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I. Introduction 

Tantalum was discovered by a Swedish scientist Anders Ekeberg in 1802. Tantalum did not occur naturally as 

free metal but was essential components form in a range of mineral species such as columbite, tantalite, 

pyrochlore, microlite, tapiolite, ixiolite, wodginite, loparite, lueshite, exeunite, struverite and ilmunorutile 

(British Geological Survey, april 2011). Due to the advantages both in chemical and physical properties having 

tantalum such as its corrosion resistance, inert to sulphuric and hydrochloric acid in all concentration below 

148.8°C. In addition, tantalum is not attacked by nitric acid in concentrations up to 98% and temperature up to 

100°C. In fact, there are wide ranges of tantalum applications including heat exchanger, columns, condenser, 

reactors, piping system, pressure vessels. Tantalum serves also many different industries such as electronics, 

metallurgies, pharmaceutical, steel finishing, pesticides, herbicides, organics, inorganic,....( TITAN metal 

Fabricators, 2016). But, the basic knowledge concerning the quality of the minerals ores was one of the important 

factors to make a decision related on the extraction of the raw materials. Then, the analysis of minerals ores 

using different techniques cannot be avoided. So, numerous analytical techniques have been used for the 

determination of tantalum in the geological materials including inductively coupled plasma atomic emission 

spectrometry (ICP-AES) for the determination of high purity tantalum after a trace matrix separation technique 

(V. Krivan et al., 1991) and the determination of niobium and tantalum in heavy minerals after the separation by 

preconcentration procedure (J. KUBOVǺ et al., 1993), analysis of tantalite deposit of Mai-Kabanji, North western 

Nigeria using energy dispersive X-ray fluorescence (EDXRF) (Y. Alhassan et al., 2010). 

The aim of this study is to determine the concentration of tantalum in minerals ores of Madagascar using Energy 

Dispersive X-ray Fluorescence (EDXRF).  

 

II. Materials and method 

Materials 

Energy Dispersive X-Ray Fluorescence (EDXRF) spectrometer was used for sample analysis. It was composed 

by a detector lithium-drifted silicon crystal Si(Li) with a resolution 170eV at 5.9keV, X-ray generator produced 

by Siemens company, X-ray tube with molybdenum (Mo) anode and a secondary target molybdenum (Mo) and 

a water pump to ensure the cooling of the system. A pre-amplifier and an integrator were placed between the 

detector and the computer. They treated the signal from the detector and transformed the analogy signal to 
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numeric one. Finally, both AXIL and QXAS programs were used for collecting and analysis the spectrum, 

respectively. 

Method 

Numerous methods as well as empirical or theoretical have been used for quantitative in XRF analysis. In 

general, they are classified in two major groups: compensation and correction matrix methods. In the present 

study, correction matrix method particularly “Fundamental parameters method” was used for quantitative 

analysis. The fundamental parameters methods are based on Sherman equation considering both primary and 

secondary fluorescence (Sherman, J, 1955). This method presents several advantages such as analysis of thin 

films, thick samples and multilayer. These methods consist of two steps: calibration of the spectrometer and 

analysis of unknown sample.  

III. Calibration 

Before the analysis, the XRF spectrometer must be calibrated. Then, calibration was performed with the 

following standards:  chromium oxides (Cr2O3), potassium bromine (KBr), potassium chloride (KCl), tantalum 

pentoxide (Ta2O5) and zinc oxide (ZnO). The aim of the calibration is to determine the geometrical factor G0 

which is determined by the following relation: 
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where 

 

I0: incident beam 

1: solid angle 

2: solid angle 

1: incident angle for primary radiation 

 

 According to the rules described in the user’s manual and guide to X-ray fluorescence technique published by 

IAEA, all experimental parameters must be defined such as spectrum analysis parameters composed by 

background parameters, calibration parameters, fitting control parameters and sample absorption parameters and 

experimental parameters which include : excitation mode, excitation conditions, detector characteristics, filter 

absorption, filter absorption, funny filter absorption and path length (XRF group IAEA laboratories Seibersdorf, 

2007). 

The following parameters were used for excitation-detection geometry: incident angle: 45°, emergent angle: 

45°, distance source-sample: 3cm, distance sample-detector: 6cm. In addition, the parameters for secondary 

target were: secondary target material: molybdenum (Mo); incident angle for secondary target: 45°; emergent 

angle for secondary target: 45°. It should be noted that no filter between secondary target and sample was used. 

According to the above technical parameters, the individual and mean geometrical factors were determined. 

Based on the calculated individual geometric factor, the mean was calculated and used for quantification for all 

elements. The calculated mean value was about 6.621x10-08. 

Table 1 gives the calculated individual and the mean geometrical factor. 

 

Element Individual geometrical factor 

Potassium (K) 6.482 x 10-08 
Chromium (Cr) 6.540 x 10-08 

Zinc (Zn) 6.750 x 10-08 

Bromine (Br) 6.835 x 10-08 

Tantalum (Ta) 6.497 x 10-08 

Mean 6.621 x 10-08 

Table1. Individual and mean geometric factor 

 

IV. Method quality control 

To ensure the accuracy and precision of the analytical method applied for environmental samples analysis, the 

control quality of the method must be done. There are different possibilities to carry out the control:  

- Performed an analysis of Certified References Materials having similar matrix with the sample to be 

analysed 

- Round robins (inter laboratory test) or comparison of the obtained results with a suitable another 

analytical method. 

- Application of the standard addition method. 
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In our case, due to the lack of certified references materials and the difficulties on inter laboratory test, standard 

addition method should be used. Then, synthetic standard must be prepared based on the following relation: 

Mstd = Msample + MTa2O5 

where 

Mstd: mass of the synthetic standard 

Msample: mass of the geological sample 

MTa2O5: mass of the tantalum pentoxide 

 

It should be mentioned that the geological sample didn’t contain tantalum. Analytical balance Sartorius for 

weighing up to 520g with 0.01mg resolution was used during the preparation of the synthetic standard. 

Table 2 illustrates the prepared Ta2O5 synthetic standards. 

 
Standard Msamp(g) MTa2O5(g) Mstd(g) Calculated concentration of 

Ta2O5 (%) 

Std-1 1.03751 0.05181 1.08932 4.76 

Std-2 1.03621 0.10367 1.13988 9.09 

Std-3 1.00220 0.15034 1.15254 13.04 

Std-4 1.00552 0.20096 1.20648 16.66 

Std-5 1.00192 0.30050 1.30242 23.07 

Std-6 0.99974 0.39988 1.39962 28.57 

Table 2. Set of synthetic standard 

Each standard was measured and analysed three (03) times with the XRF spectrometer. Then, table 3 gives the 

comparison of the mean of the experimental values for each standard and the calculated one. 
Standard Calculated concentration of 

Ta2O5 (%) 

Experimental values at 

Madagascar-INSTN (%) 

Percent Difference (%) 

Std-1 4.76 4.04 ± 0.056 15.13 

Std-2 9.09 9.11 ± 0.085 0.22 

Std-3 13.04 12.46 ± 0.099 4.45 

Std-4 16.66 16.39 ± 0.112 1.62 

Std-5 23.07 22.00 ± 0.130 4.64 

Std-6 28.57 25.42 ± 0.142 11.03 

Table 3. Comparison of calculated and experimental values 

Figure 5 shows the plotted of the two values. 

 

 
Figure 5. Plotted of experimental and calculated values 

The results showed that experimental values are in good agreement with the certified values with regression 

coefficient (R2) in order of 0.983. In addition, the results showed that the percent difference ranged from 0.22% 

to 15.13%. It means that the lowest and highest concentration had the highest difference.  
 

V. Detection limit 

The detection limit was calculated using the following relation: 
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where 

Cj : Concentration of the interest element in the standard 

(CLMD)j : Concentration of the limit detection in % 
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The values of the minimal concentration to be analysed both for K-lines and L-lines were reported in the tables 

4 and 5 respectively. 
Elements Detection limit (%) 

K 0.3475 

Ca 0.1832 

Ti 0.0700 

Mn 0.0141 

Fe 0.0088 

Co 0.0045 

Cu 0.0032 

Zn 0.0029 

Rb 0.0013 

Zr 0.0091 

Nb 3.0021 

Table 4. Detection limit for K-lines 

Elements Detection limit (%) 

Ta 0.041 

Pb 0.006 

U 0.0010 

Table 5. Detection limit for L-lines 

Figures 6 and 7 illustrate the curves showing atomic number versus detection limit for K-lines and L-lines 

respectively 

 
Figure 6. Curve shoiwing atomic number versus detection limit for K-lines 

 
Figure 7. Curve showing atomic number versus detection limit for L-lines 

 

VI. Sample preparation 

Fourteen (14) minerals ore were analysed at our laboratory. According to the procedures applied at the 

laboratory, the samples must be codified. Then, each heavy mineral was pulverized with a mechanical grinder 

FRITSCH until the sizes of samples were less than 50µm. Then, thick pellet was prepared from the 

homogenised sample by using a press SPECAC under pressure six (06) tons. Three (03) pellets for each sample 

were prepared. Finally, each sample was put in codified sample carrier in PTFE and measured directly with X-

ray fluorescence spectroscopy. 

 

VII. Results and discussion 

Each sample was measured three (03) times and the average concentration of tantalum in chemical form as 

element and Ta2O5 was reported in table 9. The results are expressed in percent (%).  
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Sample code Unit (%) Ta Ta2O5 
GeosampleTa-1 % 9.76 ± 0.01 11.92 ± 0.12 

GeosampleTa-2 % 5.53 ± 0.06 6.75 ± 0.07 

GeosampleTa-3 % 6.06 ± 0.06 7.40 ± 0.07 

GeosampleTa-4 % 5.98 ± 0.05 7.31 ± 0.06 

GeosampleTa-5 % 20.46 ± 0.11 24.98 ± 0.14 

GeosampleTa-6 % 7.29  ± 0.08 8.90 ± 0.11 

GeosampleTa-7 % 9.74 ± 0.09 11.89 ± 0.12 

GeosampleTa-8 % 38.51 ± 0.19 47.02 ± 0.23 

GeosampleTa-9 % 9.46 ± 0.09 11.55 ± 0.11 

GeosampleTa-10 % 7.24 ± 0.05 8.85 ± 0.06 

GeosampleTa-11 % 14.86 ± 0.07 18.15 ± 0.04 

GeosampleTa-12 % 13.47 ± 0.07 16.44 ± 0.09 

GeosampleTa-13 % 31.70 ± 0.26 38.70 ± 0.32 

GeosampleTa-14 % 3.95 ± 0.05 4.82 ± 0.06 

Table 9. Measured concentration of tantalum in the geological analysed samples 

The variation of the average concentration of Ta2O5 was illustrated in the histogram in figure 8. 

 
Figure 8. Variation of the measured concentration of Ta2O5 

The results showed that all analysed samples contained tantalum which the concentration ranged from 4.82% to 

47.02%. Six of the analysed minerals ore had the concentration smaller than 10%, five minerals ore had 

concentration between 10% and 20% and the concentration of the last three samples ranged from 20% to 

47.02%. The investigation carried out by Ginzburg, A. I et al. showed that the main minerals of tantalum ores 

are mainly columbite-tantalite, containing about 30 to 45% tantalum pentoxide (Ta2O5); tantalite and 

manganotantalite contained approximatelly 45 to 80% of tantalum pentoxide; wodginite contained between 60 

to 85% of Ta2O5; and microlite contained with 50 to 80 percent of Ta2O5.In addition, the main minerals of 

tantalum-niobium ores are: columbite with 5 to 30 percent of Ta2O5, hatchettolite, contained about 8 to 28 

percent of Ta2O5; tantalum-containing pyrochlore contained around 1 to10 percent of Ta2O5, loparite with 

concentration of Ta2O5 ranged from 0.4 to 0.8% of. The average concentration of Ta2O5 in tantalum ores is from 

0.012 to 0.03%. Tantalum-niobium ores contained about 0.02 to 0.05% of Ta2O5 (Ginzburg A. I et al, 1974). In 

fact, our results could say as hypothesis that the analyzed minerals could be tantalum-niobium and columbite-

tantalite. But, to confirm those hypotheses a supplementary analysis must be done. The analysis showed also 

that some refractory metals like niobium (Nb), titanium (Ti) and zirconium (Zr), ferrous metal such as iron (Fe), 

manganese (Mn), radioactive elements such as uranium (U), thorium (Th) , some rare earth elements like 

samarium (Sm), gadolinium (Gd), dysprosium (Dy), ytterbium (Yb), erythromycin (Er) and other elements like 

lead (Pb) and yttrium (Y) were present in the samples. 

 

VIII. Conclusion 

This study showed that the X-ray Fluorescence technique particularly Energy Dispersive X-ray Fluorescence 

(EDXRF) with molybdenum (Mo) secondary target at the XRF Techniques and Environment Department is 

suitable for the analysis of tantalum in minerals ores.  The calibration of the spectrometer indicates that the 

mean geometrical factor was about 6.621x10-08. But, the results also showed that the improvement of the 

accuracy and precision must be done particularly for the two extreme concentrations. 
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