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Abstract

This main objective of this study was to characterise some Sudanese phosphate raw 

materials collected from Jebel Kurun, located in the eastern part of the Nuba Mountain, 

Western Sudan. The study also aimed to investigate the association between uranium and 

phosphate and to determine the concentration of some essential elements and trace 

elements in the phosphate rock.

A total of 30 samples were collected from Karun’s eastern mountains, near Abujibiha city 

and have been analyzed for the selected elements using X-ray fluorescence.

The obtained results showed that the average concentration of elements was Ca (11.3) 

and Fe (1.7) as a percentage, while it was Cu (1617.7), Ni (258.4), Pb (185.9), Ti (27.62), 

V (3779.9), U (160.9), Zn 152.8) and Mn (776.3)in ppm.

The average total phosphorus content (analyzed as P205%) using UV-visible 

spectrometer was found to be 30.54 %. This could be considered is acceptable percentage 

for phosphate to be used in industrial fertilizers and phosphoric acid production. The 

average total calcium carbonate was 15.7 %.

For the elements distribution, uranium found to be more concentrated in the summit of 

Jebel Kurun, and it displayed a correlation with lead. Furthermore, four groups of 

association have been noticed, based on elements concentrations.



ة ص ال خ ل ا

الجزء فى يقع الذى كرن جبل هن جمعها تم لعينات الفوسفات خامات بعض لتحليل الدراسة هذه

ن الشرفى ل م ا ب ى النوبة ج السودان غرب ف

 العناصر بعض تركيز وتحديد والغوسفات اليورانيوم بين العالقة اليجاد الدراسة هذة تهدف

الفوسفاتية الصخور فى والندرة االساسية

م ع ت م ة 30 ج ن ن عي ة م ق ط ن ل م ب ن ج ر ب ك ر ق ل ا ن ب ة ه ن ي د و م ب ة ا ه ي ب م ج ت ل و ي حل ر ت ص ا ن ع ل ز ا ها ج  ب

ة ع ش ال المتئورة السينية ا

كاالتى: العناصر تراكيز متوسط ان وجد

م و ي س ل ا ك د11.3 ؟ ي د ح و س %. 1.7 % حا ء 1617.7 ن ز ن ج ق م ي ل م ل ل و ا ك ي ء 258.4 ن ز ن ج  م

ن و ي مل ل ص و ا صا ء 185.9 ر ز ن ج ن م و ي مل ل م ,ا و ي ن ا ت ي ء 2706.2 ت ز ن ج و م ز و ي مل ل م ا و ي د ا ن  3779.6 ف

ء ز ن ج ن م و ي مل ل م ؟ا و ي ن را و ء 160.9 ي ز ن ج و م ز و ي مل ل ن ا ي ص ر ء 1524.8 خا ز ن ج ن م و ي مل ل ؟ا

ز ي جن ن ء 776.3 م ز ن ج ن م و ملي ل ا

(P2O5

وهي %30.54

 ( الفسور اوكسيد خماسي هيئة على المقاس الفسفور من الكلي المحتوى تقدير تم

 هو الفوسفات محتوى هتوسط ان ووجد الضوئي الطيف مقياس جهاز باستخدام

الفسوريك. حمض انتاج او السماد تصنيع مجال في الخام الستخدام مقبولة نسبة

 نسبة كانت حيث حرق فرن باستخدام وذلك العينات في الكالسيوم كربونات نسبة تقدير تم كما

د متوسط وا م ل ٠%15.7 العضوية ا

ع زي و ت د ول و ج ر و ص ا ن ع ل د ا ج ط اعلى ان و س و ت ز م ي ك ر م ت و ي ن را و ي ل ى ل ل قمة ف جب ل د ا ج و ضا و ي ه ا  ل

ع عالقة د ه و ج ص و صا ر ل ٠ ا

تراكيزها. على اعتمادا مجموعات اربعة الى العناصر تقسيم تم وايضا
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CHAPTER ONE

INTRODUCTION

1.1 Introduction
Phosphorus, like nitrogen, potassium, calcium, magnesium and sulphur is classified as a 
macronutrient element. It occurs in most plants in concentration of 0.1-0.4 %. a range 

considerably lower than that typically found for nitrogen and potassium. Phosphorus is 

present in all living tissues, and it is particularly concentrated in the younger parts of the 

plant, flowers and the seeds (Sterling and Mauric 1957). It is necessary for life processes, 
such as photosynthesis, the synthesis and breakdown of carbohydrates, and the transfer of 

energy in the plant. The elements phosphorus is a major part of nucleus of the cell, and it 

presents in the cytoplasm, where it is involved in the organization of cells and the transfer 

of hereditary characteristics (Sterling and Mauric 1957).

Phosphorus is one of the major nutrients limiting plant growth. It is also involved in 
photosynthesis, energy transfer, signal transduction, macromolecular biosynthesis, and 

respiration. However, many agricultural soils worldwide are phosphorus deficient 

(Hamdali e t  a l., 2012). To overcome this problem, phosphorus produced from rock 

phosphate is used in the production of phosphate fertilizers for agriculture (FAO 2006). 

Phosphate rock is a general term used for the rocks that contain a high concentration of 

phosphate minerals, which commonly belong to the apatite group. Phosphate rock 

minerals are the significant global resources of phosphorus. Most of soils all over the 

world, are deficient in one or more essential plant nutrients, so they cannot give the 

potential expected yield without proper fertilization. This has been noticed even in 

primitive agricultural systems, where at least a simple type of fertilization should be 

practiced (Mohamed 2002). Fertilization is necessary for the improvement of the soil as 

nutrient substrate, and can make a good replacement of the removed nutrients by 

harvesting and other processes (Mohamed 2002). The tremendous growing of world 

population necessitates a keen utilisation for all resources available for increasing food 

productivity.

On the last decade, the demand of the phosphate rocks increased and the price jumped 

dramatically, owing to increased agricultural demand and light-supplies of the phosphate 

rocks (Mohamed 2002). Against this global background, several developing countries



were faced with major challenges in achieving sustainable food security. Those countries 

are in agreement to the fact that enhancing sustainable food production requires a proper 

use of the available lands. For example, the average yield (per unit area) of the most crops 

in Sudan is very low, compared with that in many countries of the world (Mohamed 

2002). This could be attributed to the low soils fertility status in some areas, which should 

be corrected by the use of fertilizers. The use of the fertilizers in Sudan is often limited to 

irrigated agriculture, and rarely practiced under rained areas. This may be due to the 

financial handicaps of the farmers, addition to unawareness about the importance of 

chemical fertilizers (Mohamed, 2002).

In Sudan, and because it is a big agricultural country, there is a great need to obtain cheap 

and safe resources of phosphate ores, for phosphoric acid and phosphate fertilizer 

industry. The need for fertilizers increases annually with the increase of population and 

the global demand of grains (Adam and Mohammed 2009). Phosphate ores are 

economical material used in the manufacturing of phosphoric acid and fertilizers. In 

recent years, the sharp increase in the prices of raw materials for manufacture of single 

super phosphate (SSP), coupled with increased transport and spreading cost, and 

depressed agricultural commodity prices increase the interest in the use of phosphate 

rocks (Kaleeswari and Sudaraanan 1972).

1.2 Natural and Environment Radioactivity
There are many naturally occurring nuclides whose nuclei disintegrate spontaneously. 

They are radioactive because they emit radiation to release the tension in the nucleus from 

the higher number of neutrons and protons. All radioactive disintegrations are 

exoenergic.Hence, a radioactive, unstable nuclide decays to another nuclide toward 

producing more stable nucleus (Donald 1969). Radioactive decay is usually accompanied 

by emission of radiation in the form of charged particles or gamma rays. The fact that 

some elements are naturally radioactive was first realized by Becquerel in 1896, after 

observing blackening of photographic emulsion in the vicinity of uranium compound. 

This was subsequently attributed to radiation being emitted by uranium. In the following 

ten years, after Becquerel discovery, the outstanding experimental work of Rutherford 

and Sody; Marie and Bierre Curie and others established the fact that certain nuclides are 

not completely stable (Martin and Samuel 1988).
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The naturally occurring radioactive elements are limited, almost exclusively to be the 

heavy elements beyond lead, with the exception of some elements such as K-40 

(Lippincott et. al. 1977).The life of atom depends on the structure of the nuclei which is 

characterized by a half- life. The term half-life refers to the time required by half of nuclei 

of a given radioactive element to disintegrate, and donated the symbol (t 1/2). The half-life 

of the various radioactive elements varies within very wide limits, from micro seconds to 

thousands of millions of years (Akhmetov 1983).

The radioactive nuclides that occur in nature are those with very long half-lives or those 

constantly being produced by the disintegration of other nuclides. The last type of 

naturally occurring nuclide eventually exists in steady state at any time the amount of the 

nuclide remains essentially constant, because the material is being produced at the same 

rate that it is decomposed (David 1978).

The naturally occurring radionuclides in the environment can be classified, according to 

their origin, into two general classes: cosmogenic and terrestrial radionuclides. 

Cosmogenic radionuclides are produced through interaction of cosmic rays with target 

atoms in the atmosphere. These target atoms are generally gaseous atoms, such as 

nitrogen, oxygen and argon. The radionuclides’ of this category usually have half-lives 

greater than one day. The second group, the terrestrial radionuclides, includes the 

radioactive series (e.g. U-238 and Th-232). These series exist in the earth’s crust thought 

its history, since the half-life of the parent nuclides are in the million years. Other 

radionuclides, such as some of those present in decay series, have been neglected as they 

contribute very little to the total dose from natural background (Moor 1963).

1.3 Types of Radiation
Towards the ends of nineteenth century, a series of experiments concluded that the 

radiation from radium comprised three different components (Akhmetov 1983). As the 

radiation passes through the electrostatic field, it splits into a component attracted to the 

negative plate, named alpha radiation; a component attacked to the positive plate named 

beta radiation and a component undeflected by either plate, named gamma radiation. 

Similar result was observed when radiation is passed between the poles of magnet 

(Akhmetov 1983).

1.3.1Alpha radiation
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It was illustrated by Rutherford and Royds (1907) that alpha-radiation consists of Helium 

nuclei( two protons and two neutrons). An alpha particle has a mass of four units and 

carries two units of positive charge. The four particles, that constitute the alpha particles, 

are bound together so tightly, thus alpha particles behave in many situations as if it was a 

fundamental particle (Martin and Samuel 1988). The velocity of an alpha particle is about 

5 %ofthat of light, they cannot penetrate the thinnest sheet of metals and can be stopped 

even by a sheet of an ordinary paper (Moor 1963). Since alpha-particle is a helium 

nucleus, its emission gives anew atom with an atomic number less by two units and mass 

number less by four than the parent atom. Thus, the new atom would occupy a place two 

columns left to the parent atom in the periodic table (Srivastava and Jain 1989). Alpha 

emission is characteristic of heavy elements, like the uranium isotope U-234that converts 

in Th-230 when it emits an alpha particle (Martin and Samuel 1988).

1.3.2Beta Radiation

Beta radiation consists of high-speed electrons originate in the nucleus. These "nuclear 

electrons” have identical properties to the atomic electrons, that is, they have amass of 

1/1840 a.m.u and carry one unite of negative charge. Anderson in 1932 discovered 

another type of Beta radiation. It consist of the same particles w ith the same mass as the 

electron , but having one unit of positive charge, and is known as positron radiation . 

Although the positron is less important, from a radiation protection view point than 

negative beta particles, it plays important role to understand certain radioactive decay 

mechanisms. Beta radiation is signified (3"(electrons), or p+(positron), and the term beta 

radiation normally refers to the negative type (Martin and Samuel 1988). Beta particles 

are shot off with higher velocity than alpha particles, and the average velocities of p- 

particles range from 0.3 to 0.99 that of light, p'particles have greater penetrating power 

than alpha particles, but relatively a sheets of metals can stop them (Moor 1963). Beta 

emission is observed for nuclides that have too high neutron/protons ratio, the ratio that 

determine nucleus stability. P-particle is an electron, considered as a result from the 

transformation of the nuclear neutron into nuclear proton. The net effect of p-emission is 

that the numbers of neutrons is decreased by one of the number of protons is increase by 

one. Thus, neutron/proton ratio is decreased (Lippincott et. al. 1977). That mean the mass 

number of the new atoms remains unchanged, while its atomic number is changed by one

4



unit. The new atom will occupy in the periodic table one place right or left to the parent 

atom (Glasstone and Lewis 1964).

1.3.3Gamma radiation

Gamma radiation belongs to electromagnetic radiation, which consists of quanta of 

energy transmitted in the form of wave. Other well-known members of the class of 

radiation are the radiowaves, X-rays and visible light (Martin and Harbision 1988). The 

wavelength of gamma radiation is short, with corresponding energies ranging roughly 

from 0.01 to 10 MeV. Gamma radiations have of strongest penetration power, compared 

with alpha and beta, and they can penetrate relatively thick layers of metal traversing 8 or 

10 inches of lead. Gamma radiation originates as a consequence of energy changes 

accompanying rearrangement of particles in the nucleus after an emission of an alpha or 

beta particle. The produced nucleus, after this emission, may be in a high-energy or 

excited state, and to release this excess of the energy and return to ground state, it emits 

this energy as a photon of gamma radiation. Thus gamma rays are a kind of nuclear 

spectrum, related to nuclear energy levels without any change in the mass of atomic 

number of the nucleus (Samuel and David 1964; Loren and Wayne 1975).

1.4 Effect o f Ionizing Radiation on Tissues
Alpha, beta and gamma radiations are all kinds of the ionizing radiations, because they 

cause sort of ionization on tissues (Donnell and DSangsterl970). Ionization is a 

phenomenon results when high-energy radiation interacts with the matter. During a 

glancing collision, insufficient energy may be transferred to eject an electron completely 

and/or to made effect ionization if an electron is raised to a higher orbital leaving the 

molecule to be electronically unstable. The produced secondary electrons, towards the 

end of their paths, are more likely to cause excitation than ionization. Consequently, there 

is a zone of excitation surrounding the track of an ionizing particle.

Alpha particles are the most powerful ionizing radiation, but their path in liquids and 

solids is very short when emitted internally. Alpha particles can cause considerable 

damage, because they can produce more decomposition within the internal tissue 

compared with beta or gamma radiation. Beta particles, emitted from external sources, 

can penetrate the skin to the depth of one centimeter. However, those emitted from 

ingested sources are more hazardous, but less than alpha particles. As for gamma rays, it 

is externally deeply penetrating radiations compared with alpha and beta, while from
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internally they are the least. The produced ions by these radiations are very reactive in 
tissues, and the result may be a deep burn in the tissue, a reduction in the number of blood 

cells, or even distraction of genes. Exposing to excessive radiation is claimed to cause 

death, while moderate doses of radiation may retard the growth of cancer cells, and heavy 

doses may produce cancer (UNSCEAR 1982; Yarmonenko 1988).

1.5 The objectives o f the study
The aims of this study are:

( 1) To evaluate the concentration of the percentage of P2O5 and uranium in Kurun 

phosphate rocks.

(2) To explore the association between some major and trace elements, uranium and 

phosphate in the area.

(3) To compare the results with the available previous studies and worldwide data.
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CHAPTER TWO

LITERATURE REVIEW

2.1 Types and World Production of Phosphate Rocks
Phosphate rock is commonly used for its phosphorus content. Brand discovered the 

element phosphorus in 1669, and the element donated the symbol P. The name 
p h o s p h o r u s  comes from the Greek word p h o s p h o r u s , which means b r in g e r  o f  light. 

Phposphorus is very important piece of the DNA and RNA molecules of which all life is 

formed, and it is also important for the development of teeth and bones. The element 

Phosphorus is mined in the form of phosphate rock. Phosphate rock is formed in oceans 
in the form of calcium phosphate, called p h o s p h o r i te . It is deposited in extensive layers 

that cover thousands of square miles. Originally, the element phosphorus is dissolved 

from rocks, and some of this soluble phosphorus goes into the soil where plants can 

absorb it, while some is carried out by streams to reach the oceans. In the oceans, the 

phosphorus is precipitated by organisms and sometimes by chemical reaction with 
minerals (Zapata and Roy 2004).

Phosphate rock (PRs) is a globally imprecise term describing any naturally occurring 

geological material that contains one or more phosphate minerals suitable for commercial 

use. Phosphate rocks are a general term that describes naturally occurring mineral 

assemblages containing a high concentration of phosphate minerals. The various 

phosphate minerals present in PRs have diverse origins, chemical and physical properties. 

The phosphorus content or grade of PRs is commonly reported as phosphorus pentaoxide 

(P2O5). The principal phosphate minerals in phosphate rock are Ca-phosphates, mainly 
apatite (Zapata and Roy, 2004).Mined phosphate rock is primarily used in the production 

of fertilizers for the agriculture (FAO, 2006). Many Arab countries have PRs as natural 

resource used for producing phosphates for different purposes. Table (2.1) shows the 

average content of total P2O5 of some Arabic Ores (Jubali, 1996).
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Table (2.1) The content o f total P205% of some Arab phosphate rocks

Country Total P2Os %

Morocco 29.0
Egypt 28.0

Palestine 27.0
Syria 26.3

Tunisia 25.0
Jordan 24.5

Algeria 22.5
Iraq 2 2 . 0

2.2 Sudan Geological Structure

The major parts of Sudan underlie by undifferentiated crystalline igneous and 

metamorphic rocks form the Proterozoic “basement complex”. Parts of the Precambrian 

crust have been remobilized by the Pan-Africa-thermo-tectonic rejuvenation episode 
(500-900 million years ago). These basement rocks formations outcrop in five uplifted 

Precambrian blocks separated by deep depressions which are filled with phanerozoic 

sedimentary sequences (Khalil 2001). Sudan is crossed by major fault systems and shear 

zones. Some of these shear zones have been repeatedly reactivated, including the 

Neoproterozoic to Cretaceous and Tertiary Central Africa fault zones. These fault zones 

can be traced across the Africa continent from Cameroon through central Africa 

Republic and cross western central Sudan into the Red Sea Hills. Several large rift 

systems have been identified in central Sudan, the major ones being the southern Sudan 

rift (Mageed 1998). The rift zones are generally northwest to southeast- striking. The 
basins are filled with Sediments and Igneous rocks (Sam and Holm 1995).

2.2.1 Sudanese Phosphate Rocks
The high level of dependence of the Sudanese economy on agriculture makes phosphate 

fertilizer a very valuable commodity. In Sudan, and since it is a big country, there is a 

great need to obtain cheap and safe resources of phosphate ores for phosphate industry. 

The need to fertilizers increases annually with the increase of population and global
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demand (Adam and Eltayeb 2009). A sedimentary phosphate rocks occur in Halaib 

coastal area (about 300Km) north Port Sudan and small quantities of apatite in 

pegmatite's occur in Bayuda Desert close to River Nile (about 130 Km) NNW of Atbara 

Town. The only major phosphate rock reported to be found in the Sudan is the deposits 
discovered in 1983 in the neighborhood of the Jebel Kurun on the eastern border of the 
Nuba Mountains (Mageed 1998).

2.2.2 Geology and Structural of Kurun
Kurun deposits consist of metamorphic graphite schist, breccias, quartzite breccias and 
apatite and apatite phosphorite. Apatite igneous as single crystals and some other 

microcrystalline-phosphate were also observed (Brinkman 1986). In the highest part of 

the hill the components are cemented by phosphates, whereas a limonitic matrix 

increases towards the eastern part and western of the hill. The breccia is of tectonic 

origin on the top of the hill, numerous like sides can be observed striking 2 0  and 

dipping 30-40° W. (Gamal 1987) reported that Uro phosphate deposit is also located on 

the east border of the Nuba Mountains. It's is a volcano sedimentary rock, omphiolyte 
assemblage and quaternary sediments include rocks omphiolyte assemblage, and 

quaternary sediments including rocks that belong to green schist fancies consisting of a 

variety of schist’s (e.g. chlorite phyllite, chlorite schist, mica schist, graphite schist and 

marbles).

2.2.3 Heavy metals and uranium in phosphate rocks
The possibility of fingerprinting rock phosphate samples, using their chemical 

composition, might be helpful to identity the origin of the rock. In order to successfully 

obtain a fingerprint by elemental pattern, several conditions should be fulfilled. These 

may include: determination of many elements when possible, investigation of a large 

number of samples as background of the area of study, following standard sampling 

procedures and accurate analytical methods. This method has been used in 
environmental materials such as rocks, soil, sediments and plants (Bjingova e t a l  

2008). However, it is not useful to indicate the origin of P-fertilizers, because the 

amounts of heavy metals and radionuclides fractionated to P-fertiiizers vary 

significantly, depending on the manufacturing processes (IAEA 2003, Rutherford e t  al. 

1994, El-Mrabetcta/.,2003).Therefore, elemental composition of a rock phosphate and 

P-fertilizers (made of that particular rock) may differ considerably. Furthermore, it is
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difficult to use heavy metal patterns to trace back the origin of rock phosphates used in 

the production of compound fertilizers. The reason can be linked to the fact that heavy 
metals in compound fertilizers may have many sources, such as rock phosphates, P- 

mineral fertilizers, potassium salts, nitrogen compound, sulphur, organic manure, 
limestone, etc. So it is complicated, to determine the amount of heavy metals from each 

source.

The natural radionuclide content of phosphate ore have been documented by several 

studies. Sam e t  a l , (1999) have reported that, phosphate ore generally have high 

concentration off U, he found that'' U and its decay products are the principle 

contributors of radioactivity in both deposits at Uro and Kurun, with activity 
concentrations in the ranges of 1225 -1343 Bq/Kg (Uro phosphate) and 146.3 - 686.2 

Bq /Kg (Kurun phosphate). The importance of the PR did not come from using it for 

manufacture of phosphate fertilizer only, but it is also considered as the only uranium 

resource discovered in Sudan until now. Sam and Holm (1995) and (Sam et a l 1999) 

carried out radiological assessment of the Uro and Kurun phosphate. They concluded 

that the application of PR containing uranium from Uro and Kurun would not contribute 

to the mean terrestrial radiation exposure of the farming population. The radionuclide 

contribution of Kurun PRs to natural radionuclide content of arable land is considered 

“comparatively insignificant'’ (Sam e t a l .1999).

Two hypotheses for occurrences of uranium in apatite are reviewed:
(i) the substitution of U (IV) for calcium in apatite lattice; and (ii) the adsorption of the 

uranyl ion on the surfaces of apatite crystallites. Multiple regression analyses showed 

that uranium is positively correlated with P2O5 and fluorine present in apatite in 

quantities exceeding that of lattice requirements. This correlation seems to be best 

explained by adsorption of both excess fluorine and uranium on the surfaces of apatite 

(Richard, 1987).

2.3 Previous Studies
Most of the previous studies in the Nuba Mountains (NMs) focused on the regional 

geology as well as water supply. The two major projects have been carried out in the 

NMs are the Nuba Mountains Project (NMP) and the Sudanese-German Technical 

Cooperation project. The first one, the (NMP) project, was conducted during the period

10



(1977-1982), which explored geological mapping, prospecting and exploration, hydro- 

geological and geological investigations. It was a joint research project between the 

department of Geology and the Faculty of Engineering (University of Khartoum) and 

People Friendship University (PFU) of Moscow, USSR. The second project was the 
Sudanese-German Technical Cooperation, during the period (1979-1984), which covered 

the geological mapping and mineral prospecting in the study area (Abdelgalil 2008). 
There were other studies carried out on the region’s minerals, in order to support 

prospecting and preparation of geological maps (El Ageed 1981 and Brinkman 1986). 

Ahmed e t a l ,  1984) studied the geology and mineralization of the basement complex and 
reported a detailed method to prospect uranium and association mineralization in the 

Nuba Mountains. An account of the geology and structural evolutions of the area were 

reported (Eltayeb et a l., 1995; Brinkman and Zitzman 1985). In 1993, Nour conducted an 

environmental study about Jebel Kurun and Uro areas, and the result claimed that the 

content of phosphate as (P2 0 s%) was found to be in the range of 25%. Saad's study 

(1993) aimed mainly to examine the performance of Kurun and Uro phosphate deposit as 

a low cost fertilizers, whereas Abdasalam study (1999) aimed to investigate the level of 

radioactivity and the phosphate in the phosphate rock collected from the area. In (1999), 

Abdel Majid investigated the concentration of the trace elements, including uranium 

content in the phosphate rocks, Another study focused on the wheat response to partially 

acidulated phosphate rock of J. Kurun (Eltilib et al., 2003) was also conducted in the 

same study area. All the previous studies were focusing on the geological and 

mineralization explorations, and some of some were oriented to explore the beneficiation 

from the phosphate, as a natural resource and low cost fertilizers to be as an alternative 

fertilizer to the imported word super phosphate (WSP).

2.4 Analytical m ethods
In this study, some instrumental methods were used for qualitative and quantitative 

purposes. In particular, X-ray fluorescence (XRF) was utilized for the determination of 

some elements, while spectrophotometry was used to determine the concentration of the 

phosphorus content.

2.4.1 X-ray Fluorescence Spectroscopy (XRF)
Radiations omitted from different radioactive sources, such as Fe-55and Cd-109 are 

capable of producing vacancies in the inner shells of some atoms in the sample,
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depending on the energy of excitation and the binding energy. The vacancies are then 

filled by electrons transition from the higher energy levels, resulting in the emission of 

characteristic X-rays. Measurement of energies of the characteristic X-rays spectral lines 

is the basis of qualitative x-ray fluorescence spectroscopy, while the intensities of these 
lines provide quantitative information’s on the specific element (Osman, 1988; Tertain 

and Class, 1982).
The XRF spectrometer consists of three main parts (Ron e t a l ., 1981);
1. The excitation source that excites the characteristic x-rays in the specimen via the x-

ray fluorescence process.
2. The specimen presentation apparatus that holds specimen in a precisely defined 
position during analysis and provides for introduction and removal of the specimen from 

the excitation position.

3. The X-ray spectrometer that is responsible for separating and counting the X-rays of 

various wavelengths or energies emitted by specimen.

Fundamental of X-Ray Fluorescence:

The XRF method depends on fundamental principles that are similar to other 

instrumental methods. Such as X-ray spectroscopy, X-ray diffraction (XRD), and 

wavelength dispersive spectroscopy (WDS). All these techniques involve interactions 

between the produced x-ray and the sample. The analysis of major andtrace elements in 

geological materials by x-ray fluorescence is made possible by the behavior of the atoms 

when they interact with radiation.

The x-ray emission analysis consists of four stages:

1. The excitation of characteristic radiation from specimen by bombardment with high- 

energy photons or heavy charged particles.

2. The selection of the characteristic emission lines from the specific element by means 

of a wavelength or energy-dispersive spectrometer.

3. The detection and integration of the characteristic photons to give a measure of 

characteristic emission intensity (Holynska, 1998).
4. The conversion of the characteristic emission line intensity to elemental concentration 

by use of suitable calibration procedure (Mohmmed, 1992).

The intensity of the energy measured by XRF detector is proportional to the abundance 

of the element in the sample. The exact value of this proportionality, for each element, is
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derived by comparison with mineral or rock standards (with known concentration). 
Chemical analyses of major elements (e.g. Si, Ti, Al, Fe, Mn, Mg, Ca, Na, k. P) and 

trace elements, within abundances >1 ppm, such as Co, Cr, Cu, Ni , U, and Zn) in rock 

and sediment can be obtained using this technique. The detection limits for trace 

elements using XRF are typically on the order of a few parts per million.

2.4.2 Colorimetry
To determine individual compounds in samples, a reagent reacts specifically with the 

component of interest, is added to the sample to form a coloured species. The variation 
of a colour of a system with change in concentration of some component forms the basis 

of what the chemist commonly called colorimetric analysis. The colour is usually due to 

the formation of a coloured compound by the addition of appropriate reagent, or it may 

be inherent in the desired constituent itself. The intensity of the colour may then 

compare with that obtained by treating a known amount of the substance in the same 

manner. Calorimetric is concerned with the determination of the concentration of 

substance by measurement of the relative absorption of light with respect to a known 
concentration of the substance. The main parts of the colorimeter are:
1. Light source

2. Light filter: A “monochromatic’' device for isolating monochromatic light or more 

accurately expressed narrow bands of radiant energy from the light source.

3. Glass cell: it is used as a container for the solution under test.

4. Photoelectric cell: to receive the radiation transmitted from the solution and convert it 

to an electrical signal.

5. Measuring device: to display the response of the photoelectric cell (Arther, 1978).

The intensity of colour produced is proportional to the concentration of analyze in the 

sample and can be measured using the spectrophotometer. Analyze and colorimetric 

reagent coloured complex the selectivity is provided by the colorimetric reaction and the 

absorbance in the visible or UV region is used only for quantization. Many colorimetric 

reagents are available for specific metal ions as well as for organic pollutants. A major 

advantage of this type of measurement is its simplicity. Analysis can be done using a 

simple, inexpensive spectrophotometer.
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CHAPTER THREE

MATERIALS AND METHODS

3.1 Sam ples collection

Phosphate Rocks (RP) samples from location of Kurun area were collected. T he method 

of taking samples of individual objects was chosen in view of physical properties and 

shape of rocks. The study areas were selected on the basis of geological map that 

showing locations of apatite phosphate rocks, since considerable amount of natural 

radioactivity known to be associated with apatite (Jahangiri and Ashrafi 2011).

A total of 30 composite surface PRs samples were collected in plastic bags from the 

Jebel Kurun phosphate deposits in the eastern part of the Nuba Mountains (NMs), 

western Sudan according to the litho logical differences within the ore deposit. Chisel 

and hammer were used to break down the phosphate chips, while and weathered edges 

and surfaces were avoided. The approximated weight of each sample was about 2 kg. 
During sampling each sample was easily coded number and letter such as K-l, K-2 up 

to K-30, where the capital letters K were referring to the Kurun deposits.

There are more details and information's recorded about sample collection such as 

background radiation levels of each location measured with hand-held Scintillometer 

(Mini-Rad, Series 1000), and GPS (Global Positioning System) to record the 

coordinates of the sampling locations.
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Figure 3.1 Samples location

3.2 Samples Preparation

The samples were prepared at the Laboratory of the Geological Research Authority of 

Sudan (GRAS) Ministry of Minerals, Khartoum by the following steps for chemical 

analyses. Firstly samples were crushed using a Jaw Crusher (Modals RETSCH No. 

BB200 RS 200) to break them tol.25 cm sizes. The samples were divided according to 

the sample size, before grinded of the crude ore (Phosphate Rock) to 200 meshes 

(Machine Modal RETSCH RSI00 Part No. 20.054-1027).The sample should be ground 
as much as possible and will be mixed in order to obtain a homogenous and 

representative sample.
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3.3 X-Ray Fluorescence

3.3.1 Method

About 1.0 gram of each phosphate rock sample powder was weighed accurately. A 

smooth surface pellet of one millimeter thickness and 2.5 centimeter in diameter was 
made by using pressing machine pellet using a 15.0 ton pressing machine. The pellets 

were presented to the XRF spectrometer system, where each of them was measured for 

2000 seconds. The spectra obtained as results of x-ray excitation using Cd-109 X-ray 
source were transferred to a computer. The spectra were then analyzed and the 

concentrations of the elements present in the PR samples were obtained using AXIL -  

XRF software available in the computer. Certified reference material (Soil7) obtained 
from the IAEA, Vienna, was used to ensure reliability of the results.

Table (3.1): Comparison between certified and measured values of elemental
concentrations in the IAEA certified reference material soil-7

Element Certified value (ppm) Measured value (ppm) Relative Err. %

Ca 163000 162000 0.6135
Mn 631 619 1.90174
Ti 3000 2960 1.33333
Fe 25700 25200 1.94553
Cu 11 10.7 2.72727
Zn 104 101 2.88462
Pb 60 58 O ^ O O Oj J  J JO  J

Rb 51 49.4 3.13725

3.4 Colorimetry
The molybdophosphovanadate procedure described below was used to determine of P2O5 

in PR. The reduced molybdophosphate method is accepted as one of the most sensitive 

means of determining phosphorus. A sample solution was prepared by dissolving the rock 

sample in an aqueous mixture of aggressive acids (perchloric and nitric acids). The acids 

digestion of PRs is effectiveness on most of phosphorus minerals such as (apatite). It 

depends on the reaction of orthophosphate with a mixture of vanadate and molybdate in
16



acid solution. The yellow complex formed presumably molybdovanadophosphoric acid, 

provides the basis for colorimetric measurements. The sample is fused in open vessel with 

an acid and the melt digested with nitric acid. Vanadate-molybdate reagent is then added 

to a portion of the aliquot sample, and a yellow color develops on standing. The color 

thus is compared visually with the color the standard solutions to determine the 
phosphorus concentration in samples. The method is relatively free from interferences 
(Ward e t  a l ., 1963). Although it is formulated as the ammonium salt of heteropoly 

complex (NH3)3P04.NH4V03.16H20  presumably the acid is formed by substitution of 

both molybdenum and vanadium oxide radicals for oxygen in the phosphate radical to 
give a mixture heteroploy compound.

3.4.1 Reagents

Ammonium metavanadate NH4V03 was prepared by dissolving 1.025 g in 300 mL of 

distilled water to give a molar concentration of 0.029 M.

Ammonium molybdate solution was prepared by dissolving 25g NH4M0 O7 in 400 mL 

warm water to give a molar concentration of 0.276 M.

To prepare the standard of phosphorus solutions, 4.3739 g of KH2PO4 was dissolved in 

distilled water. Then 25 mL of concentrated nitric acid was added and the mixture was 

completed to one L.

3.4.2 Method

Approximately 1.0 g of PRs samples was accurately weighed into 50.0 mL beaker. Then 

10.0 mL of concentrated HC1, 5 mL of concentrated nitric acid, and few anti-bombing 

granules were added. The mixture was heated to evaporate off the oxides until the 

volume of the solution residue is about 5.0 mL Then 5.0 mL of perchloric acid70% was 

added, the temperature of the mixture was maintained at the boiling-point until the 

fumes are driven off. It has been noticed that the time needed for this step was 5 to 10 

minutes, fuming is necessary to ensure complete the oxidation of phosphorus. Then the 

mixture was cooled down to the room temperature and 50.0 mL of distilled water was 

added and boiled for 3 minutes. The mixture was cooled again and filtered into conical 

flask using Whatman filter paper No.42.A5.0 niLof stock standard solution 0,
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5,10,20,25 and 5mL of a portion of an aliquot samples, and 20 mL of reagent were 
added into lOOmLvolumetricflask, filled with distilled water, mixed well. Blank and 

standard solutions (potassium di-hydrogen phosphate) were used to calculate the total 

phosphorus as P2O5 after 20 minutes. The previous steps were repeated by taking 5.0 
mLof an aliquot solution sample and adding 20.0 mLof the reagent, and then the 
wavelength was set at 460 nm during measurements.

3.5 D eterm ination o f Carbonate content by (L.O.I)

This technique is used to calculate the decrease in weight of rock or an ore sample by 

heating the samples at high temperature, where the volatiles, such as the chemically 

bound H20  and CO2, are removed. Loss on ignition (L.O.I.) is a widely used method of 

approximately determining the carbonate content of sediment samples. L.O.I. is rapid, 

inexpensive and easy method to perform at normal chemistry laboratories. L.O.I is used 

to estimate the organic compound on (550° C) and carbonate content at (950° C) with 

comparable precision and accuracy to more sophisticated geochemical analysis methods 
(Dee and Howie, 1989).

About 1.0 g of PRs sample powder was weighed accurately in a porcelain crucible; the 

crucible content was ignited for 1 hour at 950 to 1000° C in an electric muffle furnace, 

then cooled in a desiccators to room temperature and weighed. Procedure of heating, 

cooling and weighing was repeated to obtain a constant weight, before calculation of the 

L.O.I. as a percentage was performed according to the following equation:

W 1 —W2L.O.I = — —  x 100%wi
Where:

Wj = Represent the weight of the sample before heating.

W2 = Weigh ofthe sample after heating.

18



CHAPTER FOUR

RESULTS AND DISCUSSIONS

4.1 Estim ation of Carbonate content (CaC0 3%) by Loss on Ignition
The range of the carbonate content (CaCC>3 %), as estimated from loss of weight on 
ignition, of the collected samples was on the range of 9.8 -  21.6 %, with average of 15.7 
%  as can be seen on Table 4.1.

4.2 Total phosphorus content

Co
ft M

Q .

O
<TJ

Figure 4.1 Calibration curve of phosphate measurement using UV-visible
spectrophometer

According to the observations and preliminary results of previous studies (Salah 1993 and 

Abdelsalam 1999), which indicated a high content of phosphorus, a separate study was 

decided to quantify phosphorus ore to examine its feasibility in filterisation process. From 

the previous studies, the phosphate ore determined in rock samples collected from of 
Kurun area (Table 4.1) can be considered as a typical phosphate ore (Jubali, 1996).Figure

4.1 showed the calibration curve of the total phosphorus, measured by UV-visible 
spectrophometer. The phosphorus pentaoxide percentage (P2O5 %.) in Kurun area ranged 

from 16.5 to 41.1, with mean value of 30.54%. The obtained phosphorus content of 

Kurun ore is in agree with previous studies conducted by Salah (1993) and Abdelsalam 

(1999), as can be shown in Table (4.2).
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Many Arab countries have rock phosphate as a natural resource, which was utilized for 
producing phosphates to be used for different purposes. The table below illustrates the 

average content of total phosphorus (measured as P2O5 %) of some Arabic phosphatic 

ores compared with the Sudanese ore of Kurun.
Table (4.1) Concentrations of Pb, U (ppm) and P205 and CaCCh (%) of phosphate rocks

collected from Kurun

Table (4.2) Comparison of the total phosphorus (measured as P905%) for Kurun
phosphate area with results from previous studies

location Present study Salah(1993) Abdelsalam(1999)
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Table (4.3) Average content of total phosphorus measured as P2O5 %in percentage of
some Arabic phosphatic ores compared with the Sudanese ore of Kurun.

Country P2O5 %
Sudan

Morocco
Egypt

Palestine
Syria
Tunis
Jordan

30.54
29.0
28.0
27.0 
26.3
25.0 
24.5

Algeria
Mauritania

Iraq
Saudi Arabia

23.9 
22.5 
22.0
19.9

The comparison showed that phosphate ores of Kurun are within the range of some 

Arabic countries content, and there for Kurun's phosphate can be used commercially in a 

fertilizer industry.

Carbonate content of Kurun Phosphate and the percentage of P2O5 have been used to 

characterize the rocks collected from Kurun, and the obtained data can be seen in Fig 4.2. 

The trend of carbonate content (CaC03%), on average, showed indistinguishable content 

regarding the location of the samples. This could be referred to the fact that the collected 

samples were from rocks, which have been exposed to similar weathering processes. 

Same trend was noticed for phosphate, although the average value seems slightly lower 

on the top of the mountain.
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K1 K3 K5 K7 K9 K l l  K13 K15 K17 K19 K21 K23 K25 K27 K29

Samples

H P205%

, CaC03%

Fig (4.2) Concentrations of P2O5 and carbonate content (both as a percentage) in rock
samples

4.3 Elem ents Characterization

4.3.1 Elements concentrations
The major elements concentrations of the elements in phosphate ores of Kurun samples, 

measured by XRF, and the mean value of the elements can be seen in Table 4.4. The 

obtained results are comparable with the data reported by Abdelsalam et al.,{4999) of 

studied the rock ore of the same area, where the concentrations were 5.42%, 

3.93%,378ppm, 442ppm, 1248 and 202ppm for Ca, Fe, Mn, Cu, Zn and Pb, respectively.
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Table (4.4) Summary of statistical data for the elements under investigation

Elements Min Max Mean

Ca (%) 0.29

Cu 69.1

Ni 25.4

Fe (%) 0.035

Pb 11.4

Ti 415

V 558

U 17

Zn 35.6

Mn 117

CaC03% 9.8

26.5 11.3

7270 1617.7

1050 258.4

1.95 1.7

506 185.9

6030 2706.2

7270 3779.6

392 160.9

5620 1524.8

4080 776.3

21.6 15.7

4.3.2 Elements distribution
The samples were collected to offer a comprehensive study about Kurun Mountain 

content of uranium, phosphate and selected trace elements. This includes sampling the 

mountain from bottom to top. Accordingly, the obtained average values of U, P, OM and 

Pb can be discussed on this basis. Regarding height of the sample, the results could be 

classified to three categories. Samples collected from the bottom, samples collected from 

the middle and samples collected from the summit of the mountain.

The average uranium content noticed to be more concentrated on the top of Kurun 

Mountain. This could be related to the geological structure of the area, although a 

possible explanation can be linked to the available space for the metal distribution. The 

small area on the top, compared with the wide area in the bottom, may enhance uranium 

scattering and lead to this relative enrichment.

Lead concentrations, on average, displayed the highest value in the bottom of the

mountain, followed by the summit and then the middle. This might be attributed to the

chemistry of lead, although lead is expected to be higher in the top, following uranium

values. However, due to weathering processes that lead to leach lead from the top towards

the bottom, the noticed trend of lead concentrated in the bottom is expected.
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(based on average value)

Table (4.5) Statistical summary of elements concentration of Kurun phosphate rocks

Position of the sample Pb (ppm) U (ppm) P20s% CaC03%

Bottom
(K1,K2,K8,K18,K19 and K28) 
Middle
(K3,K4,K9,K10,K11,K12,K13,K20, 
K21 ,K22,K25,K29 and K30) 
Summit
(K5,K6,K7,K14,K15,K16,K17,K23, 
K24,K26 and K27)

222.9

160.0

196.3

126.1 31.6

146.0 32.0

197.4 28.2

15.3

15.6

16.0

4.3.3 Elements association
The elements can be categorised, according to the concentrations and the possible 

association, into four groups.

The first group of elements includes U and Pb (Table 4.1). This selection based on the 

fact that uranium is a radioactive element and it decays through several transformations to 

end up with the stable lead. Therefore, an association between the two elements could be 

expected. Previous studies have been carried out in the area for the purpose of evaluating 

natural radioactivity (Sam and Holm 1995Sam et al 1999). The results showed that there 

is an elevation of natural radioactivity in this area due to high uranium content. The 

uranium content was in the range of 17 -  392 ppm (161 ppm on average), while the lead 

content was in the range of 11.7 -  506 ppm (186 ppm on average). Plotting the 

concentrations of U and Pb (Figure 4.3) indicated a relationship between the elements, 

and this was supported by the correlation diagram of the two elements (Figure 4.4), with 

correlation coefficient 0.74).

As can be shown in figure(4.3) and table(4.6),the average concentration of U in phosphate 

rock ore was 160.7 ppm.In the last two decades several studies have been conducted in 

Kurun rock phosphate and the results exhibited low content of uranium. For instance 

Abdalla (1993) reported that U content in Kurun rock phosphate, in one sample, was 

about 0.014%.Sudan Atomic Energy Commission (SAEC) project (Eltayeb et al. 1995) 

investigated trace element in Kurun area by using XRF.The results showed trace amount 

of U in Sudanese rock phosphate.
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The second group of the elements includes Cu and Zn. From Fig (4.5), it is obvious that 

the Cu and Zn displayed some similarity. Most of the samples indicated that they are rich 

in Cu and Zn, with an average of 1618 ppm for Cu, while for Zn. the concentrations were 

similar to Cu, with an average of 1525 ppm.

The third group includes the major elements (Ca and Fe), as displayed in Table (4.7) and 

illustrated in Fig (4.6). The highest content of Ca was 26.5 % (with an average of 11.3 

%), while for Fe the highest value was 19.5 %  (with an average of 1.7%). It was noticed 

that the percentage ofCa was much higher than that of Fe. This could be linked to the fact 

that Ca can form different compounds with phosphate compared with Fe.

The last group of elements consists of Ti, Mn, Ni and V (Table 4.7). The content of these 

elements were not detected for some samples. For example, one quarter of the samples 

showed that the content of the Ni and Mn were below the detection limit, and the rest 

showed an average of 258.4 ppm forNi and 776 ppm for Mn. The samples that contain Ti 

and V displayed high levels of both elements with average concentration of 2706 ppm 

and 3780 ppm for Ti and V, respectively.
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Table (4.6) Concentrations of trace elements (ppm) of phosphate rocks collected from
Kurun

Sample Cu (ppm) Ni (ppm) Zn (ppm)

K1 
K2 
K3 
K4 
K5 
K6 
K7 
K8 
K9 

K10 
K11 
K12 
K13 
K14 
K15 
K16 
K17 
K18 
K19 
K20 
K21 
K22 
K23 
K24 
K25 
K26 
K27 
K28 
K29 
K30

ND 
2740 
131 
268 
465 
412 
564 
98.7 
69.1 
108 
137 
1110 

1850 
1 120 
1010 
867 

2180 
1600 
941 

2820 
2460 
2690 
3580 
2350 
1130 
7270 
1400 
2300 
3120 
3740

ND
846
ND
149
175
133
ND
25.4 
34.3 
ND
34.5 
280 
265
297
298 
349 
248 
418 
ND 
1050 
351 
ND 
555 
270 
498 
ND 
273 
442 
440 
320

72.4 
ND 
35.6 
777 
916 
825 
1 170 
121 

113 
136 
118 

1630 
1280 
1830 
2130 
2070 
2630 
1610 
1120 

3650 
2320 
2290 
5620 
3370 
1650 
1390 
630 

2100 
1950 
2190

ND = Not detected
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Table (4.7) Concentrations of major elements (ppm) of phosphate rocks collected from
Kurun

Sample Ca Fe Ti V Mn
K1 
K2 
K3 
K4 
K5 
K6 
K7 
K8 
K9 

K10 
K1 1 
K12 
K13 
K14 
K15 
K16 
K17 
K18 
K19 
K20 
K21 
K22 
K23 
K24 
K25 
K26 
K27 
K28 
K29 
K30

76600 2720 2670 1680 582
10300 854 5730 ND 4080
31500 348 1660 ND ND
35200 2280 2350 2970 507
54400 2380 1890 4170 891
91400 3470 1380 1580 ND
118000 6030 2250 3320 495
17900 942 ND 738 117
19200 695 415 713 119
10500 491 560 558 85.8
2850 736 771 1560 268

154000 11600 ND 7270 682
146000 6380 ND 5160 881
193000 8760 ND 5200 1020
160000 25500 5510 3720
265000 9600 ND 4440 1160
97200 9930 2700 5970 ND
253000 17000 6030 3540 ND
191000 7520 4080 4760 1270
181000 195000 2940 4090 1350
191000 19200 5460 4200 1190
251000 18900 5660 4870 3690
131000 43700 3090 5820 1740
83600 16000 3730 5730 ND
100000 17000 3070 6040 697
100000 23700 3920 4160 ND
68300 16900 3740 5280 640
102000 21100 3950 4610 901
95600 12200 4080 6010 923
163000 8530 3550 5230 ND

ND = Not detected
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4.4 Conclusions and recom m endations
The conclusions from the result could be summarised to:

• Phosphate content in the study area had considerable concentrations of essential 

elements required for plant nutrition, so it may utilised to improve soil 

characteristic

• The high percentage (30.5 %) obtained of P2O5 in this study could be linked to the 

method applied during sampling, where the samples were collected from the 

yellow rocks known to be rich in phosphate.

• The mountain has been classified into three distinct areas (Bottom, middle and 

summit), based on uranium and lead concentrations. The highest average of 

uranium was in the peak and the least in the summit. This is controversial to lead, 

which found abundantly in the summit. This behavior of the two elements could 

be attributed to weathering processes which enhance removal of uranium toward 

the bottom.

The recommendations could be summarised to:

• Further characterisation of the rock is required to identify main minerals using X- 

ray diffraction (XRD).

• Wet chemistry, using sequential chemical extraction, is needed to examine to 

which fraction these elements are preferentially associated.
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