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A method using atomic emission spectroscopy wjth inductively coupled plasma has been de­
veloped for determination of low Nb and Та contents in geological materials. The sample decom­
position and the stabilization of Nb and Та in the gained solution, as well as the separation-
preconcentration procedure are described. The study of interferences, among which the Fe influ­
ence is the most significant, is performed and appropriate correction proposed. The reliability of 
the described procedure is checked by the analysis of certified reference materials and in the 
case of Та also by instrumental neutron activation analysis. 

Different methods ensuring a given level of attained 
basic analytical parameters have been used for the 
determination of Nb and Та in geological materials. 
In recent time X-ray fluorescence spectrometry 
(XRFS) can be listed as dominant technique used 
for the determination of low Nb contents [1, 2] and 
instrumental neutron activation analysis (INAA) for 
the determination of Та [3, 4]. 

In smaller extent mass spectrometry with induc­
tively coupled plasma (MS-ICP) has been used for 
the determination of the element in question [5]. It 
is necessary to emphasize that for some purposes 
(e.g. geochemical prospecting) the prices of ana­
lytical results obtained by the above-mentioned 
methods are rather high. According to the published 
data, among the financially less pretentious proce­
dures, spectrophotometric determinations with dif­
ferent reagents [6—8], extractions [9, 10], micelles 
[11] and mainly methods based on atomic emission 
spectrometry with excitation in inductively coupled 
plasma (AES-ICP) [12] are the most common. 

The mean contents of Nb and Та in different types 
of rocks are as follows: ultrabasic rocks — 1 ppm 
of Nb and 0.018 ppm of Та, basic rocks — 20 ppm 
of Nb and 0.48 ppm of Та, granitoid rocks — 20 
ppm of Nb and 3.5 ppm of Та [13, 14]. 

Owing to the introduced low level of Nb and Та 
occurrence in different types of geological materials 
[15], as compared with the detection limit obtained 
for these elements by AES-ICP, in the majority of 
cases reliable results can be gained only after a 
convenient separation-preconcentration procedure. 

Apart from the mentioned purpose, separation-
preconcentration procedures are used also in order 
to lower or eliminate spectral interferences of con­
comitants, mainly of Fe, W, U, Zr on the most sen­

sitive Nb and Та spectral lines. Despite of the fact 
that several examples, procedures, and rules for the 
correction of spectral interferences have been de­
scribed, they can be used in general only for a given 
type of real samples having a defined macro-
composition what in the case of geological materi­
als can often be very complicated [16—19]. 

In spite of the possibility to eliminate or to decrease 
existing spectral interferences by the use of appro­
priate procedures, present accompanying elements 
elevate the background level and consequently 
cause a deterioration of detection limits. The appli­
cation of an appropriate separation-preconcentration 
procedure therefore not only diminishes the influ­
ence of possible spectral interferences, but simulta­
neously improves the detection limit even without 
necessity of a powerful preconcentration. 

At the determination of Nb and Та in geological 
materials special care has to be given to the sam­
ple decomposition. Minerals containing Nb and Та 
belong to chemically resistent materials and their 
decomposition is performed preferably by fusion. 
Taking into account that solutions obtained after the 
fusion of samples show relatively high salt contents 
influencing negatively the reliability of AES-ICP 
determinations, it is more advantageous to decom­
pose geological materials by acid mixture and to use 
fusion only for the decomposition of the insoluble 
rest. 

EXPERIMENTAL 

Stock solutions of niobium and tantalum (100 |ig 
cm"3) were prepared as follows: 5 cm3 of H F is added 
in a platinum dish to 0.1 g Nb or Та. Aqueous so-
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lution of HN0 3 (volume ratio = 1 : 1) is admixed 
drop by drop till a full dissolution of the metal. The 
solution with 2 cm3 of concentrated H2S04 is evapo­
rated two times to S 0 3 fumes. The residue is di­
luted with 1 % solution of tartaric acid to 1 dm3. 

For determination of low Nb and Та contents 
spectrometer Plasmakon S 35 (Kontron, FRG), se­
quential, with grating 2 400 lines mm"1, concentric 
glass nebulizer (type B, Meinhard), Ar/Ar plasma with 
parameters: power 1.7 kW; flow rate of cooling gas 
14.5 dm3 min"1, of plasma gas 0.9 dm3 min"1, of car­
rier gas 0.8 dm3 min"1, sample uptake rate 1.5 cm3 

min"1, controlled by peristaltic pump; integration time 
5 s was used. 

Sample Dissolution and Preconcentration-
Separation Procedure 

0.5—1.0 g of sample is treated in a platinum dish 
ca. for 2 h with 5 cm3 of 40 % HF. (Rock samples 
containing greater amounts of organic compounds 
are before weighing ignited in electric oven for 1 — 
1.5 h at 600 °C.) Another 10 cm3 of HF and 1 cm3 

of 65 % HNO3, and 1 cm3of 70 % HCI04are added 
and evaporated to dense fumes of HCI04 (not to 
dryness). After cooling 5 cm3of 40 % HF are added 
and the content is evaporated to dryness. 1 cm3 of 
70 % HCI04and 10 cm3 of H3B03 (saturated solu­
tion) are then added to the residue and again evapo­
rated to dryness. The obtained residue is moistened 
with 1 cm3 of 37 % HCl, 20 cm3 of 1 % tartaric acid 
are added and digestion to full dissolution is per­
formed. If insoluble residue is present it is sepa­
rated by filtration and washed. The filter is burned, 
ignited and obtained ashes are fused with NaB02. 
The fusion is dissolved in 5 cm3 of 1 % tartaric acid, 
added to the main solution and adjusted with 1 % 
tartaric acid to 100 cm3. 

To the aliquot part of the sample solution (50 cm3) 
prepared according to the above described acid 
decomposition including the fusion of the insoluble 
rest, H2S04 is added to pH = 4.5—5.0. The solution 
is diluted by 100—150 cm3 of redistilled water and 2 
g of tartaric acid are added. The sample solution is 
cooled to 4—10 °C and precipitated with 6—10 cm3 

of freshly prepared 6 % aqueous solution of 
cupferron. The precipitate is filtered and washed on 
the filter with chilled (4—10 °C) diluted cupferron 
containing H2S04 (500 cm3 of concentrated 
H 2 S0 4 + 500 cm3 of water + 0.15 g of cupferron). 

The filter with the precipitate is dried and 0.1 g of 
powdered oxalic acid is added (to prevent a vigor­
ous thermal decomposition of cupferronates and 
consequently Nb and Та losses). After the ignition 
at 900—1000 °C to constant mass the solid is treated 
with a mixture of 5 cm3 of 40 % HF with 0.5 cm3 of 

98 % H2S04 and the content is evaporated to dry­
ness, moistened with 1 cm3 of 37 % HCl and 5 cm3 

of redistilled water. 30 % H 2 0 2 is thoroughly added 
dropwise till a full dissolution. The solution is brought 
to the final volume of 100 cm3 with redistilled water. 

RESULTS AND DISCUSSION 

At the choice of spectral lines suitable for the 
determination of low Nb and Та contents by AES-
ICP we used data published on the properties of 
sensitive lines of these elements ensuring the best 
detection limit with special attention to possible spec­
tral interferences of accompanying elements [20— 
25]. 

At optimized experimental conditions we investi­
gated the influence of three most important plasma 
parameters: observation height, carrier gas flow rate, 
and plasma power on the detection limit obtained 
for two most sensitive spectral lines of Nb and Та. 

We found out that maximal net intensities were 
obtained at lower viewing heights despite of the 
"hard" character of the investigated spectral lines 
(Fig. 1). 

On the contrary, the net intensity depends signifi­
cantly (especially for Та - see Fig. 2) on the plasma 
power which corresponds with theoretical expecta­
tion for "hard" lines [26]. Apart from the net intensity 
/net Fig. 2 shows also the dependence of the signal 
to background ratio (SBR) and of the signal to noise 
ratio (SNR) on the plasma power; these relations 
being important as concerns the attainable detec­
tion limit. For the final determination we have taken 
the optimal plasma power for Та, I.e. 1.7 kW be­
cause we needed the best possible detection limit, 
namely for this element owing to its lower occur­
rence in geological materials (by ca. one order of 
magnitude) as compared with Nb, as well as owing 
to worse detection limits for Та (Table 1). 

As regards the investigations performed in depen­
dence on carrier gas flow rate (Fig. 3), on the basis 
of the same considerations as in the previous case 
0.8 dm3 min"1 carrier gas flow rate, optimum for Та 
determination, was taken for both elements. 

Table 1. Optimization of Observation Height 

Element 

Та 
Та 
Nb 
Nb 

A 

nm 

240.063 
268.517 
309.418 
316.340 

EP + IP 

V 

13.81 
13.01 
11.40 
11.18 

h 

mm 

10 
12 
10 
12 

D.L 

mg dm"3 

0.028 
0.030 
0.004 
0.008 

sr 

% 
1.24 
1.32 
1.28 
1.50 

EP - excitation potential, IP - ionization potential, h - observa­
tion height, s r - relative standard deviation estimated from 
ten repeated measurements, D.L. - detection limit based on 
3s. 
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5 10 15 20 5 10 15 20 
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Fig. 1. Dependence of the signal intensity of 1. background and 2. peaks on the observation height for a) Nb and b) Та. 

1.2 U 1.6 1.8 
R.f. power/kW 

20 1.0 1.2 1.4 1.6 1.8 
R.f. power/kW 

2.0 

Fig. 2. Plasma power optimization for the determination of a) Nb and b) Та. SBR - signal to background ratio, SNR - signal to 
noise ratio, / n e t - net intensity. 

In order to stabilize Nb and Та in sample solu­
tions, tartaric acid as complexing agent was added. 
A growth of the tartaric acid content leads, however, 
to lower net intensity values at practically unchanged 
background intensities. The determined intensity drop 
caused by the addition of tartaric acid to analyzed 
solutions is presented in Table 2. 

At tartaric acid contents higher than 20 cm3 (c = 1 
mol dm"3) in 100 cm3 of the analyzed solutions, clog­
ging of injector by carbon generation occurred. For 
all determinations the content of 1 M tartaric acid in 

calibration and sample solutions was set to 10 cm3 

in 100 cm3. 

Table 2. Influence of Tartaric Acid on the Intensity of Та Spec­
tral Line (1 mg of Та in 100 cm3) 

Addition of 1 M tartaric acid 

V/cm3 

0 
10 
15 
20 
25 

net rel 

1.00 
0.90 
0.88 
0.88 
0.88 
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0.5 0.7 0.9 1.1 1.3 
carrier gas flow/(dm3 min-1) 

0.5 0.7 0.9 1.1 1.3 
carrier gas flow/(dm3 min"1) 

Fig. 3. Carrier gas flow rate optimization for the determination of a) Nb and b) Та. Denotation as in Fig. 2. 

Possible spectral interferences occurring at the 
used spectral lines of Nb and Та were investigated 
on spectral scans of corresponding model solutions. 
These solutions contained Nb, Та, and possible in­
terfering elements (Fe, Ti, V, W) in the amount of 
substance ratio 1 0 : 1 : x, where x = 10 and 100 
and for Fe also x = 1000. The results have shown 
that the most serious problems are caused namely 
at the Та determination in the presence of Fe, as it 
can be seen in Fig. 4. 

The elimination of interferences was performed by 
the use of correction procedure [27—29] based on 
the following consideration: At the peak wavelength 
of the analytical line the intensity of the interfering 
spectral line is determined. The intensity measured 
at the wavelength where the opposite wing of the 
interfering spectral line (or of another adjacent spec­
tral line of the interfering element) shows the same 
intensity as it does at the peak wavelength of the 
analytical spectral line, is subtracted from the gross 
intensity measured at the peak wavelength of the 
analytical line. The procedure enables so a simple 
simultaneous background and interference correc­
tion. The correction can be used at the ratios Fe : 
Та up to 1000 : 1. At higher Fe contents separa-
tion-preconcentration procedures essentially lower­
ing the concentration of Fe have to be performed. 
The essential part of Fe and AI from the decom­
posed samples was removed before preconcentra-
tion procedure with cupferron by hydrolysis in HF 
medium. 

3000 

2300 

1600 

900 -

200 
240.2 240.3 

Fig. 4. Spectrum of the Та and Fe model solution: 1. blank, 2. 
1 ppm Та, 3. 1000 ppm Fe. 

Table 3. Comparison of Results for Granite Samples 

Sample 

1 

2 

Method 

AES-ICP 
INAA 
AES-ICP 
INAA 

Nb 

vv/ppm sj% 

37.82 5.8 

9.0 8.5 

Та 

tv/ppm sr/% 

16.65 4.5 
16.5 
1.49 9.2 
1.43 

w - average content from ten times repeated analysis, s r - rela­
tive standard deviation (n = 10). 
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The reliability of results gained by the described 
AES-ICP analytical method was checked for Та 
determination on real samples, two granite ones 
analyzed by INAA and for both investigated elements 
by the analysis of attested reference materials. 

The sample 1 contains according to the INAA 
results 16.5 ppm of Та, i.e. a content which should 
be determined with sufficient reliability by the de­
scribed AES-ICP method without any preconcentra-
tion-separation step. The sample was ten times 
decomposed and the content of Nb and Та was 
determined using the correction on Fe. Comparison 
of the results obtained by both the methods, as well 
as the standard deviation of the AES-ICP procedure 
containing also the error of decomposition is pre­
sented in Table 3. 

Since the content of Та in sample 2 is by order of 
magnitude smaller than in the previous case, the 
use of separation-preconcentration step was nec­
essary. 

The reliability of results was verified also by 
analyzing attested reference materials. The results 
are listed in Table 4. 

Table 4. Analysis of Certified Reference Materials 

Material Value p(Nb)/(^ig dm"3) р(Та)/(цд dm"3) 

NIM Ľ Experimental 1000 20.1 
(lujavrit) Recommended 960 22.0 
NIM G# Experimental 50.6 4.6 
(granite) Recommended 53.0 4.5 

* Certified reference materials MINTEK South Africa. 

CONCLUSION 

Determination of low Nb and Та contents in dif­
ferent types of geological materials cannot be per­
formed using only one recommended AES-ICP pro­
cedure. For samples of this kind showing a great 
variability of their macrocomposition, special atten­
tion has to be paid not only to the choice of appro­
priate decomposition and stabilization of Nb and Та 
in the solution, but also to a comprehensive study 
of spectral interferences and possibilities of their 
correction or elimination which can be different for 
any type of material. The presented work represents 
a contribution to the solution of the mentioned com­
plex problem. 
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