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The present work is to identify and study the Egyptian one pound coin which appeared at the 

years 2005, 2007 and 2008 by using three different analytical techniques namely, Energy 
Dispersive X-Ray Fluorescence (EDXRF), Energy Dispersive x-ray (EDX) and Neutron Activation 
Analysis (NAA).  The elemental composition for the one pound Egyptian coins is demonstrated.  
The analysis shows that the one pound which is mint in 2005 is differ from the other two coins at 
2007 and 2008. A comparison of the analysis shows that the results obtained by these three 
techniques are in agreement with each other. 
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INTRODUCTION 

    
Energy Dispersive X-ray fluorescence (EDXRF) technique is among other elemental 

analytical compositions techniques which are used to study the coins of countries (1-4). It is 
non-destructive, fast, sensitive, and multi-elemental analysis.  Scanning Electron 
Microscope attached with Energy Dispersive X-ray fluorescence (SEM-EDX) technique is 
regarded as a microprobe technique because it can analyses a  specific area of the coin  
reached to 1mm  1mm  or less to give the elemental composition  in accurate method. 

Several authors (5-7)   nuclear techniques such as cyclotron, reactor, 14 MeV neutron 
generator and thermal neutrons from Am-Be or 252 Cf to investigate some coins.  

In the present work, multi-elemental composition analysis of Egyptian pound coins 
minted 2005, 2007 and 2008 by using EDXRF, EDX and NAA techniques are performed. 
The major and minor elements in the coins are discussed.  
 

EXPERIMENTAL 
 

The coins are placed in ultrasonic cleaner to be washed by distilled water and nitric 
acid 2.5% for 10 minutes and then dried with air streaming for 5 minutes.  
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Elemental analysis studies were made on 3 coins being struck at 2005, 2007 and 
2008. The shape of a one pound  is shown in Fig. 1.                                                                      
 
 

 

 
 

Figure 1:  KM940 bi-metal Tutankhamen burial mask Egyptian pound. 

Figure (2) represents the schematic diagram of the EDXRF system used for the study. 
The system consists of air-cooled x-ray tube as an excitation source. The x-rays from the 
the generated characteristic x-rays of Rh were used to excite the elements present in the 
studied coins samples. The measurement time for the determination of the main 
components was 300 seconds. The characteristic x-rays emitted from the elements present 
in each sample were collected using a Si(Li) detector and a PC-based multi-channel 
analyzer. The analysis can detect elements from sodium to uranium. 
 
 
 

 
 
 
 
 
 

 
 
Figure 2: Schematic diagram of the EDXRF system.  

 
Microprobe EDX analysis is a non-destructive technique used for solid surfaces elemental 

analysis. The range of detection is from majors to minors down to 100 part per million per gram 
(ppm). The analysis can detect elements from carbon to uranium. Quantitativeelemental 
analysiswere done by using ZAF correction calculations. EDX was done for 3 coins on surface and 
in bulk after making a cross section in the coins to detect the chemical changes. 

Firstly the coins were analyzed by XRF and EDX on the surface of the coins then a cross 
section was made for all the coins to analysis the coins from inside as shown in Fig. (3). 

 
 
 
                                                                       
                                                                
                                                                                        
                                                                       
                                                                         
 
Figure 3:  Cross section of one pound’s Egyptian coin. 
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RESULTS AND DISCUSSION 
 
The Tutankhamen One Pound Coin   

Since 2005 to 2010, the geometrical round shape of the 1 pound coin was the same. 
The weight of the 2005, 2007 and 2008 were 8.44 gm, 8.38 gm and 8.42 gm respectively.  
 
1- Elemental composition of three coins by EDXRF technique 

The elemental composition and concentrations expressed in the percentages of 2005, 
2007 and 2008 one pound Egyptian’s coins on the disk and ring by EDXRF technique is 
given in table (1). Inspection of table 1 shows that the elemental composition of 2005 one 
pound coin was copper and aluminum. Another element such as Ni, Fe, Mn and Zn were 
observed. The copper concentration was high and reached 93% in the disk with low 
concentration of aluminum that reached 5.85 % with minority elements of Fe and Zn. 
While in the ring Cu reached 73.84% and Ni 24.23 % with minority elements of Mn and 
Zn. This means that the two alloys of disk and ring have different composition.      

At 2007 coin, the disk became copper and zinc alloy with about 76% and 29%, 
respectively with minority of Fe, while the ring becomes Ni and Fe with about 98% and 
1.3% with minority of Cu.  

Finally, 2008 coin is nearly of the same composition like 2007 with Si in the ring 
alloy. This means that the coin of 2005 is different in composition from that reached at 
2007 and 2008. 

 
Table 1: Concentration (in mass %) of various elements in one pound Egyptian’s coin 
by XRF technique . 

 
2- Elemental composition of three coins by microprobe EDX technique 

Microprobe EDX technique gives the possibility to analyses a small and fine area in 
cross sections of the disk and ring. In other words EDX can compare the compositions of 
bulk, through making cross section of coin, and surface of both disk and ring.  

The elemental composition and concentrations expressed in the percentages of 2005, 
2007 and 2008 one pound Egyptian’s coin on surface and in bulk of the disk and the ring 
by microprobe EDX technique is given in table (2).  

Table 2 shows an agreement between EDX and EDXRF compositions of 2005 one 
pound coin disk and ring. Also the composition of surface and bulk are the same for both 
disk and ring.  

At 2007 coin there is agreement in composition between EDXRF and EDX surface of 
both disk and ring but the concentrations are different and there is one element is missing 
in the EDX surface which is Fe. There are no agreement between EDXRF and EDX cross 
sections and Fe is about 99%. This indicates that 2007 coin is iron alloy coated with cooper 
in case of the disk and coated with nickel in case of the ring. 2008 coin is nearly the same 
like that of 2007 with slight differences in Al and Si concentrations. 

Egyptian pound Cu Ni Fe Si Al Mn Zn 
Disk 93.23 -- 0.36 -- 5.85 -- 0.54 

20
05

 Ring 73.48 24.23 -- -- -- 0.32 0.89 

Disk 76.05 -- 0.29 -- -- -- 29.48 

20
07

 Ring 0.23 98.42 1.32 -- -- -- -- 

Disk 76.05 -- 0.79 -- -- -- 23.16 

20
08

 Ring 0.56 94.83 1.78 1.87 -- -- -- 



 -186- 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Disk sec. 05 

Disk sec. 07 

Disk sec. 08 

Disk surface 05 

Disk surface 07 

Disk surface 08 

Ring sec. 05 

Ring sec. 07 

Ring sec. 08 

Ring surface 

Ring surface 

Ring surface 

Figure 4: EDX spectra for 2005, 2007 and 2008 coins surfaces and resections. 
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Table 2: Concentration (in mass %) of various elements in one pound Egyptian’s coin by 
microprobe EDX technique.  
              
 Egyptian pound   Cu   Ni      Fe      Si   Al    Mn      Zn 

surface      91.91 -- 0.11 0.11 4.95 -- -- Disk 
cross sec.   90.75 -- 0.9 0.69 5.66 -- 0.88 
surface      74.05 24.83 -- -- -- 0.31 -- 20

05
 

Ring cross sec.   73.84 25.15 0.07 -- -- -- 0.25 
surface      64.36 -- -- -- -- -- 32.64 Disk 
cross sec.   -- -- 99.62 -- 0.16 0.14 0.22 
surface      -- 99.17 0.83 -- -- -- -- 20

07
 

Ring cross sec.   -- -- 99.5 -- 0.19 0.31 -- 
surface      69.34 -- -- -- -- -- 25.82 Disk 
cross sec.   -- -- 99.43 0.13 0.14 0.3 -- 
surface      -- 99.62 0.38 -- -- -- -- 20

08
 

Ring 
cross sec.   -- -- 99.56 0.23 -- 0.21 -- 

 
Figure (4) shows the EDX spectra for 2005, 2007 and 2008 coins. For 2005 coin the 

surface and section spectra are the same for disk and ring. But for 2007 and 2008 coins the 
surface and section spectra are different in disk and ring. There are agreement between 
2007 and 2008 spectra. 2005 coin is different from both 2007 and 2008 as 2005 is two 
alloys for disk and ring but the other two coins are one alloy coated with two materials one 
for the ring and the other for the bulk. EDX gives a complete picture about composition 
and concentrations of the three coins under investigation. 

 
3- Bulk analysis using neutron activation technique  

Elemental analysis of the bulk of the coins is done using neutron activation technique 
via the (n, γ) reaction. Three Egyptian coins of bi-metal pounds dating  2005, 2007, and 
2008 were each irradiated with thermal neutrons using a 5 Ci Am-Be neutron source. The 
irradiation time was 2 days. The induced γ-ray activity was then counted for 5 hours. The 
coins were put at zero cm distance on the top of 70% HP(Ge) ORTEC detector with 2 keV 
resolution at 1332.5 keV coupled with computerized multi channel pulse height analyzer. 
The concentrations of the determined elements in the coins are summarized in table (3).  

Fast neutrons are thermalised with paraffin wax in a cylindrical shape with two 
irradiation positions. The irradiation positions are selected for helping irradiation with 
different neutron energy range.  For Al the evaluation is based on the 27Al (n,γ) 28Al 
reaction with major interference from 28Si (n,p) 28Al, which was corrected with the 
thermal/epithermal neutron flux ratio. 

  The determination of Cu concentrates was done using the reaction 63Cu (n, γ) 64Cu. The 
samples were irradiated with thermal neutrons and the annihilation gamma-radiations of 
511 keV were counted. The method is nondestructive, economical and ideal for bulk 
analysis of ores with containing Cu.  

Fe has four isotopes namely, 54Fe (natural abundance 5.8%), 56Fe (91.7%), 57Fe 
(2.14%) and 58Fe (0.31%). The (n,γ) reaction leads to two radionuclide: 55Fe and 59Fe. 55Fe 
does not emit gamma-rays and consequently is useless for NAA. 59Fe is thus the only 
nuclide used for the measurement of iron by NAA but due to its long half-life (44.6 days) 
and the low natural abundance of 58Fe, it needs a long time for the measurement. It is 
usually counted for long time like 2-3 weeks. A way to shorten the time necessary for the 
measurement of iron is to irradiate for 10 min and measure for 10 min. The main activity is 
due to 56Mn, which is formed by the 56Fe (n,p) 56Mn reaction. Interference can be due to 
56Mn produced from manganese through the 56Mn (n, γ) 56Mn reaction. Figure (5) shows 
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the gamma spectra for 2005, 2007 and 2008 coins irradiated by thermal neutrons for 2 
days. 
 
Table 3: Concentration (in mass %) of Fe and Cu elements in one pound Egyptian’s coin by NAA 
technique.  
 

Specification 2005 2007 2008 Reaction 
Fe  7 95 94.9 56Fe (n,p) 56Mn 
Cu  90 4 4 63Cu (n, γ) 64Cu 
Al 2.5 -- --  

 
 
 

 
 

 
Figure 4: Typical gamma- spectra for different KM940 bi-Metal samples irradiated by thermal 
neutrons for 2 days.  
 

 
All the used techniques help and play in its area. In this work the NAA gives a full 

metallic bulk samples analysis. The XRF and EDX help to solve many of the interference 
problems. The NAA results can be useful for understanding the whole composition ratios 
of elements in the investigated materials. We can conclude that the sample issued in 2005 
is the good and stable one and is more valuable than 2007 and 2008. Also we have to 
conclude that because Fe is the major element in 2007 and 2008, one can find large number 
of coins in a bad form ( black, distorted and in a sickening shape).   
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