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In this paper an analytical method based upon wet chemical sample preparation developed for the 
analysis of anodic slime is presented. Sincethe main-, minor and trace elements to be determined are 
simultaneously present in the sample, it is of crucial importance that the sample preparation procedure 
does not adversely affect the detection power of the method. With respect to the elementary composition 
of the slime, careful experimental work was needed to find the mixture of acids which would dissolve 
all components of the sample. Potential interference effects among the main constituents were also 

studied. 
Keywords: Wet chemical sample preparation of slime, ICP-AES analysis of main, minor and trace 
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Introduction 

In the European Union the use of lead as a basic constituent of the soldering alloys applied 
for manual soldering and for solder bathes is restricted by the RoHS2 directive [1]. Therefore 

lead-free soldering alloys have become widely applied for interconnection purposes in the 

manufacturing of electronic parts [2]. Regarding their chemical composition, these alloy 

systemspreferentially contain tin ( ≥ 90 m/m%), silver (1–4 m/m%) and copper (0.5–1.5 

m/m%) as main constituents, but sometimes Sb and Bi are added minor components. Trace 

levels of As, Bi, Fe, Ni, Pb, Sb might as well be present. 

In the course of microelectronic manufacturing the formation of more or less processing 

waste is inevitable. Since this waste contains valuable metals, beyond environmental and 

sustainable considerations, it is important to recover as much from these materials as 

possible, so the processing of solder waste is practically mandatory. There are several 

methods available for that purpose. One of them includes electrochemical processes, e.g. the 

anodic dissolution of the waste. During the dissolution process anodic slime forms, which 
contains metallic elements, therefore slime processing, (i.e. the recovery of the valuable 

components) is preferred from both the environmental and economic viewpoints. In order to 

develop a suitable procedure, there is a constant need for analytical information concerning 

the chemical composition of the slime.  

Elemental concentrationsrange from mg/kg level up to 90 m/m%, that’s why the 

analytical method must be capable of providing reliable results along this wide concentration 

range. When selecting the most appropriate analytical method, an important fact to be taken 

into account: is that various intermetallic compounds may occur either in the course of alloy-

manufacturing or during soldering depending on the concentration of the minor elements [3, 

4]. Regarding their physical and chemical properties, these compounds more or less differ 

from the bulk material.  
When solid-sample analytical methodsare to be applied for the determination of the 

chemical composition of the slime, the certified reference materials (standards) used for 

calibration and validation must contain the same type and quantity of intermetallic 
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compounds as the samples, because of possible matrix effects. Due to their specific chemical 

composition and structural properties such reference materials are hardly available making 
the application of solid sample analytical methods rather difficult. 

On the other hand, instrumental analytical methods that require the dissolution of the 

samples are not sensitive to this problem because dissolution actually eliminates the presence 

of IMCs. The only thing that has to be taken care of is that the sample must be completely 

dissolved. The presence of the intermetallic compounds can make the dissolution processa 

bit more difficult. 

Several instrumental methods use wet chemical sample preparation, but regarding the 

strict requirements (wide concentration range, multi-element capability, relative insensivity 

to chemical interferences) ICP-AES fits the best for this purpose, indeed, this spectroscopic 

technique is suitable to determine all the elements that might be encountered in the samples 

[7]. An other favoured technique is the X-ray Flourescence Spectrometry, which is a solid-

sample multi-element analytical method, therefore it proved to be excellent to determine 
some minor components of slimes, but lack of solid certified reference materials it is 

unsuitable for the determination of the main constituents of such samples [6]. 

The development of anICP analytical method involves 2 steps; first a suitable dissolution 

procedure must be worked out, then the parameters of the ICP analytical programme have to 

be set up. During the preliminary analysis of the slime it turned out that the main metallic 

constituents are Ag, Cu and Sn, but their concentrationsconsiderably differ from those 

pertinent in the led free soldering alloys. Unlike the alloys copper also can be found at high 

concentration in the tin-based anodic slimes. 

 

1. Experimental 

1.1. The dissolution procedure 

Considering the dissolution procedure, the chemical properties of the main components areof 

key importance. Tin can be dissolved in hydrochloric acid, but care must be taken of the 

acidity of the solution, especially while diluting the sample solution or filling it up to the 

mark of the mark of the volumetric flask using distilled water. Silver and copper can be 
brought into solution using nitric acid of at least 25 m/m% concentration. It is also important 

that silver ions react with chloride ions, yielding a white deposit (silver-chloride) insoluble 

in aqueous media and dilute acidic solutions. Nevertheless there is hardly any information 

available about the solubility of silver-chloride in concentrated nitric acid or in a concentrated 

mixture of nitric acid and hydrochloric acid. Preliminary experiments have been carried out 

to examine whether there is any difference regarding solubility in these medias. We managed 

to dissolve AgNO3 in concentrated nitric acid, and keep it in dissolved state while diluting 

the solution with 5.7 mol/dm3of hydrochloric acid. The effect of nitric acid on tin was also 

studied and it turned out that no metastannic acid forms if the concentration of nitric acid 

does not exceeds 30 m/m%, moreover the solution remains stable for at least a week. 

Based upon these results aqua regia was chosen as the dissolving agent and the solution 
was diluted with hydrochloric acid of 5.7 mol/dm3. The procedure developed for the 

dissolution of the anodic slime was the following: 0.2 g sample wasweighed using an 

analytical balance and the sample was taken into a glass beaker. 6 cm3 of concentrated 

hydrochloric acid and 2 cm3 of concentrated nitric acid were added to the sample and the 

mixture was gently heated until the solid material dissolved in the liquid. When the solution 

cooled down, it was filled up in a volumetric flask to 50 cm3 with hydrochloric acid of 5.7 

mol/dm3.  
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1.2. The instrument 

The instrument applied in the experiments was an axially viewed simultaneous multi-element 

ICP spectrometer, type 720 ES by Varian Inc. The technical specifications are presented in 

Table 1. 

The optical system of the ICP instrument made it possible to choose several lines for each 

element measured. The intensity of each line chosen was measured at the same time, so the 

measurement time did not depend on the number of spectral lines. Using multiple lines for 

one element has the following advantages: On one hand, calibration and sample 

measurements can be carried out an over wide range – even from g/dm3level concentrations 

up to more than 100 mg/dm3without diluting the sample (supposing that lines with different 
sensitivities are chosen).On the other hand, the occurrence of any unexpected spectral 

interference can be easily recognized and the result provided by the disturbed line can be left 

out. The spectral lines chosen and their most important properties are presented in Table 2. 

As for the measurement conditions the following parameters were applied:  

A V-groove type nebulizer with Sturman–Masters spray chamber was used as sample 

introduction device, which is able to endure the use of solutions of concentrated acids, or 

mixture of acids [5]. The high-frequency power (PRF) applied to the plasma was 1050 W. 

Integration time was 10 s and in each case the measurement result was obtained by averaging 

3 consequent readings – except for those carried out to determine the detection limits. Net 

intensity values were obtained using two-side off-peak background correction. 

 

1.3. Detection power 

Since trace elements are inasmuch targets of the determination as the components present at 

higher concentration, detection power plays a very important role. The sample solutions 

contain hydrochloric acid and nitric acid at high concentration, therefore it also must be 

known whether this acid mixture influences the detection power and if so, how much then. 

So as get correct information, the detection limits on the spectral lines chosen have been 
determined both in dilute aqueous solution and in acid-mixture. The measurements were 

performedunder the same conditions as the analytical determinations, except for the number 

of parallel measurements. Each average was calculated from ten readings. The results are 

presented in Table 3.  

Table 1 

Features of the ICP spectrometer used in the course of experiments 

Type of viewing the plasma: Axial 

The frequency of the generator: 40 MHz 

The RF power applied on the torch: 900–1500 W, adjustable by the software   

Type of the optical system: Double monochromator with Echelle gratings 

Type of detector: Two-dimension CCD  

Wavelength range: 160–780 nm 

Primary sample introduction system: Pneumatic (K-type) nebulizer 

Secondary sample introduction systems: Ultrasonic nebulizer 

 V-groove nebulizer with Sturman–Masters sp.ch. 

Controlling software: ICP Expert II (under Microsoft Windows XP ) 
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Table2 

The measured spectral lines of the analyte elements 

Element Type of the line Wavelength [nm] Excitation energy [eV] 

Ag    Ag I        328.058             3.81 

    Ag I        338.289             3.69 

As    As I        188.980             6.61 

    As I        193.696             6.33 

    As I        197.198             6.48 

Bi    Bi I        190.171             6,57 

    Bi I        223.061             5,60 

Cu    Cu II        199.970             6.25 

    Cu II        213.598             5.85 

Fe    Fe II        234.350             5.33 

    Fe II        238.204             5.24 

    Fe II        259.940             4.81 

Ni    Ni II        216.555             5.77 

    Ni II        231.604             5.39 

Pb Pb I        182.143             6.86 

 Pb I        217.000             5.76 

 Pb II        220.353             5.67 

Sb    Sb I        187.052             6.68 

    Sb I        206.834             6.04 

    Sb I        231.146             5.40 

Sn    Sn I        181.059             6.90 

    Sn I        189.925             6.58 

    Sn I        235.485             5.30 

Table3 

The detection limit (DL) in aqueous media and in the acid mixture used forbringing the 

samples into solution using V-groove nebulizer and Sturman–Masters spray chamber 

Element Wavelength [nm] 
DLaqueous 

[g/dm3] 

DLacid-

mix.[g/dm3] 

DLsolid_sample 

[mg/kg] 

Ag        328.058 0.85 0.70   0.4 

        338.289 4.76 5.83   3.0 

As        188.980 6.62 12.20   6.1 

        193.696 8.05  9.50   4.8 

        197.198 12.48 15.6   7.8 

Bi        190.171 19.8 16.7   8.5 

        223.061 6.74 11.1   5.6 

Cu        199.970 13.45 10.40   5.2 

        213.598 1.40 2.45   1.2 

Fe        234.350 5.19 2.23   1.1 

        238.204 4.89 1.09   0.5 

        259.940 5.32 0.79   0.4 

Ni        216.555 2.29 2.38   1.2 
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        231.604 5.05 2.67   1.3 

Pb        182.143 23.1 27.1 13.5 

        217.000 12.8 16.2   8.0 

        220.353 6.08 9.52   4.8 

Sb        187.052 35.5 141.3 70.0 

        206.834 9.46 37.8 19.0 

        231.146 17.7 22.3 11.0 

Sn        181.059 70.7 27.50 13.8 

        189.925 61.3 12.9   6.5 

        235.485 71.6 22.1 11.0 

 

As it is apparent from Table 3.not even by applying acid mixture does the detection power 

of the ICP device deteriorate substantially. There are lines, which have lower DLs in the acid 
mixture then in the aqueous solution. The rightmost column of the table contains the DLs 

calculated for the solid sample, taking into account the fact that the dissolution process 

produces a solution with a sample concentration of about 2000 mg/dm3. 

 

1.4. Possible matrix effects 

Possible matrix effects among the main components must also be studied. In this respect only 
the main components were studied, because the trace elements will be calibrated with the 

help of matrix matched calibration solutions. The test solutions containing the 3 main 

elements were prepared using concentrated nitric acid containing 1000 mg/dm3 silver. Some 

hydrochloric acid of 5.7 mol/dm3 was gently added to the silver stock solution, then the 

calculated quantity of copper and tin were added in the form of concentrated stock solutions, 

finally the solutions were filled up to the mark – with hydrochloric acid of 5.7 mol/dm3 – of 

a volumetric flask. The test solutions contained the main elements in the following 

concentration range: Ag: 50–300 mg/dm3, Cu: 100–500 mg/dm3, Sn: 100–500 mg/dm3 

 

 
Figure 1. The effect of Sn on the intensity of the Ag line of 338.289 nm  

and Cu line of 199.97 nm  

 

Three series of solutions were measured, in each series the concentration of one main 

element was constant, while that of the others changed. The results can be seen in Figures 1, 

2 and 3.These figures indicate only slight interference effects among the main components. 
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2. Results 

The results of the above describedinvestigations support the assumption that neither strong 

spectral interferences, nor chemical matrix effects are likely to occur on the lines studied, 

therefore the application of matrix-matched calibration solutions prepared from mono-

element stock solutions will provide reliable results. The calibration curves measured for the 

three main elements can be seen in Figures 4, 5 and 6. With the help of the method developed 

it is possible to determine silver content up to 20 m/m%, tin content up to 35 m/m% and 

copper up to 40 m/m%. The performance of the method is demonstrated by the results 

presented in Table 4. 

 

 
Figure 2. The effect of Ag on the intensity of the Cu line of 199.97 nm  

and Sn line of 181.059 nm 
 

Discussion of the results 

In devising the new analytical method two tasks had to be solved. The first was to develop a 

proper dissolution procedure, that would bring the samples into solution and yields a solution, 

from which both the main constituents and the trace elements can be determined. The second 

task was to develop an ICP analytical program suitable for the analysis using solutions 

containing hydrochloric acid and nitric acid at high concentrations. The data presented in 

Table 3 show that no substantial reduction of the detection power has to be encountered, 

while Figures 1, 2 and 3 suggest that the main components are affected only slightly by one-

another. Using matrix 
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Figure 3. The effect of Cu on the intensity of the Ag line of 338.289 nm and Sn line of  

181.059 nm 
 

-matched calibration solutions linear calibration curves could be obtained suitable for 
analysis in a wide concentration range. In the resulting solution obtained using the sample 

preparation procedure the concentration of the sample is 2000 mg/dm3, which, -based upon 

the detection limits presented in Table 3 makes possible to determine the trace elements at 

mg/kg levels, as it can be seen in Table 4. 

 

 

 
 

Figure 4. The calibration curve for copper on the 199.97 nm line 
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Figure 5. The calibration curve for Sn on the 181.059 nm line 
 

 

 
Figure 6. The calibration curve for Ag on the 338.289 nm line 
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Table 4 

Results of 5 parallel measurements of a sample. All values are indicated in m/m% unit. Av: 
average; SD: standard deviation; CI: confidence interval (in rel. %) 

Element Ag Bi Cu Fe 

 [nm] 328.058 338.289 190.171 223.061 199.970 213.598 234.350 238.204 259.94 

Av. [ %] 15.59 16.61 0.0056 0.0065 40.00 40.49 0.0111 0.0121 0.011 

SD [ %] 0.433 0.440 0.0007 0.0005 0.38 0.09 0.0007 0.0005 0.0005 

CI (p = 

95%) 

5.55 5.30 25.0 15.4 1.90 0.45 12.6 8.26 9.09 

Element Pb Sb Sn 

 [nm] 182.143 217.000 220.353 187.052 206.834 231.146 189.059 189.925  

Av. [ %] 0.0015 0.0020 0.0014 0.0588 0.0496 0.0550 18.46 18.77  

SD [ %] 0.0007 0.0006 0.0007 0.0009 0.0008 0.0008 0.32 0.15  

CI (p = 

95%) 
93.3 60.0 100.0 3.06 3.23 2.91 3.47 1.60  
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