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SYNOPSIS 

A method is described for the analysis, by X-ray-fluorescence spectrometry, of anode sludges for 
the determination of antimony, bismuth, copper, iron, lead, nickel, selenium, silver, tellurium, tin, and 
zinc. The preparation of the samples involves fusion with a flux of barium peroxide and lithium 
hydroxide, and with dichromium trioxide as the internal standard, in a zirconium or vitreous-carbon 
crucible and casting of the melt in an aluminium mould; the fused disc so formed is then pulverized and 
briquetted to form pellets. Calibration curves, which are straight lines for all the elements determined 
because the flux contains a heavy absorber, are established by measurement of pellets prepared from 
standard anode sludges, pure metals, compounds of the metals, or any combination of these materials. 

The precision of the results varies between 2 and 15 per cent relative standard deviation, 
depending on the concentration of the element being determined. The accuracy of the results is 
comparable with that obtained by wet-chemical methods. 

The laboratory method is given in an appendix. 

SAMEVATTiNG 

'n >ictode vir die ontleding van anodeslyk deur X-straalfluoressensiespektrometrie vir die 
bepaling van antimoon, bismut, koper, lood, nikkel, seleen, silwer, sink, telluur, tin en yster word 
beskryf. Die voorbereiding van die monsters behels smelting met bariumperoksied en 
litiumhidroksied as smeltmiddel en dichroomtrioksied as die interne standaard in 'n kroesie van 
sirkonium of glaskoolstof en die gieting van die smeltsel in n aluminiumvorm; die gesmelte skyf aldus 
gevorm word dan verpoeier en gebriketteer om pastille te vorm. Kalibreringskrommes, wat vir al die 
elemente wat bepaal word, reguit lyne is omdat die smeltmiddel 'n swaar absorbeermiddel bevat, 
word bepaal deur pastille berei van standaardanodeslyke, suiwer metale, verbindings van die metale, 
of enige kombinasie van hierdie materiale te meet. 

Die presisie van die resultate wissel tussen 2 en IS persent relatiewe standaardafwyking 
afhangende van die konsentrasie van die element wat bepaal word. Die akkuraatheid van die resultate 
kan vergelyk word met die wat met nat-chemiese metodes verkry word. 

Die laboratoriummetode word in 'n aanhangsel aangegee. 
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1. INTRODUCTION 
Two procedures are used currently at the National Institute for Metallurgy (NIM)for the analysis 

of anode sludges, viz, X-ray-fluorescence (XRF) spectrometry with the single-standard calibration 
method', and a wet-chemical procedure2. The minor elements are determined by atomic absorption. 
Further reports are to be published on investigations at NIM covering the use of neutron-activation 
and emission-spectrographic analysis. 

Wet-chemical methods are accurate and precise, but tend to be slow. The XRF single-standard 
calibration method is also accurate and precise, but, although more rapid than wet-chemical methods, 
it is also considered to be too time-consuming, requiring 40 to 60 minutes for each determination 
under routine conditions. The analysis time includes the time taken for preparation of the samples, 
setting up of the X-ray spectrometer, and measurement of the samples. All these methods (except 
neutron-activation analysis) have another disadvantage: the anode-sludge material must be brought 
into aqueous solution, a procedure that is difficult, especially where the concentrations of silver and 
lead in the samples are high (i.e., higher than 20 per cent silver or 40 per cent lead), and the sample 
mass per unit volume required is greater than 2,0 g/l. 

This report describes an investigation into the analysis of anode sludges by alternative XRF 
methods that are rapid and capable of yielding accurate and precise results. 

2. EXPERIMENTAL METHODS 
2.1. Preliminary Examination of Possible Techniques 

In the initial stages of the investigation, the direct thin-layer3 method was considered to be the 
most promising. This method requires the anode-sludge material and a fixed mass of dichromium 
trioxide (Cr.O.,) to be finely ground in a swing-mill in a tungsten carbide vessel with sodium chloride 
and acetone added to aid in tht grinding of the sample. The dichromium trioxide is used as an internal 
standard for monitoring of the preparation and measurement of the sample. A portion of the finely 
ground product (about 10/im) is suspended in, and made up to volume with, pure ethylene glycol, 
after which an aliquot portion of the suspension is formed into a thin layer by being filtered on a 
Millipore filter of 0,6/tm porosity. 

Some success in the determination of silver was achieved with the direct thin-layer method, but 
severe mineralogical interference effects were encountered for other elements, among them copper 
and nickel. Still finer grinding of the sample may eliminate these mineralogical interferences1, but was 
considered to be impracticable with the grinding equipment available. 

For the elimination of mineralogical interferences, fusion of the sample is considered to be 
essential. The resulting melt should be non-hygroscopic if analysis is to be carried out direct on the 
cooled melt, whether by a thin-layer method or on a disc formed from the melt. In addition, the flux 
should be alkaline (to prevent the loss of selenium and tellurium) and strongly oxidizing, and should 
have a melting point that should not be higher than about 850 °C. With these requirement, the most 
satisfactory flux is barium peroxide, which, though fairly hygroscopic, is far less hygroscopic than 
sodium peroxide. 

A standard anode-sludge material (up to 0,5 g) was successfully fused with barium peroxide 
(15 g) in a zirconium crucible, but the melt was extremely viscous, fusion occurring at a high 
temperature (about 900 °C). The fluidity of the flux increased when 2g of sodium hydroxide or 
lithium hydroxide was added. However, sodium hydroxide increased the affinity of the cooled melt for 
water, and, although lithium hydroxide decreased the hygroscopic characteristics of the melt, water 
and carbon dioxide were gradually absorbed when the melt was exposed to the atmosphere. 

In an attempt to solve the problem, the conventional fused-disc method was used with barium 
peroxide and lithium hydroxide as the fusion agent, and chromium trioxide as the internal standard. 
Sample and calibration discs were prepared up to the casting stage as described in Section 2.2. The cast 
discs were then ground flat. Analyses and precision tests were done on the ground discs (see Tables 4 
and 5). 

Because the discs were occasionally found to be unhomogeneous, particularly when large 
amounts of metallic oxides were present in the sample or were added as spiking material in the 
preparation of calibration discs, an alternative procedure based on pulverization of the fusion discs 
and briquetting was examined. 

2.2. The Fusion-Briquetting Method 
This method involves the fusion of various materials to form a disc, followed by pulverization of 

the disc and briquetting to form a pellet on which the XRF measurement is done. The details of the 

I 
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method are given in the Appendix. 
The sample pellets that were used in the tests of the method during its development were 

prepared as folio.vs. The sample was fused with 15 g of barium peroxide and 2,0g of lithium 
hydroxide, 0,200 g of dichromium trioxide being added as the internal standard. The fusion was done 
in a zirconium crucible over a Fisher blast-burner at a temperature just sufficient to yield a melt that 
was fluid enough to be cast. A vitreous-carbon crucible could have been used instead of a zirconium 
crucible, but it has the disadvantage that it may crack if subjected to thermal shock. The melt was cast 
at room temperature in an aluminium cup (diameter 30 mm, height 9 mm) resting on an aluminium 
block. The melt was allowed to solidify, and was then cooled to room temperature. The aluminium cup 
was stripped from the cast disc, and the disc was pulverized in a 10cm' Siebtechnik tungsten carbide 
grinding bowl. The crushed powder was pressed into an aluminium cup at 540 x 10:> kPa (35 ton/in2) 
for 2 minutes. The pellets so formed were wrapped in thin polythene, and were stored in a desiccator 
so that they would not absorb any moisture or carbon dioxide. 

It is important that the temperature during fusions of this kind should be kept as low as possible so 
that the silver will not be reduced to the metallic state, particularly if the mass of anode-sludge 
material being fused is greater than 0,5 g. It was established that, if carbonates, chlorides, or large 
amounts of oxidizable constituents are present in the melt, there is a tendency for silver to be reduced 
to the metallic state even when a low fusion temperature is maintained. For anode-sludge materials in 
which silver is easily reduced to the metal, or in which lead or tin is present in high concentrations, a 
lower mass of material should be used. 

Calibration pellets were prepared in the same way as described for the sample pellets, except that 
they were prepared from material of a known composition (the standard sample), and that selected 
analytes (mostly in the form of oxides) were added to varying mass fractions of the standard sample so 
that the calibration range would be extended (Table 1). The concentration ranges of all the analytes 
are shown in Table 2. 

TABLE 1 

Composition of the calibration pellets* 

No. of 
calibration Standard 

pellet samplet ZnSO,-7H20 BijO, SnO, CuO SbjO, Fe2Os TeO, SeOj 
g I g g g g g g g 

1 0,125 0,022 0,044 0,145 
2 0,250 0,099 0,105 
3 0,350 0,009 0,057 
4 0,500 0,016 
5 0,750 0,034 0,006 
6 0,250 0,036 0,031 0,061 0,007 0,022 0.044 
7 0,500 0,047 0,020 n,060 0,011 0,023 0,034 

Blank 

* These materials were added to 15 g ( i 0,1 g)of barium peroxide, 2,0g(± 0,1 g) of lithium hydroxide, and 0,200g(+ 0,2 mg) of dichromium trioxide, the 
blank being the only pellet in which the internal standard was omitted. 

t The standard sample had the following composition as determined by XRF spectrometry and the single-standard calibration method: 

Element % Element % 

Ag 22,65 Pb is,: 
Bi 0,45 Sb 7,78 
Cu 6,4 Se 5,09 
Fe 0,29 Sn 4,76 
Ni 2,15 Te 1,35 
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TABLE 2 
Concentration ranges of the analytes in the 

fusion-briquetting method 

Analyte 

Limit of determination 

Analyte Lower limit, % Upper limit, % 

Bi 0,3 16 
Pb 0,3 55 
Te 0,3 10 
Sb 0,3 30 
Sn 0,3 48 
Ag (K line) 0,8 68 
Ag (L line) 0,3 15 
Se 0,3 20 
Zn 0,2 5 
Cu 0,2 40 
Ni 0,2 7 
Fe 1,0 5 

The pellets were analysed with a Philips spectrometer (Model PW1220) coupled to a generator 
(Model PW1140) with the parameters given in Table 3. 

TABLE 3 

Instrumental parameters 

Voltage 8kV 
Current 40 mA 
Counting time 60s 

Analytical Tube Crystal Peak 
Analyte line anode Collimator and cut Detector Medium angle, 2ft 

Bi La Au Fine LiF(220) Scint. Air 47,36 
Pb L0 Au Fine LiF(220) Scint. Air 40,38 
Te Lcr Cr Coarse LiF(100) Flow Vacuum 109.58 
Sb La Cr Coarse LiF(100) Flow Vacuum 117,34 
Sn* La Cr Coarse LiF(IOO) Flow Vacuum 126,77 
Agt La Cr Coarse PET(002) Flow Vacuum 56,75 
Ag K« Au Fine LiF(220) Sc :"t. Air 22.72 
Se Ka Au Fine LiF(220) Scint. Air 45,71 
Zn Ku Au Fine LiF(220) Scint. Air 60,58 
Cu Ka Au Fine LiF(220) Scint. Air 65,55 
Ni Ka Au Fine LiF(220) Scint. Air 71,26 
Fe Ka Au Coarse Ge( l l l ) Flow + scint. Air 34,51 
Cr Ka Au Coarse LiF(220) Flow Air 107,11 
Cr Ka Crt Coarse LiF(100) Flow + scint. Vacuum 69,36 

Scint. - Scintillation counter 
* Recent unconfirmed analyses have shown that more accurate results arc obtained when high concentrations of tin arc 

measured with the Km analytical line. A factor is then incorporated for silver K<r overlap. 
+ Silver is read at both the K and L lines (of different energies, and therefore different penetrations) as a check on whether the 

pellet being measured is homogeneous. The calibration curve for silver obtained from measurements of the Ag l̂ r line is 
more precise for low concentrations of silver, i.e., less than 5 per cent. 

t The titanium filter is placed in position during the measurement of the internal standard (dichromium trioxidc), the 
chromium target lube being used. 

.1 
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The calibration curve for each element was established by plotting of the concentration of the 
element (based on 0,25 g of sample) versus the ratio, R, of the net intensity of the analytical line to that 
of the Cr Ka line for the pellet being measured. The net intensities were ascertained as follows. The 
gross intensities obtained for the blank from readings at the analytical and Cr Ka lines were subtracted 
from the gross intensities obtained in the same way for the calibration pellets. It was found that the 
calibration curves for all the elements measured were straight lines with an intercept very near the 
origin. 

3. RESULTS 
The accuracy of the XRF method on fused discs (i.e., omitting the pulverization and briquetting 

steps) was ascertained by comparison of the results obtained by this method on samples of anode 
sludge with those obtained by emission spectrography and by instrumental neutron-activation and 
wet-chemical analysis on the same samples. As Table 4 shows, there are no significant differences 
between the results obtained by these four methods of analysis, except those for tellurium in sample 2. 
However, the result for the XRF analysis of fused discs is considered to be correct because this method 
does not entail any separations and is free of matrix effects, and the precision of the results for 
tellurium is good at a concentration of 0,56 per cent. 

Table 5 compares the results obtained for ten fused discs prepared from a mixture of two standard 
anode-sludge materials with the results obtained on pellets prepared by the pulverization and 
briquetting of the fused discs. The short-term precision tests showed the fusion-briquetting method to 
have a higher precision for silver (measured on the Ka line), copper, and lead than had the fused-disc 
method. 

4. INTERFERENCES 
Interferences due to interelement or matrix effects should be absent in the proposed 

fusion-briquetting method because the flux contains a heavy absorber. If sufficiently high 
concentrations (greater than about 1 per cent) of the following elements are present in the sample, 
spectral interferences can be expected: 

Ir, Pt, Ru, Os, Ge, and Hf at the Bi La line, 
Th at the Pb L/3 line, 
Co, Cd, and In at the Sn La line, 
Pd at the Ag La line, 
Rh, Cd, Pd, and Ru at the Ag Ka line, 
Pt and Ge at the Se Ka line, 
Lu and Re at the Zn Ka line, 
Tm, Ta, Er, Ho, and Hf at the Cu Ka line, 
Ho, Y, and Yb at the Ni Ka line, 
Eu and Dy at the Fe Ka line, and 
La, Ce, and V at the Cr Ka line. 

The platinum-group metals and gold could cause spectral interferences if present in sufficiently 
high concentrations, but it is most unlikely that high concentrations of other elements will be 
encountered. The samples analysed contained only small amounts of all the platinum-group metals 
and gold, and could contain silver in concentrations of up to 80 per cent. 

5. DISCUSSION 
The analysis of anode sludges by the method described in the Appendix has the following 

advantages: 
(a) the preparation procedure for the sample is simple and fairly rapid, 
(b) matrix effects are eliminated because the barium peroxide flux acts as a heavy absorber, 
(c) the calibration curves are straight lines, and can be established by the preparation of 

calibration pellets from various masses of a standard anode-sludge material and the pure 
element, or the compound of the element, thus eliminating the need for large numbers of 
standard materials for calibration purposes, 

(d) the calculation of t!ie results is simple, and 
(e) the measurement of the pellets for all the elements is amenable to fuli automation. 
A disadvantage of the method, viz, the possibility that metallic silver will be formed during the 

fusion procedure, is usually overcome if the fusion temperature is maintained as low as possible. The 

4 
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TABLE 4 

Comparison of the XRF analysis of fused discs 
with other methods 

Sample Method 

Element, % 

Sample Method Bi Pt> Te Sb Sn Ag Se Cu Ni Fe Zn 

1 XRF 
ES 
NA 
WC 

0,57 
0,49 

0,53* 

10,5 
9,9 

113 

2,5 

2,9 

1,5 
1,44 
1,9 
1,5 

0,8 
0,7 

0.58 

25,0 

24,3 
24,0 

19,7 

20,4 
20.6 

2,9 
2,9 
2.88 
3,11 

<0,': 

0,041 

<1 ,0 
038 

<0,2 

0,023 

2 XRF 
ES 
NA 
WC 

< 0 3 

0,018 

21,1 
19,6 

20,6 

0,56 

0,03 

2,43 
238 
2,16 
1,95 

23,46 
25,5 
27,7 
24,2 

<0,3 

0,48 
0,35 

<0,3 

<o,or 

14,05 
15,6 
14,6 
14,9 

0,28 

0,27 

1,23 
0,59 

0,66 

0,53 

0,51 

3 XRF 
ES 
NA 
WC 

<0,3 12,5 
11,9 

0,5 1,87 

1,56 

19,5 
16,6 
22,1 

0,6 

0,84 

<0,3 39,7 
37,5 
38,2 

<0,2 2,33 0,98 

4 XRF 
ES 
NA 
WC 

<0,3 14,8 
13,5 

0,3 1,94 

1,51 

20,0 
17,3 
23,7 

0,8 

0,99 

<0,3 37,2 
34,3 
36,7 

<0,2 <1 .0 0,94 

5 XRF 
ES 
NA 
WC 

<0,3 23,4 
22,5 

0,7 2,84 

2,47 

33,2 
31,2 
35,3 

0,5 

0,4 

<0,3 5,6 
5,3 
5,04 

<0,2 1,0 0,94 

6 XRF 
ES 
NA 
WC 

<0,3 15,8 
14,7 

0,3 1,50 

1,64 

19,1 
18,9 
22,6 

0,8 

0,85 

<0,3 34,6 
31,9 
34,1 

<0,2 <1 ,0 0,90 

7 XRF 
ES 
NA 
WC 

2,6 

3,03 

0,6 

0,68 

0,3 

0,65 

0,26 

ca 1,0 

8 XRF 
ES 
NA 
WC 

0,48 
0,40 

35,5 

33,2 
32,3 

7,23 
7,0 

0,37 
0,41 

9 XRF 
Calc. 

0,m 
0,5? 

14,0 
14,6 

1,96 
2,00 

4,4 
4,79 

2,5 
2,79 

22,8 
23,3 

12,5 
12,35 

4,70 
4,70 

1,00 
1,05 

<1,0 
0,34 

0,2 
0,20 

XRF X-ray-fluorescence analysis of a fused disc (no pulverization + briquciting) 
ES Emission spectrograph^ 

NA Neutron activation 
WC Wet chemical 

• Atomic-absoi.it ion hydride5 

melt must be carefully examined for the presence of any unfused 'lumps' that may form during the 
fusion procedure, but this can be avoided if a smaller mass of sample is used. The formation of metallic 
silver in the melt can also be revealed by any significant difference between the concentration of silver 
in the fusion disc as calculated from the X-ray intensity of the Ag La line and that calculated from the 
Ag Ka line. 

For iron at low concentrations (less than 5 per cent), the precision of the XRF method is poor 

5 
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TABLE 5 

Precision of the results 

Fused discs Pellets made by 
pulverization and 

briquetting of 
fused discs 

Element Long-term tests* Short-term tests* Short-term testst Element 

Concen Concen Concen
tration RSD tration RSD tration RSD 

% % % % % % 

Bi 0,5 15,5 0,5 13,9 0,5 13,2 
Pb 18 4,4 15 2,6 15 1,7 
Te 1,5 4,4 2 3,6 2 3,7 

Sb 8 3,0 5 2,3 5 2,9 
Sn 4 11,4 3 5,2 3 4,9 
Ag (K line) 23 4,4 23 5,2 23 0,8 

Ag (L line) 23 _ 23 3,4 23 6,4 
Se 5 6,9 12 1,6 12 2,5 
Zn 0,3 26,9 0,2 9,8 0,2 -

Cu 6 4,7 5 7,8 5 1,0 
Ni 2 9,8 1 6,6 1 6,0 
Fe 0,6 53,6 5 15 0,4 41 

RSD = Relative standard deviation 
'The long-term tests involved the analysis of a particular anode-sludge sample with every batch of routine samples analysed 
over a period of about 3 months 

*The short-term tests consisted in 11 analyses of one sample as a single batch 

(about 15 per cent relative standard deviation at the 5 per cent level) because of the relatively high 
concentration of iron in the barium peroxide flux. However, the accuracy of the results for iron is 
satisfactory. The fusion method using barium peroxide can be applied to determination of the noble 
metals provided the concentration of the noble metal being measured is greater than about 0,5 per 
cent. However, all the anode-sludge samples encountered contained small amounts of noble metals. 

The total time taken for the analysis of 10 samples for 11 elements is about 14 man hours when 
the pellets are measured by the fully automated Philips X-ray spectrometer (Model 1220)\ which 
prints out intensity ratios (for each element determined) in all the sample pellets. This time is made up 
as follows: 

(i) 7 man hours for the preparation of the pellets, 
(ii) 2 man hours for the loading of discs onto the automatic loader and setting up of the instrument, 

and 
(iii) 5 man hours for the processing of intensity data. 

The measurement time is about 10 hours, but is not taken into account because the measurement 
of the pellets does not require the presence of the analyst, usually being done overnight. 

6. CONCLUSION 
By the XRF method developed, all the elements listed in Table 4 can be determined with a 

precision that varies between 2 and 15 per cent relative standard deviation for concentrations greater 
than 0,5 per cent depending on the concentration of the element being determined, and with an 
accuracy comparable with that obtained by wet-chemical methods. 

6 
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APPENDIX 

THE DETERMINATION OF MAJOR AND MINOR ELEMENTS IN ANODE SLUDGES 
BY X-RAY-FLUORESCENCE SPECTROMETRY USING A BARIUM PEROXIDE FUSION 

METHOD 
(LABORATORY METHOD NO. 0/14) 

E.2. Anode sludges, stoments in 

1. OUTLINE OF THE METHOD 
Anode-sludge material (0,25 g ) is fused with 15 g of barium peroxide, 2 g of lithium hydroxide, 

and 0,2 g of dichromium trioxide in a zirconium crucible over a Fisher blast-burner, and the melt is 
cast in an aluminium cup. After the solidified melt has been pulverized and briquetted in the form of a 
pellet, the pellet is measured at the analytical lines of the elements that are being determined, and at 
the Cr Ka line (internal standard). The ratio (/?) of the net intensity of an analytical line to that of the 
CT Ka line is used as a function of the concentration of the element giving rise to the analytical line 
measured. Calibration curves are established by preparation of pellets containing a standard 
anode-sludge material in amounts varing from 0,] 25 to 0,75 g. Where the upper limit of a calibration 
curve is not high enough for any particular element, the range of the calibration curve is extended by 
the addition of a compound of that element to the material that is to be fused. 

2. APPLICATION 
The method is applicable to the analysis of anode sludges for the following elements present in 

concentrations above about 0,2 per cent: bismuth, lead, tellurium, antimony, tin, silver, selenium, 
zinc, copper, nickel, and iron. 

3. REAGENTS 
(1) Ba02 Powder 

Chemically pure. 
(2) LiOH Powder 

Chemically pure. 
(3) Cr203 Powder 

A.R. grade. 
(4) Te02 Powder 

A.R. grade. 
(5) Fe20^ Powder 

A.R. grade. 
(6) ZnS04-7H20 Powder 

A.R. grade. 
(7) Bi20* Powder 

A.R. grade. 
(8) Sn02 Powder 

A.R. grade. 
(9) CuO Powder 

A.R. grade. 
(10) SbïO:i Powder 

A.R. grade. 
(11) Ti02 Powder 

A.R. grade. 
(12) Se02 Powder 

A.R. grade. 

4. INTERFERENCES 
Interferences due to matrix effects are minimized by the heavy absorber in the flux. If present in 

concentrations greater than 1 per cent, the following elements will cause spectral interferences: 
Ir, Pt, Ru, Os, Ge, and Hf at the Bi La line, 
Th at the Pb L/3 line, 

8 
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Co, Cd, and In at the Sn La line, 
Pd at the Ag La line, 
Rh, Cd, Pd, and Ru at the Ag Ka line, 
Pt and Ge at the Se Ka line, 
Lu and Re at the Zn Ka line, 
Tm, Ta, Er, Ho, and Hf at the Cu Ka line, 
Ho, Y, and Yb at the Ni Ka line, 
Eu and Dy at the Fe Ka line, and 
La, Ce, and V at the Cr Ka line. 

All the samples analysed so far have been free of spectral interference. However, the possibility 
that the elements listed may occur in sufficient amounts to cause interferences should always be borne 
in mind. 

5. PROCEDURE 
5.1. Preparation of Calibration Pellets 

Calibration pellets nos. 1 to 7 (Table 1-1) are prepared as follows. 
a. In a zirconium crucible, place 15,0g of Ba0 2 , 2,00g of LiOH, 0,200g of Cr 2 0 3 , standard 

anode-sludge material, and additions of the oxide of the element in that order, using the 
masses indicated in Table 1-1. The anode-sludge material and the reagents used must have 
been finely ground in an agate mortar if necessary. 

b. Mix well with a spatula. Tip the mixture of anode-sludge material and flux from the zirconium 
crucible onto a sheet of weighing paper (about IS cm 2), and mix thoroughly, crushing any 
'lumps' that may be present before returning the mixture to the zirconium crucible. 

c. Fuse the mixture in the zirconium cucible over a Fisher blast-burner at low heat, gradually 
increasing the temperature until the mixture becomes molten. The fusion must be done at the 
lowest possible temperature consistent with efficient swirling and casting of the melt. Swirl 
the crucible during the entire fusion procedure (Notes 1 and 2). 

d. When the melt is sufficiently fluid, pour it into an aluminium cup (internal diameter 30 mm, 
height 9 mm) resting on an aluminium block. Reheat the crucible to a slightly higher 
temperature.and cast the part of the melt that adhered to the crucible wall after the first cast 
(Notes 3 and 4). 

e. Allow the melt to solidify, cool the cast disc to room temperature, and store it in a desiccator. 
f. Strip the aluminium from the cast disc (using scissors to sever the aluminium edge, and 

sharp-ended tweezers to roll or tear off the thin metal). 
g. Pulverize the disc in a 10 cm1 Siebtechnik tungsten carbide grinding bowl for 10 seconds at 

high speed to break up the hard pieces. Loosen the material in the bowl with a plastic rod, and 
then regrind for 90 seconds at low speed so that the crushed material does not cake. When 
working with the powdered material, wear a respiratory mask and work under a fume-hood 
because of the toxic nature of some of the constituents. 

h. Press the crushed powder into an aluminium pellet cup, using a thin film of Mylar sheet 
between the die plunger and the powder to avoid iron contamination. Press the pellets at 
540 x lO^kPa^ ton/in2)for two minutes, wrap in thin polythene, and store in a desiccator 
to prevent the absorption of moisture. 

5.2. Calibration 
a. Measure pellets 1 to 7 (Table 1-1) for each element to be determined, using the instrument 

and instrumental parameters given in Table 1-2. 
b. For each element determined, calculate the ratio (R) according to Equation (1), and then plot 

R versus concentration on linear graph paper. 

« = T^T- 0) 
where / A is the gross intensity of the analytical line for the element in the calibration or 

sample pellet, 
BA is the gross intensity of the analytical line for the element in the blank pellet, 
U, is the gross intensity of the Cr Ka line for the calibration or sample pellet, and 
B(•, is the gross intensity of the Cr Ka line for the blank pellet. 
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TABLE 1-1 
Composition of the calibration pellets* 

No. of 
calibration Standard 

pellet samplet ZnS0 4 -7H,0 B i , 0 3 SnO, CuO Sb.0, Fe ,0 , TeO, Se0 2 

g 8 g t g g g g g 

1 0,125 0,022 0,044 0,145 
2 0,250 0,099 0,105 
3 0350 0,009 0,057 
4 0,500 0,016 
5 0,750 0,034 0,006 
6 0,250 0,036 0,031 0.061 0,007 0,022 0,044 
7 0,500 0,047 0,020 0,060 0,011 0,023 0,034 

Blank 

* These materials are added to 15g(± 0,1 g) of barium peroxide, 2,0 g (± 0,1 g) of lithium hydroxide, and 0,200g(± 0,2 mg) of dichromium trioxide, the 
blank being the only pellet in which the internal standard was omitted, 

t The standard sample had the following composition as determined by XRF spectrometry and the single-standard calibration method: 

Element % Element % 

Ag 22,65 Pb 18,2 
Bi 0,45 Sb 7,78 
Cu 6,4 Se 5,09 
Fe 0,29 Sn 4,76 
Ni 2,15 Te 1,35 

TABLE 1-2 
Instrumental parameters 

Voltage 8kV 
Current 40 m A 
Counting time 60s 

Analytical Tube Crystal Peak 
Analyte line anode Collimator and cut Detector Medium angle, 20 

Bi La Au Fine LiF(220) Scint. Air 47,36 
Pb L0 Au Fine LiF(220) Scint. Air 40,38 
Te La Cr Coarse LiF(lOO) Flow Vacuum 109,58 
Sb La Cr Coarse LiF(lOO) Flow Vacuum 117,34 
Sn* La Cr Coarse LiF(lOO) Flow Vacuum 126,77 
Agt La Cr Coarse PET(002) Flow Vacuum 56,75 
Ag Ka Au Fine LiF(220) Scint. Air 22,72 
Se Ka Au Fine LiF(220) Scint. Air 45,71 
Zn Ka Au Fine LiF(220) Scint. Air 60,58 
Cu Ka Au Fine LiF(220) Scint. Air 65,55 
Ni Ka Au Fine LiF(220) Scint. Air 71,26 
Fe Ka Au Coarse Ge( l l l ) Flow + scint. Air 34,51 
Ci Ka Au Coarse LiF(220) Flow Air 107,11 
Cr Ka Crt Coarse LiF(lOO) Flow + scint. Vacuum 69,36 

Scint. = Scintillation counter 
* Recent unconfirmed analyses have shown that more accurate results are obtained when high concentrations of tin are 

measured with the Ka analytical line. A factor is then incorporated for silver Ka overlap. 
t Silver is read at both the K and L lines (of different energies, and therefore different penetrations) as a check on whether the 

pellet being measured is homogeneous. The calibration curve for silver obtained from measurements of the Ag La line is 
more precise for low concentrations of silver, i.e., less than 5 per cent. 

I The titanium filter is placed in position during the measurement of the internal standard (dichromium trioxide), the 
chromium target tube being used. 
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c. Fit the best straight line to the points plotted. A straight line intersecting the origin, or 
intersecting the axis very near to the origin, should be obtained. 

5.3. Preparation of Sample Pellets 
a. Transfer 0,25 g (± 0,2 mg) of sample, 15 g (± 0,1 g) of Ba0 2 , 2 g (± 0,1 g) of LiOH, and 

0,2 g (± 0,2 mg) of Cr-0 3 to a zirconium crucible, and mix well with a spatula (Note 4). 
b. Proceed according tc steps b to h of Section 5.1. 

5.4. Measurement of Sample Pellets and Calculation of Results 
a. Measure the sample pellets and calculate R as described in steps a and b of Section 5.2. 
b. Calculate, by means of Equation (2), the percentage concentration (C) of the element 

measured in the anode-sludge material. 

C % = ( m * + / ) X 0 , 2 5 > 1 0 0 ( 2 ) 

where m is the slope of the calibration curve, 
i is the intercept of the calibration curve, and 
x is the mass of sample material fused. 

Alternatively, graphically evaluate the expression (mR+i) from the plot of the calibration curve 
and substitute the value for the expression in Equation (2). 

6. NOTES 
1. Zirconium-tipped tongs must be used in the handling of a zirconium crucible. These can easily 

be made by the cutting of strips of zirconium out of wom zirconium crucibles. The strips are 
bent into hollow tubes and are fitted over the ends of a pair of laboratory tongs. Small holes 
are drilled through the tubes and tong-ends, and nickel chromium wire is passed through to 
fasten the tips. The tips are then flattened in a vice, and bent to suit the handling of crucibles. 

2. The melt must be examined for any 'lumps' that might consist of metallic silver. A smaller 
mass of sample must be taken if the formation of metallic silver cannot be prevented. 

3. Any paint on the aluminium cup must be burnt off beforehand, and the bottom of the cup 
sand-papered to give a metal-to-metal contact with the aluminium block. The aluminium 
block is used as a heat-sink. This avoids an isothermic reaction between the melt and the 
aluminium cup. 

4. The subsequent cleaning of zirconium crucibles and tongs in strong acids is very difficult. It is 
easily done in 5 to 10 per cent hydrochloric acid. 
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