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Abstract

The present study focuses mainly with leaching potentialities and kinetics studies of mineralized basal sandstone
in North Ras Mohamed, South Sinai area.The strong acid pug process has a significant effect in dissolving
about 97% of both U and Th. The kinetics experimental data indicate that the rate of the reaction is chemically
controlled through the particle surface reaction. Hence, the activation energies of both uranium and thorium
were calculated according to Arrhenius equations as 46.08 and 53.998 kJ/mol respectively.
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I.  Introduction

The most recent geological classification for sandstone uranium deposits in worldwidehas been defined
by the International Atomic Energy Agency (IAEA) in 2013 and has been adopted in the Red Booksince 2014.
The deposit types have fundamental characteristics and recognition criteria, and in that respect, while mainly
named by host rock, the types areessentially empirical models, based on observable characteristics [1].Uranium
is precipitated in sedimentary environments under reducing conditions caused by a variety of reducing agents
within the sandstone including: carbonaceous material (detrital plant debris, amorphous humate, marine algae),
sulfides (pyrite, H,S), hydrocarbons, and interbedded basic volcanic ash with abundant ferro-magnesian
minerals (e.g.chlorite)[2].Sandstone deposits constitute about 28% of world uranium reasonably assured
resources and 40% of inferred resources, and are of major economic importance in Kazakhstan, Uzbekistan,
USA and Niger [3].

Some of the Paleozoic sedimentary rocks in thesouthern part of Sinai, including thebasal sandstone of
Ras Millan, are of great importanceespecially from the mineralogical and radioactive points of view. It hosts
several types of mineral deposits such as copper deposits [4], uranium deposits [5-8] and some transitional
metals like Zn, Sn, Ni, Mo and Pt [9]. Shata (2004)[10]studied in detail the basal sandstonesof Ras Millan area,
Southern Sinai, and concluded that thecontact of the lower member of the Araba Formation with granitic rocks
has a highest level of radioactivity. The presence of some variations in the radioactivity levels may reflect the
fact that, the area under study is covered by rocks of various compositions. Moreover, the variations may be also
due to the surface wash-out processes, which reduce the radioactivity levels in place and increase them in
another. The sandstone itself is syndepositionally enriched in theelements of detrital origin such as Y, Zr, Nb, V,
Cr and Th. These traceelements in the basal sandstone are pathfinders to eachother’s, as well as to U.He also
mentioned that, there are two types of uranium mineralization which exist in the studied basal sandstone; the
first is the paleo-placers, including mainly refractory minerals which are detrital from nearby source rocks. The
second is the basal-type sandstone and conglomerates, which are unconformably overlying the Precambrian
rocks.

Uranium and thorium are the most important elements because of their strategic significance in
theenergy field. The leaching of uranium and thorium are a term to describe the process of extracting them from
its ore which considered as anessential step in the hydrometallurgical test work. Uranium leaching process is
carried out via conventional or non-conventional techniques depending on the type of uranium mineral, uranium
ore grade, reagents availability, economics of the process and environmental impacts [11]. Several authors
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studied theextraction of U and Th from different Egyptian ores using acid and alkaline leaching agent.However,
acidic leaching using H,SO, acid was used for breakdown the refractory ores involve primary Uand Th
minerals, typically thorite, xenotime and to someextend thorogummite[12-17].Moreover, sulftization process is
used essentially for oxidize tetravalent uranium to hexavalent, and to produce water-soluble Thand U
compounds [18-20].

Due to the previously mentioned importance of Southern part of Sinai Peninsula, the present work demonstrates
the integration of kinetic leaching studies of radioactiveelements (U and Th). In this context, a technological
sample was collected from North Ras Mohamed area, Southern Sinai, Egypt assays about 0.1% Th and 0.5% U.

Il.  Experimental Work
2.1. Samples preparation and analytical techniques
Representative quotient of sample was obtained through systematic quartering. Sample was crushed using a
small hummer then further pulverization continued for representative portion to 75U. The collected
representative sample was chemically analyzed for major oxides and traceelements.using the Inductive Coupled
Plasma Mass Spectrometer (ICP-MS)of ACME Lab in Vancouver, Canada.
2.1. 1. Determination of radioactiveelements
Uranium determination was carried out via titration method using ammonium meta-vanadate as titrant and di-
amino 4- sulfonic acid as indicator. The advantages of this method are the low detection limits, low interfering
elements and high accuracy. The concentration of ammonium meta-vanadate differs according to the
concentration of uranium in samples [21].0n the other hand,determination of thorium (IV) using Arsenazo IlI
and spectrophotometer model Prolabo, Jean and constant U.V. Hence, this method can be used for analysis of
thorium in many materials and ores without preliminary separation [22].
2.2- Leaching procedures:
In the present work, several pug leaching tests were performed using 10 g ore sample fractions ground to 75
(to be moreefficient) to which different amounts of concentrated H,SO, acid are added and well mixed. The acid
treated ore was then left to cure under different conditions. After curing, agitation leaching with distilled water
was performed using a solid-liquid ratio of 1/10 for 1 h at room temperature. At theend of each leaching
experiment, filtration was carried out and the obtained filtrate was analyzed for metal values under
consideration.

2.3. Kinetics Leaching procedures

The Kinetic analysis was tested according to theshrinking core model (SCM), it was first developed by Yagi and
Kunii (1955) [23]. In theestablishment of the SCM, the solid reactant is considered to be non-porous and is
initially surrounded by a fluid film through which mass transfer occurs between the solid particle and the bulk of
the fluid.

I11.  Results and Discussions

3.1. Chemical composition of the basal sandstone

From the obtained chemical analysis data of the study basal sandstone given in table (1), it is clearly
evident that the it is mainly composed of SiO, (83.27%) besides Al,O3 (6.86)andsignificant high contents of
Fe,O3 and P,0s which may reflect, to someextent, its sedimentary nature.With respect to theeconomic metal
values, it was found that U and Th were amounted to 0.05, 0.13% respectively. In addition to presence of
considerable amount of rareearth elements (REE=0.13 ppm). From mineralogical point of view, basal sandstone
of Ras Millan area refers to presence of thorite and uranothorite as the main radioactive minerals besides some
other minerals such as plumbogummite, anatase, chlorite and iron oxy-hydroxides minerals [20].

Table (1): The ICP-MS chemical analysis of Basal Sandstone

SiO; 82.54
Al,O; 6.86
TiO, 0.43
FCQO3 496
CaO 0.62
MgO 0.05
Na203 0.34
K,0 0.17
CI 0.19
P,0s 1.2
L.O.1.(Loss Of Ignition) 1.8
U 0.05
Th 0.13
REE 0.13
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Total 99.87

3.2. Results of leaching studies upon the basal sandstone sample
3.2.1. Effect of solid/ liquid ratio (w/v)

Theeffect of solid/liquid (S/L)ratio (amount of sample/Conc. H,SO,) uponthe U and Th leaching
efficiencies of the studied sample was considered in the range of 1/0.25 to 1/1.5 using Conc. H,SO, on 74y, for
different leaching time ranging from 50 to 350 min at 150-200°C. The obtained results plotted in figure (1)
indicate that, leaching efficiencies of theboth U and Thincrease by decreasing S/L ratio from 1/0.25 to 1/1.5with
different magnitudes.The moreefficient leaching condition was observed at S/L ratio of 1/1.5 for both U (82.7%)
and Th (92.2%) at 200 and 180 min respectively. This may be dueis due to the refractory nature of the

corresponding minerals (thorite and uranothorite) which need high amount concentrated H,SO, acid and high
S/L ratio [20].
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Figure (1):Effect of solid/liquid ratio upon the leaching efficiencies of U and Th

3.2.2. Effect of temperature

Theeffect of the curing temperature upon the leaching efficiencies of theU and Th from thebasal
sandstone was studied between temperatures ranging from 100 to 200°C while fixing Conc.H,SO,4with 1/1.5
(S/L),at different leaching time, the obtained results are plotted in Fig. (2). From these data, it is clear that as the
curing temperature increases, the leaching efficiencies of U and Th of basal sandstone increase till curing
temperature of 200°C at about 190-200 min and assaying about (95.4 and 97.1 %) respectively. Beyond the
latter temperature, the leaching efficiencies of these metal values decrease to varying degrees. This may be due
to the dissolving of undesirable constituents at high temperature.
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Figure (2):Effect of temperature upon the leaching efficiencies of U and Th

3.2.3. Effect of contact time

Fixing theConc.H,SO, with 1/1.5 (S/L), a number of pug leaching experiments were performed for a
curing time varying from 50-420 minand the curing temperatureabout200°C. From the obtained leaching
efficiencies of the studied metal values plotted in Fig. (3), it was found that the latter have increased by
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increasing the curing time from 50 till 200 min and at 200°C. It can thus be concluding that, increasing curing
time above200 min, hydrolysis may occur and hence the dissolution extent of metal values decreases.
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Figure (3):Effect of contact time upon the leaching efficiencies of U and Th

3.3. Dissolution kinetic models

3.3.1. Rate control by diffusion through the product layer

If the rate of the reaction is controlled by diffusion through the product layer, the integrated rateequation is
described as follows:

2 2,0 2M.DC
1—=X—(1-X) = ——=—Ay
3 psPrs

where X is the fraction reacted, kc is the Kinetic constant, Ms is the molecular weight of the solid, Cy is
the concentration of the dissolved lixiviant A in the bulk of the solution, ps density of the mineral, § is the
stoichiometric coefficient of the reagent in the leaching reaction, rq is the initial radius of the solid particle, t is
the reaction time, D is the diffusion coefficient in the porous product layer, kg and k; are the rate constants which
are calculated from Eqgs. (1) and (2), respectively. An attempt was made to fit the obtained experimental data to
the model equation described in Eqg. (1), and this is presented in Fig. (4)for both uranium and thorium
dissolution from thorite and uranothoriteminerals.

The analysis of the plots of diffusion controlled process at the interface represented by Eq. (1) did not
give a perfect straight line, since neither a correlation coefficient straight nor a zero point intercept was obtained
in both figures of uranium and thorium. Even at high temperature a straight line with zero-point intercept
indicated in case of thorium, however a weak correlation coefficient was obtained.
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Figure (4):A plot of 1-3 (1-X)** + 2 (1-X) vs. time at various reaction temperatures for mineralized basal
sandstonedissolution in sulfuric acid solution

3.3.2. Rate control by chemical reaction
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When surface chemical reaction is rate controlling, the kinetics may be correlated graphically using Eg. (2).

1
1—(1—X) - = W_Sc‘ﬂ'-t = I(EI (2}
Pspro

Application of Eq. (2) to theexperimental data obtained, at different temperatures, resulted in linear plots
presented in Fig. 2. It is observed, from both plots, during the whole reaction time that the data in these figures
are linear and gave an average correlation coefficient of 0.9943 and 0.9970 for uranium and Thorium
respectively, this is shown in Fig. (5)., which indicate that the rate of the reaction is chemically controlled
through the particle surface reaction. The slopes of the straight lines from each figure wereestimated which is
equivalent to the rate constants, k..
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Figure (5):A plot of 1—(1-X)*3vs. time at various reaction temperatures for mineralized basal
sandstonedissolution in sulfuric acid solution

3.3.3. Calculation of the activation energy

A process may be regarded either as diffusion rate controlled through the porous layer when the
activation energy of the process is from 4 to 12 kJ/mol or chemical rate controlled through the particle surface
reaction when its activation energy is greater than 42 kJ/mol[24]. The temperature dependence of the chemical
reactions can be given by the Arrhenius equation [25]as follows:

k. = Aexp(—E, / RT) (3)

where A is the frequency factor and E, is the apparent activation energy. The Arrhenius plot shown in
Fig.(6)was made by plotting the natural logarithm of the rate constant (In k;) against the reciprocal of the
temperature (1/T). Hence, the activation energies of uranium and thorium were calculated from the slopes of the
Arrhenius plots presented in Fig 5 as46.08 kJ/mol and 53.998 kJ/mol respectively, which is in agreement with
the reported activation energy for a chemically controlled process [24]. Since the calculated activation energies
are high, it can be concluded that the dissolution rate of uranium and thorium from mineralized basal
sandstoneby sulfuric acid solution is very sensitive to temperature.
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Figure (6):In k, vs.1000/T (K™): Arrhenius plot for determining activation energy, Ea, for mineralized basal
sandstonedissolution in 18 M H,SO,

IV.  Conclusions

The present work demonstrates, accomplished testwork on the leaching potentialities and kinetic
studies of basal sandstonein Ras Millan, South Sinai area. Identification of radioactive minerals (thorite and
uranothorite) together with the determination of the deleterious gangue amounts of thestudiedbasal
sandstoneprovide information that assist in each stage of thehydrometallurgical testwork.In this
context,theH,SO,acid pug leaching process has a significant effect in dissolving U and Th and achieve to about
97%. Hence, the activation energies of uranium and thorium were calculated from the slopes of the Arrhenius
plots as 46.08 kJ/mol and 53.998 kJ/mol respectively, which is in agreement with the reported activation energy
for a chemically controlled process.
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