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ABSTRACT 

In this study, granite rocks samples were collected from 

Jebel Nikrab, in the eastern Sudan. 

A total of 16 samples were analyzed for F e 2 0 3 , MgO, 

CaO, N a 2 0 , K 2 0 and MnO, using the atomic absorption 

spectrometer (AAS) and S i 0 2 A 1 2 0 3 using Colorimeter. 

By classical methods analyzed for W, Ta, Nb and Sn, and 

all these results compared with the results have been done in the 

international laboratories give the same results even the results 

of the S i 0 2 , A 1 2 0 3 , CaO, MnO, F e 2 0 3 , MgO, K 2 0 and N a 2 0 . 

The range of W (0.0001-0.0005), Sn (0.00010.0024), Ta 

(0.003-0.0042), Nb (0.007-0.05). The range of oxide of Mn 

(0.07-0.1); Fe (0.17-17), Mg (0.009-0.3), Ca (0.05-1.2), Na 

(0.07-4.29) and K (0.02-3.7). 



Mn (0.07-0.1), 

Fe (0.17-17), 

Mg (0.009-0.3), 

Ca(0.05-1.2), 

Na (0.07-4.29) 

K (0.02-3.7). 
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Chapter One 
Introduction 

1.1 General 
l.l.lTungsten 

Tungsten (W) is not found native, but is produced in the form of 

grayish black powder, with specific gravity (gr) about 19 g/cm , 

melting point (mp) 237°C and molecular weight (wt) 184 ( 3 ) . The element 

occurs in rocks high in silica and as sulfide (Ws), it is found commonly 

associated in the form tungstate with calcium (Ca), copper (Cu), and 

iron (Fe) and manganese ( M n ) ( 4 ) ' . The metal is obtained by, reduction of its 

ores carbon or by the thermit process. The tungsten ores beings wolfram, 

(Fe, Mn) WO4, and Ischeelite, Ca W 0 4 Wolfram is usually associated with 

tinstone, and for along time the separation of these minerals was matter of 

some difficulty. It is affected by electromagnetic separation. Scheelite is 

less often mixed with tinstone and the separation in this case is performed 

by roasting the crushed ore with sodium carbonate, by which operation 

sodium tungstate is formed, and the tin ores can be removing. 

Much of tungsten that separates with the silicon will be lost if ignition 

are made at the customary high temperatures, for tungstic oxide begins to 

volatilize at about 800°C 
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The world production of tungsten ores, estimated for the purposes of 

calculation at an average of 60 percent W 0 3 , reached nearly 84000 tons in 

1956. China, U.S.S.R and the Koreas are the chief producers, followed by 

the United States, Bolivia, Portugal and others; less than hundred tons of 

concentrates was produced in Cornwall annually up to 1957. 

The chief Ferro-tungsten used tungsten, either as metallic tungsten or 

in the form of alloys product in the electric furnace, is for tool steels. Other 

important uses are for the production of special alloys, and for manufacture 

of electric filaments. Tungsten salts are used as the mordant, and for 

fireproofing purposes. Tungsten carbide is employed in the manufacture of 

cutting-tools. 

Two oxides of tungsten are known, WO2 and W 0 3 ; the latter is 

tungstic acid, and it forms various salts called tungstates, some of them 

occur as minerals, as wolfram and scheelite, already mentioned. Tungstic 

acid, W 0 3 occurs as the mineral tungstite or tungstic ochre, and is formed 

as an alteration product of the mineral tungstates. ( 3 ) The later oxides is 

almost insoluble in water and in dilute acids, but it soluble in solution of 

(best in fused) caustic alkalis forming tungs ta te . ( 2 3 ) 
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l . l . l . lThe Mineral Wolframite 

Wolframite, an opaque mineral composed of ferrous and 

manganous tungstate, (Fe. Mn) W 0 4 and existing as an 

isomorphous mixture of the minerals ferberite, Fe W 0 4 and 

hurebnerite, Mn W 0 4 It crystallizes in the monoclinic system, 

exhibits perfect cleavage, and shines with a submetalic to 

resininous luster. The colour range from brown to black; the 

hardness is 5 to 5.5, and the specific gravity is 7 to 7.5. 

Wolframite occurs in combination with such minerals as 

cassiterite , scheelite ,quartz pyrite, galena , sphalerite ,and 

arsenopyrite , and is found mainly in China , Burma , New South 

Wales State , Australia , Bolivia , Germany , and Cornwall, 

England . In the U.S. principle deposits occur in Boulder 

Country, Colorado, Nye Country, Nevada, and Black Hills, 

South Dakota. The principal use is as source of tungsten or 

wol f ram. ( 4 ) 

1.1.2Tin (Sn) 

Its molecular weight(wt) is 118.7 , with specific 

gravity ( 1 ) (gr) about 6.56 and melting point (mp) 232°C ,it has 

two oxides S n 0 2 and SnO , it is found naturally in the form of its 

oxide (cassiterite , S n 0 2 ) and less frequently in the form of 

sulphide(stannite SnS 2 ) . Tin is silver white metal, which is 
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malleable and ductile at ordinary temperatures, but at low 

temperatures it becomes brittle, due to transformation into an 

allotropic modification. The metal dissolves slowly in dilute 

hydrochloric and sulphuric acid with the liberation of hydrogen 

and the formation of stannous salt; it is readily dissolved by the 

hot concentrated acids. Dilute nitric acid dissolves tin slowly 

without any evolution of gas, stannous nitrate being formed; 

with concentrated nitric acid, white soiled, usually formulated as 

hydrated stannic oxide S n 0 2 . X H 2 0 and sometimes known as 

metastannic acid, being produced. Solution takes place readily 

with aquaregia; stannic chloride is the sole product. 

Sn +2 HC1 (dilute and cone.) = SnCl 2 + H 2 | 

Sn + 4 H 2 S 0 4 (dilute) = S n s 0 4 + H 2 1 

Sn + H 2 S 0 4 (cone.) = S n S 0 4 + 2 S 0 2 + H 2 0 

4Sn + 5 NHOHNO3 (dilute) =4Sn ( N 0 3 ) 2 + N H 4 N 0 3 + 3 H 2 0 

3Sn +HNO3 + (x2) H 2 0 = 4NO + 3 S n 0 2 . x H 2 0 

3Sn + 4 H N 0 3 + 12HC1 = 4NO +3SnCl 4 + 8 H 2 0 

Agazzl (1965) reported interferences on 0.6 mg/lSn, in H 2 0 2 matrix, as 

follow: 500 m g / l N a N 0 3 caused enhancement; 20 m g / l N 3 P 0 4 or N a 4 P 2 0 7 

caused depression of the absorbance. (The depression was probably the 

result of chemical interference.) ( 7 ) 
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The low sensitivities of standard detector were major problem in 

chromatographic studies of tin tetra alkyls tin chlorides. Atomic absorption 

spectrometry is suitable for the determination of single organ metallic 

compounds, but it must be interfaced with a separation system in order to 

deal with m i x t u r e . ( 2 8 ) 

1 .1 .3/Columbium (Niobium, Nb) and Tantalum 

They are rare acid - forming elements, very similar chemically and are 

always found together in nature. They are difficult separate from each 

other and are usually found together even in a l loys . ( 2 ) Solvent extraction is 

useful method for the separation of niobium and tantalum. Diethyl ether, 8-

hydroxy quinoline and N-phenyl hydroxylamine have been they do not 

extract tantalum. ^ 

Typical tantalum properties: Cross rolled, electron beam (EB) melted, 

rolled and a nealed. Tantalum at atomic number 73, atomic weight 180.95, 
3 3 

density 0.6lb/in or 16.6 g /cm .It is highly corrosion resistant and 

exceptionally elusable, it will perform many years without any lost 

production time for repairs or replacements. The long service life of 

tantalum condenser, heat exchanger, vessel or other component provides the 

highest productivity rate while eliminating maintenance costs and 

replacements expenditures. The unique properties of tantalum make it 

highly effective construction material for equipment exposed to corrosive 
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fluids in the chemical processing industry. Tantalum is inert to practically 

all organic and inorganic compounds, itJinert to sulphuric acid below 30(]^ 

and the attack below 400Jfis not significant. Tantalum inert to hydrochloric 

acid, in all concentration and at temperatures up to 3 0 0 ^ ( 4 ) ' By virtue of its 

resistance to chemical attack, metallic tantalum can often be use'in place of 

platinum (e.g. crucible and wire) ,in medical and dental e q u i p m e n t ( 2 ) , in 

the purring process to make thin coating on magnetic recording media 

,printer components , flat panel displays , optical and industrial glass ,and 

thin film resistor . Tantalum is similar to glass in its extreme corrosion 

resistance and has extensive uses in protection against hot concentrated 

acids ( 4 ) It uses for tantalum-coated carbon Furnace- for improving the 

determination of silicon by A.A.S. ^ Pure metallic tantalum (99.5-99.9%) 

is available commercially; the tantalum content depends on its methods of 

preparation. Pure metallic niobium has no special use. 

Their most important ore are tantalite (Fe.Mn) ( T a C ^ and columbine 

or niobite (Fe.Mn) ( M ^ . Naturally found in forms of mixed crys ta l s . ( 2 ) 

Its formula (Fe. Mn) (Ta.Nb) 2o6, an iron manganese tantalum niobium 

oxides, it has oxide and hydroxide. 

Tantalite also very flat tabular crystals sometimes aggregated together in 

parallel or near parallel group .Can also be a granular and massive. The 

1.1.3.1The Mineral Tantalite 
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cleavage is good in one direction, fracture is subconchoidal, hardness is 

6.65, specific gravity is approximately 8, when pure (very heavy for non 

metallic minerals). Associated minerals include albite, spodumene, 

cassiterite, microcline, lepidolite, apatite, beryl, microlite, tourmalines and 

amblygonite. Occurrences include Newry Maine ; San Diego CO., 

California , Colorado and Amelia , Virginia , USA , Renfrew Country 

Ontario , Canada , Madagascar , Sweden , Norway and Finland . 

Tantalite is most widespread tantalum mineral and makes an important 

ore of the industrially useful metal. It forms a series with the minerals 

columbite .In fact the two are often grouped together as semi- singular 

mineral called columbite - tantalite in many minerals guides, A series 

where are two or moor elements can occupy the same place within crystal 

structure and their respective percentage can then vary. The two minerals of 

this series have similar properties since they have the same structure and 

similar chemistries (tantalum and niobium are very similar elements). 

Tantalite is the more tantalum rich end member and columbite is the more 

niobium rich end member. 

Tantalite's greatest difference from columbite it is much greater specific 

gravity (8) compared to columbite's specific gravity (5). Other properties 

that vary slightly are colour, transparency and streak. Both minerals can be 

found more or less together in granites, pegmatite's rich in lithium and 

phosphorus minerals with columbite concentrated at the edges of the 

pegmatite and tantalite enriched in the ore. 
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Tantalite's has a series of owipk The iron and manganese amount vary 

considerably without much effect on properties. However, the two end 

members are recognized as distinct minerals although collectors have found 

this to be rather cumbersome and generally prefer tantalite to the non -

unique names of Ferro- tantalite and mangano-tantalite. 

Tantalite has dimorphic relationship to another mineral called 

tapiolite. Adimorph minerals that has the same chemistry, but different 

structure as opposed to the orthorhombic structure of tantalite. Although, it 

has exactly the same chemistry, (Fe.Mn) (Ta.N) 2 0 6 . 

As mineral specimens, tantalite can be nice addition to one 's 

collection. Good crystals are both complex and handsome. Although, the 

colour selection is usually limited too black to brown the luster is generally 

good. Manganese rich tantalite's can be brown and translucent. 

1.2The Element Forming Minerals 

1.2.1 Calcium 

This exceedingly important and widely distributed element occurs in 

nature only in combined state. It is estimated that calcium forms 3.5 percent 

of the earth's crust. It occurs combined as carbonate , sulphate , phosphate , 

fluoride , silicate and in large number of complex compounds associated 

with number of elements , among which are silicon ,iron ,aluminum , born 
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titanium , sodium and potassium . The better known minerals are calcite, 

limestone. Calcium is found in nearly all mineral springs, artesian and river 

water, principally as carbonate. 

As oxalate is occur in plant; as phosphate in bones of animals. The 

oxalate of calcium is the least soluble of the alkaline -earth group. 

Physical test: flame test, the flame of Bunsen burner is coloured yellowish 

red when a platinum wire containing calcium salt moistened with 

concentrated hydrochloric acid is held in the f l ame ( 1 ) 

The flow-base analysis method, discontinuous - flow analysis (DFA), 

was used for the determination of total calcium in drinking water, milk and 

wine by titration with ethyleneglycoltetra acetic a c i d . ( 1 6 ) 

1.2.2 Iron (Fe) 

Next to aluminum, iron is the most common of the metals. It occurs 

free to limited extent, sparingly in small grains in certain rocks, in masses in 

basalt and alloy in meteorites. It occurs in divalent and trivalent from 

combined as ferrous and ferric compounds ( 1 ) and an extent of about 5% by 

weight of the Earth s c rus t ( 2 4 ) .It is found in large number of minerals very 

widely distributed. The more common natural compounds and minerals are 
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ferrous oxides, FeO; ferric oxide (hematite), F e 2 0 3 ; magnetite, Fe 3 0 4 ; 

limonite, Fe (OH) 6 . F e 2 0 3 ; siderite , F e C 0 3 ; pyrite (fool's Gold ) , 

marcasite , F e S 2 ; chalcopyrite , C u F e S 2 ; chromites ,Feo. C r 2 0 3 ; almonite, 

Fe 3 A l 2 ( S i 0 4 ) 3 ; andradite , C a 3 F e 2 ( S i 0 4 ) 3 ; ileminite , (FeTi 2 0) ; and a 

large number of combinations with other elements . The yellow and red 

colour of solids is due principally to iron compounds . ( 1 ) 

Iron is a mineral element present in wine in the concentration range 0.5-

25 p.p.m. and is important to the wine technologist because it may cause 

cloudiness or color change when present in a large excess. ^ 1 7 ) It use in the 

titration of Ionic surfactants in mixed solvent systems after development of 

ion-selective e lec t rodes . ( 2 2 ) 

1.2.2.lHydrolysis of ions 

The aqueous solution of many salt have an acid or alkaline r eac t ion . ( 2 5 ) 

1.2.3 Magnesium (Mg) 

One of the most abundant of the metals and is widely distributed in 

nature , occurring only in combined state. The following are the more 

important ores in which the element occurs, magnesite ( M g C 0 3 ) ; dolomite 

, (Ca .Mg ) C 0 3 ; kieserite , Mg S 0 4 . H 2 0 ; karinite, M g S 0 4 .KC1. 6 H 2 0 ; 
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carnallite, MgCl2 .KCl .6H2O; in silicates enstatite, M g S i 0 3 ; talc, 

H 2 M g 3 ( S i 0 2 ) 4 ; forsterite , M g 2 S i 0 4 ; titanate , M g T i 0 3 ; olivine , M g 2 S i 0 4 

. F e 2 S i 0 4 ; serpentine , H 4 M g Si 2 0 4 . It is found in red sea -water, and in 

certain minerals water. It occurs as phosphate and carbonate in the 

vegetable and animal k ingdom. ( 1 ) 

It is shown that the addition of magnesium (5mg m l _ 1 ) to samples for 

the determination of barium by d.c plasma atomic emission spectrometry 

enhances the sensitivity of the analysis and dramatically reduces 

interference from calcium and strontium at both atomic and ionic emission 

wave leng ths . ( 1 8 ) 

1.2.4 Sodium (Na) 

Is an abundant element widely disseminated in nature constituting 

2.75% of known terrestrial materials. It is found in many rocks and minerals 

and is an important constituent of feldspar, of the nepheline group of 

silicate, and accreting pyroxenes, and many other residues, in ocean water 

and salt lakes, and is present in nearly natural water. Sodium nitrate occurs 

in Chile, sodium borate in California, and sodium sulphate in western 

United States, Canada and Russ ia . ( 1 ) 
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The quantitative analysis of solution containing various concentration of 

sodium hydroxid, sodium chloride and sodium carbonate, over range 0-

15%m/m, has been carried out by near-infrared (NIR) spect rometry . ( 1 9 ) 

1.2.5 Manganese (Mn) 

Occurs associated with iron in many rocks. As oxide it is found in 

sandstones and limestone, especially in rocks high in iron. In this 

percentage sodium exceeds 0.5%. The more important minerals are 

pyrolusite , black oxide manganese , M n 0 2 the chief source , mangenite , 

M n 2 0 3 . H 2 0 ; psilomelane , , anhydrous manganese magnate ; rhodochrosite 

, M n C 0 3 ; rhodenite , M n S i 0 3 and spessartite , M n 3 A l 2 ( S i 0 4 ) 3 . The 

manganese in alloy may be determined in the same way as in s t ee l . ( 1 ) 

Manganese metal in heptavalent, tetravalent and trivalent states is 

known to act a good oxidizing a g e n t . ( 2 0 ) 

1.2.6Potasium (K) 

The measurement of plasma potassium and sodium is 

important in the diagnosis and subsequent management of disease, but 

neither is necessarily and indicator of the body s over-all cationic state. 
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1.2.7 Silicon (Si) 

Stand next to oxygen in abundance, occurring only in combined form. 

The oxides quartz, tridymite (Silica), SiC>2 occur in great quantities. 

Silicates occur in all of the common rocks except in carbonates. It has been 

estimated that the earth's crust is composed of more than 27% of silicon, 

combined in one form of o t h e r . ( 1 4 ) 

1.2.8 Aluminum 

The element stands next to oxygen and silicon. It occurs in feldspar, 

granite, mica, s a l t . ( 1 ) and always occurs trivalent in nature. <-1 3 ) 
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1.3 General Geology ( W ) 

1948; Whiteman, 1971; Vail, 1978] and a phanerozoic cover of clastic 

sediments [Fig.l] . In the Sudan as in other shield areas, virtually all the gold 

and base metal deposits occur in the greens 

The geology of the Sudan is dominated by a metamorphic -Cambrian 

basement complex [Andrew, tone belts [Robinson Research International 

[RRI, 1990]. The greenstone belts in Sudan consist of low grade volcano-

sedimentary sequences, with sheared mafic-ultramafic ophiolitic rocks, 

which represent compressed and deformed slices of oceanic crust [Abdel 

Rahman, 1993]. Exploration in adjacent areas indicates that within these 

greenstone-ophiolite sequences, there are three stratigraphic horizons which 

contain mineral deposits, these are: 1-The lower mantle rocks of dunite-

harzburgite composition, which contain chromites, and perhaps platinum 

group of elements (PGE) mineralization. Generally, this horizon occurs in 

the Sudan as an example at Hamissana- Sol Hamed [Hussein, 1977], 

Ingassana Hills [Abdel Rahman, 1983] and in the southwest Nuba 

Mountains [Brinkmann, 1986] as well as in the Jebel Rahib belt of 

northwestern Sudan [Abdel Rahman et al, 1990]. 

2-The lower contact of the basalt-andesite volcanic with underlying mantle 

rocks as peridotite, harzburgite and gabbros, which contain copper-nickel-

platinum sulphides of the Kambalda type. This horizon is not well preserved 

in the greenstone belts in the Sudan but small remnants occur in the Onib 
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ophiolite at Hamissana area and possibly at Ingassana Hills' area (Abdel 

Rahman, 1993). 

3-The upper contact of the basalt-andesite [person com.] overlying acid 

volcanic rocks as in Ariab [RRI, 1989]. Cottard sediments such as cherts 

and iron formations as gold and base sulphides and Ba associated with 

them. 

Discrete belts of medium to high-grade units occur in structurally 

lower positions in the stratified sequences, followed upwards by the most 

developed stratified low-grade volcano-sedimentary units (Nafirdeib Series) 

which in turn are overlain by more differentiated, less metamorphosed, 

volcano-sedimentary sequences (Awat Series). All the above units 

constitute distinct crustal entities [Embleton et. al., 1983] or terrenes 

[Kroner et. al., 1987] separated by geosutures with dismembered ophiolite 

belts and subjected to intense plutonic activities. These ophiolite-arc 

sequences are similar to ancient greenstone belts and almost all the known 

mineralization in the Red Sea Hills occurs within the greenstone belts 

[Ahmed, 1979; Vail, 1979; Abdel Rahman, 1993]. In general, the 

greenstone-ophiolite belts trending roughly in sub-parallel manner from 

north to south as follows: Onib-Hamissana-Sol Hamed belt; Serakoit-

Gebeit-Fodikwan belt, Ariab-Oship-Arbaat belt, Derudeb-Sinkat belt. 
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1.3.1 The Red Sea Hills of The Sudan 

The Proterozoic of the Red Sea Hills of NE Sudan occupies a central 

position in the Nubian segment of the Late Pan-African Arabian-Nubian 

Shield [Abdel Rahman, 1993]. The geology of this region has been 

summarized by a number of authors e.g. [Whiteman [1971], Vail [1978], 

Ahmed [1979]. However, although significant information has been 

obtained, the lithostratigraphic classifications have not been established 

until recently. This has hindered the general geological perception and 

hampered correlation with adjacent areas where crustal evolutionary models 

are better-established [Camp, 1984]. 

As an integral part of the Pan-African Arabian Nubian Shield, the Red 

Sea Hills region is dominated by a stratified organic accumulation of 

oceanic island arc and plate margin Andean-type volcanogenic and shallow 

water sediments [Vail, 1988]. 

1.4 Location and accessibility: 

The area of the study (Jebel Nikrab) is located in south east of the Red 

Sea Hills of the Sudan. The surveyed area covered by the Jebel Nikrab map 

sheet is bounded in longs. 36° 54''- 37° 2 7 and lats. 18° 5"-18° 13 7 
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The area is reachable from ports Sudan. (Show Fig 1.1). Access to most 

of the area is excellent and can be accomplished by road, rail or air from 

Khartoum via Kassala and also Via Atbara. Additionally, an all weather, 

metalled road exists connecting Khartoum, Gedaref, Kassala , Suakin and 

port Sudan . ( 9 ) 

1.5 Climate and Vegetation 1 ; 

As in the rest parts of the Red Sea region the prevailing climate is of 

semi desert type, however, some showers are experienced during winter 

time (December to February), this scanty rain result from the evaporation of 

the near by sea water which condensate to form clouds around the high 

peaks over the area, it controls the vegetation cover which is found to be 

restricted as sparse vegetation and some palm trees, bushes along some 

water courses. 

The climate is also characterized by heavy sand which is locally called 

Ehababay that causes almost nil visibility during summer time (April to 

Novembers),so the best time to conduct geological work is from January to 

march. Goats, sheep and camles represent Funa. Wild foxes, gazelles, 

monkey, Wolves, pigs and reptiles represent the wild life though the area. 
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Fig. 1 Showing location map of Jebel Nikrab 



1.6 In habits ( 6 ) 

The area is in inhabited by Bani Amir and Handandawa tribes their 

associated sub tribes that belong to the Bega ethnic group. They usually 

dwell in scattered primitive huts around water wells during the rainy season 

they cluster along main khors and practice a small scale cultivation of dura 

and vegetable. 

1.7 Previous Literature ( 5 ) 

The geology of the Red Sea Hills region of Sudan has received 

considerable attention in comparison to the rest of the country, nevertheless, 

vast area remain poorly known. The systemization geological mapping was 

started only by the Sudan Geological Survey in the 1950; Gass, 1955; 

Ruxton, 1956. Apart from geological investigation by local and foreign 

individual geoscientists, the Red Sea Hills have also been an area of 

elaborated regional mapping and detailed mineral prospecting and 

exploration studies. This has been within the framework of joint -venture 

projects .The first major project started in the 1970s with Soviet technical 

aid (Techno- export). It was proceeded by number of programs by other 

foreign mining companies and institutions like the bureau de Recherche 

geologiques et Miners (BRGM) of France. 

Gass (1955) made the first attempt to classify the basement rocks. 
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No systematic geological work have been carried over the area or even 

over most of the Red Sea region of the Sudan as whole, the area have been 

visited by English geologists for malachite coatings certain streams in 

1950es (Whiteman,1971). 

Sudanese-Russian, geologists conducted an exploratory work in the 

vicinity of Karora village on the edge of the coastal plain to the study area, 

this was done during the Sudanese Russian (Ampain, 1973-1978; Moher, 

1979) included the area in this manuscript (Lithology) and structure of the 

drains Rocks of Eritrea, which is mainly summary and reinterpretation of 

some earlier author s reviews in the light of land sat imagery. 

Later during 1982-1983, the Sudanese- French geologists conducted 

preliminary survey over the area and the adjacent parts to determine zones 

which might include mineralization. E.M.Elfaki et al. (1989) did a regional 

geological survey over the adjacent area to the north. 

M.A.salihet.al. (1989) also did a regional geological survey over the 

adjacent are to the west. 

Broner et.al.1991 under took reconnaissance traverses in some parts to 

the north including some hills SE and SW of Tokar and along the coast line 

to the Eritrea boarder. 
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1.8 Aim and Objective of the Study 

1. To find out, a quick, cheap and standard methods for analytical 

chemistry for rare elements, tungsten (W), tin (Sn), tantalum (Ta), and 

niobium (Nb), by Atomic absorption, ICPand XRF. 

2. To show if the classical methods give good results when all conditions 

are good, to compare between it and the results given by the instruments, 

(ICP, A AS and XRF). 

1.9 Jebel Nikrab ( 6 ) 

It highly sheared A-type granite (Apogranite) which is associated with 

intensive grissen zone. The grissen zone is manifested by mineralization in 

association with lepidolites (Li- bearing green mica). 

1.9.1 North Ashat Mineralization (6 ) 

It is granitic intrusion intensively sheared by E-W striking dextral shear 

zone. Petrographically it is a whitish-green coarse -grained rock that is 

composed of orthoclase, microcline, oligoclases, biotite, quartz, epidote, 

euhedral sphene.The illmenite and or rutile occur as exsolution from the TI 

- rich biotite in form of needles as well as small dots of illmenite 

surrounded by leucoxene / iron with pleochroic haloes is enclosed in biotite. 
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The pluton is built by titaniferous intermediate intrusion and the alluvial 

fans surrounding it are target for titanium prospecting. 

1.9. 2 Khor Odar Mineralization (6 ) 

Khor Odar a northern tributary of Khor Shadat, the mineralization is 

favorable for gold and base metals since it is encountered in 

metamorphosed pyroclastic -volcanic rocks of acidic nature. The 

mineralization shows sub parallel facies change of reddish, yellowish, 

violet, brownish and whitish zones that are controlled by closely spaced 

series of minor faults striking N-direction. 

1.9.3 Khor Bor Mineralization (6) 

The alteration zone extends for more than one Km with variable 

ranging between (10-20m). It is encountered in shear granite with abundant 

pyritization and quartz stringers. 
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1.9.4 Khor Warm Mineralization1' 

It consists mainly of galena and specularite occurring as disseminated 

crystal in a syenitic dyke exposure. (Under standing Precambrian, 

Metallurgy in reaction to lithology and structure). 
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Chapter two 
Material and Methods 

2 .1 Material 

Sixteen rock samples collected from Jebel Nikrab and treated to find 
out the amount of the tungsten , tin , tantalum and niobium (it is the main 
subject) , by ICP , XRF and by classical methods. Then the major oxide of 
the elements which forms the minerals by atomic absorption (AAS), ICP 
and XRF. The silica and aluminum oxides by colorimeter (UV) and ICP. 

2.2 Methods 

2.2.1 Samples treatment for (K. Na. Ca. Mg .Mn. Fe) oxides 

Weight 1.00 gram of sample powder ,add 10 ml fluoric acid (HF), 2 ml 
Nitric acid(HNOs) , 5ml Perochloric acid, put it in hot plate to dryness, add 
10 ml of (dilute HC1 50%) in 100 ml volumetric flask and complete the 
volume with distilled water Then read by AAS. 

2.2.1.1 Standard Preparation { Z / ) 

The AAS was calibrated using a series of standard solutions for each 
element. Series of standard solutions were prepared for the calibration using 
standard stock solution of element, ( F e 2 0 3 , MgO, MnO, CaO, K 2 0 , N a 2 0 , 
S i 0 2 , A1 2 0 3 . ) • 
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Of all these elements standard solutions were prepared or dissolving 
the appropriate weight of the salt of the element or pure metal of the 
element to give lgram of the element .The solution was taken in 500 
volumetric flask and the volume was to mark with distilled water. 

The calibration curves for each element were plotted automatically 
and then the concentration for each element in the samples was determined 
directly. The slope was monitored after each subsequent reading serve to 
check the stability of the system. 

2.2.1.2 Instrumentation 
2.2.1.3 Sensitivity of Spectrophotometer methods: 

Spectrophotometric determination of metals is one ( 2 6 ) of the most 
important applications of solvent extraction. Such solutions show 
differential absorption of light of different wavelength. This is 
quantitatively expressed by the well known Beer-Labert 's law. The 
numerical expression of the sensitivity of spectrophotometric method is the 
moher absorptive () at the wavelength of maximum absorbance. 

The sensitivity of spectrophotometric measurement depends on the 
monochromaticity of the radiation. The molar absorbtivity is diminished as 
the bandwidth increases. 

2.2.1.4 Atomic Absorption Spectroscopy 

Atomic absorption (AAS) has been developed as an analytical 
method as recent as 1955. (Figure - 2. 1) 

2.2.1.4a Atomic Absorption Process 

The process of atomic absorption is illustrated in figure (2.2). 
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The ground state atom absorbs light energy of a specific wave length and is 
voiced to the "excited state". As the number of atom in the light path 
increase; the amount of light absorbed also increases. 

Hollow 
cathode 
tamp 

tens 

A.c amplifier 
Monochromgtor 

Sample 

Figure (2.2): Atomic Absorption Process ( 2 7 ) 

2.2.1.4b Relation between Absorption and Concentration ( 2 7 ) 

The absorbance is proportional to the concentration for a given path 
length. 

The reaction can be represented by Beer lamber's equation as follow:-
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Log ( V I 0 = CL (2.2) 

Where: 

Io : incident radiation intensity 
11: transmitted radiation intensity 
2 : Mohr absorbance 
C: concentration of the analyte 
L: path length of the absorbing medium or cell length (cm). 

Log (1 0 /11) is known the absorbance A, hence equation (2.2) can be written 
as follows. 

A = £C1 (2:3) 

2.2.1.4c Interference1 ' 

Atomic Absorption is known as a very specific technique with little 
interference. 

The major interference in atomic absorption includes: 

1/Matrix interference. 
21 Chemical interference. 
3/ Ionization interference. 
4/ Back ground absorption. 

For first type special consideration in sample preparation or by using 
the method of standard addition method, may compensate for the problem 
generated. 

For the second and third, addition of an appropriate releasing agent or 
ionization buffer or changing the flame type used will normally remove the 
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interference. For the fourth, back ground absorption an instrumental 
correction technique will automatically compensate for the basing effect. 

Application of the techniques described here will make possible 
accurate atomic absorption determination in very complex samples. 

2.2.1.4 d Application ( 2 7 ) 

AAS is useful in the determination of the concentration of more than 
sixty elements in different type of sample such as environmental, water and 
metallurgical. 

2.2.1.4e Measurement ( 2 7 ) 

Perkins Elmer model 3110 flame AAS was utilized to obtain the 
concentration for each element in sample using the calibration curve 
constructed for each element. 

2.2.2 S i 0 2 and A1 2 0 3 

Weight 0.05 gram of the sample in nickel crucible, fuse it until be 
redness, add distilled water keep it over night, transefer the solution in 
volumetric flask (1000ml) with 10 ml (HC1) and make the volume to the 
mark by distilled water. Take 5ml of solution to the S i 0 2 , 15ml for the 
A 1 2 0 3 and add the reagent of ea 
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2.2.2.IThe Reagent 
2.2.2.1a Silica Reagent 

-Add 2ml of ammonium molybidate (NH4MO2O24.4H2O), 7.5g into 75 ml 
distilled water + 25 ml H 2 S 0 4 (1:4) keep for 10 minutes. 
-Add5 ml of tartaric acid 10%. 
-Add 2 ml of reducing solution (A/Dissolve 0.7 g sodium sulphate in 10 ml 
distilled water ,add 0.15 g of 1-ammino - 2 naphthol - 4 - sulfuric acid 
,b/dissolve 9.00g of sodium disulphate in 90 ml distilled water and add ,A to 
B). 
Keep for 40 - 45 in wave length 640 nm and read it by colorimeter (Figure-
2.3). 

2.2.2.1b Aluminum Reagent 

-Calcium carbonate, transfers 7.00 g of C a C 0 3 into 250 ml beaker. Add 
100ml distilled water, boil for a few minutes, cool to room temperature 
dilute to 500ml, take 2ml and add it to the solution. 
-Alizarin red monohydrate 0.05 % per liter and filter the solution, take 10 
ml 
-Hydroxyl ammonium chloride 10 %( prepares 500ml) take I ml. 
-potassium ferricyanide solution, 0.75 prepare 100ml (Don't store) take 1ml. 
-Thiogiyclic acid solution 4%, take 2 ml. 
Sodium acetate (Buffer solution) ,dissolve 1 OOg sodium acetate ( N a C 2 H 2 0 2 

- 3 H 2 0 ) , add 30 ml of glacial acetic acid ,dilute to 500 ml with water .take 
10 m l . 

Keep for 40 - 45 minutes and read by colour meter (see fig - 2.3) in wave 

length 475 n m 
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2.2.3 Treatment of the sample for (Ta. Nb . Sn . W) ( 1 ) 

2.2.3.1 Ta, Nb 

Mix a Small amount of finely ground sample or dried acid insoluble 
residue with 1 ml of dry K H 2 S 0 4 , being to quiet fusion in porcelain crucible 
,cool and dissolve the melt in 10 ml of saturated ammonium oxalate 
solution by boiling . Dissolve 0.2 gram (about 1" in a 3/8 diameter test tube) 
of tannic acid powder in 1ml of distilled water (about 3 IA " in a 3/8 
diameter test tube) by boiling -add some of this solution to the hot oxalate 
solution .Columbium gives a brown to vermilion colour or precipitate 
forms, add N H 2 O H carefully until one is obtained or the solution is alkaline. 
Titanium gives a colour similar to that from columbium, but if this test is 
carried out on the acid insoluble residue, not Ti should be present. 
The acid insoluble residue may free of tungsten and silica by fusing with 
solid NaOH in an iron crucible, dissolving water (no acid) and filtering or 
sinter fusing. The sodium silicate and tungsten are soluble, but the sodium 
columbate and tintalate are in soluble in the excess sodium hydroxide. 

Treat the acid insoluble residue, after removal of tungsten; with about 
2ml of cone. H 2 S 0 4 and heat to strong fuming for several minutes, 
columbium and tantalum go into solution. Cool, carefully decant the 
solution from the undissolved residue, and slowly dilute to about 25ml with 
cold distilled water, allowing time to keep relatively cool. Tantalum is 
precipitate by the dilution and may be filtered off, but columbium remains 
in solution and be precipitated on boiling or by the addition of N a O H . ( 1 5 ) 
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2.2.3. 2 Tantalum (Ta) Niobium (Nb) and tungsten (W) 

Fuse l g of the dry oxide mixture in nickel crucible with 2g of solid 
sodium hydroxide at the temperature corresponding to dark red glow. Ignite 
for several minutes, allow the melt to cool, and dissolve it on heating in 10 
ml of saturated sodium chloride solution. Allow to stand overnight and filter 
the mixture with filter paper pulp .Wash 8 - 1 0 times with 1.5 ml of 18% 
sodium chloride solution. The sodium earth acids remain behind un 
dissolved, and the filtrate contains sodium tungstate. Transfer the 
precipitates and filter paper to 50 ml beaker; add a few milliliters of 0.1 N 
hydrochloric acid, (pH 3.5). 

2.2.3.3 Tin (Sn) 

2.2.3.3(a) Solution Required Standard N/10 Iodine solution 

Weight out 12.9g of pure sublimed iodine and 18g of potassium 
iodide, transfer to 500ml beaker, add about 35 ml of cold distilled water and 
allow digesting in the cold for several days. Dilute to nearly 700 ml with 
distilled water and filter through glass wool into a 1000 ml do not wash. 
Make up to the mark and mix thoroughly. 

2.2.3.3(b) Starch Solution 

Standardize by weighing out 0.3g of pure tin filing ,into 300ml 
conical flask , add 20ml , H 4 S 0 4 , (sp =1.84) and heat on hot plate until 
dissolved. Cool and dilute with 50 ml of distilled water, fuse 20g of N 2 0 2 in 
iron crucible. Leach out with least amount of water; carefully transfer to the 
flask (250ml) , containing the tin , add 70ml HC1 (Sp. Gr = 1.18), dilute 
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volume to 250 ml , add 4 pieces of iron , insert arubber stopper caring 
delivery and reduce as before. 

2.2.3.3(c) Fusion Method 

Weight out 1.00g of the finely ground sample in an iron crucible of 60 
ml, add 10 g. N 2 0 2 , heat over a good sized Bunsen flame. As soon as the 
melt is in quite fusion, fuse for two minutes longer. The melt cool and set 
the crucible in 400 ml beaker. Cover with watch glass. Add 100 ml distilled 
water, remove lid and crucible, washing with least amount of distilled 
water, add 120 ml HC1 (Sp.Gr = 1.18); transfer to 500 ml conical flask, add 
iron and reduce over aliow flame .When the iron is nearly all dissolved and 
the solution show no tinge of yellow (40 minutes is sufficient to completely 
reduce the tin), filter through glass wool into another 500ml .conical flask 
contain some iron wire. Wash flask and glass wool three times with hot 
distilled water. The volume should now be about 250 ml. 

If the sample containing less than 0.03 g. of copper, fit the delivery 
tube(see Fig 2.7 ) in the mouth of the flask, set over low flame and reduced 
as before. When the reaction is complete, set the bicarbonate solution so 
that the free end of the delivery tube is immersed in it, when gas bubbles 
start to pass through the N a H C 0 3 solution, remove both flask and beaker 
from the stove, and allow cooling in room temperature for 10 minutes and 
cooling the flask in running water. Then remove the delivery tube, withdraw 
any un dissolved iron with magnetic file, wash both with cold distilled 
water. Add 2 ml starch solution and titrated with the standard iodine 
solution to the first permanent tinge of blue. 
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Fig. (2.7) 



2.2.3.3(d) Calculation 

Sn%= ml iodine X 0.000579 X 100 
Weight of sample 

The low sensitivities of standard detections were major problem in 
chromatographic studies of tin tetra alkyls and alkali tin chlorides. 

Atomic absorption spectrometry is suitable for the determination of 
single organ metallic compounds, but it must be interfaced with a separation 
system in order to deal with mixture. (28) 

2.2.3.3(e) Other Procedure for Analysis of Tin 

Weight accurately about 1-2 gram of tin based white metal drillings in 
250 ml beaker. Add 100 ml of mixed acid (2 g of potassium chloride + 40 
ml of distilled water) , cover and heat until the alloy is completely 
decomposed .Cool the solution , decant the clear liquid and washing from 
the tin chloride in to 500 ml beaker and evaporated almost to dryness, make 
the solution just alkaline with potassium hydroxide solution (20% m/v) and 
dilute to volume of 150 -200 ml .Boil the solution and pass hydrogen 
sulfide through the hot solution for about 25 minutes, filter and wash the 
precipitate with hot water. Transfer the precipitate quantitatively back into 
the beaker with the minimum volume of distilled water, add about 10 ml of 
potassium hydroxide solution , 10 ml of potassium hydrosulphide solution 
(7% m/v) and digest on water bath about 5 minutes. Filter the solution into 
250 ml conical flask and wash the precipitate with hot distilled water .Boil 
the filter down to volume 60 ml, add about 50 ml of concentrate 
hydrochloric acid to the hot solution, boil again, cool, add about 0.5 - 0.6 g 
of potassium chromate, wash the sides of the flask with 20-30 ml of 
hydrochloric acid (1+1) and boil down (excess off chlorate decomposed to 
volume of about 70 ml). Transfer the solution and washing into 100 ml 
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calibrated flask dilute to volume and analyses apportion (10 ml) for 
antimony as described above .Another 10 ml portion is analyzed with the 
idiomatic method using starch as indicator. 

By the hand major difficulty in determining tin by anodic-striping 
voltammetry is the serious interference by lead in most electrolytes. Various 
methods have been suggested to solve this p r o b l e m . ( 3 0 ) 

2.2.3.4 Tungsten (W) Minerals 

The finely powdered material is decomposed by treating with mixed 
acid according to the procedure given in this chapter. Tungsten precipitate 
with cinchonine, the precipitate filtrated off and dissolved in ammonium 
hydroxide, then acidified with hydrochloric acid and reprecipitate with 
cinchonine as described. 

2.2.3.4aTungsten Oxide may be Confirmed as Follows 

1/ The residue suspended in dilute hydrochloric acid and apiece of zinc, 
aluminum or tin placed in the solution. In the presence of tungsten a blue 
coloured solution or precipitate is seen, the colour disappearing upon 
dilution with. 

21 Apportion of these treated paper is moistened with dilute hydroxide and 
the extracts absorbed with strip of filter paper. 
The strip treated paper is moistened with dilute hydrochloric acid and 
warmed. 
Second strip of paper is moistened with solution of stannous chloride .A 
blue colour is produced in the presence of tungsten. 
Third strip dipped into cold ammonium sulfide remains unchanged until 
warmed, when the paper turns green or blue if tungsten is present. 
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2.2.3.4b Iron steel and alloy 

These decomposed with concentrated hydrochloric acid followed by 
nitric acid as directed under solution of the sample and allow residue in the 
presence of tungsten. If this residue is digested with warm ammonium 
hydroxide and the extract evaporated to dry ness yellow compound, W 0 3 > 

will remain if tungsten is present. This oxide may be reduced in the blue -
coloured oxide. 

2.2.3.4c Other Procedure { ) 

It is chief method for the separation of tungsten. 
- weight lg of sample (200mesh) in beaker 600 ml 
Add 5ml distilled water, 200ml HC1, cover the beaker and heat for about 
one hour with occasional stirring temperature not more than 60°Cuntil the 
volume be 50 ml 
Add 5ml nitric acid (sp.gr 1.42) and the volume continue until the volume 
be 15ml 
Dilute the solution with hot distilled water to 500ml. 
Add 5ml cinchonine solution + some ash less paper pulp. 
Digested it on hot plate (60-70°C) with occasional stirring for an hour. 
Tungstic acid precipitated down. Tungstic acid and the filtered paper 
transferred back to the original 600ml beaker 
25 ml boiling distilled water add and stirring with glass rod, the solution 
continues stirring and warmed gently for about 10 minutes. 
Wash the side of the beaker with warm ammonia wash solution. 
Add 100 ml ammonia of (sp gr 0.9) and 10 ml HCL of (sp.gr. 1.19) per liter 
stirring well and filtered on 11 -cm filter paper. 
The filtrate is collected in a 600ml beaker (original) and the filter paper is 
washing 10 times with warm ammonia wash solution. 
The filter paper is washed 5 or 6 times with hot 10%HC1 to remove iron and 
from 8 to 10 times with warm ammonia wash solution to dissolved any 
remaining tungstic acid and then thoroughly with hot 0 .3% ammonium 
chloride the volume not more than 225ml. 
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The liquid evaporated to 10ml after adding (con) HCL (10ml) HNO3 (cone.) 
10ml. 
350 ml (hot distilled water added and 10 ml cinchonine solution and the 
liquid stirred well and digested at 60-70°C for 30mintes (the precipitates 
settled completely). 
Filter with 11 - cm filter paper contain ash less pulp, wash precipitate with 
hot cinchonine. 
Ignite the precipitate in a large weight platinum crucible at very low % of 
paper pulp in carbonate and after cool, the fused mass extracted with 
distilled water (unless perfectly). 
The result solution is filtrated with HC1 (acidified), boiled and dilute with 
warm distilled water. Transfer the beaker to a muffle furnace (fig - 2.6). 
The temperature increase to 750°C to 5 minutes. 
After cool the precipitate is moistened with HF and evaporated to dry ness. 

Reigned at least 15 minutes (to constant weight) at 750°C (avoided long 

continued heating or hurting in high temperature). 

The residue left from ammonia treatment may contain silica, so the 
filter-containing residue is ignited in porcelain crucible. 
Reduced the filter paper and ruin platinum crucible, add 2 drop of 
concentrated sulphuric acid + 7 ml HF evaporated to remove any silica. 
The residue fused with 5 g of sodium 150 ml. 
Test for tungsten by adding 5 ml of cinchonine solution, at seven hours 
digestion precipitate of tungsten appears. 
Tungsten forms an unstable dioxide W 0 2 , and stable yellow ( 2 ) acidic oxide 
W 0 3 , the later oxide is almost in soluble in water and in dilute acid , and is 
soluble in solution of (basin fused) caustic alkalis forming tungstate .the 
later are the most important compounds of tungsten . 
Tungstic acid can not, therefore, be precipitated from these compounds by 
hydrochloric acid. The complexes may usually decomposed by heating with 
concentrated sulphuric acid, tungstic acid being liberated. 
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A method for the simultaneous determinationofmolybdenumandtungsten 
in mixtures by first -determinative synchronousspectroflourimetryis 
described. The method is based on the formationfluorescent complexes with 
carminic acid at P H 5 . 1 ( 2 9 ) 

2.2.3.4(d) Reaction of Tungstates ^> 

Use solution of sodium tungstate, Na 2 W 0 4 . 2 H 2 0 . 

1/ Dilute hydrochloric acid :- white precipitate of hydrate tungstic acid H 2 

W 0 4 . H 2 0 in cold condition; upon boiling the mixture, is converted into 
yellow tungstic acid H 2 W 0 4 ,insoluble in dilute acids. Similar results are 
obtained with dilute nitric and sulphuric acids, but not with phosphoric acid. 
21 Phosphoric acid: white precipitate of phospho- tungstic acid H 3 P 0 4 

( W i 2 0 3 6 ) . H 2 0 , soluble in excess of the reagent. 
3/ Hydrogen sulphide: No precipitate in acid solution. 
4/ Ammonium sulphide : No precipitate , but if solution is after wards 
acidified with dilute hydrochloric acid , a brown precipitate of tungsten 
trisulphide W S 3 is produced . The precipitated dissolves in ammonium 
sulphide solution forming thiotungstate (NH 4 ) 2 (WS 4 ) . 
5/ Zinc and hydrochloric acid: If a solution of tungstate is treated with 
hydrochloric acid and then a little zinc added, a blue colouration or 
precipitate is produced; this is probably due to W 2 0 5 or to WC1 5 

6/ Stannous chloride solution: Yellow precipitate which becomes blue upon 
warming with concentrated hydrochloric acid. 
7/ Ferrous sulphate solution: Brown precipitate. This turns white upon 
adding dilute hydrochloric acid, and then yellow upon heating. 
8/ Silver nitrate solution: Pale yellow precipitate of silver tungstate, 
soluble in ammonia solution, decomposed by nitric acid with the formation 
of white hydrated tungstic acid. 
91 K H S 0 4 - H 2 S 0 4 - phenol test: A little of solid is heated with 4 - 5 
times the weight of potassium hydrogen sulphate slowly to fusion , and the 
temperature is maintained until the fluid melt is clear . Concentrated 
sulphuric acid upon adding a few mg of phenol to the cold melt is stirred 
with a few drops of the sulphuric acid solution; an intense red colouration is 
produced (difference from molybdate). A reddish -yellow colouration is 
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obtained if hydroquinone replaces the phenol. The test is highly sensitive 
one and will detected 2mg of tungstate. 
Much of the tungsten that separates with the silicon will be ( 2 7 ) lost if 
ignitions are made at the customary high temperatures, for tungsten oxide 
begin to volatize at about 80OC. 

2.2.1.4 X-ray Fluorescence Spectrometry 

This kind of rays derives its name from the fact that the sample emits 
its own x - rays after being exposed to the primary x - rays emitted from 
the tube. The characteristic, X - rays specific of each element and its 
intensity are used to identify and measure the concentration of that element 
using pre - established calibration graphs. (See fig - 2. 4 - X Ray 
PhilipsVenus 200 Minilab). 

2.2.1.4a Sample Preparation 

Samples are prepared to present to the spectrometer in the form of 
pellets. Pressed powder (Mini Mill - Philips) (Mini Press - Philips) see Fig 
(2.5). 

9 gram of sample +1 gram of a binding material put in Al-cup the 
stable is presses at 15 tons 
The pressed pellet is put in sample holder and measured. 

2.2.1.5 Inductively Coupled Plsma -Atomic Emetion 
Spectrometry (ICP-AES) 

The ICP-AES has the advantage of analysing multi- elemnts 
sequentially. A large number of elements can be measured in a few 
minutes, making it apparently the most rapid of all analytical methods , 
specifications and operating condition of the istrument used - type Perkin -
Elmer ICP/600 are listed in App. A: Tab . 8 the Icp is linked to a aaperkin 
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Elmer Data station model 7500, that acts as storage for the perpared 
calibration lines and output results both in perceentage and in ppm , directly 
on the PR- 100 prinnter . 
Element measured by ICP are : Al, Fe, Si, Ti, Mg, Ca, P, Ba, Ce, Cr, La, 
Rb, Sc, Sr, V, Y, Zn, and Zr . ( 3 2 ) 
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Chapter Three 
Result and Discussion 

3.1 Introduction: 

Sixteen sample collected from Jebel Nikrab and treated to 
find out the amount of the tungsten , tin , tantalum and niobium (it 
is the main subject) , by ICP , XRF and by classical methods , 
Then the major oxides of the elements which form the minerals by 
atomic absorption (AAS) , ICP and XRF. The silica and aluminum 
oxides by colorimeter (UV), XRF and ICP. 

3.2 Result 

The results of different analysis are shown in Tables 3.1; 3.2; 
3.3; 3.4. 

3.3 Discussion 
3.3.1 Major Oxides 

the analysis of the samples using XRF,AAS and ICP 
technegue shoud acceptable results with some variations due to the 
sensitivity of the techneque. Used i.e for detection of low 
concentrations .The XRF is of less accurity compared with 
A.A.Sand ICP. Where as in high cone, is relatively the same. 
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The A.A.S and ICP. Techneques are sutiable for low 
concentration also with some excptions and this may be due to the 
type of the sample or interferance. 

The results of the analysis of theelementsW, 
Sn,NbandTa.Qbtainedrrom classical, ICP, and XRF techneques are 
a little bit different because for trace , thefor trace , the ICP 
techneque diviate by 2 0 % , ( 3 2 ) 

The classical methodwas long because many steps were done . 
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Table 3.1. Shows the result determined according to (XRF) Methods 

Lab 
No 

Sample 
Field 
NO 

S i 0 2 % A1 2 0 3 % F « e 2 0 3 % MgO% CaO% Na20% K 2 0 % MnO% w% Sn% Ta% Nb% 

1 JN - 1 71.59 13.50 0.162 0.07 0.840 4.79 4.200 ND 0.00040 0.00860 0.0006 0.0120 
2 J N - 2 72.70 12.70 0.273 0.09 1.980 4.69 3.800 ND 0.00013 000160 0.0011 0.0160 
3 J N - 3 72.20 14.17 0.210 0.03 0.499 5.59 4.070 ND 0.00020 0.00170 0.0030 0.0051 
4 J N - 4 70.96 13.3 0.603 0.12 1.010 4.21 4.599 ND 0.00010 0.00048 0.0040 0.0030 
5 J N - 5 97.87 13.87 0.090 0.40 0.350 0.79 1.440 ND 0.00014 0.00028 0.0002 0.0020 
6 J N - 6 93.30 13.26 , 1.616 0.07 0.317 0.97 1.600 0.09 0.00090 0.00027 0.0030 0.0020 
7 J N - 7 94.16 02.26 0.130 0.01 0.070 3.48 0.260 0.05 0.00009 0.00075 0.0030 0.0560 
8 J N - 8 72.23 14.55 1.850 0.51 0.370 5.28 4.130 0.03 0.00040 0.00010 0.0040 0.0020 
9 J N - 9 75.10 14.1 0.640 0.11 0.130 3.48 2.890 0.05 0.00110 0.00022 0.0030 0.0091 
10 JN - 10 94.00 02.48 1.090 0.20 0.050 4.57 0.770 0.02 0.00060 0.00010 0.0030 0.0080 
11 J N - 11 76.20 13.71 0.340 0.07 0.300 4.70 3.780 0.04 0.00110 0.00120 0.0011 0.0030 
12 J N - 12 74.00 15.61 0.450 0.06 0.420 4.71 3.750 0.08 0.00060 0.00180 0.0021 0.0007 
13 J N - 13 73.65 15.71 0.230 0.02 0.570 5.51 3.890 0.09 0.00090 0.00060 0.0050 0.0009 
14 J N - 14 73.20 15.82 0.320 0.01 0.380 5.02 3.660 0.10 0.00060 0.00075 0.0051 0.0009 
15 JN -15 75.00 14.75 0.340 0.01 0.370 5.20 3.440 013 0.00040 0.00120 0.0012 0.0007 
16 J N - 16 73.56 15.39 0.240 0.01 0.320 ND 3.940 0.01 0.00040 0.00040 0.0025 ND 
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Table 3.2. Shows the result determined according to (AAS) and (UV) Methods 

Lab No Sample 
Field NO 

S i 0 2 % A1 2 0 3 % F e 2 0 3 % MgO% CaO% Na20% K 2 0 % MnO% 

1 J N - 1 73.21 14.52 0.35 0.0820 0.8390 4.7910 4.095 0.0770 
2 J N - 2 73.40 13.20 0.45 0.0940 1.6780 4.6910 3.613 0.0650 
3 J N - 3 73.00 15.56 0.26 0.0330 0.5590 5.5940 3.854 0.1549 
4 J N - 4 72.60 17.78 0.98 0.0945 0.0139 4.2190 4.456 0.1291 
5 J N - 5 73.26 13.88 2.34 0.0414 0.3490 5.770 1.445 0.0230 
6 J N - 6 93.36 03.23 0.30 0.0823 0.3620 0.8080 0.855 0.0903 
7 J N - 7 94.16 02.21 0.36 0.0166 0.0699 0.9710 0.265 0.0516 
8 J N - 8 72.23 14.42 1.85 0.0497 0.3490 3.5040 4.095 0.0250 
9 J N - 9 75.10 14.00 0.64 0.0945 0.1390 5.2570 2.891 0.0516 
10 J N - 10 94.00 02.38 1.09 0.2327 0.0550 0.0940 0.770 0.0232 
11 J N - 11 76.20 13.71 0.34 0.0822 0.3210 4.5830 3.734 0.0387 
12 J N - 12 74.00 15.60 0.45 0.0500 0.4197 4.7080 3.734 0.0770 
13 J N - 13 73.65 15.30 0.23 0.0166 0.5590 4.7180 3.890 0.0900 
14 J N - 14 73.20 15.75 0.32 0.0100 0.3622 5.4426 3.661 0.0900 
15 JN -15 75.00 14.65 0.34 0.0100 0.3490 5.0180 3.433 0.1290 
16 J N - 16 73.58 15.23 0.24 0.0100 0.3350 5.2470 3.951 0.0650 

42 



Table 3.3 Shows the result determined according to the lithium metaborate fusion (ICP) 
Methods: 

Lab 
No 

Sample 
Field 
NO 

S i 0 2 % A1 2 0 3 % F e 2 0 3 % MgO% CaO% Na20% K 2 0 % MnO% W% Sn% Ta% Nb% 

1 J N - 1 73.78 14.59 0.35 0.07 0.86 4.79 4.06 0.08 0.00020 0.0009 0.0009 0.00800 
2 J N - 2 73.78 13.76 0.46 0.09 1.96 4.69 3.63 0.06 0.00017 0.0018 0.0011 0.00815 
3 J N - 3 72.62 15.76 0.39 0.03 0.51 5.59 3.85 0.15 0.00018 0.0018 0.0013 0.00680 
4 J N - 4 72.90 14.84 0.98 0.12 1.01 4.21 4.40 0.1 0.00011 0.0005 0.0042 0.00400 
5 J N - 5 73.22 13.98 2.34 0.40 0.37 5.77 1.44 0.02 0.00011 0.0003 0.0007 0.00100 
6 J N - 6 93.56 03.26 0.30 0.07 0.38 0.79 0.86 0.09 0.14000 0.0003 0.0003 0.00174 
7 J N - 7 94.38 02.26 0.36 0.01 0.07 0.97 0.26 0.05 0.00120 0.0008 0.0030 0.04840 
8 J N - 8 72.55 14.55 1.85 0.51 0.37 3.48 4.13 0.03 0.00020 0.0001 0.0008 0.00095 
9 J N - 9 75.44 14.10 0.64 0.11 0.13 5.28 2.89 0.05 0.00013 0.0024 0.0010 0.00730 
10 J N - 10 93.93 02.48 1.09 0.20 0.05 0.09 0.77 0.02 0.00010 0.0010 0.0004 0.00050 
11 J N - 11 76.16 13.71 0.34 0.07 0.30 4.57 3.78 0.04 0.00048 0.0011 0.0013 0.00100 
12 J N - 12 73.91 15.61 0.45 0.06 0.42 4.70 3.75 0.08 0.00030 0.0016 0.0012 0.00070 
13 J N - 13 73.88 15.71 0.23 0.02 0.57 4.71 3.89 0.09 0.00010 0.0007 0.0009 0.00081 
14 J N - 14 73.50 15.82 0.32 0.01 0.38 5.51 3.66 0.1 0.00020 0.0008 0.0012 0.00070 
15 JN -15 75.30 14.75 0.34 0.01 0.37 .5 .02 3.44 0.13 0.00030 0.0013 0.0012 0.00097 
16 J N - 16 73.89 15.39 0.24 0.01 0.32 5.20 3.94 0.07 0.00020 0.0005 0.0010 0.00083 
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Table 3.4. Shows the result determined according to Classical Methods: 

Lab No Sample Field NO W% Sn% Ta% Nb% 
1 J N - 1 0.0050 0.00760 0.0008 0.0050 
2 J N - 2 0.0005 000140 0.0025 0.0073 
3 J N - 3 0.0003 0.00170 0.0014 0.0055 
4 J N - 4 0.0002 0.00050 0.0003 0.0042 
5 J N - 5 0.0003 0.00023 0.0005 0.0016 
6 J N - 6 0.0006 0.00022 0.0004 0.0018 
7 J N - 7 0.0007 0.00071 0.0050 0.0056 
8 J N - 8 0.0001 0.00050 0.0030 0.0008 
9 J N - 9 0.0001 0.00020 0.0001 0.0063 
10 J N - 10 0.0003 0.00010 0.0021 0.0004 
11 J N - 11 0.0005 0.00090 0.0013 0.0011 
12 JN - 12 0.0002 0.00150 0.0012 0.0004 
13 J N - 13 0.0004 0.00070 0.0008 0.0005 
14 J N - 14 0.0002 0.00075 0.0011 0.0006 
15 JN -15 0.0003 0.00120 0.0023 0.0008 
16 J N - 16 0.0001 0.00040 0.0008 0.0009 
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Chapter four 
Summary and Conclusion 

4.1Summary 

This study contains four chapters, in chapter one, the introduction 
contain a general literature for the main subject in this studies (tungsten 
(W), tin (Sn), tantalum (Ta) and niobium (Nb)) and major oxides 
which found associated with them, for their founding in nature, the 
important of these elements and uses. Then the chapter discussed the 
aim of this study, importance of the area, like, location, associability, 
water supply and vegetations. 

Chapter two, showed the materials that needed for the analysis 
and the methods for analysis, by XRF, ICP, A.A.S, U.V and classical 
methods. 

Chapter three showed the brief introduction for sample collected 
and results in four tables and discussion them by comparing together. 

Chapter four, showed the summary and conclusion. 

Appendix, showed three tables of the work done , 
i-Determination of Ta and Nb forms , ( 1 5 > 

ii-Form of determination of Tin , ( 2 ) 

iii-The crystal structure of wolfarmite. ( 4 ) 

and figs of the sample done by the XRF to showed the consintration of (W, Sn, 
Ta, Nb) by degrees 2-theta (W 42.77- 42963, Sn 0.055, Ta 43.77, Nb 21.32) 
aginst Kcp 

4.2 Conclusion 

From the four chapters the researcher obtained that, classical 
methods, took along time (see the producer in chapter two), have a lot 
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of chemicals and the good standard and the storing conditions , many 
apparatus, so long procedure have mistakes, so it is not suitable for 
analysis. 

Instrumentation methods it is a good standard, chiefly, a quick 
method although there were problems like, gas purity, standard 
treatment because the standard is liquid and lamps but, we can control 
it. 

46 



References 

1. Standard Method of Chemical Analysis, Wilfred. Scott, Sc,Fifth edition, 

N . Howel Furman, P h D , London 1939 

2. Gravimetric Analysis Edited by Ilona BuzasLondon 1965. 

3. Rutley's Elements of mineralogy 
Twenty-sixth editions CBS, Publisher, India 1984 

4. The ne tChttp://mineral. Galleries. Com/minerals/Sulfate/WOLFRAMI/ 
WOLFRAMI.htm) 

5. the Geology of som Ring Complexes from the red sea Hills (N.E Sudan 
)M.E.Jar - E N -Nabi B.Sc 1976. 

6. Geology and structure of lui Mahalab area southern Red Sea Hills, Sudan N.E 
Africa by Elfadil Mustafa Elfaki 

7.Atomic Absorption Spectrometry in Geology 
by Research associate and chief, Geochemistry section, state Geological survey 
of Kansas, university of Kansas, Lawrence, Kansas U.S.A. 

8. The Geoogical research Authority of the sudan (GRAS) Mineral potential in 
the Haya terran , Red Sea HILL-Sudan Editors -E.M.Abdel Rahman by Dr Omer 
Mohamed Kheir December , 1994 

47 

http://mineral


9. Accompanying Geological notes to the 1: 1,000,000 seal Geological at last of 
the Republic of the Sudan.Compiled by Staff of the GRS and Rebertson Research 
international ltd 1995. 

10. Fatima Ahmed Osman Msc.2002 (Determination of Gold by Aquaregia and 
Cyanide) 

11. Applied Inorganic analysis Dr.W.F Hillenbrand and D.G.E.F.Lundell. 
First edition London 1962 

12. The Analyst,vol. 116 No. 9, September 1991. 

13. Appied Inorganic Analysis. Second edition, Dr.W.F.Hillebk and late Dr. G. 
E. F. lundell London 1662 

14. Gravometric analysis Part III. Pregamon press. London 1965. 

15. Identification and Qualitatative Chemical Analysis of Minerals. Orison 
Cosmist ,A.B,A.M.Second edition Published in Canda 1953 

16. The analyst, vol 115, No.9 September 1990 . 

17. The analyst .vol. 114. No.5 May 1989 

48 



18. The analyst vol. 116. No. 2 February 1991 

19. The analyst vol. 114.No7 July 1989 

20. The analyst vol. 116 March 1991 

21.The analystvol.113 March 1988 

22. The analyst vol. 112. No9. September 1987 

23. Macro and semi micro I,.VO qualitive Inorganic 

Analysis Gel,D.SC.D.I.C,F.R.I.C.Imperial college,Iondon.l973. 

24. Chemical Methods of rock analysis. Second edition, P.G. Jeffery 
Progamon press 1975 

25. Analytical chemistry Translatedfrom the Russian 
D.Sobolev and Y. Nadler Publisher mosco 1972 

26. Bothina AbduAlla Mcs 2004 

27. Elsmual Hamednallah 2001 

49 



28. The Analyst. Vol. 106 NO. 1260 March, 1981 

29.The Analyst vol 114. No. 10 October 1989 

30. The Analyst vol.106. March 1981 

31. The Analyst.vol. 106. July 1981 

32. Abdall Kodi PHD Brlin 1991 

50 



Appendix 



The crystal structure of wolfarmite 

Ferbberite Fewo4 Huebnerite MnW04 

Form Wt 302.79 

Z 2 

Crystal system Mon Mon 

Point group 2/m 2/m 

Spacegroup P2/C P2/C 

Unit cell 

A(A) 4.730 4.8238 

B(A) 5.703 5.7504 

C(A) 4.952 4.9901 

Beat(03) 90.000 91.18 

Vol(A) 133.58 138.39 



Determination of Ta and Nb Forms of 

Ref. NO Form of 
precipitation 

Precipitation Reaction of 
medium Weighing form Formula wight Heat 

teampreture 

1 ( N b 2 0 5 + 
T A 2 0 5 ) . H 2 0 

NH3+NH4CL Slightly 
alkalic N b 2 O s + T a 2 0 5 

N b 2 0 5 2 6 5 - 82 
9 0 - T a 2 O 5 441 

850 - 1000 

Hexamethylene 
mine -tetra 

+pyro-gallo 
Nutral N b 2 0 5 + T a 2 0 5 

N b 2 0 5 2 6 5 - 82 
9 0 - T a 2 O 5 441 

100 - 1050 

2 ( N b 2 0 5 

+ T a 2 0 5 ) 
Tannin Nutral N b 2 0 5 + T a 2 O s 

N b 2 0 5 2 6 5 - 82 
9 0 - T a 2 O 5 441 

850 - 1000 

3 ( N b 2 0 5 

+ T a 2 0 5 ) 
Cupferronate 

Strongly 
acidic 
containing 
hydrocloric 
or sulphuric 

N b 2 0 5 + T a 2 0 5 

N b 2 0 5 2 6 5 - 82 
T a 2 0 5 4 4 1 - 9 0 700 - 1000 



Form of determination of Tin 

Ref. Form Of 
precipitate 

Precipitation Reaction of 
the midium 

Wheighing 
form 

Formula 
weight 

H eat tempatCo 
reature 

1 Sn(OH)4 Hydrolysis 

NH4N03 

PH = 4 Sn02 70-150 1000-950 

2 SnS2 HIN03 HN03 Sn02 70-150 100 -950 

3 SnS2 H2S INHCL Sn02 70-150 100 - 950 

4 Sn Electrolysis Oxalic acid 
tammonium 

oxlate 

Sn 118 -69 Room tempreture 

















Application: <ManualScans> 
;;VDec-2B83 12:13:31 sample 8 (1/1) 

10-Dec-2083 12:26:00 

12 18 24 . J 36 42 48 54 66 72 78 84 90 96 102 

I : j : j : I : j : j : j : i : f r f T ^ 1 1 u 1 1 u 1 1 • r r J 



Application: <ManualScans> 10-Dec-2003 12:40:05 

in 

"H~H r iX H H H H Hr\ : i: i: i: <: i: i: i 

10-Dec-2003 12:28:41 sample 9 (1/1) 
CD 
in 
















