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Th/s investigation was carried out mainly to test
the trace uranium level content in rock phosphate,
which was used as a low cost fertilizer.
Two types of rock phosphate were examined,
namely, farun and Uro rocksfrom Nuba Mountains
in the Southern Kurdufan province, Sudan. This area
has a high background natural radioactivity.
Moreover, it contains a rock phosphate zone lying
between J. Kurun andJ.Uro.
The work included analytical methods carried
out for the rock phosphate samples using
spectrophotometric and X- ray fluorescence
techniques.
The results obtained were compared with the
data from literature and they showed a good
agreement
The data was statistically analyzed to compare
the results obtained by the two techniques. The
results of uranium content determined by the two
analytical methods were significantly similar.
The instrumental analysis revealed that
uranium contents in rocks are significantly different
Uranium content in the rock phosphate
samples of Uro type was found to be 1.6 times
higher than foirun type.

Chwterffne
1-1 General Introduction
The Nuba Mountains area in Southern Kurdufan province in
the western part of Sudan is considered as an important mineral
area, specially for the natural radioactive one .
Khalil (1980)v described that the Nuba Mountains area
generally is a place of high natural background radioactivity
compared with the normal background regions. He identified five
anomalies parts in these mountains with abnormal high
radioactivity background:
(i) Kurun - Uro area.
(ii) J. El Ugheibsh, Lagawa.
(iii) Miri area, Kadugli.
(iv) Katla, El Dallung.
(v) J. DumbeirJEl Semeih.
The high radioactivity background in these parts referred to
that rocks contain several natural radio nuclides such as
U-238, Th- 232,K -40, Ra -226
Uranium is the most important trace radio element which
has been studied in areas with high radioactivity background. This
is because of its economic and scientific importance.
(i) Economic importance:
The main one, is due to that uranium is a source of energy,
it is used as nuclear fuel in nuclear reactors,
(ii) Scientific importance:
This is due to the fact that uranium is a tool for studying the
geological history of the places where it is present.
Since 1789, when uranium was discovered by Klaproth,
until the discovery of uranium fission by Haln and Strassman in
1939, uranium had no importanceand was of little commercial
usage. It was used for coloring glass and ceramics, and the bulk of
it was discarded.
Uranium in Nuba Mountains has been found in Miri area by
Ahmed B.K and Hassan A.K (1993)(3) .
Mukhtar O. M.(1991)(3 \studied radioactive nuclides at Miri
lake. He came to the conclusion that this area is one of the most
radioactive areas in Nuba Mountains. He also concluded that the

level of natural background radioactivity at Miri area is in the
range of 2.5 - 11 times the normal level(37).
The study of Mukhtar was a guide for Ahmed and Hassan
(1993) to study the elements that enriched this area with high
radioactivity background. They studied the geological structure of
the area and the concentrations of about 16 trace elements, one of
which was uranium.
Kurun-Uro area may be containing different amounts of
uranium. This area contains a huge amount of rock phosphate.
J.Kurun area and J. Uro area are considered geologically as one
area since the rock phosphate zone lies between the two areas(21)»
Uranium is present in phosphate rock as a partially
isomorphous substitute for calcium. It is a geochemical behavior
that uranium is associated with appatite in two valence states:
U (IV) and U (VI) by different percentage ratios.
Among most authors it is acceptable that U (IV) can replace
calcium in the apatite crystalline net because of the similar ionic
radius (U (IV) = 0.97 A, Ca =0.99 A).
But the connection of U (VI) (ionic radius 1.05 fl) with
apatite is still a topic of various interpretations and discussions to
many authors.
Theoretically, rock phosphate in Kurun -Uro area contains
uranium, so this study is designed to investigate uranium content
in rock phosphate samples from that area.
Chemical analysis in this study will be carried out by two
techniques:
(i) Spectrophotometric and (ii) X-ray fluorescence techniques.
(i)
(ii)

The objectives of this study are as follows:
Evaluation of the trace uranium content in rock phosphate
samples,
Selection of the best and more accurate method for the
evaluation of uranium in rock phosphate.

1-2 General Chemistry of Uranium
1- 2-1 Discovery
Uranium was discovered in 1789. It did not interest
chemists for along time, and even its atomic mass was determined
incorrectly. Its practical use was confined to making coloured
glass.
Some scientists referred to the ninety second element as the
element No.l of our century. And yet, there was nothing
extraordinary about the discovery of uranium about two hundred
years ago.
There is no doubt about the name of the discoverer
M.Klapproth. True , the actual extraction of uranium is associated
with the name of another scientist. Pitchablende has been known
to man for ages, when chemical analysis was still in its infancy.
Pitchablende was considered to be an ore of zinc and iron.
More accurate knowledge of its composition was to come later,
when a pitchablende sample fell into the hands of Klaproth. He
dissolved a piece of the mineral in nitric acid and added KOH to
the solution. Yellow precipitate was formed which was soluble in
the excess of KOH. The precipitate was of small greenish-yellow
crystals in the form of hexagonal prisms.
Gradually the scientists made the conclusion that Klaproth
had obtained a salt of a new element. Confident of success, M.
Klaproth proposed the name "Uranium" for the element he
discovered, according to the tradition after the planet which has
recently discovered. The discovery of uranium corresponds to the
discovery of Uranus in 1781 by the English astronomer Herschd.
In 1841 the French chemist E.Peligot succeeded to extract
metallic uranium with the aid of a new reaction method. He heated
anhydrous uranium chloride mixed with metallic potssium in a
closed platinium crucible and obtained a black metallic powder.
Its properties noticeably differed from those which M. Klaproth
described. Therefore, some historians of science associate the real
discovery of uranium with the name of E.Pelogot.
The scientists produced the first ingot of uranium in May,
1896, and gave it to A. Becquered. With the aid of the sample, he
established that radioactivity is a property of elemental uranium.
This property attracted everybody's attention to uranium for the
first time.

1-2-2 The Metal
(Occurrence - Properties - Uses)
Uranium is one of the actinide elements, which all of whose
isotopes are radioactive. Uranium is the fourth element in the
actinide series. Its atomic number is 92 and the electronic structure
is :
[86Rn] 5? 6dl 7S2
The terrestrial occurrence of uranium is due to the half-lives
of the isotopes U-235 and U-238 (Table 1-1) , which are
sufficiently long to have enabled the species to persist since
genesis. They are the sources of actinium and protactinium formed
in the decay series and found in uranium and thorium ores.
Table (1-1) shows that natural uranium consists of three
long-lived isotopes, the U-238 is the parent of uranium series in
which U -234 is one of the daughters. The U- 235 is the parent of
the actinium series which terminates in staple Pb- 207.

Table (1-1) The Principal uranium isotopes
%
Half-life (years)
Isotope
U-238
7.13X10*
99.2739
9
4.50 X10
0.7204
U-235
0.0057
U-234
Uranium is a bright white metal in bulk, but as obtained by
reduction it is a black powder. It is one of the densest metals and
has three crystalline modifications.

Table (1-2) Some properties of uranium
Property

Value

m.p(°C)

1132

Density at 25*

19.07 gem"3

Radius (8)

1.542
0.97
1.05
1.66
-

Ionic radius (fl)
- E (V)

M64"

o-in

o-n

Uranium is chemically reactive and combines directly with
most elements. It forms a wide range of intermetallic compounds
such as: U6 Mn, U6 Ni, USn3) etc
In air it is oxidized slowly at room temperature, the surface
is rapidly converted into yellow and subsequently black
nonprotective film. The reaction with water is complex.
Boiling water forms UO2 and hydrogen. The latter reacts with the
metal to form a hydride, which causes disintegration.
Uranium dissolves rapidly in hydrochloric acid, but slowly
in sulphuric, phosphoric, or hydrofluoric acid. It is scarcely at all
attacked by dilute nitric acid, it is not attacked by alkalis.
Uranium reacts vigorously with all the halogens, even the
massive metal reacts with the halogens comparatively low
temperatures (180-260 C). It burns in sulphur vapour at 500 C.
An important reaction of uranium is that with hydrogen
forming the hydride which is a useful starting material for the
synthesis of uranium compounds.
Many of the most interesting properties of uranium are
connected with its radioactivity. By this property it is now of very
great importance since it is practically at present, the only source
of atomic energy. By comparison, its other uses are relatively
unimportant. Ammonium uranate and the octaoxide are used to
some extent for colouring ceramic enamels, and uranyl acetate is
used in making up zinc, magnesium or nickel uranyl acetate
reagent for the detection of sodium.
For its use in nuclear reactions, uranium must be
exceedingly pure and free from elements such as B or Cd, which
have high absorption capacities for thermal neutrons.
The property which makes uranium an important source of
energy is that the fission of its nucleus is accompanied by large
annihilation of mass. By the capture of a neutron, the nucleus of
235
U can break down into difierent less massive nuclie. There are
at least 30 different ways in which it can undergo fission series
change. One of them is the break down of its nucleus into nuclie
of molybdenum and lanthanum with the liberation of two neutrons
according to the equation:
235

92U + l o n - •

95

42 Mo

+ 139 57 La +2

l

on

+ 7

On the assumption that the equation is a typical
representation of the fission of235U, the mass annihilated by the
fission of one gramm atom changed into energy. This quantity of

energy is equal to that made available by the combustion of 480
tons of petrol.
The above equation shows that for every neutron which
causes disintegration of a 235U atom, two other neutrons are
liberated. If each of these was capable of disintegrating one other
235
U atom, four more neutrons would be liberated, and thus a chain
reaction would be set up, which would very rapidly spread
through any gives specimen of 235U. The possibility of this chain
reaction is another reason why 235U is a suitable source of atomic
energy for use on an industrial or military scale.

1-2-3 The Oxidation states and ions of uranium
The known oxidation states of uranium are+3,+4,+5,+6.
But +6 state is the most stable one. The states +5,+6 are found in
the dioxo ions; UO2+ and UO2 2+. These ions show an unusual and
exceptional behavior.
U3+ is the most readily uranium ion oxidized by air or more
slowly by water.
IT + is the principal oxidation state for uranium, and
reasonably stable in solution.
U5+ is found in few solid compounds like halides,
oxochlorides (MOCI3), and in the dioxo ion, UO2+. This ion is of
great importance for uranium chemistry.
In simple compounds the +6 state occurs only in the
hexafluorides (UFe), oxo fluorides (UOF4), and various
compounds such as U(OR)6. Uranium also forms UOF5 and
UOC15 ions.
The principal chemistry of the +6 stste in solids and in solution is
that of the dioxo ion UO22+ .
Uranium forms four ions; U3+, U4+,UO2+, UO22+. These ions
in aqueous solution can give very complex species because in
addition to the four oxidation states, complexing reaction with all
ions other than CIO4 as well as hydrolytic reactions leading to
polymeric ions occur under appropriate conditions.
The formal reduction potentials (V) of the uranium for 1M
HCIO4 at 25 C can be shown by this diagram:
+ 0.32
UO22+

+0.063 U O 2 +

+0.58 U 4 + - 0.631 U 3 * - 1.70 U

In the presence of other anions the values of the formal
potentials differ. Thus for the \f+1U3+ couple in 1MHC1O 4 the
potential is -0.631 V, but in 1M HC1 it is -0.640V.
The simple ions and other properties are listed in Table(l-3).

Table(1-3) The Simple ions of uranium and some of
their properties
Ion
U

3+

Colour
Red - Brown

Preparation
Na or Zn/Hg on UO2

Stability
2+

Slowly oxidized by
H2O, rapidly by air

tolT
U

4+

Green

uo 2 +

-

UO 2 2 +

Yellow

Stable, slowly
Air or O2 on U
oxidized by air to
UO22+
Stability is greatest
Transient species
at pH 2-4
4+
Oxidation of U with Very stable,
HNO3, etc...
difficult to reduce
3+

Because of hydrolysis, aqueous solutions of uranium salts
have
an acid reaction
that increases in the order :
3+
+

U <

£

f

The main hydrolyzed species of UO22+ at 25 °C are
" ,(UO2)2(OH)222+ ,and(UO2)3(OH)5+ ,but the system is
complex one and the species present depend on the medium .
The U3+ ion, which is readily obtained in perchlorate or
chloride solution by reduction of UO22+ electrolytically or with
zinc amalgam , is a powerful reducing agent. Its oxidation by I2 or
Br2 occurs by an outersphere mechanism. The solution of U 3+ in
DVI HC1 is stable for days, but in more acid solution , spontaneous
oxidation occurs more rapidly.
The \f+
ion is only slightly hydrolyzed in molar acid
solution :
U4+ + H2O 4 = ^ U ( O H f + H +

K25°= 0.027
(1M HClO4,NaClO4)
But it can also give polynuclear species in less acid solution.
The \?+ ion gives insoluble precipitates with F~ ,PC>43", and 10 f
from acid solution.

The uranium (V) oxo ion ,UO2 is extraordinarily unstable
toward disproportionate.
2UO 2 + + 4 H * ? — • U 4+ + UO 2 2+ + 2H 2 O

Its reaction can be studied by Stopped-flow techniques, since the
reaction of UO22+ by Eu2+ is fast, whereas further reduction of
UO 2 + is slow . The ion is most stable in the pH range 2.0 - 4.0,
where the disproportionate reaction to give U 4+ and UC>22+ is

negligibly slow.
Spectroscopic and other studies have shown that in
aqueous solution of UO22+ and U4+ ,complex ions are often
readily formed, for example ,
K=1.21( /I =2.0, 25 *C)
U 4+ + 2 H S O 4 ^ • U ( S O 4 ) J 2 H

K = 7.4X103 (JK = 2.0,25 °C)

UO 2 2+ + C\

K = 0.88(/t=2.0,25 *C)

UO 2 2 +

+*
2

2SO -

UO2C1+

UO2 (SO4)22' K = 7.1X102 (/*= 2.0,25 *

1-2-4 Uranium compounds
The chemistry of uranium compounds has been studied in
great detail. Only the important ones are described here.
(i) Uranium oxides
The U-O system is one of the most complex oxide systems
known. In the dioxide UO2, for example, about 10% excess
oxygen atoms can be added before any notable structural change is
observable, and the UO2 phase extends form UO2 to ~ UO2.25
The main oxides are :
Colour
Oxide
brown - black
UO 2
orange - yellow
UO 3
greenish - black
U3O8
The trioxide UO3 is obtained by decomposition at 350 C of
uranyl nitrate or better, of ammonium diuranate. The other oxides
can be obtained by the reactions:
3 UO 3
700 °<^ U3O8 + Vz O 2
UO3 + CO

350% UO2 + CO 2

3

The black U3O8 begins to lose oxygen at 600 C in absence
of oxygen.
All oxides dissolve readily in nitric acid to give UO22+ salts.
(ii) Uranates
The fussion of uranium oxide with alkalies or alkaline earth
carbonates, or the thermal decomposition of salts of the uranyl
acetate anion gives orange or yellow materials generally referred
to as uranates, e.g.,
2 UO 3 + Li2 CO 3 Li 2 U 2 O 7 + Li2 CO 3
Li 2 UO 4 + Li 2 CO 3

Li 2 U 2 O 7 + CO 2
2Li 2 UO 4 + CO 2
Li 4 UO 5 H

The uranates are generally of stiochiometry M21UxO3X+i but
, M3nUO6, etc
, are known.
A useful material obtained by addition of aqueous NH3 to
UO2 (NO3)2 solutions is the so-called ammonium diuranate. This
is mainly a hydrated uranyl hydroxide containing NH4+. Below
580 °C it gives UO3 and above U3O8.
(iii) Uranium halides
The principal halides are listed in table (1-4).

+3

Table (1-4) Uranium halides
+4
+5

+6

UF3 green

UF4 green

UF5 whiteblue

UF6 colorless

UCI3 red

UCI4 green

U2CI10 red-

UBr4 brown
UI4 black

brown
UBr5 dark red
-

UC16
green
-

UBr3 red
UI3 black

The trifluoride UF3> a high - melting, nonovolatile and
crystalline solid resembling the lanthanum fluorides, is insoluble
in water or dilute acids. The best method of its preparation is by
the reduction of UF4 at 950 °C.
The hydrated tetrafluoride can be obtained by precipitation
from U4+ solution, and the anhydrous fluoride by reactions such as
UO2 c * c u % UF4
50O-6OO*C

The anhydrous fluoride can also be obtained by thermal
decomposition of NH4UF5 or similar salts formed by electrolytic
reduction of UO2 in fluoride solution.
Uranium hexafluoride is the most important fluoride and is
made on a large scale, since it is the compound used in gas
diffusion plants for the separation of uranium isotopes.
UFe is rapidly hydrolyzed by water. It is a powerful
fluorinating
agent,
converting many compounds into
fluoroderivatives, and in cholorofluorocarbons it can be used as a
selective oxidant, e.g., for the cleavage of ethers.
PhCH2 OMe
UF6^ Ph CHO + MeF
-UF,

Ph CHO + MeOH
+ H2O

UF5 is best made by photochemical reduction of UF6 with
CO.
The trichloride can be made only under anhydrous
conditions. Usually by the action of HC1 on UH3, U3+ solutions are
readily oxidized. It is readily obtained by liquid-phase chlorination
of UO3 by refluxing with hexachloropropene.
The hexachloride is made by chlorination of a mixture of
U 3 O 8 and carbon at 380°C.
All the halides can form halogen complexes, those with F
and Cl being the best known. They can be obtained by interaction
of the alkali halides in melts or in solvents such as SOCI2, or in
case of fluorides sometimes in aqueous solutions.
Fluoro complexes of U4+ can be made by dissolution of UF4
in RbF. Although the UF^" and UF84" ions are more common, the
octahedral UF^2" ion is known,

2

F

UF 6 ion (octahedral)

For U6* the ions UF 7 and UFg can be made by the
reactions:
UF6 + NaF <
• NaUF7
UF6 + 2NOF

4

•

(NO) 2 UF 8

(iv) Uranium alcoxides
The tetraalcoxides U(OR)4 (R:Me,Et and But) are thermally
stable but easily hydrolysed compounds obtained from UCI4.
The pentaalcoxides can be made from UF5 or by oxidation
of U(Me)4 and U (OEt)4 with Br2 in presence of NaOR.
Higher alcoxides can be obtained by alcohol exchange with
U(OEt)5.
The pentamethoxide is a trimer, but other pentaalcoxides
are dimers U2 (OR) 10 , with two alcoxo bridges. They form
complex anions, e.g., Na [U(OEt)6].
EtO

0Et

OEt

Structure ofpentaethox

uranium(dimer)

1-2-5 Uranium common salts
The only common uranium salts are the uranyls, and the
most important one is the nitrate.
(i) Nitrates
It crystallizes with six, three, or two molecules of water
depending on whether it is obtained from dilute, concentrated, or
fuming nitric acid.
UO2(NOs)2 is obtained by dissolving the trioxide uranium in
nitric acid. The most unusual and significant property of the
nitrate is its solubility in numerous ethers, alcohols, ketones, and
esters. It distributes itself between the organic and the aqueous
phase.

The nitrate is also readily extracted from aqueous solutions,
and this operation has become classical for the separation and
purification of uranium since, except for the other actinide MO22+
ions, few other metal nitrates have any extrastability. Studies of
the organic phase have shown that UO2(NO3)2 is accompanied into
the solvents by 4H2O molecules, but there is little or no ionization,
and the nitrate is undoubtedly coordinated in the equatorial plane
of the UO2 system.
An important extractant for uranyl nitrate that dose not
require a salting-out agent for useful ratios is tributyl phosphate.
(ii) Carbonates
No simple carbonates are known, but there are indications
for the existence of double uranyl carbonates with the carbonates
of the alkali media.
UO22+ + 3CO 2 3 < • [UO2(CO3)3]4"
(iii) Acetates
UO2(CH3COO)2. 2H2O, is sometimes used instead of the
nitrate as a reagent for phosphates. It is used for precipiation of
sodium as its double salt with zinc or magnesium acetate. It is
made by dissolving uranium trioxide in acetic acid. It is a yellow
crystalline salt, soluble in water.
(iv) Phosphates
When disodium phosphate is added to a solution of the
teterachloride a
voluminous
green
precipitate
of
U(HPO4)2-2H2O is thrown down, which is soluble in dilute
hydrochloric acid. With uranyl nitrate, disodium phosphate gives a
precipitate of UO2. HPO4, which is very difficult to filter.
(v) Sulphates
Uranium sulphate, U(SO4)2, obtained from the dioxide or
tetrachloride and sulphuric acid is known as a tetrahyrate and an
octahydrate, but it is doubtful if the anhydrous salt has ever been
obtained. It is easily hydrolysed to basic salts. Uranyl sulphate,
UO2SO4, is lemon yellow, and is obtained from the trioxide or
uranyl nitrate and sulphuric acid. It is very easily soluble, and
forms several hydrates.
Alower sulphate, UOSO4, is obtained as a tetrahydrate by
the action of sulphur dioxide on the trioxide, or ammonium uraate,
suspended in water.

1 -3 Rock phosphate
1-3-1 The Composition
Phosphates are one of the chief constituents of fertilizers,
and are used widely in chemical industry.
Sedimentary phosphate deposits or phosphorites are
important natural sources of fertilizers. In addition, phosphorties
commonly contain relatively high concentrations of useful
elements such as uranium, fluorine, and vanadium, and are
commonly associated with organic-rich mudstones, which are
potential hydrocarbon sources rocks.
Many sedimentray rocks contain a few percent of calcium
phosphate in the form of grains of apatite, bone fragment or
coprolites. Rocks largely composed of phosphate on the other
hand, are relatively rare<;53).
The most common rock phosphate compostion is varieties
of apatite. The apatite of igneous rocks are chiefly fluoro-apatite,
[Cas (PO^F], but in sediment rocks apatite, fluorine may be
replaced by chlorine (chloroapatite), [Cas (PO^Cl], or by
hydroxyl (hydroxylapatite), [Cas (PO^OH], which is not stable in
comparison with fluoro-apatite in the same conditions.
In addition the calcium ion may be replaced or substituted
by sodium, magnesium, strontium, uranium, and rare earth
elements.
Most sedimentry phosphates are carbonate hydroxyl fluoro
apatite which can be represented by the formula:
Ca10 [(F,OH),(CO3), (PO4)6](20)
Two specific sedimentary apatite minerals, best identified
by x-ray diffraction and chemical analysis are Francolite, which
contains more than one percent fluorine, and Dahllete, a carbonate
hydroxyl apatite with less than ten percent fluorine, These two
minerals are isotropic(20).

1-3-2 Radioactivity and uranium in rock phosphate
Generally rock phosphate deposits areas are areas of high
radioactivity. The radioactivity of phosphate rock was probably
first observed in 1908, when the British physicist found that
samples of phospharite were many times more radioactive than the
average rock of the earth crust. For instance, in Brazil the level of
radiation in Araxia area which contains rock phosphate deposits is
6-8 times the normal level (Amaral et. al., 1998)(4).
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Sunta (1988) reported that the level of radiation in Kerala
area in India is about 5-20 times the normal level, knowing that
this area is rich in rock phosphate deposits.
Lisachenko et. al., 1987, proved that rock phosphate from
USSR enriched by the uranium decay series showed radioactivity
2-4 times up the normal in reference material.
Burnett et. al, 1988, studied rock phosphate in Florida and
he found uranium decay series isotopes in high concentration.
Various phosphate rocks were studied by Faludi and
Faurater, 1988, who indicated that radioactivity of phosphate
rocks was high due to their content of mainly uranium and
thorium, and their daughter elements and potassium -40.
Allen, 1993, described that the natural background
radioactivity of deposits was sometimes high when these deposits
were rich in uranium and thorium. He concluded that the high
level of radioactivity in rock phosphate deposits was closely
related to their content of uranium and thorium.
The phosphate rock contains natural radio nuclides such as
U-238, Th-232,Ra-226 and K-40(40). In addition it is well known
that phosphoric acid made by a wet process contained a
considerable amount of uranium.
Many investigators reported wide variations in the
concentrations of uranium in phosphate rocks from various parts
of the world. They reported uranium range from about 3 to 400
ppm world-wide. Generally phosphate rock deposits are very low
in uranium content compared with uranium minerals.

1-3-3 Regional and geological nature of rock phosphate
in Sudan
Up to now, rock phosphate can be found in five major parts
in Sudan.
(i) Halaib deposits
Sedimentary phosphate rock is said to occur in Halaib
district on the Red Sea coast approximately 300 Km north west
Port Sudan(58). The sediments have elastic nature and thick
evaporated beds(4).
(ii) Sheriek deposits
Apatite is said to occur at Sheriek area in the River Nile
State, within the mica belt. The rocks are composed of
metamorphosed sediments injected by gabbores, granite and
pegmatite which contain small quantities of apatite, (Kabesh,
1960). These deposits are 130 Km north west Atbra(58).

(iii) Kurun deposits
These deposits were discovered in the neighborhood of
Jebel Kurun about 10 Km north east Abu Gibiha, Nuba
Mountains, by Brinkman et. al., 1986(8). The deposits consist of
graphite schist berecia, and quartizite berecia. The berecia is
presumably of tectonic origin (Brinkman et. al., 1984). Kiukkola
et. al., 1989, observed apatite igneous as single crystals, and some
other microcrystallized-phosphate(4).
(iv) Uro deposits
These were found about 40 Km south west ElTerter (Gamal,
1985). It is formed of volcano sedimentry rocks, omphiolite
assemblage, and quaternary sediments including rocks that belong
to green schist facus consisting a variety of schists, e.g., chlorite
schist, mica schist, graphite schist, marbles, and quartz (Gamal,
1987)(4). Quaternary sediments cemented by alumino phosphate,
hydrated phosphate, uranium phosphate and apatite were also
observed(8).
(v) Khor Hoger deposits
Rock phosphate was found along Khor Hogar 1 Km south
west Jebel Uro. Primarily it is formed of ferriginous conglomerate
occuring as patches, uranium bearing berecia, phosphate bearing
berecia, graphitic schist and phyllites (Hassan, 1989)( 1}.

1-3-4 Rock phosphate in Kurun-Uro area
(i) Location
This study is confined to a limited part of the Kurun-Uro
area. It lies in the center of eastern Nuba Mountains at the
intersection at North east of the coordinate 11° 45' north and
31° 22' east, between Abu Gibiha and El Terter. Fig. (1-1) shows
the location map of the study area. And Fig.(l-2) shows a
geological map of the study area,
(ii) General Background
Kurun and Uro area is classified as one area, because it
contains a rock phosphate zone lying between J. Kurun and J. Uro.
This area is rich in phosphate rock and contains high background
level of natural radioactivity.
The annual rain fall varies from 500 to 600 mm, it is a semiarid region (Awadalla, 1981). The main water resources are drilled
wells, several hand dug wells and Khors. The natural vegetation is
composed of different species and forest vegetation of Acacia
Mellifera (Kitef), Borassus Aethiopum (Dalaib), Accacia Senegal
(Hashab), and others.

Fig. (1-1) Location map of the study area,
Nuba Mountains, Sudan
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There are many rainfed mechanized forming schemes in this
area, e.g., El Terter, El Baydah and Umm lobya schemes. They
grow millet, sessam and sorghum which are the main food stuffs.
This area is famous for its mango production. This area has a
promising future.
(iii) The Composition
X-ray diffraction analysis of Kurun and Uro rock phosphate
samples enables the following phosphate minerals in table (1-5) to
be identified.

Table(1-5) Phosphate minerals in Kurun - Uro rock
phosphate
Formula

Name
Crandallite
Woodhouseite
Wavellite
Turguoise
Apatite

CaAl 3 Hf(OH) 6 (PO 4 ) 2 ]. H 2 O
CaAl 3 r(OH) 6 (SO4)(PO4)1
AL3[(OH)3(PO4)2] • 5H2O
CaAL 6 [(OH) 6 (PO 4 ) 4 ].4H 2 O
Ca5 [(F,C1,OH) (PO4)3]

Variscite

A1(PO4). 2H 2 O

Colour
Yellow
Yellow
Green
Blue
White, pink,
grey and black

Grey

The apatite of Kurun deposits occurs as single crystals of
300-500 ^lm size or as crystals aggregates built of 100-150
crystals. Some microcrystalline phosphates were observed
(Gamal, 1987).
According to Kiukkola et. al., 1989, the apatite of Kurun
deposit has a high degree of alteration, so the apatite texture
differs considerably from the normal apatite.
The main minerals in Kurun deposits are silica, apatite,
crandallite, and aluminum phosphate. Also quartz, magnetite, and
iron hydroxide were observed. In these deposits the basement
complexs has the following succession : granite-syenite, foliated
horublade and banded gneisses chists (Khalil, 1985). Mesozoic
formation is also found in theis area.
The major rock constituents in Uro deposits are high-grade
genisses and low-grade volcanic sedimentary rocks. The ore
mineralogy in these deposits is characterized by open space-filling
texture and structure (Brinckman, 1986). The identified minerals
include aluminophosphate, hydrated phosphate, limonite geothite,
quartz, Kaolinite, and zeolites (Hassan, 1989)(21).
The phosphate minerals include apatite, turquoise,
crandallite, wavellite, wood houseite and variscite. Secondary

minerals, graphitic schists, phyllites, quartzites and quartz are also
observed (Gamal, 1987).
The chemical composition in Kurun-Uro rock was
described by several investigators. It is shown in tables
(1-6) to (1-9).

Table (1-6) The Elemental percentage in Kurun rock
samples as determined by XRF method
Percentage (%)

Compound
P2O5

SiO2
AI2O3

Fe 2 O 3

CaO
MgQ
Na 2 O
K2O

MnO
TiO2

Kiukkola,
1 9 8 9 (2i)

26.2
14
12
4
28
0.3

0.2
0.8
0.4
-

Abdall I.A.,
1 9 9 3 (4)

Nour, 1993(38)

25
53
17
0.04
0.05
0.04
0.04
0.01
0.1

22
50
18.5
4.3
5
0.08
0.09
0.01
0.1

Table (1-7) The Elemental percentage in Uro rock
samples as determined by XRF method
Percentage (%]
Nour,
Compound
Hassan. \ AbdaH
1989(2D

P2O5
SiO 2
A12O3
Fe 2 O 3

CaO
MgO
Na 2 O
K2O
MnO
TiO 2

25.66
17.78
32.02
0.38
0.09
0.21
0.33
0.05
0.30
-

1 I.A.,1993(4)
18
50
15
0.05
0.04
0.01
0.09
9.1
0.1

1 9 9 3 (38)

23
50.6
16.6
4.7
4.5
0.01
0.085
0.01
0.11

Table(1-8) Trace elements in Kurun-Uro rocks
(AbdellLA., 1993f}

Element
Co
Cu
Zn
Fe
Pb
U
Mn
Ti
Mo
Ni

Concentration (%)
Kurun
0.01
0.085
0.085
0.48
0.02
0.014
0.074
0.48
0.002
0.044

Uro
0.02
0.018
0.058
0.74
0.01
0.035
0.034
0.74
0.001
0.008

Table (1-9) Trace elements in Kurun-Uro rocks
(Nour, 1993f8)
Concentration (ppm)

Element
Co
Cu
Zn
Mo
Pb
Ni
Zr
Sr
Ba
Sn

Kurun
42
421

214
177
23
182.5
210
932
1400
21

Uro
53
345
189
204
30.9
220
119
840
927
9.9

These tables show that the main elements are silicon,
•a(u.m]i?u*n and phosphprous in rock phosphate.
The rock phosphate of this area can be considered as a
typical rock phosphate. The P2Os% ranges from 12 to 48%. The
amount of rock phosphate was estimated to be a bout 300.000 tons
as P2O5 (Brinkman et. al., 1986)(8).

(iii)Natural background radioactivity and uranium content
Environmental monitoring programs were initiated recently
in this area. These programs measured the natural radioactivity
level in Kurun-Uro area. These monitoring programs reported that
Kurun-Uro area is an area of high level natural radioactivity.
Recent studies insure that rock samples from this area have
a high content of radio nuclides.
The characteristic rock type of Kurun-Uro area, the
background level measurement, many gamma- ray surveys, use of
rocks in agriculture and uranium content had been carried recently
by several investigators,(Uail, 1993; Bucch, 1984; Hassan, 1989;
Abdalla I.A., 1993; Nour, 1993; Saam, 1993; Eltayeb, 1995).
Hassan, 1989(21), estimated the natural background
radioactivity in Uro area. He indicated that this area shows
positive results on gamma-ray measurements.
A detailed study was carried out by Nour, 1993, who
measured the environmental distribution of the terrestrial radio
nuclides and the resultant dose at Kurun-Uro are. He concluded
that the level of natural background radioactivity here is seven
times the normal level.
Abdalla I.,A. (1993)(4) , investigated the use of Kurun-Uro
rock phosphate in agriculture. She noted that uranium content in
Uro is 0.035% and 0.014% for Kurun.
Eltayeb and others, 1995(15'16), evaluated the uranium
content in this area. They mentioned that the uranium
concentration in rock phosphate samples is in the range from 13.2
to 230.3 ppm.
Data in table (1-10) shows the concentration of some radio
nuclides as measured by gamma spectrometer. The data shows
that samples from Uro area contain higher concentrations of all the
estimated radio nuclides.

21

Tabie (1-10) Activity concentration of radio
nuciidesin (Bq/Kg)
Kurun
Uro
Radio
nuclide
\

Hi-232

U - 238
U-235
Ra - 226
K-40
Pa-234
Pb-214
Pb-210
Bi-214

Abdalla,
Nour,
(4)
1
993(38)
1993
\
629
\
900

849
39
856
51.1
1030

786
494
640

-

1860
430
1680

2%.

\

Abdalla,

Nour,

1993(4)

1993(38)

1550

1950
3150
2520
-

1971
90.6
1976
144
2570
1860
1410
1620

3120

|

1-4 Determination of Uranium in
Environmental Samples
1-4 -1 Introduction
For its importance uranium has been tested and determined
by many methods. Different common and general methods were
used for the determination of uranium in the fifties and sixties of
this century. These methods are (36) :
Chelometric (EDTA) titration.
Amperometric titration.
Redox titration.
Counductometric titration.
Potentiometric rodex titration.
Gravimetric.
Polarographic.
Spectrophotometric.
Except spectrophotometric methods, these methods are
classified as classical or traditional methods.
The choice of a technique or a method used for
determination of uranium in environmental samples depend upon
the fact that detection level of uranium in sample must have been
reached by the technique.
The most general environmental samples on which the
determination of uranium was employed are:
(i)Human body parts: blood, urine, hair and soft tissues of
exposed and non-exposed persons, which have very low uranium
content, and need a very sensitive technique like Radiochemical
neutron activation technique, which has detection limit of 1-2 pg/g
(Byrne, A.R., 1991).
(ii) Natural ground water: the a verge concentration of uranium
found in ground water is 0.1 ppb(12) .This concentration can be
detected by Inductively coupled plasma-optical emission
spectrometry, (ICP-OES), or by Laser-induced fluorescence
excitation (LIFE), with detection limit of (10"5ppb, 0.01Pg/ml)(12).
The uranium concentrations in these two kinds of samples
are of ultratace quantities.
(iii)Minerals and rocks: Spectrophotometrice, x-ray fluorescence
and radiometrically using gamma spectrometry methods, are used
in common and employed extensively for the determination of
uranium in a variety of geological samples, including materials of
very low uranium contents such as basaltic rocks, phosphate
2.3

rocks, and of uranium rich minerals, as for instance torbraite,
carnotite, uraninite and pitchblende.

1-4-2 Determination of uranium content by x-ray
fluorescence spectrometry
X-ray fluorescence can be used to evaluate uranium content
in rocks by different ways, such as:
(i)Analysis of solid samples directly by the x-ray fluorescence
without any chemical treatment.
(ii)Collection of uranium on a suitable ion-exchange resin, then
the analysis is carried out directly by the x-ray fluorescence. This
method is used when the concentration of uranium is in the range
of few ppm. These concentrations are too low for direct x-ray
fluorescent analysis.
(iii)Usage of aqueous phase of uranium, after dissolution of the
solid samples, the samples solution plus the internal standard
elements(e.g, yttirum), are added into a 10 ml volumetric flask.
The solution is transferred to an x-ray cell and the Lc^line of
uranium, the K^line of yttirum, are read. The ratio of uranium to
yttirum for the samples is compared with the ratios obtained from
standards(35).

1-4-3 Determination of uranium content by
spectrophotometry
In order to determine uranium spectrophotometrically ,the
choice of a method of separation of interferences is as important
as the choice of the main method for determination of uranium
spectrophotometrically. There are two important and independent
steps
required
for
determination
of
uranium
spectrophotometrically:
(i)Separation of interferences.
(ii)Production of a bsorbing colour uranium complex with suitable
chromogenic reagent.
Common methods are used to separate uranium from matrix
elements before the determination step:
Masking, ion exchanger, and extraction.
(i) Masking
Uranium can be determined spectrophotometrically in the
presence of a suitable masking agent, which masks interference
elements. Some of the wide-used masking agents for this purpose
are:
Diethylene triaminepentaacetic acid (DTPA).
Ethylenediamine tetraactic acid (EDTA)

1,2- Diaminocyclohexane-N,N - tetraacetic acid (DCTA). But it is
difficult to use just masking agent to separate interferences from
uranium, because we need several masking agents to separate all
interference elements present with uranium.This will complicate
the procedure.
(ii) Ion exchanger
Ion exchanger is used widely in combination with x-ray
fluorescence and spectrophotometry. Anion-exchanger resin is
more used than cation one in the determination of uranium. This is
done by transferring the U(VI) ion -UO2 - chemically into anion
group, which is absorbed on the anion-exchange resin.
The advantage of this separation technique is not only to
separate uranium from matrix elements, but it works as
preconcentration agent. Uranium is separated and preconcentrated
on the resin. So this technique offers an advantage never done by
masking agent.
(iii) Extraction
Solvent-extraction is the favored technique for separation of
uranium from interfering elements.
As ion-exchanger, extraction by organic solvent is used for
separation and preconcentration of uranium from matrix elements,
but it is generally more rapid than other separation processes,
particularly that the analysis can be run directly on the extract.
Not in all cases the analysis is done directly on the extract,
some chromo genie reagents give a colour complex with uranium
in aqueous solution only, so uranium must be returned from the
organic phase to the aqueous phase by the mean of backextraction.
The direct analysis on the extract is rapid and avoids the
errors involved in back-extraction, but in some way it is not
available(12).
A carbonate solution is a very suitable extracting for the
quantitative back-extraction (stripping) of uranium from an
organic phase. The uranyl tricarbonate complex is soluble and
extremely stable, with very high formation constant (B)
18
2
UO 2 2+ +3CO 3 2 - <
• UO 2 (CO 3 )3 4 ' /5 = 1 0 -10
The back-extraction with carbonate solution is reproducible,
and more than 99% of uranium present in the organic phase is
extracted by a single extraction.
Several organic compounds are used as solvent -extraction
of uranium, but the organophosphorus compounds are the mainly

used, and Tri-n-octyl phosphine oxide (TOPO) is the more

excellent one, it is used widely for preconcentration and separation
ofuranium(7-12>29'43).
Tri-n-octylphosphine oxide can be used by itself for liquidliquid extraction of uranium (VI) at elevated temperature, but it is
difficult to separate the two phases, which detracts from its utility,
so cyclohexane, toluene or heptane have been used as diluents for
the TOPO, and facilitated the separation of the two phases.
Tri-butylphosphate (TBP)
is another example for
organophosphorus compoounds used too for separation of
uranium(2l
The determination step comes after separation of
interferences. It is based on the production of an absorbing colour
uranium complex with chromogenic reagents. An inorganic
compounds such as thiocyanate ion and hydrogen peroxide, can
make a colour reaction with uranium. But organic reagents are
mostly used, and are more sensitive than theinorganic one.
One of the sensitive colorimetric methods for the
determination of uranium reported by Sandell(48), is the
thiocyanate method. Its sensitivity is of 0.09 ppm of uranium, but
the uranium-2,4-dinitrosoresorcinol (DNR) method has a
sensitivity of 0.03 ppm uranium.
The highly sensitive common used organic chromogenic
reagents in the spectrophotometric determination of uranium (VI)^
which form stable complexes are:
Arsenazo m (1(W41 ' 45)
4-(2-pyridulazo)-resorcinol (PAR)(7)
l-(2-pyridulazo)-naphth-2-ol(PAN)(43)
2,4- dinitrosoresorcinol (DNR)'
2-(5-bromo-2-pyridylazo)-5-diethylaminophenol,
(Br-PADAP)(7) And (3,5- dibromo- PADAP)(59)
The widely used organic reagent is Arsenaze III. It gives a
very sensitive spectrophotometric method for determination of
uranium, based on the measurement of the absorbance of the green
uranium (VI)- arsenazo III complex.
Arsenazo III is a very complicated commpound, its
systematic name is:
(2-2-[ 1,8 - dihydroxy - 3,6 - disulpho - 2,7 - naphtylene bis(azo)]
dibenzene- arsenic acid).
In the present work 8-hydroxyquinoline (oxine)is used for
the spectrophotometric determination of uranium.

Oxine is a versatile organic reagent and forms chelates with
many metallic ions. The divalent and trivalent metal chelates have
the general formula M(C6H6ON)2 and M(C9H6ON)3.
The oxinates of the higher-valent metals may differ somewhat in
composition, e.g.,
Ce (C9H6ON)4, Th ( C ^ O N ^ . (C9H7ON),
WO2 (C9H6ON)2, MoO2 (C9H6ON)2
UO2 (QfljONfc. (C9H7ON)
Oxine is generally used as a 1% (0.07 M) solution in
chloroform, but concentrations as high as 10% are advantageous
in some cases (e.g, for strontium).
Oxine having both a phenolic hydroxyl group and a basic nitrogen
atom, is amphoteric in aqueous solution.
It is completely extracted from aqueous solution by chloroform at
pH<5 and pH >9. The distribution coefficient of the neutral
compound between chloroform and water is 720 at 18 C. The
usefulness of this sensitive reagent has been extended by the use
of masking agent like EDTA, citrate and tartrate, and by the
control of pW5\

o o
OH

(Oxine)

1-5 Principles of Analytical Methods
used for Analysis
In the present work two analytical methods are used for the
analysis of rock samples:
(i) Spectrophotometric analysis,
(ii) X-ray fluorescence analysis.

1-5-1 Spectrophotometric analysis
(i)Introduction
Spectroscopic analysis is based upon the study of
interaction of electromagnetic radiation with matter. It is divided
into two major methods:
(a)Emission methods: which depend upon the electromagnetic
radiation produced when the sample is excited by thermal,
electrical, or radiant energy.
(b)Absorption methods: which are based upon the attenuation "the
weakening" of a beam of electromagnetic radiation as a
consequence of its interaction with and partial absorption by the
sample.
Spectroscopic analysis is among the most widespread and
powerful analytical tools for both quantitative and qualitative
analysis. Absorption spectroscopy is one of the most useful
quantitative tools available to the chemist for analysis. It involves
ultraviolet, visible and infrared radiations.
Infrared absorption spectroscopy is particularly useful for
qualitative analysis, whereas ultraviolet and visible spectra which
usually consist of broad absorption bands, have less value for
identification , but great utility for quantitative work, because of
its high sensitivity and good selectivity.
Absorption spectroscopy analysis bused upon ultraviolet
and visible radiation is one of the most useful tools and finds
widespread application for the quantitative determination of
molecular species.
(ii)UItra violet/ visible absorption spectroscopy
The UV/Vis. absorption analysis can be applied for both
absorbing and non absorbing species. In the latter, numerous
reagents react selectively with various non absorbing species
yielding products that absorb strongly in the ultraviolet or visible

regions. The process is based upon colour forming reaction be
forced to near completion. These reagents are employed as well
for the determination of an absorbing species such as transition
metal ion.
The absorbing species attenuates the beam of radiation
passing through it as shown in Fig.(l-3).

Fig.(l-3) Attenuation of a beam of radiation by an
absorbing solution

Absorbing solution of concentration C
Fig. (1-3) depicts a beam of parallel radiation before and after it
has passed through a layer of solution having a thickness of b cm
and a concentration C of an absorbing species. As a consequence
of interaction between the photons and absorbing particles, the
power of the beam is attenuated from P o to P.
The transmittance T of the solution is the fraction of
incident radiation transmitted by the solution, that is
T = P
Po
Transmittance is often expressed as a percentage.
The absorbance of a solution is defined by the equation

A = log T = log Po
P
As will be shown, absorbance is directly proportional to the path
length through the solution, and the concentration of the absorbing
species, that is

A = abc
Where, a is aproportionality constant called the
absorptivity. The magnitude of a will clearly depend upon the

units used for b and C. When concentration is expressed in moles
per liter and the cell length is in centimeters, the absorptivity is
called the molar absorpitivity and is given the special symbol £ .
Thus when b is in centimeters and C is in moles per liter,
A = 6bc
Where S has the units Lcm'1 mol"1 .
This equation is the statement of Beer's low.
The components of the instrument used for absorption
measurements, in the ultraviolet and visible regions
(spectrophotometer) are:
(a) Source.
(b) Wavelength selector.
(c) Sample container.
(d) Radiation detector.
(e) Signal processor and read out device.
Fig. (1-4) shows a
schematic diagram of the
spectrophotometer used for analysis.
Important characteristics of spectrophotometric methods:
(a) Wide application to both organic and inorganic systems, as
numerous inorganic and organic species absorb in the ultraviolet
and visible range. In addition many nonabsorbent species can be
analyzed after conversion to absorbing species by suitable
chemical treatments. The application is not only numerous, but
also touches upon every field in which quantitative chemical
information is required.
(b) High sensitivity, from the range 10"4 to 10'5 M (this range can
often be extended to 10"6 and to 10"7 by certain modifications),
molar absorptivities in the range of 10.000 to 40.000 are common.
(c) Moderate to high selectivity, it may be possible to locate a
wavelength region in which the only absorbing component in a
sample is the substance being determined.
(d) Good accuracy, the relative error in concentration
measurement lies in the range of 3%.
It is nessary to prepare a calibration curve for
spectrophotometric measurements from a series of standard
solutions. These standards should approximate the overall
composition of the actual samples and should cover a reasonable
concentration range of the sample. The calibration curve is a
relationship between absorbance and concentration.

signal
processor
and read out

reference
mirror

grade
mirror

photodetector

wavelength
selector
source

selector
mirror

mirror

Fig. (1-4) Schematic diagram of a double - beam spectrophotometer

1-5-2 X-ray fluorescence analysis
(i)Introduction
X-ray fluorescence is one of the most widely used of all
analytical methods for the quantitative identification of elements
having atomic numbers greater than oxygen (> 8). In addition it is
employed for quantitative elemental analysis as well.
X-ray spectroscopy like optical spectroscopy is based upon
measurement of emission, absorption, scattering, fluorescence,
and diffraction of electromagnetic radiation. Such measurements
provide much useful information out the composition and
structure of matter. X-ray fluorescence offers a simple and quick
tool for determining the concentration of a number of elements.
Nowadays, x-ray fluorescence is an accepted method for the
analysis of different samples containing uranium. It is a
nondestructive technique which has a number of applications in
geology and nuclear industry.
X-ray fluorescence methods are based on studying and
measuring x-ray emitted by sample constituents, when they are
irradiated or excited in a certain manner by a powerful beam of
x-rays of short wavelength.
Sample excitation can be done in three different ways
(Fig. l-5) (56) :
(a) Using x-ray from x-ray tube.
(b) Using radiation from radioactive sources.
(c) Using charged particles from accelerators, mainly photons.

Fig. (1-5) Schematic presentation of three modes of
sample excitation in XRF spectroscopy
Target
X-ray tafre i
Radioactive ..

\
m\

J Si(Li)

— *

analyzer

The beam which irradiates the sample may displace an
electron from the innermost electron shell K,L or M atomic shell.

To replace the lost electron, an electron from the upper shell may
jump into that shell. In so doing it release energy in the form of xrays. The resultant "secondary" or "fluorescent" x-ray radiation
will be emitted at wavelengths characteristic of the atom involved.
This characteristic radiation can be used to identify atoms. The
intensity of the radiation can be used to assess the amount of the
element giving rise to its presence in the sample.
The x-ray fluorescence system (Fig. 1-6) consists
o f

(21,46,52,56).

(a)X-ray source: Used for the excitation of the elements in the
sample. The sample is excited by absorption of the primary beam
and emits its own characteristic fluorescent x-rays.
(b)Detector: Fluorescent x-ray emitted from the sample passes
through a berylluim window to the detection system which
intercepts and analyses the characteristic x-ray by use of Si crystal
which produces an electrical signals.
(c)Preamplifler: The signals produced from the detector, passed
to the preamplifier to collect on a feedback capacitor and give
pulses.
(d)Amplifier: The pulses then were amplified in the amplifier.
(e)Multi channel analyzer (MCA):
M C A is an electronic software processor unit. The data produced
from the amplifier, input to this unit, is presented and recorded
using computer program and then numerically evaluated.
X-ray fluorescence offers a number of impressive
advantages:
(a) The spectra are relatively simple, spectral line interference is
thus unlikely.
(b) The x-ray method is generally nondestructive and can be used
for the analysis of paintings, archeological specimens, jewelries,
coins and other valuable objects without harm to the sample.
(c) Analyses can be performed for samples ranging from a barely
visible speck to a massive object.
(d) More rapid than other methods, and does n't involve timeconsuming chemical separations.
(e) Convenient than analyses performed by any other method.
(f) The speed and convenience of this technique permits multi
element analyses to be completed in a few minutes.
(g) The accuracy and precision of x-ray fluorescence methods
often equal or exceed those of other methods.
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Fig. (1-6) Schematic diagram of x-ray fluorescence spectrometer

(ii)The Scatter radiation method
The accuracy of x-ray fluorescence is considerably
influenced by the so called matrix effects. These matrix effects
include absorption of the primary and the characteristic radiation
within the sample enhancement and particle size effect(15).
For the accuracy of such analyses by this technique to
approach a high level, however, it requires either the availability
of calibration standard that closely approaches the samples in
overall chemical and physical composition or suitable methods for
dealing with matrix effects.
X-ray fluorescence analysis can be done for complete and
partial analysis. In the latter, the comparative methods are better
suited for determination of one or two elements in ore specimens.
The determination of single element, in an unknown but
varying matrix M (Fig. 1-7 b), is a case in point, i.e. the matrix
effect must be taken into account indirectly(52). The indirectly
account of the matrix effect, can be done in a number of ways that
are divided into three main groups:
(a) Compensation methods.
(b) Attenuation methods.
(c) Absorption correction methods.

Fig. (1-7) Schematic representation of (a) a complete
analysis and (b) a partial analysis
I

j

k

1

m

n

X

M

I

One of the absorption correction methods is the scatter
radiation method, which is usually applied to the analysis of
elements in low concentration by compensate for the matrix effect
which involves determination of the matrix similarity and correct
of the matrix absorption.
The scattered radiation method was proposed in 1958 by
Andermann and kewp, who observed that the fluorescence line
intensity and that of the scattered line are defected in the same
way by the absorption of the sample, so their ratio should be
independent of the matrix.
Since that time the so called scatter radiation method h;is
been applied to determine the matrix similarity, to correct for the
matrix absorption, and to estimate the sample thickness (Eailds

as

and Furkert, 1974; Van Dyck and Van Grieken, 1978; Nelson,
1977).
The theory of this method is simple and easy. In this
method the intensity of the primary radiation scattered by the
specimen is a measure of the sensitivity of the analyte.
Consequently, the ratio of the fluorescent line to the scattered line
intensity is roughly independent of the matrix and within certain
limits, is proportional to the concentrations of the element.
A simplified form of the equation relating the intensity of
the fluorescence radiation to the concentration of an element in a
thick sample is given by(15)

1

JL_

A

Where S,- is the sensitivity term which includes the
fundamental constant of the element determined, the geometry
factor and the detector efficiency.
Ci is the concentration of the element i in g/cm3.
^^.(Ei) is the mass absorption coefficient for the sample at the
fluorescent energy.
Since the sensitivity is constant the equation (1) can be
written as
Ii = KiCi
1
. 2
Also the intensity of the incoherent scattered line can be
related to the sample absorption by this equation
lincoh

=

Kg

—

—

. 3

Where Iincoh is the intensity of the incoherently scattered

radiation and K2 is a constant.
The ratio of the fluorescent to the scatter intensity is given
by
_Ii__
=KjjQufij[Ej}
4
lincoh

K2 Ci /Us (Ej)

Equation (4) can also be written as
JL
=K3Ci

-

5

•Mncoh

K3 is a constant, and the ratio of Ii/IinCoh is directly
proportional to the concentration.

I

2-1 Outline of the Analytical Methods Applied
In the present work, the applications of two analytical
methods were used:
(i)The
first method is based upon separation and
spectrophotometric determination of trace uranium at ppm level in
rock phosphate samples. After treatment of samples with nitric
acid, uranium is separated from matrix elements by passing it
through a column of a strongly basic anion-exchanger resin from
an organic solvent system consisting of IBMK, tetrahydrofuran,
and 12M hydrochloric acid (1:8:1 V/V).
The uranium ions are concentrated on the resin and at the
same time separated from most of the other ions present in the
sample. Following removal of iron, molybdenum and co-adsorbed
elements by washing first with the organic solvent system and
then with 6M hydrochloric acid, the uranium then is eluted with
1M hydrochloric acid. In the elute, uranium is determined
spectrophotometrically by measurement of the absorbance of the
yellow
uranium(VI)-8-hydroxyquinolate
complex, (oxine
method), which is formed according to the following equation:
UO22++3C9H7 N O ^ = * U O 2 (C9H6 NO).(C9 H 7 NO) + 2H*
The yellow complex has the structure shown in Fig. (2-1)
This selective reaction enables uranium in concentration up
to 900^6g to be determined spectrophotometrically by measuring
the absorbance of the solution at X425nm, at pHof8.8
The distribution coefficient of the ion-exchange resin used
was determined spectrophotometrically by hydrgen peroxide
method, which is based upon the reaction between an alkaline
solution of uranium (VI) with H2O2 to give yellow peruranate ion.
This selective reaction enables uranium (10-100mg) to be
determined spectrophotometrically at X 410 nm.

Fig.(2-1) Uranium (VI) -8- hydroxyquinolate complex

(ii)The second method is based upon the direct analysis by
x-ray fluorescence analysis by the use of solid samples.
The intensity ratio method was used to compensate for the
absorption of x-ray within the sample and to calculate the
concentration of uranium.
An ion exchange resin combined with x-ray fluorescence
method was used to prepare a calibration curve.
Uranium in standard solutions is preconcentrated by
collecting on a suitable ion -exchange resin by batch extraction,
followed by direct analysis using x-ray fluorescence. The intensity
ratio for each standard solution was estimated.
The resin used is Cellulose hyphan ion-exchange. Its
cellulose substituted with hyphan as a chelating group of high
selectivity. This resin was found to be strongly pH dependent(60).
So the capacity of it at different pH values was investigated to
determine the optimum pH for the resin.
Buffer solution of acetic acid and sodium acetate, was used
for the adjustment of the pH.
The spectrophotometric technique was used to establish the
capacity of the resin by hydrogen peroxide method.

2-2 The Experimental Steps
The analysis of rock samples involves three general
procedures:
(i) Determination of the distribution coefficient of the resins
used,
(ii) Determination
of
the
uranium
content
spectrophotometrically.
(iii) Determination of the uranium content by x-ray
fluorescence.
The sketch in Fig. (2-2) shows an out-line of the
experimental procedure used in the analysis.

2-3 Samples Collection
Samples of two types of rock phosphate were collected
from the Kurun-Uro area, and grounded by the Atomic Energy
Commission, National Council for Recarch, Sudan. The
investigator selected randomly 30 samples.

Fig. (2-2) Outline of the experimental procedure
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Determination of the distribution
coeffeicient spectrophotometrically
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X- ray fluorescence
analysis

I
Preparation of the
calibration curve (B)

Preparation of the
calibration curve (C)

I
Dissolution of rock
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Separation of
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Direct analysis of rock
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2-4 Apparatus
(i) A Perkin-Elmer UV/Vis/Nir, spectrophotometer, Lambda 9,
was employed for all spectral measurements with 1 cm quartz
cells.
(ii) A micro-computer-energy-dispersive x-ray fluorescence
spectrometer, with Molybdenum secondary target and a
molybdenum filter, was employed for all x-ray fluorescence
measurements with Cd-109 excitation source, (h/2 = 1.34 years,
E = 22.2 KeV and 88.0 KeV), coupled with a Si (Li) detector and
multi-channel analyzer to data counting.
(iii) A ABG 4000-1 l^pH/conductivity-thermometer, equipped
with glass electrode was used to check the pH of solutions when
necessary.
(iv)The ion-exchange separations of uranium, were performed by
employing the column technique in columns of the dimensions
8mmX 10mm.

2-5 Preparation of Reagents
- All reagents used were of analytical reagent grade.
- Double distilled water was used for preparing the solutions.
(i) Sodium carbonate solution (lOOgdm") was prepared from solid
and double distilled water.
(ii) Hydrogen peroxide (20 volumes) solution was prepared by
dilution of H2O2 (100 volumes).
(iii) IBMK-THF-HCI mixture
a mixture of IBMK (isobutyl methyl ketone), THF
(tetrahydrofuran) and 12M hydrochloric acid (1:8:1 V/V) was
prepared several hours before use (in order to prevent the
formation of air-bubbles in the resin bed). This solution can be
stored for at least a week without loss of effectiveness,
(iv) Ion-exchanger resin
(1) The strongly basic anion-exchanger was used.
To purify the exchanger (which contained, e.g, iron and zinc),
lOOg of the resin were treated in succession with a liter of 1M
nitric acid, a liter of 6M hydrochloric acid, a liter of 1M
hydrochloric acid, 2 liter of double distilled water and 0.5 liter of
reagent grade methanol. The batch of the resin was air dried.
(2) The cation-exchanger, Cellulose hyphan was used,
(v) Buffer solution of acetic acid and sodium acetate
Acetic acid solution of 0.5M and sodium acetate solution of
0.5M, were prepared. Five different pH values of this buffer
solution were prepared by mixing 10cm3 of acetic acid solution

with 10cm" of sodium acetate, with different concentrations made
by dilution.
(vi) Buffer solution of ammonium hydroxide and ammonium
chloride.
500cm3 of 0.16 M NH4OH were mixed with 500 cm3 of
0.01M NH4CI to give a buffer solution with pH 8.8
The pH of this solution was adjusted by a pH-meter.
(vii) 8-hydroxyquinoline (oxine, 1%) was freshly prepared and
filtered in chloroform solution.
(yiii) Hydrofluoric acid (48%).
(ix) Ammonium carbonate solution (5%).

2-6 Determination of the Distribution Coefficient of
the Resins
2-6-1 Preparation of the calibration curve
(i) Uranium (VI) stock solution (1000 ppm) was prepared by
dissolving 0.524g of A.R uranyl nitrate hexahydrate,
UO2 (NO3)2 .6H2O, in 250 cm3 of double distilled water.
(ii) Uranium (VI) standard solution were prepared freshly by
adding increments of 10,20,30,40 cm3 of stock solution to four
beakers each containing 90 cm3 of sodium carbonate solution
(lOOgdm'3).
(iii) After boiling for about 5 minutes, the solutions were cooled
and diluted to 200cm3 in a graduated flask.
(iv) A 25 cm3 liquot in each case was transferred to a 50 cm3
graduated flask by adding 5 cm3 of hydrogen peroxide (20
volumes) and diluting the solution with double distilled water to
the mark.
(v) The absorbance of the solutions were measured at \ 410 nm
using a 1 cm3 cell.
(vi) The calibration curve was prepared by plotting the absorbance
against uranium content.
2-6-2 Determination of the distribution coefficient of the
strong basic anion-exchanger used
(i) 20 mg of uranium and lg of the resin was shaken for 4 hours
with 50 cm3 of the organic solvent-hydrochloric acid mixture
(IBMK-THF-HCI), and left to equilibrate.
(ii) The resin was collected by filtration through a Whatman
No.42 filter paper.
(iii) The adsorbed uranium was eluted with 25 cm3 of 1M
hydrochloric acid by employing the column technique.

(iv) Uranium in the eluted solution was determined by transferring
the solution to 50 cm3 graduated flask, then adding 5 cm3 of
hydrogen peroxide (20 volumes) and diluting to the mark. The
absorbance was measured at^410nm.
(v) The distribution coefficient was calculated by comparing the
absorbance obtained with the calibration curve.
2-6-3 Determination of the distribution coefficient of the
Cellulose hyphan resin
(i) 0.5 mmole of uranium (119mg) was added to five 100 cm3
graduated flasks, with 20 cm3 of the (CH3COOH+CH3COONa)
buffer solution having concentration as shown in table (2-1).
The volume in each case was completed to the mark.

Table(2-1) Concentrations of the acetic acid-sodium
acetate buffer solution
No. of the
graduated
flask

Uranium
content
(mmole)

1.
2.
3.
4.
5.

0.5
0.5
0.5
0.5
0.5

10 cm3 of
CH3COOH
with
concentration
0.500
0.500
0.100
0.025
0.010

10 cmJ of
CH3COONa
with
concentration
0.01
0.10
0.20
0.50
0.50

pH
3
4
5
6
7

(ii) The pH of each solution in the graduated flask was adjusted by
the pH-meter.
(iii) The uranium content in each case was extracted by shaking
with 1 g of cellulose hyphan for 48 hours.
(iv) The mixtures were then filtered through a Whatman No. 42
filter paper.
(v) Uranium in the filtrate was determined by taking liquots of 25
cm3 from the filtrate and measuring the absorbance at pH ranging
from 3 to 7.

2-7 Determination of Uranium Content
Spectrophotometrically
2-7-1 Preparation of the calibration curve
(i) A stock solution containing 50mg/dm3 of uranium was
prepared by dissolving 0.106 g of A.R uranyl nitrate,
UO2(NO3).6H2O in 1 dm3 of double distilled water in a graduated
flask.
(ii) Standard solutions of different concentrations of uranium were
prepared by taking appropriate volumes of stock solution
(18,10,2,1 and 0.2 cm3), into five calibrated flasks (100cm3), to
give five solutions containing different amounts of uranium.
(iii) 20 cm3 of the buffer solution (NK, OH+NH4CI) were added to
the flasks, and the solutions were diluted to the mark.
(v) Uranium (VI) in the standard solutions was then determined
spectrophotometrically by extraction with two portions (10 cm3
each) of 1% oxine solution in chloroform by using a separating
funnel (250cm3).
(vi) The two extracts were combined.
(vii) The absorbances of uranium(VI)-8- hydroxyquinolate
complex in the combined extracts were read at \A25 nm.
(viii) The calibration curve was made by plotting the absorbance
against uranium content (mg) in the five standard solutions.
(ix) The linear regression equation was obtained by a least-square
treatment.
(x) The equation obtained was used to estimate uranium content in
rock samples.
2-7-2 General procedure
(A) Dissolution of rock samples
(1) To 1.0 g of the rock, previously ground, thoroughly
homogenized, sampled, and dried, in a 250 cm3 beaker, 30cm3 of
concentrated nitric acid were added.
(2) The beaker was covered with a watch-glass, and the mixture
was heated on a hot plate on a low temperature for 1-2 hours.
(3) Subsequently, the solution was evaporated to dryness.
(4) After evaporating twice to dryness with nitric acid, the residue
was transferred to a glass vessel with final use of 30cm3 of 1:1
HC1 to remove adhering matter.
(5) The mixture was heated in water bath for several minutes and
then allowed to stand over night.
(6) Afterwards, insoluble material mainly silica was removed by
filtering off a dense filter paper. A small volume of 1:1 HC1 was
used for washing the filter paper and residue to free from iron.
(7) The filter paper was then ignited in a platinum crucible.

n

(8) The residue in the crucible was treated with 5cm3 hydrofluoric
acid (48%) and then taken up in 5cm3 of nitric acid 1:1.
(9) The residue was heated finally with 10cm3 of 1:1 sulphuric
acid to expel nitric acid.
(10) The solution in the crucible was added to the filtrate in the
beaker.
(B) Separation of interferences by precipitation
(11) The final solution was warmed and treated with 10cm3 of 5%
ammonium carbonate solution, whereby uranium (VI) was kept in
solution as its carbonate complex and most of the accompanying
elements were precipitated "except titanium (IV) and vanadium

00".
(12) The mixture was then heated on a steam bath for 15 minutes,
then filtered through a Whatman No. 42 filter paper, and the
precipitate was washed with dilute ammonium carbonate solution.
(13) The filtrate and washing were acidified, boiled to remove
carbon dioxide, then diluted to 25cm3 with water.
(QSeparation of interferences by ion-exchanger
(14) The final solution was evaporated to dryness on a water-bath
and the residue was taken up in about 30cm3 of the (IBMK-THFHC1) mixture, which was added until a homogeneous solution was
obtained, in which however, The filtrate is the sorption solution
for the ion-exchange separation.
(15) The sorption solution was passed through the ion-exchange
column containing 2 g of the strong basic anion-exchange resin
(pretreated with 10cm3 of (IBMK-THF-HC1 )mixture at a flowrate of about 0.8cm3/min.
Uranium was sorbed on the resin from the sorption solution.
(16) Copper, cobalt, etc
, as well as organic solvents left in the
resin bed, were eluted with 100cm3 of 6 M hydrochloric acid.
(17) Iron and molybdenum were removed by washing the column
with 50cm3 of the (IBMK-THF-HC1) mixture.
(18) The adsorbed uranium was eluted with 25cm3 of 1M
hydrochloric acid.
(D)Spectrophotometric measurements
(19) The eluted uranium solution was neutralized by adding 25cm3
of 1M sodium hydroxide.
(20) The pH of the solution was adjusted by adding 20 cm3 of the
buffer solution (NHjOH+NHLjC^pH 8.8).
(21) The pH of the solution was checked by the pH-meter.
(22) Uranium (VI) in the solution was extracted with two portions
(10 cm3 each) of 1% oxine solution in chloroform.

(23) The absorbance of the complex performed was measured at
(24) The absorbance value obtained was compared with the
calibration curve previously prepared.
(25) The general procedure was carried out for each rock
phosphate sample.

2-8Determination of Uranium Content by XRF
2-8-1 Preparation of the calibration curve
(1) A stock solution containing 50mg/dm3 of uranium was
prepared by dissolving out 0.106g of A.R uranyl nitrate,
UO2(NO3).6H2O, in 1 dcm3 of double distilled water in graduated
flask.
(2) Standard solutions were prepared by taking appropriate
volumes of the stock solution (20,10, 2ytand 0.2cm3) and
transferred into 100cm3 calibrated flask, to give five solutions and
then diluted to the mark.
(3) Uranium was extracted from the solutions by adsorption into
lg of cellulose hyphan ion-exchange resin.
(4) The solutions were stirred for 2 hours on a magnetic stirrer.
(5) After stirring, the cellulose hyphan resins were collected from
solutions by filtering on a Whatman No.42 filter paper.
(6) The resins then were oven-dried for an hour at 45 °C.
(7) The dried resins were mixed throughly and spread uniformly
over a suitable surface.
(8) The resins were pressed to give pellets under 10 tons of
pressure using a hydraulic press giving a pellet of lmm thickness
and 20 mm diameter, and stored in chamber with silica gel until
the time of analysis.
(9) The x-ray fluorescence spectra of each resin were collected for
1000 seconds
(10) The intensity ratio of ULOO peak was counted, recorded and
evaluated by a computer program.
(11) The calibration curve was obtained by plotting the intensity
ratios of standards against the corresponding uranium content.
(12) A linear regression equation was derived by using leastsquare method. This equation was used to calculate uranium
content in each rock phosphate samples.

2-8-2 General procedure
(1) lg of rock phosphate sample was ground to fine powder and
weighed accurately.
(2) The sample was pressed into a pellet under 20 tons of pressure
using a hydraulic press giving a pellet of 2 mm thickness and
25mm diameter.
(3) The pellet was placed carefully (centrally) on the Cd-109
source.
(4) The spectrum was collected for 1000 seconds, and the intensity
ratio of ULO(I peak was evaluated.
(5) The uranium content in the pellet was calculated by comparing
the intensity ratio with the calibration curve previously prepared.

R1SUIT5A
Results
3-1 The Distribution Coefficient of the Resins used
3-1-1 The Calibration curve
Table (3-1) shows the absorbances of the standard solutions
made by peroxide method.

Table (3-1) The Absorbances of the standard
solutions (peroxide method)
No.

Uranium content
(nig)

0.561
0.502
0.443
0.403

40
30
20
10

1.
2.
3.
4.

A

The liner regression equation derived by using least square
method is
/4= 0.344 + 5.33XKT3 Ucont
©
Table (3-2) shows the calibrated absorbances of the
standard solutions (peroxide method).

Table(3-2) The Calibrated absorbances of the standard
solutions (peroxide method)
Uranium content
(n»g)
40
1.
2.
30
3.
20
4.
10
The data of the linear regression equation
least -square treatment are shown in table (3-3).

No.

A
0.557

0.504
0.451
0.400
obtained by a

Table(3-3) Linear regression of the calibration data (1)
Range
(nig)

10-40

Slope
cps.mg"1
5.33X10-

3

Intercept

cps.
0.344

Correlation
coefficient
0.999

Fig.(3-1) shows the calibration graph obtained by the linear
regression equation (1).
This graph is used for determination of uranium content for
calculation of the distribution coefficient of the resins used.
3-1-2 Distribution coefficient of the strong basic
anion- exchanger
The distribution coefficient could be calculated by the
following equation:

(mmole/g)
CS (mmole/ml)

KA-CE

Where: CE is the exchanger capacity.
CS is the solution capacity.
Table (3-4) shows the uranium content adsorbed by the
resin (repeated three times).

Table (3-4) Uranium content adsorbed by the
strong basic anion-exchanger
Uranium
content in
solution (nig)
20
20
20

No.
1.
2.
3.

A
0.441
0.440
0.440

Uranium
content in
elution (mg)
18.2
18.0
18.0

Mean= 18.134 mg
K<i for the strong basic anion-exchanger is
= 18.134
=490
0.037
3-1-3 Distribution coefficient of the Cellulose hyphan
Table (3-5) shows the uranium content adsorbed by
cellulose hyphan at different pH values.

Table (3-5) Uranium content adsorbed by Cellulose
hyphan at different pH values
No,

pH

A

1.
2.
3.
4.
5.

3
4
5
6
7

0.523
0.550
0.700
0.752
0.838

Uranium content in
elution (mg)
33.6
38.8
66.6
76.6
92.6

Fig. (3-1) Calibration graph for
uranium by the peroxide method
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Table (3-6) shows the distribution coefficient values
corresponding to each pH value.

Table (3-6) Kd values of Cellulose hyphan for each pH
value
No.
1.
2.
3.
4.
5.

pH
3
4
5
6
7

Kd

39.3
48.4
127.0
180.7
350.8

LogKd
1.60
1.69
2.00
2.26
2.55

Fig. (3-2) shows a graphic representation of log Kd vs. pH.
From this graph it is indicated that the capacity of the cellulose
hyphan is found to increase with the pH, reaching a maximum at
pH 7, and Kd at pH 7 is 350.8

3-2 Determination of Uranium Concentrations in Rock
Phosphate Samples Spectrophotometrically
3-2-1 The Calibration curve
Table (3-7) shows the absorbances of the standard solutions
made by oxine method.

Table (3-7) The Absorbances of the standard solutions
(oxine method)
No.

Uranium content

A

(nig)

1.
2.
3.
4.
5.

0.90
0.50
0.10
0.05
0.01

0.913
0.559
0.276
0.241
0.167

The linear regression equation derived by using least-square
method is
A= 0.1825 + 0.797Ucont
©
Table (3-8) shows the calibrated absorbances of the
standard solutions (oxine method).

SI

Fig. (3-2) A Graphic
representation of log k^ vs. pH
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Table (3-8) The Calibrated absorbances of the standard
solutions (oxine method)
Uranium content
A
(ing)
0.900
0.90
1.
0.581
0.50
2.
0.262
0.10
3.
0.222
0.05
4.
0.190
0.01
5.
The data of the linear regression equation obtained by a
least-square treatment are shown in table (3-9).
No.

Table (3-9) Linear regression of the calibration data(2)
Intercept
Slope
Correlation
Range
-1
cps.mg
cps.
coefficient
(ing)
0.01-0.90
0.797
0.999
0.1825
Fig. (3-3) shows the calibration graph obtained by the linear
regression equation (2).
This graph is used for the determination of uranium
concentrations in rock phosphate samples.
3-2-2 The Recovery of uranium by the strong basic anionexchanger
The recovery of uranium by the resin was checked by the
use of known samples of uranium content, and the analysis of
these samples by the general procedure.
Table (3-10) shows the uranium content found by the
analysis of known samples of uranium content.

Table (3-10) The Recovery of uranium by the strong
basic anion-exchanger
No.

1.
2.
3.
4.
5.

Uranium
addded
(mg)
0.60
0.30
0.15
0.07
0.03

A

Uranium
found
(mg)

Relative
error
%

0.650
0.418
0.298
0.238
0.206

0.5870
0.2960
0.1450
0.0690
0.0289

-0.500
-1.334
-3.334
-1.430
-3.670

Relative
standard
deviation
%

1.39

Table (3-10) illustrates that about 98.6% of the uranium content is
extracted by two gramms of the resin from the sample solution.
S3

Fig. (3-3) Calibration graph for
uranium by the oxine method
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3-2-3 Uranium concentrations in rock phosphate samples
Table (3-11) shows uranium concentration in rock
phosphate samples made by spectrophotometrically analysis.

Table (3-11) Uranium concentrations in rock
phosphate samples determined by UV
Sample No.

A

1U
2U
3K
4K
5U
6U
7K
8K
9K
10K
UK
12 U
13 U
14 U
15 U
16U
17U
18K
19K
20U
21U
22K
23U
24K
25U
26K
27U
28K
29K
30K

0.210
0.275
0.200
0.202
0.250
0.220
0.275
0.205
0.195
0.197
0.366
0.204
0.270
0.310
0.210
0.241
0.231
0.279
0.248
0.260
0.220
0.205
0.345
0.215
0.269
0.195
0.340
0.225
0.196
0.212

ss

Uranium concentration
ppm
34.5
116.0
22.0
24.5
84.7
59.6
116.0
28.2
15.7
18.2
230.0
27.0
109.2
160.0
34.5
73.4
60.9
131.0
82.2
97.3
47.1
28.2
203.9
40.8
108.5
15.7
197.2
53.3
16.9
37.0

3-3 Determination of Uranium Concentrations in Rock
Phosphate Samples by X-ray fluorescence Analysis
3-3-1 The Calibration curve
Table (3-12) shows the intensity ratios of the Ui^i peaks of
the standard samples made by x-ray fluorescence.

Table (3-12) The Intensity ratios of the
peaks of the standard samples
No.
1.
2.
3.
4.
5.

Mass of uranium
(ing)

1.00
0.50
0.10
0.05
0.01

Iu/ lincoh 10"

8.500
4.200
0.900
0.410
0.085

The linear regression equation derived by using least-square
method is
= 0.00132 +8J9Umass •
— ®

Table (3-13) The Calibrated intensity ratios of the
peaks of the standard samples
No.
1.
2.
3.
4.
5.

Mass of uranium
(mg)
1.00
0.50
0.10
0.05
0.01

Iu/Imch 10°

8.490
4.250
0.850
0.426
0.086

The data of the linear regression equation obtained by a
least-square treatment are shown in table (3-14).

Table (3-14) Linear regression of the calibration
data (3)
Range
(nig)

0.01-1.00

Slope
cps.mg - 1
8.49

Intercept
cps.
0.00132

Correlation
coefficient
0.999

Fig. (3-4) shows the calibration graph obtained by the linear
regression equation (3).
This graph is used for determination of uranium concentrations in
rock phosphate samples.
3-3-2 The Recovery of uranium by Cellulose hyphan
The recovery of uranium by cellulose hyphan was checked
by the analysis of selected five rock phosphate samples. The
analysis was performed twice by two types of analysis, a direct
method and a combined method (with cellulose hyphan.).
Table (3-15) shows the uranium content in samples
analyzed by direct and combined method.

Table (3-15) The Recovery of uranium by Cellulose
hyphan
Sample
No.

5U

10K
15U
20U
30K

Kind of analysis
Relative
error
Direct method
Combined method
%
Intensity Uranium Intensity Uranium
cont.
ratio
cont.
ratio
3
3
(ppm)
(10- )
(ppm)
(io- )
89.4
0.755
88.8
0.67
0.760
22.3
0.89
22.5
0.191
0.192
3.80
0.260
30.5
0.270
31.7
0.827
97.2
-0.83
96.4
0.820
40.2
-0.75
0.343
0.340
39.9

Relative
standard
deviation
%

This table illustrates that about 98.1% of the uranium
content is extracted by one grammofthe cellulose hyphan from
the rock sample.
The correlation coefficient between the direct method and the
combined method is high (0.999).

1.9

Fig. (3-4) Intensity ratio of
uranium L^ as a function of mass
of uranium in the standard
samples
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3-3-3 Uranium concentrations in rock phosphate samples
Table
(3-16) shows uranium concentrations in rock
phosphate samples made by x-ray fluorescence analysis.

Table (3-16) Uranium concentrations in rock
phosphate samples determinedby XRF
Sample
No.
1U
2U
3K
4K
5U
6U
7K
8K
9K
10K
UK
12U
13U
14U
15U
16U
17U
18K
19K
20U
21U
22K
23U
24K
25U
26K
27U
28K
29K
30K

Iu/Iincoh 10

0.315
1.020
0.231
0.210
0.770
0.473
1.000
0.270
0.155
0.195
2.070
0.250
0.935
1.411
0.280
0.666
0.563
1.167
0.690
0.830
0.434
0.260
1.835
0.379
0.945
0.133
1.690
0.441
0.133
0.332

Uranium
concentration
(ppm)
37.0
120.0
27.0
24.0
90.3
55.5
118.0
31.5
18.1
22.2
244.0
29.0
110.0
166.0
33.0
78.3
66.1 .
137.3
81.0
97.6
51.0
30.1
216.0
44.5
111.2
15.5
199.0
51.8
15.5
39.0

3-4 Comparison of the Results as Obtained by the two
Methods of Analysis
Table (3-17) gives a comparison
obtained by UV and XRF analysis.

between the results

Table (3-17) Comparison of the results of the UV
and XRF analysis
Sample No.
1U
2U
3K
4K
5U
6U
7K
8K
9K
10K
UK
12U
13U
14U
15U
16U
17U
18K
19K
20U
21U
22K
23U
24K
25U
26K
27U
28K
29K
30K

UV (ppm)
34.5
116.0
22.0
24.5
84.7
59.6
110.0
28.2
15.7
18.2
230.0
27.0
109.2
160.0
34.5
73.4
60.9
131.0
82.2
97.3
47.1
28.2
203.9
40.8
108.5
15.7
197.2
53.3
16.9
37.0

XRF (ppm)
37.0
120.0
27.0
24.0
90.3
55.5
118.0
31.5
18.1
22.2
244.0
29.0
110.0
166.0
33.0
78.3
66.1
137.3
81.0
97.6
51.0
30.1
216.0
44.5
111.2
15.5
199.0
51.8
15.5
39.0

Table (3-18) gives a summary of the statistics data of the
results as obtained by the two methods of analysis.

Table (3-18) Summary of the statistics data of the
results as determined by UV and XRF analysis
Analytical
method

Min.

Mem Max.

Std.dev.

UV
XRF

15.70
15.50

75.80 230.00
78.65 244.00

61.80
62.70

Relative
standard
deviation
%

Correlation
coefficient

3.8

0.998

The diagram in Fig. (3-5) compares the mean uranium
concentrations in the study area as obtained by UV and XRF
techniques.

Fig. (3-5) Comparison of the
mean uranium concentrations as
obtained by UV and XRF
techniques
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3-5 Comparison of the Uranium Contents in Kurun
and Uro Area
Table (3-19) gives a comparsion of the uranium contents in
Kurun-Uro rock phosphate samples.

Table (3-19) Comparison of the uranium contents
in Kurun and Uro area
No.
3K
4K
7K
8K
9K
10K
UK
18K
19K
22K
24K
26K
28K
29K
30K

Kurun area
UV
22.0
24.5
116.0
28.2
15.7
18.2
230.0
131.0
82.2
28.2
70.8
15.7
53.3
16.9
37.0

XRF
27.0
24.0
118.0
31.5
18.1
22.2
244.0
137.3
81.0
30.1
44.5
15.5
51.8
15.5
39.0

No.
1U
2U
5U
6U
12U
12U
14U
15U
16U
17U
20U
21U
23U
25U
27U

Uro area
UV
34.5
116.0
84.7
59.6
27.0
109.2
160.0
34.5
73.4
60.9
97.3
47.1
203.9
108.5
197.2

XRF
37.0
120.0
90.3
55.5
29.0
110.0
166.0
33.0
78.3
66.1
97.6
51.0
216.0
111.2
199.0

Table (3-20) gives a summary of the statistics data of the
results between Kurun and Uro area.

Table (3-20) Summary of the statistics data of the
results between Kurun and Uro area
Rock type
Statistic data
Min.
Mean
max.
Std. dev.
Correlation
coefficient (r)

Kurun
XRF
UV
15.70
15.50
60.00
57.30
230.00
244.00
60.12
63.00
0.995

Uro
UV
27.00
94.30
203.90
56.40

XRF
29.00
97.34
216.00
58.40
0.998

The diagram in Fig. (3-6) compares the mean uranium
concentrations in rock samples in Kurun and Uro area as obtained
by the two techniques.
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Fig. (3-6) Comparison of the mean
uranium concentrations in rock
samples in Kurun and Uro as
obtained by the two techniques
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In Sudan until now, there are no special programs for search
and determination of uranium. Some theses and papers indicated
uranium concentrations in Kurun-Uro area and Miri area, but these
works determined uranium as one of many elements determined,
so these works not genious.
For example, Abdalla LA. (1993)(4), investigated the use of
Kurun-Uro rock phosphate in agriculture. She noted that uranium
concentration in Uro area is 0.035% ,and 0.014% for Kurun area.
This data was obtained by the analysis of just one sample from
one area.
Recently a program for determination of uranium in KurunUro area has been intiated by Sudan Atomic Energy Commission
(SAES). Eltayab and others (1995) determined the concetration of
uranium and strontium in Kurun-Uro area and Miri lake by XRF
technique.
The present work is characterized by the following:
(i) It is a limited study, it is carried out specially for the
investigation of trace uranium concentrations in rock
phosphate samples from Kurun-Uro area,
(ii) It is the first study that applies spectrophotometric methods
in the determination of uranium in the Sudanese rock
phosphate samples.
As for the determination of distribution coefficients of the
resins, two types of resins have been used in this work; a strong
basic anion exchanger applied for the separation of interferences
in the spectrophotometric analysis, and cellulose hyphan- a cation
exchanger applied for the preparation of the calibration curve in
the XRF analysis.
The test of capacity showed that these resins have good and
suitable distribution coefficients (K<i); 490 for basic anion resin,
and 350.8 for cellulose hyphan resin. The tests also showed that
the capacity of cellulose hyphan differs according to the pH of the
solution. Its capacity increases with pH, reaching a maximum
value at pH 7.
Spectrophotometric analysis
The method selected for the spectrophotometric analysis of
the rock phosphate samples depends upon the production of a
coloured complex due to the
reaction of uranium with
8-hydroxyquinoline, after separation of interference elements
present with uranium in the samples.

(i)Sensitivity:
The results obtained for uranium concentration obey Beer's
law for uranium concentration up to 9 0 0 ^ g (O.^ng). This
sensitivity is suitable for concentrations of uranium in rock
phosphate samples.
(ii)Interferences studies:
After treatment of rock samples with nitric acid, it was
necessary to separate uranium from the solution, because many
interferences are caused by molybdenum, thorium, zirconium,
titanium, vanadium, rare earth elements, iron, aluminum, and also
from other compr—nts such as the main constituents of rocks.
For the purpose of separation, two methods of separation
were used,separating the interferences by precipitating them as
carbonates, and the usage of anion-exchange separation of
uranium from accompanying elements in an organic solvent
system.
All common ions except titanium, vanadium and zirconium,
were separated successfully by the addition of ammonium
carbonate(45). The considerable interferences given by titanium and
vanadium were found to be separated by the ion-exchange
separation by using strong basic anion-exchange resin(31).
Since only zorconium seems to interfere, after separation of
titanium and vanadium, the spectrophotometric method used can
be applied to a wide variety of rock phosphate samples containing
traces of uranium.
The data obtained by this method showed
a good
agreement with that obtained by XRJF.
(iii)Precision and accuracy:
To study the precision and the accuracy of the
spectrophotometric determination the following procedure was
followed:
Three different standard solutions containing different
concentrations of uranium were prepared from-analytical reagent
grade uranyl nitrate. The analysis was carried out by the general
procedure with five absorbance measurements made on each
standard uranium solution(41).
Table (3-21) shows the relative standard deviations of the
precision and accuracy of the spectrophotometic method applied.

Table (3-21) Precision and accuracy data of the
spectrophotometric method
Solution Uranium
taken
No.
(mg)
1.
0.85

2.

3.

0.15

0.09

A

Uranium
found
(mg)

Error
%

0.857
0.855
0.848
0.852
0.850
0.300
0.301
0.298
0.298
0.299
0.253
0.252
0.254
0.253
0.251

0.846
0.844
0.835
0.840
0.838
0.148
0.149
0.146
0.146
0.147
0.088
0.087
0.089
0.088
0.086

-0.47
-0.71
-1.80
-1.18
-1.40
-1.34
-0.67
-2.67
-2.67
-2.00
-2.23
-3.34
-1.12
-2.23
-1.12

Relative
standard
deviation
%

0.55

0.87

0.93

The overall relative standard deviation of 15 determinations
is 0.78%.
Table (3-21) indicates that the relative standard deviations
of the precision and accuracy of the method applied were of the
same magnitude.
X-ray fluorescence analysis
(i)Precision and accuracy:
The precision and accuracy of x-ray fluorescence method
can be tested by determining the correlation coefficient between
the intensity ratio and the uranium content (mg) for the standard
samples used for the calibration step(28).
Table (3-12) shows the intensity ratio against the uranium
concentration for the standard samples. From these data it is clear
that there is a linear relationship between the intensity ratio and
the concentration. The correlation coefficient calculated is
0.999.This value indicates that the results are good.

(ii) The similarity of the matrix effect:
Testing of the similarity ofthe matrix effect, was done by
seeing the intensity ratio of uranium, if it is in the limit range or
wide(15).
From table (3-16) , the intensity ratio was found to range
between 0.133xi(T3 to 2.07X 1CT3 (0.133-2.07) and so it is limited.
The matrix in all of these samples was considered to be similar.
Comparison ofthe results ofthe analysis methods
The results obtained by spectrophotmetric method show a
good agreement with those obtained by x-ray fluorescence method
in all samples included the analysis.
The relative standard deviation between the two techniques
was found 3.8% .This percentage value is good and indicates
that spectrophotometric method can be used successfully in the
determination of uranium in rock phosphate sample. This
percentage value agrees with the fact indicated earily, that the
relative
error
in
concentration
measurements
by
spectrophotometric methods lies in the
range of 3%. The
spectrophotometric method applied in this work involves 25 steps
which increases the percentage of the error.
The correlation coefficient between the spectrophotometric
method and x-ray fluorescence method is high (0.998). This value
indicates that the spectrophotometric method applied is a
confident method for determination of uranium contents in rock
phosphate samples.
The two analytical methods applied show varying results
for the samples from the study area. The uranium concentration in
rock phosphate samples varies from 15.6 to 244ppm. This
variation could be due to the difference ofthe forms of phosphate
rocks.
Comparison of the uranium contents in Kurun and Uro rock
phosphate samples
In overall rock phosphate samples analysis, rock phosphate
samples from Uro area in general show higher concentrations of
uranium than rock phosphate samples from Kuran area. Uro area
has uranium content 1.6 times that of Kurun area.

Comparison of the uranium contents in Kurun - Uro area with
data from literature
The results obtained in this study show a good agreement with
those obtained by Eltayeb and others (1995) (15>16). The data
reported by Eltayeb and others(1995) showed that uranium
concentration in Kurun -Uro rock phosphate samples is in the
range from 13.2 to 230.3 ppm.
The results obtained in this study
agree with the
concentration of uranium in Miri lake area, as reported by
Ahmed and Hassan (1993)(3).Miri lake area is in the
neighborhood of Kurun-Uro area in the Nuba mountains.
The results of the two studies agree in the range of uranium
concentration, but there is a difference in the mean value
as shown in the following table:
Area

Kurun-Uro, present work
(PPm)

Miri lake,

Range
Mean

15.6-244.0
77.0

13.0-300.0
122.3

(ppm)

The difference is due to the difference in compositions of
rocks, Kurun-Uro area described as a typical rock phosphate
having phosphate concentration around 25% .Rocks in Miri lake
area contain phosphate concentration less than 2%. The major
rock types in Miri lake are alkali syenites with the composition
show in the table below(3):
SiO2
P2O5
Fe2O3
10%
Less than 2%
60 - 90%
(iii) The results obtained in this study agree well with the
concentration of uranium in rock phosphate in Syria, which varies
from 60 ppm in the Al-Sharkeia mines to 120 ppm in the khnefees
mines (40).These results also show a similarity with the uranium
concentration in Chinese rock phosphate which contained 89
ppm(26>.

Table (3-22) gives a comparison of the uranium contents in
Kurun-Uro area with data from literature.
Table (3-22) Comparison of uranium concentration in
the present study with data from literature
Mean uranium concentration
Rock Type
(ppm)
60.00
Kurun rock*
97.34
Uro rock*
<26)
89.00
Chinese rock
m
60.00
AlSharkeia, Syria
m
120.00
Khnefees, Syria
''present work, by XRF.

can
i.
ii.
iii.

iv.

v.

vi.

vii.

From the results of this present work the following points
be reported*
Kurun-Uro area is an area of trace level of uranium content
in the range from 15.6 to 244 ppm.
Uro rock type showed higher level of uranium content than
Kurun type in overall ratio of 1.6 times.
The distribution of trace uranium in rock phosphate samples
is highly variable, this could be due to the differences in
genesis of the phosphate rock.
XRF technique results show a good agreement with data
from literature. It is an excellent technique for
determination of uranium in rock phosphate, because it is
easy, accurate, doesn't involve a long time, and does n't
need chemicals or chemical treatment.
Spectrophotometric technique results show a good
agreement with those obtained by XRF technique. The
results obtained by UV show a high correlation coefficient
with those obtained by XRF. So the spectrophotometric
method applied for determination of uranium in rock
phosphate samples is convenient and accurate.
Cellulose hyphan, the cation-exchange resin used for rock
phosphate analysis by XRF gives good results. This offers
an advantage to determine uranium in natural ground water
samples by collection of uranium in this resin, and analyse
it by XRF technique. Cellulose hyphan extracts more than
98% of uranium from the sample at pH 7.
Uranium concentrations in Uro area, are more close to the
international values (Syria and Chaina). Further studies and
more investigations may be carried out in this area to
determine uranium in rock phosphate samples collected
from several deep parts form this area.
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