1996).

2.3. Analysis

Molybdenum in solution and in solid samples was analyzed
spectrophotometrically. The technique follows that of Jefferry and Justschison (1981)
which was modified by the Chemistry Division of the Federal Geological Survey in
Germany.
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3. Results and discussion
3.1. Mineralogical study

X-ray examination along with microscopic investigation of representative
molybdenite sample revealed that molybdenite mineral content is about 1%. Quartz
seems to be the main gangue mineral, present mainly as coarse anhedral crystals with
smooth interlocking borders, constitutes about 70 % of the sample. Feldspars follows
quartz in abundance. Oligoclase and orthoclase occur as fine to coarse anhedral grains,
occasionally interstitial, or being enclosed in quartz. They form about 17% of the
volume in the studied sample. Some micaceous minerals are present as muscovite and
biotite (about 7%). Molybdenite is represented by globular forms having well
developed concentric texture. Molybdenite grains show wide size variation.

3.2. Hydrometallurgical processing of molybdenite concentrate
3.2.1. Atmospheric leaching

The purpose of atmospheric acid leaching of molybdenite is to produce a very
pure molybdenite oxide as the ordinary roasting process does not involve any
purification and provide volatilization losses. Leaching of molybdenite with aqueous
nitric acid is carried out according to the following reaction:

MoS, + 6NO 3 — MoO %, + 2SO *, +6NO . )

Factors which influence the leaching rate of molybdenite are temperature,
leaching time and nitric acid concentration. Results showing the effect of these factors
on the leaching of molybdenite are illustrated in Figs 1 and 2. Molybdenum extraction
has been found to increase with the increase of temperature and leaching time.
Maximum molybdenum leaching recovery (96%) was reached at temperature of
100°C after 225 min of leaching a time. The effect of nitric acid concentration on
molybdenum extraction is shown in Fig. 2. Generally as nitric acid concentration
increases from 5 to 10 %, the molybdenum recovery increases at different leaching
times. Practically, an increase of the acid concentration more than 10%, especially at
long leaching time of 180-225 min had no effect on the molybdenum leaching
recovery. It could be concluded that under atmospheric leaching conditions the
maximum molybdenum extraction of 96% is reached under the following conditions:

temperature :100°C
leaching time : 225 min
nitric acid concentration : 10%
pulp density : 10%.

From these conditions, it appears that the process of molybdenite leaching is
slow under atmospheric conditions. For that, a series of experiments were carried out
using autoclave to accelerate the rate of molybdenum recovery and to increase Mo
recovery.
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The temperature effect on the molybdenum leaching recovery has been studied
over a temperature range from 120° to 200°C and the results are given in Fig. 3.
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It is obvious that the reaction rate increases with increasing temperature and
reaches its maximum value at 200°C (2.9 x 10’ sec™). As illustrated in Fig. 4 the plot
of In (1-) versus ¢ over the studied temperature range consists of a series of straight
lines indicating that leaching of molybdenite fits a first order reaction, where slopes of
these lines gives the rate of reaction (K).

An Arrhenius plot is constructed and shown in Fig. 5. The calculated apparent
activation energy is 49 kJ/mol. This value is in a good agreement with the values
reported by Kanome et al. (1987) for capper sulfide and nickel sulfide, respectively.
The obtained value of activation energy (49 kJ/mol) is too high for the reaction to be
controlled by mass transfer through the boundary layer but is possible for chemically
controlled reactions (Wadsworth, 1972).
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The effect of oxygen partial pressure on molybdenum extraction is shown in
Fig. 6. It is obvious that, at different leaching times of 15, 20 and 30 min, an increase
of oxygen partial pressure from 0.5 up to 1.5 MPa leads to a remarkable increase in
the molybdenum recovery while an increase of oxygen partial pressure to more than
1.5 MPa has practically no effect on improving molybdenum recovery.

Ninety six percent leaching recovery of molybdenum by nitric acid pressure
leaching of the molybdenite concentrate seems to be an alternative applicable method
of molybdenite processing.

The effect of acid concentration on the leaching recovery of molybdenum is
shown in Fig. 7.

Ninety six percent leaching recovery of molybdenum is reached after 30 min of
leaching time compared with 225 min in case of atmospheric leaching. A
technological flow sheet of enrichment and processing of Qattar molybdenite deposits
is given in Fig. 8.
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Fig. 8. Flowsheet of enrichment and processing of Qattar molybdenite deposits

4. Conclusions

Pressure leaching of molybdenite concentrates with nitric acid represents a new
possible method for processing of molybdenite. The most favorable conditions for the
96% leaching recovery of molybdenum under atmospheric conditions are: temperature
of 100° C, 225 min of leaching and nitric acid concentration equal to 10%. The most
favorable conditions for pressure leaching of molybdenite to get 96% recovery are:
200°C, 30 min of leaching, nitric acid concentration equal to 10% and oxygen partial
pressure 1.5 MPa.
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