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DETERMINATION OF THE ANTIMONY- AND STRONTIUM-

CONTENT OF ALUMINIUM ALLOYS BY INDUCTIVELY COUPLED 
PLASMA ATOM EMISSION SPECTROMETRY (ICP-AES)  

USING A WET CHEMICAL SAMPLE PREPARATION PROCEDURE 
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 Strontium and especially antimony are not commonly occurring alloying elements in aluminium 
alloys, therefore their determination by conventional emission spectrometric (OES or XRF) methods 
might suffer from some difficulties as the certified reference materials needed for the calibration of the 
spectrometric measurements are not at the disposal of the analysts in many cases. In such cases the 
instrumental methods, which use wet chemical sample preparation methods by dissolving the sample, may 
prove rather useful and are frequently applied. In this paper an analytical method developed for the 
determination of the above-mentioned elements in aluminium alloys is presented. The different steps of 
the chemical sample preparation procedure and the spectrochemical parameters of the analysis have been 
selected after careful study.  
Keywords: determination of antimony and strontium, aluminium alloy wet chemical sample preparation, 
spectral interferences. 
 
Introduction 
 
 Metals and alloys are frequently analysed by methods using solid samples. These are fast 
and provide reliable results. Because of the traceability the calibration must be carried out with 
special care and the interference effects of the sample matrix components have to be eliminated 
by different correction procedures. Both for calibration and for corrections certified reference 
materials (CRMs) must be applied, however there are many cases when the suitable CRMs are 
not at the disposal of the laboratory. Frequently this is the case when a new type of alloy or a 
new alloying or micro-alloying element is applied and its concentration in the sample has to be 
determined. Applying an instrumental method, which needs to transform the sample into liquid 
phase can be a solution for the problem. With a suitable method any kind of solid sample can be 
taken into solution.  In case of liquid samples the calibration and correction of matrix effects 
can be carried out  more easily, as several multielement solutions are available, so neither 
calibration nor correction means any problem in liquid phase. Strontium and especially 
antimony are regarded as common alloying or micro-alloying elements in aluminium alloys, 
therefore it is rather complicated to get high quality CRMs needed both for calibration and for 
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matrix-effect correction. By choosing an instrumental method using liquid-phase samples both 
processes can be carried out with CRM solutions that are easiy to obtain.  
 So that the present results could be compared to those measured earlier, we used the same 
procedure to evaluate the signals and to present the effects we experienced. 
 
1. Experimental 
 
1.1. The analytical method  

 
In search for an adequate instrumental method flame or graphite-furnace atomic absorption 

(FAAS/GFAAS) or ICP-AES can be taken into account. FAAS is cheap and fast – in case of 
two elements per sample, - but its detection power is insufficient for both elements. The 
detection ability of GFAAS is excellent for both elements, but it is much slower and suffers 
from a lot of chemical interferences, so the development of a suitable method would need much 
time and effort to be carried out. ICP-AES also has sufficient detection power for these 
components, it is a multielement method therefore it is fast, and besides that it is featured with 
much less number  chemical interference effects than GFAAS even in case of an axially viewed 
ICP spectrometer.  
 Considering the above-mentioned features ICP-EAS has been chosen as an eligible method 
for the measurements. The determinations were carried out with a Varian-make ICP 
spectrometer, its type is 720 ES. 

 
1.2. The sample preparation procedure 
 
 Wet chemical sample preparation means that the sample has to be taken into solution either 
by simple dissolution or by fusion followed by dissolution. As most of the chemical agents 
applied in the course of the preparation procedure remain in the solution to be measured, these 
procedures suffer from two main drawbacks. On one hand the impurities of the reagents must 
be taken care of, on the other hand the total salt concentration should not be very high as it 
would substantially reduce the nebulisation efficiency. When choosing the preparation method, 
both effects must be taken into account. 
 Aluminium alloys can be dissolved in several ways, thus, the chemical composition of the 
alloy will determine which method proves suitable. 
 Unalloyed aluminium, ALMg and AlZn alloys with low silicon content can be dissolved in 
hydrochloric acid. AlCu alloys must be treated with hydrochloric acid first, then nitric acid is to 
be added when the initial intense reaction has subsided [1]. 
 Alloys with higher silicon content will dissolve neither in hydrochloric acid nor in the 
mixture of hydrochloric and nitric acid. In such cases, two possibilities remain. One of them is 
to dissolve the sample in a mixture of hydrofluoric acid and nitric acid in a closed PTFE bomb, 
the other is to take the sample into solution in sodium hydroxide and then to acidify the solution 
with the addition of  nitric and hydrochloric acid [2]. Aluminium and silicon can be dissolved in 
the alkaline media, while the acids will take into solution the components insoluble in NaOH. 
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This later method is featured by a high salt content, therefore it can be applied only in case of 
limited sample mass (approximately 0.1 g) so that the extremely high salt concentration of the 
solution could be avoided. 
 The type of the analysed alloy was AlSi9Cu2,5, its chemical composition can be seen in 
Table 1. 

Table 1  

Concentration of the main components of the alloy to be analysed 
(each data in the Table is given in m/m %) 

 

Si Cu Mg Zn Fe Mn Ni Ti 

9.32 2.51 0.31 0.61 0.51 0.37 0.037 0.097 

 Considering the high silicon content it could not be expected that the sample would 
dissolve in hydrochloric acid, therefore the application of the PTFE bomb method with nitric 
acid and hydrofluoric acid was determined. Though this method has been used for the 
dissolution of several aluminium alloys having medium or high silicon content, unfortunately 
this  mixture of acids failed to dissolve the respective type of alloy. Consequently the alkaline 
method had to be chosen.  So as to keep the salt concentration of the solutions to be analysed 
relatively low, the sample mass used for the preparation was around 0.1 g and the sample 
volume was 0.1 dm3. This resulted in the solution with approximately 1000 mg/dm3 sample 
concentration, while the total salt concentration was about 5000 mg/dm3. 

1.3 Selection of the spectral lines used for the analysis 
 
 When performing ICP-AES analysis, the various interference effects always have to be 
taken into account. Since the ICP spectrum is rather rich in spectral lines, spectral interferences 
may frequently occur [3]. Besides the direct overlapping, heavy background emission may 
cause problems in many cases. When selecting spectral lines for the analyte elements, care must 
be taken that the expectable analyte concentration range is rather low, (50–400 mg/kg in the 
solid sample), which means that sufficiently sensitive lines should be chosen. So that both the 
interferences, background effects and the sensitivity values could be examined, for both 
elements, several lines were selected as presented in Table II (with their most important spectral 
properties). 
      In case of antimony all the sensitive lines are atom lines with relatively high excitation 
energies. This is the reason for the fact that no sensitive ion lines can be found for antimony in 
the visible and ultraviolet range of the spectrum. As for strontium, most of the selected lines are 
ion lines, since the ionisation energy of Sr is 5.69 eV, which is not very high. Only one atom 
line can be observed among the Sr lines. Although its excitation energy is the lowest, it is only 
the fourth regarding the sensitivity values.  
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Table 2 
Selected analyte  lines and their key parameters 

 
Line 

Wavelength 
[nm] 

Ecxitation 
energy [eV] 

Detection 
limit [µg/dm 3] 

Background 
eq. conc 
[µg/dm3] 

Signal/noise 
ratio 

Sb I 187.052 6.63 54.8 1953   0.20 
Sb I 206.834 5.99 20.9  1564    0.26 
Sb I 217.582 5.70  26 .5 1863   0.21 
Sb I 231.146 5.36 45.2 1591   0.25 
Sr I 460.733 2.69  3.8   351   1.14 
Sr II 216.596 5.72  1.9   128   3.13 
Sr II 338.071 3.67 3.9 1129   0.35 
Sr II 407.771 3.04   0.12         7.3 55.2 
Sr II 421.552 2.94  0.18      13.1 30.4 

 
 In Figures 1–3 the spectrum of the selected lines are presented in a ± 0.03 nm range around 
the peaks. 
 

 
 

Figure 1. Wavelength scans of the selected antimony lines 
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Figure 2. Wavelength scans of the low intensity strontium lines  
 

  

 
 

Figure 3. Wavelength scans of the high intensity strontium lines 



Olivér Bánhidi 

 
10 

 The spectral properties of the lines were studied using a solution containing 400 µg/dm3 
strontium and antimony, 1000 mg/dm3 aluminium and all the chemicals used in the course of 
the sample preparation.  
 Figures 1–3 and Table II clearly show that the antimony lines are much weaker than those 
of selected for strontium. Still two of the antimony lines satisfy all the criteria required for the 
spectrometric determination. The 231.146 nm line seems to be the least suitable because not 
only due to its low sensitivity but because it suffers from a strong interference caused by a 
strong line overlapping with the analyte line from right, which may result in inaccurate 
background correction. The 338.071 nm strontium line also overlaps with an interfering line, 
and appears to be the least sensitive among the strontium lines. 
 The radiofrequency power applied to the torch was 1050 W. As for other measurement 
conditions the details can be found in previous papers [4, 5]. 
 
2. Results 
 

In order to obtain some performance characteristics of the method, a real experimental alloy, 
with a label TA 344 was chosen and five parallel samples were taken out and dissolved using 
the alkaline method. Following the preparation the antimony and strontium content of the 
samples were determined in the above-written conditions. One of the samples was selected and 
measured five times, so that the repeatability of the method could be calculated. The analytical 
programmes were previously calibrated using matrix-matched calibration solutions prepared 
from multielement CRM stock solution (Merck Ltd. Certipur IV.). Since the calibration 
procedure resulted in linear calibration curves for both elements the net intensity values could 
also be used for calculating the performance characteristics. 

 
Table 3 

The data necessary for calculating the repeatability 

λ [nm] 
Average 
[mg/dm3] 

SD [mg/dm3] RSD [%] 2* RSD [%] 

Sb 187.052 0,2275 0,0062 2,73 5,46 
Sb 206.834 0,2370 0,0013 0,55 1,10 
Sb 217.582 0,2540 0,0083 3,24 6,48 
Sb 231.146 0,2245 0,0048 2,14 4,28 
Sr 460.733 0,1420 0,0011 0,81 1,62 
Sr 216.956 0,1328 0,0004 0,33 0,66 
Sr 338.071 0,1386 0,0012 0,90 1,80 
Sr 407.771 0,1390 0,0008 0,60 1,20 
Sr 421.552 0,1438 0,0019 1,30 2,60 
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2.1. Calculating the test repeatability 
 
 To get the repeatability the results obtained by measuring the same sample solution in five 
times should be used. The respective data can be found in Table III. Since the measurement 
data presented in Table III have been measured exactly in the same conditions (the same sample 
solution, the same analytical programme, the same analyst etc.) the standard deviation values, 
calculated from the data indicate the repeatability of the measurements. Considering the SD 
column in Table III it can be observed that except for the 206.834 nm line all the other 
antimony lines provide poorer repeatability than  those of provided by the strontium lines. This 
fact becomes obvious if the differences in the detection power are taken into account. 
 
2.2 Calculating the reproducibility 
 

Both repeatability and reproducibility is characterised by a standard deviation value. The 
main difference between the two, is that in case of the latter, something has changed in the 
course of repeated measurements, for example the samples are taken from the same lot, but they 
are not perfectly the same, or the determination is carried out by another method or instrument, 
or the analysis is done by another analyst, etc. In our case five parallel samples have been 
simultaneously measured to get some information on the effect of sample inhomogeneity. The 
calculated values are indicated in Table IV. 

Table 4 
The data necessary for calculating the reproducibility 

λ [nm] 
Average 
[mg/dm3] 

SD [mg/dm3] RSD [%] 2* RSD [%] 

Sb 187.052 0.2116 0.0110 5.24 5.46 
Sb 206.834 0.2250 0.0098 4.35 8.70 
Sb 217.582 0.2550 0.0163 6.40 12.8 
Sb 231.146 0.2278 0.0100 4.61 9.22 
Sr 460.733 0.1253 0.0045 3.57 7.14 
Sr 216.956 0.1342 0.0046 3.43 6.86 
Sr 338.071 0.1289 0.0039 3.00 6.00 
Sr 407.771 0.1326 0.0037 2.79 5.58 
Sr 421.552 0.1376 0.0033 2.38 4.76 

 Comparing the SD values of Table IV to those of Table III it can be stated that the 
reproducibility on each wavelength is considerably weaker than the repeatability values, and the 
effect of the inhomogeneity of the samples cannot be neglected. Since it increases the SD 
values, the sample inhomogeneity should always be taken into account, especially when the 
measurement uncertainty it to be determined. As for the analyte elements, the reproducibility of 
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the measurements is poorer on the antimony lines than for the strontium lines. This fact also 
means that strontium can be determined with somewhat better precision and accuracy. 
 
3. Discussion of the results 
 
 The data of the measured detection limits, the repeatability and reproducibility values 
clearly demonstrate the fact that in case of wet sample preparation, the properties of the sample 
preparation method has a considerable influence on the performance characteristics of the 
studied method. 
 In our case the chemical composition of the base alloy made it necessary to apply the 
alkaline procedure for the dissolution of the samples. This resulted in sample solutions with 
rather high salt content, which had several effects on the performance characteristics of the 
measurements. On one hand it led to deterioration of the detection power, as it could be seen in 
Table II. The detection limits determined in the sample solutions obtained by the selected 
sample preparation method are approximately 5–10 times higher than those of measured in  
aqueous solutions with low salt content. The loss in detection power was much greater for the 
antimony lines than for the strontium lines. On the other hand the high salt concentration also 
resulted in high background emission, especially on the antimony lines, which made the 
background correction more difficult and less accurate and produced poor signal/background 
ratio. 
 In Figures 1, 2 and 3 the wavelength scans around the selected spectral lines are presented. 
As for the antimony lines, it can be stated that the 231.146 nm line is partly overlapped with a 
high intensity interfering line. This made the background correction especially difficult. 
Similarly the 338.071 nm strontium line suffers from spectral interference. 
 The performance characteristics suggest that for antimony the 206.834 nm line is the most 
optimal. It has the lowest detection limit and it provides the best repeatability and 
reproducibility values among the antimony lines. As for the strontium the two most sensitive 
ion line, - 407.771 nm and 421.552 nm, - seem to be the most suitable. 
 From the data of Table III and Table IV it is also obvious that the precision and accuracy of 
the measurements are affected by the inhomogeneity of the sample.  

 
Conclusions 
 

In this paper the detailed study of an analytical method for the determination of the 
antimony and strontium content of AlSi9Cu2,5 type aluminium alloys is presented. Using the 
suggested sample preparation procedure and applying the spectrochemical parameters 
determined in the course of our experiments the analysis can be carried out with success. 
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