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can not usually be applied for the determination of most of these elements. Activa
tion analysis is one of the most sensitive methods of analysis, and has been developed 
parallel to nuclear energy progress, during the last four decades. 

Thermal neutrons have been more widely used for activation analysis than any 
other type of particles. This is mainly due to the high cross-section of most nuclei for 
thermal neutrons and the availability of higher neutron flux at nuclear reactors. The 
details of using fast neutrons or charged particles in activation analysis are discussed 
by Bowen and Gibbons(1). A knowledge of the nuclear properties of the elements is 
essential to activation analysis, such properties are available in "Charts of the nuc
lides,,{2.3) and in a number of compilations[4-7). 

The application of gamma-ray spectrometry using solid state detectors in activa
tion analysis{8) offers certain advantages over the chemical separation method with 
respect to specifity and avoidance of contamination. In addition, it makes analysis 
more rapid and allowing isotopes with shorter half-lives, to be determined. Fully au
tomated computer based activation analysis was used to examine and measure the 
photopeaks in a gamma-ray spectrum, and to identify the radioisotopes and calculate 
their amount present[9.1I). 

The increasing need for improved advanced techniques for the non-destructive 
multielement analysis of complex samples has led to the development of high yield 
isotope neutron sources with several neutron analysis techniques. 

The theory of activation analysis, technique used facilities required, sensitivity, re
producibility, sources of errors, and applications in the various phases of science and 
technology have been discussed in details in many of scientific books[8.18). 

The main aim of this work was attained through the studies on the neutron activa
tion analysis for hematite and phosphate Saudi ore samples. The 5Ci241 Am-Be irradi
ation facility as well as the hyper pure germanium gamma-ray detection system was 
used. 

Experimental Set-Up 

Neutron Irradiation Facility 

The 5Ci241Am-Be isotopic neutron source facility was used for irradiation of the 
samples investigated in this work. The irradiation facility was designed and con
structed for the purpose of irradiating the samples as well as for storing the neutron 
source. It contains a cylinder of iron of 0.2 cm thickness with height of 100 cm and 
diameter of 80 cm, filled with borated paraffin wax. The iron cylinder is surrounded 
by a sheath of Pb of 0.30 cm thickness. 

The 5Ci241 Am-Be neutron source is positioned at the centre of this cylinder where 
the samples could be irradiated through a vertical hole of 10 em diameter and 40 cm 
height. Four horizontal holes were located at the centre of the iron cylinder which are 
used as horizontal channels for irradiation of the samples as well. The diameter of 
each channel was about 3 em with horizontal depth of 40 cm. These horizontal chan-
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where: 

~ :::: Neutron flux (n/cm2 • sec). 
A(t) The activity 'Y/sec. 
M(i) :::: Atomic weight of the target element (g) . 
mo The weight of the element (g). 
NL Avogadro's number (6.02 x 1023 atoms/g· mole). 
O'j Cross-section of the isotope ( cm2) . 
8 Isotopic abundance % . 
loy = The intensity of Eline % . 
E = Efficiency of the letection system at this energy. 
A The decay constant of radionuclide (sec- ). 

Irradiation time (sec). 
t) = The cooling time (sec). 
t2 The counting time (sec). 

The average thermal neutron flux at the sample irradiation position was found to 
be 1.991 x 103 n/cm2 . s. 

Experimental Results and Discussion 

Hematite Ore Sample 

Hematite is considered as one of the most important iron ores in Saudi Arabia. It 
was found with a high abundance in Wadi-Fatma at Shemaysi area around the village 
of Shemaysi (25 km) east of Jeddah(191. A 100 g of this hematite ore in granules form 
encapsulated in a polyethelene container was used in this work. This container was 
choosen due to its low background. The sample was insured that it is well mixed and 
homogenized and then positioned in the neutron irradiation facility at the proper 
position , which was very close to the neutron source for one week irradiation time. 
After'irradiation, the sample was transfered to its position at the detection system. 

Gamma-Ray Spectrum Measurements and Qualitative Analysis of Hematite Ore Sample 

The gamma-ray spectrum of hematite ore sample has been collected by means of 
the HPGe detection system for 3600 s. and plotted as shown in Fig. (4) up to 2500 
keY. A total of 35 gamma-ray lines have been identified in the spectrum. It was 
found that the tables mentioned in references[20-231 were very useful in identification 
of each element belonging to its characterized gamma-ray lines. 

The half-life of each isotope, its abundance as well as the intensity of each gamma
ray line were the main factors used to identify each element in the sample under in
vestigation. 

More than one measuring run for the gamma-ray spectrum was found very useful 
to identify the exact related element with high accuracy. Different time intervals be
tween each run are needed depending on the half-life time of the interested element. 
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Conclusion 

In this work the nondestructive multielement neutron activation analysis 
technique was applied to identify the elemental constituents of hematite and phos
phate ore samples. The evaluation of Mn in hematite and Na in phosphate were pre
sented. The newly established 24IAm-Be neutron irradiation facility at Physics De
partment of Faculty of Science (KAAU) was used to irradiate the samples and the 
standards investigated in this work. The well calibrated hyper pure germanium de
tection system was used to collect the data obtained. 

More than 35 gamma-ray lines in hematite gamma-ray spectrum were belonging to 
8 elements and 30 gamma-ray lines in phosphate spectrum belonging to 8 elements 
have been identified. The identified elements were AI, K, Ti, Mn, Fe, As, Euand Ra 
in hematite sample and Na, K, Sc, Fe, La, Ra, Rh and U in phosphate sample. The 
concentration percentage value of Mn in hematite was obtained as 0.332 ± 0.031 % 
and Na in phosphate was at 9.17 ± 0.33%. 

The data obtained in this work, is of great importance to geologists. Further inves
tigations should be carried out which will lead to more important information about 
these elements for each ore sample. 

It is recommended to use the well prepared and calibrated facilities of irradiation 
and detection described in this work in other areas such as environmental industrial 
and medical fields. This could be carried out using more active neutron sources and 
applying more computer programmes, just to facilitate the analysis of such promising 
data. 
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